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PREFACE 

· b ok contains contributions specially prepared for pub-
This o . 

. 
· 1 

l ication presenting material del ivered a� the Internationa 

Col loquium on Bacteria and Cancer , held in �ologne o� M�rch
d 

l6-l 9 ,  1 9 82 . Di scussions h ave b�en o�ly s l ight �y edite  an . 
inser ted af ter each sess ion deal ing with thematically associ-

ated top ics . 
The Col loquium was dedicated to the memory of Professor 

Wolfgang Denk . On 2 1  March 1 982 h i s  l OOth b ir thday anniver

sary was celebrated in Vienna where Professor Denk worked a l l  

h i s  l i fe .  He contr ibuted to  the fundamentals of cancer 

research including some prophet i c  views of imrnunoprophylaxis  

o f  cancer .  Together wi th Dr  Coley , whose f amous s tudies on 

the inf luence of bacterial products on the course and bene-

f icial treatment of cance r ,  he is one of the p ioneer ing phy-

s icians in this  f ield .  
Bacteria and cancer are interre lated in many ways , mos t  of 

which are ye t unknown or not c lear . l t  is cer tain , however , 

that bacteria may p lay a role in carcinogenesis . Microorga
nisms and the i r  products may also exert beneficial  e ffec ts in 
cancer therapy .  This  book a ims at summari zing the bas ic  
f indings of  imrnunomodulat ion and other effects  of bacteria 
and their  products  on the cou rse and deve lopment of  cancer . 
From these s tudies , some new approaches in cancer therapy 
have been deve loped , such as the preparat ion and appl i ca tion 
of synthe t ic compounds based on naturally occurring precur
sors . Same associated phenomena , such as imrnunosuppression,  
bacteria or infec t ions in cancer patient s ,  have also been 
di scussed to show mul t ip le  interre lationships developing 
be tween microorganisms and cance r .  

· 

We hope that this book presents  a comp lete summary of the 
most  important developments  in the f ield , thereby fruitful ly 
contributing not only to the therapy of mal ignant d iseases 
but also to a b e t ter  understanding of  them.  

The Col loquium has been comp letely sponsored by the Dr 
Ma�aus Company of  Cologne to  whom we are mos t  thankful for 
this contribut ion . 
Warsaw and Cologne 
October ,  1982 

J. Jel j aszewicz , 
G .  Pulverer and 

W. Ros zkowsk i  
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BACTE R I AL P RODUCTS I N  THE TREATMENT OF CANCER: 

PAST, PRESENT AND FUTURE 

Helen Coley Nauts  
Cancer Research Institute Inc., 

1225 Park Avenue, 
New York, New York 10028, USA 

For over 200 years physicians have observed draroat ic "spon
taneous" regressions of various types of neoplastic disease 
during or fol lowing acute concurrent infect ions (Nauts , 
1 980a) . A large nurober of authors recorded their observa
t ions of the beneficial effects of such infect ions , as wel l  
as those in which inflannnation ,  fever o r  incomp le te surgery 
was involved . Our infection monograph contains 1 032 refer
ences . Many more such cases were seen al l over Euroye and 
the United States but were never pub l i shed (CRI , 1 953- 1 982) . 

Vautier ( 1 8 1 3) d i scussed the quest ion of whether cancer 
may be cured by the so le  forces of natur e .  He had found 
" several case s  in searching the wri ting of the mos t  careful 
observers in which cancer terminated happily by the develop
ment of gangrene" . We have abs tracted 22 such cases in which 
"gangrene" developed spontaneous ly or by inoculation,  of 
which the maj ority were b reast cancers (Nau t s ,  1 9 80a,  Series 
E, p .  1 1 8) . Recent research on the Tumour Necrosis  Factor 
suggests  that in these patients a combination of  bacteria had 
i�duced the tumour necrosi s  factor which these early physi
c1ans had des ignated as gangrene (Carswe l l  et al., 1 9 7�) . 

Such cases inspired physic ians in the 1 8 th and 1 9 th cen
�uries to induce " laudab le pus , setons or issues" in their 
inoperable cancer patients as the first  form of innnunotherapy . 

Tanchou , a prominent physician in Paris reported on 300 
�ases of breast cancer treated roedica l ly up to 1 844 and 1
(
;cluded the early cases of a great many physicians in Europe anchou, 1 844) . 

The f irst was that of  Schwenke (prior to 1744), an inoperable mammary c.arc inoma whose disease had progressed despi te  all the most effec t ive reroedies then in use  (Nauts , 1 9 80a) . 
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Having lost a l l  hope of eure she ceased treatrnent . Short ly 
thereaf ter an abscess forrned on her leg . As suppuration 
becarne rnore abundant , the cancer dirninished , then d isappeared . 
Against advice , the patient a l lowed the ulcer to  heal . The 
cancer then recurred .  A new " issue" was then opened at the 
site of the forrner abscess . When suppuration was we ll  estab
l ished , the b reast cancer again gradual ly d isappeared (ci ted 
by Dupre de Lisle , 1 7 74 and Tanchou , 1 844) . 

Another French physician , Dussosoy , appl ied gauze dress
ings soaked in gangrenous d ischarges on ulcerated breast 
cancers or inoculated " gangrene" in a srnal l  incision . Tanchou 
noted that success was cornple te . The ulceration destroyed 
the entire turnour which sloughed off on the 1 9 th day . 
Dussosoy then concentrated on control l ing the progress of the 
gangrene , succeeded in doing so and in a few days the ulcer 
becarne bright red and covered with healthy granulations . 
Tanchou added : "Here gangrene seerns to have repl aced l ive 
cautery , caustics or the scalpe l" (Tanchou , 1 844 , pp . 1 92-
1 93; also cases 49-54 , pp . 7 1 -7 8 .  

Unt i l  our study began over 40  years ago noone had atternp
ted :  

a) t o  de terrnine which types of  turnours were rnost frequently 
benefi ted; 

b) which types of infect i ons or bacterial produc ts were rnost 
apt to be e ffec tive; 

c)  whether o ther infec tions (viral or protozoal )  rnigh t  also 
be beneficial or rnigh t  actually have a deleterious effec t ;  

d )  rnechanisrns o f  act ion :  what was the optimurn technique o f  
administration o f  b ac terial vaccines , as regards s i te , 
dosage , frequency and durat ion of  inj ec t ions . 

Such fundamental studies seerned essent ial to the u l t irnate 
development of the'best products properly adrninistered for 
the treatrnent of neoplastic  d iseases not only in inoperable 
cases but as adj uvants to  surgery in operable cases and 
u l t imate ly as a possibl e  means of preventing the disease 
(Nauts , 1 9 80b ) . 

l t  was found that in al l types of cancer the maj ority of 
spontaneous regressions occurred fol lowing streptococcal 
infec tions (princ ipall y  erysipe las ), next in frequency being 
suppurat ion (staphylococcal or mixed infect ions ) . Many o ther 
types were responsible for some dramat ic regressi ons . How
ever ,  the largest number of permanent resul ts occurred fo llow
ing the more prolonged infections , principal ly s taphyloccocal . 
A total o f  449 cases were analysed in our infection monograph 
as f o l lows: 
Series A, 163 Cases: Pyogenic infec t ions occurr ing spontane
ous ly in inoperable  cancer pat ients. 
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Series B, 58 Cases: Non-pyogenic infect ions occurring spon

taneously in cancer patients ( 4 9  inoperable , 9 operable ) . 

3 

S 'es c 11? Cases: Pyogenic infections occurring spontane-eri. , . . ( 1 8  1 before or after surgery in operab le cancer pat ients ous y 
. 1 b . 

of these were apparently untreated , i . e .  on y iopsy was per-
formed) · 

S -· es D 5 Cases: Operab le  cancer patients in whom pyogenic e , v > II 1 . d d infec tions were "encouraged or actual y in uce . 

Series E, 35 Cases: Inoperabl� cancer patients in w�orn pyo
genic infections , mostly erysipelas ,  were actual ly-induced . 

Series F, 31 Cases: Inoperab le  cancer patients in whom 
attempts to  inoculate or otherwise induce erysipelas failed . 

Series G, 22 Cases: Most ly inoperab le cancer patients in 
whom gangrene developed spontaneously or was induced . 

Series H, 1 2  Cases: Mos t ly inoperab le cancer patients in 
whom syph i l is or malaria devel oped spontaneously or was 
induced .  
Series I, 5 Cases: Inoperab le  Hodgkin ' s  D isease . 

Of these 449 pat ients approximately 250 had histologic 
confirrnat ion of d iagnosis and 1 25 of these were apparent 
eures , traced 5 to 54 years l ater . Of the fai lures , 2 1  sur
vived far longer than expec ted - 5 to 30 years (Nauts,  1 980a) . 

Al though in recent years oncologists have concentrated 
largely on the use of BCG or C. parvwn for irrununotherapy , the 
li terature c learly shows that concurrent or prior tubercu
losis did not produce drama t ic effects on cancer patients , 
al though at  least  36 authors beg inning with Rok i tansky in 
1 842 bel ieved there was an apparent antagonisrn between tuber
culosis and cancer (ci ted by Nauts , 1 980a ; Rokitansky , 1 842 ) . 
A few others d iscounted such a possibi l i ty .  I f  one reviews 
the evidence carefu l ly , i t  becornes evident that cancer and 
tuberculosis may occur in the same person , and i f  the tuber
culosis is act ive and concurrent , i t  may cause partial  or 
complete regression of the cancer.  A few authors c i ted evi
dence suggesting the possibl e  counteracting inf luence of 
tuberculosis on the inc idence of cancer in various countries 
or locali t ies ,  i . e .  patients who had tuberculosis might be 
less apt to  contrac t cancer (Tromp , 1 954 ) . In this connec
t ion i t  is of interest to see that in the United S tates since 1 930 the incidence of lung cancer has steadi ly  r isen whi l e  the incidence of  tuberculosis and respiratory infections has 
decl ined (see Fig .  1 ) .  

The possible antagonism b etween malaria and cancer was 
also reviewed . The maj ori ty of these reports appeared 
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be tween 1 9 00 and 1 9 1 0 .  Trnka de Krzowitz  ( 1 783) reported a 
case of sc irrhus carcinoma of the breast  who developed ter
t ian malaria, fol lowed by comp lete regress ion of the cancer 
in a few weeks ( c i ted by Tanchou, 1 844) . O ther such cases 
were reported by Avramovici, Jovin and Portanova ( c i ted by 
Nauts, 1 9 80a) . Al l were fresh cases of malaria . On the 
other hand, recent s tudies in Africa by Burkit t  sugges t that 
chronic malaria which can be so deb i l i tating, depresses the 
reticuloendothe l ial  system, and may predispose children to 
Burkit t ' s  lymphoma (Burki t t, 1 9 69 ) .  

Amedee Latour was the f irst to sugges t  inoculating syphi
l i s  in inoperab le  cancer patients . The controversy as to the 
possible antagoni sm between syph i l is and cancer became quite 
heated at the mee t ings of the Royal Academy of Medic ine in 
Brussels  in 1 85 1-52 (Didot, 1 85 1-1 852 ) . Didot wished to pre
vent cancer by what he called syphi l ization ( induced syphi
l is ) . He s tated that s ince anc ient t imes it has b een known 
that pro s t i tu tes never have u ter ine cancer, whi l e  mos t  connnon 
victims are good p ious women g iven to celibacy (Didot, 1 85 2 ) . 

D idot inoculated pus from chancres in the posterior cer
vical region in an inoperab le  breast cancer patien t .  Symp
toms of cons t i tu t ional syph i l i s  developed succes s ively f or a 
year whi l e  the breast cancer d imini shed in s ize and the pain 
ceased . Mercurial treatment for the syph i l i s  was then given 
and the patient recovered . Auzias Turenne s tated that in  
his  experience several cancer patients seemed to be immune 
to syphi l is .  He emphas i zed that  if one wished to induce 
syphi l i s  in cancer pat ients one should not wai t  too long and 
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Should not do so in terminal patients . In treating 
one h "h d b f ral inoperable  cases e a o served no un avourab le 
seve b l  l ' · d 
compl ications whi le a m?s t  nota

. 
e �me 

1
iorati?n

1 _
occurre 

5 

h . h was cont inued unt i l  cons t i tu tiona syphi i s  was pro-
w ic b . 1 . . . d b . 
duced . "  These experiments  were i t ter y cr;i.ticize y Ricord, 

a famous syphi lologis t  (Didot, 1 85 1 ) .  
To our knowledge no one e l se  ever repeated these at temp t s . 

However, in 1 883 Verneui l  d iscus sed the inf luence of spontan
eously contracted syphi l i s  on the _ c?ur�e of the d isease. He 
s tated that the inf luence of syph i l i s  in  cancer seemed to be 
quite definite in certain cases �n� he c i ted sever�l exampl e s .  
He added that i n  many cases syph i l is great ly amel iorated the 
pain of various neosplasm� . . 

Od�er observed that sarcoma 
patients  attacked by syph i l is did not deve lop me tas tases 
(cited by Wolff, 1 9 1 3-1 9 1 4 ) .  

Epidemiological  data assembled in the last 5 0  years indi
cate that in deve loped and deve loping countries the incidence 
of infection is decreas ing at the same t ime that cancer i s  
increas ing, due t o  better control o f  infec t ions and infec
t ious d i seases . 

R . L .  Smi th e t  a l .  compared the incidence o f  cancer and 
infectious diseases among the White  and Indian populations of 
the Uni ted States and Canada . They found the expected death 
rate for cancer was far lower in the Ind ians, whi le  the rates 
for infec tive or parasi tic d iseases were over 6 t ime s greater 
than the expected rate (Smith et a l . , 1 956,  1 95 7 ) . 

M . G .  Lewis, a patholog i s t  who worked for many years in 
Kampala, Uganda, in a personal communication, mentioned the 
infrequency of metastases from mal i gnant melanoma in Uganda 
even when the primary growth was extensive . He noted that in 
most of these pat ients, the les ions were infec ted and ulcer
ated when first  seen, the maj ori ty being in the lower 
extremi ties (Nauts, 1 980a ) . 

A �ontributory factor to the increase in cancer might be 
the widespread use of antib io t ics s ince 1 94 0 .  

Th� antib iot ic s  may absolve the body of the need to 
bring the normal innnunological mechanisms into use a mechanism that has been acquired and perfected through mil l ions o f  years of evolut ion (Meyer and Benj afield, 1955 ) .  

b The beneficial effects of fever, heat and inflammation ave also bee t d · d · · 

canc . . n s u ie not only on existing cancer, but on 
dail

er incidence (Naut s, 1 9 75a, 1 9 75b, 1 982a) . In Japan the 
ent Y 

use of the hot full  bath (42°-48° C) may destroy incipi
tice 

cancers before they are c l inical ly apparent . This  prac
hre 

may be one reason why the incidence of cancer of the ast, prostate, penis, tes t i s  and skin is much lower in 
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Japan than e lsewhere (Nauts , 1 9 7 5c ) . The intraduc tal , medul
lary and co lloid tumours are relat ively  more frequent in 
Tokyo , and the tumours with circumscribed margins and a high 
degree of ce l lular react ion are also more frequently seen 
than in a simi lar representative series seen in Boston , Mas
sachuset ts where more invasive histological types occur more 
frequently .  Also the response to therapy for certain cancers 
such as carcinoma of the breast in Japan is considerably 
b e t ter than in western countries (MacMahon et a l . , 1 9 7 3 ) . 

Huth , in Germany , was one of the f irst to  report that 
acute concurrent infections may increase the survival of 
leukaemia pat ients (Huth , 1 9 58) . More recent ly it was found 
that patients with acute l eukaemia receiving Ps eudomonas 
aeruginosa vacc ine to prevent infec t ion maintained drug
induced remissions considerably longer than controls treated 
only by chemotherapy (Clarkson et a l . , 1 9 7 5 ) . 

Several thorac i c  surgeons , such as Sensenig , Cady ,  Takita ,  
Moore , Rucksdeschel and McKneally have reported a much highe 
5-year survival in lung cancer pat ients who developed empye 
post-operatively (c i ted in Nauts , 1 9 7 8  and Nauts,  1 980a) . 

These data furnish considerable evidence that where bac
terial infections or some infect i ous d iseases are common , 
cancer is apt to be rar e ,  or if they do develop , they may 
remain localized or they may r espond more dramatically and 
permanently to  chemotherapy , or o ther forms of treatment . 

Wil l iam B .  Coley , MD ,  a young New York Surgeon lost his 
first  case of cancer , a young woman of 1 9 ,  in sp i te of early 
and rad ical surgery for a sarcoma (Coley , 1 89 1 ) .  Recognizin 
that surgery alone was not the answer to the cancer problem, 
and that he did not know enough about i t ,  he s tudied about 
1 00 histories of sarcoma patients treated in the New York 
Hospi tal  in the preceding decade . Among these was a 
3 t imes recurrent round c e l l  sarcoma of t he neck who 
developed erysipelas in the wound fol lowing a fourth incom
p le te removal in October 1 884 . The remaining tumour d isap
peared and there was no further recurrenc e .  This l ed Coley 
to  try to  induce erysipe las in inoperab le cases. At the end 
of a year in which he tried to do so on 1 0  terminal patients 
he real ized that e i ther one might hasten death or be unable 
to  induce ar. infection at al l (Coley , 1 893 ) . He then decide 
to  use ki l led vaccine cultures but s treptococci are very 
thermolab i l e  and the heat k i l led vacc ine of strep tococc i was 
t o tally inert ; so was a f i l tered product .  He then decided t 
add the t oxins of Bac i l lus prodigiosus (now known as Serrat "  
marcescens ) .  The f irst case t o  receive this mixed f i l tered 
vaccine was a bedridden young man of 1 9  wi th  an inoperable 
sarcoma of  the abdominal wall  and pelvis , involving the 
b ladder measuring 1 6  cm x 1 3  cm. He rece ived inj ections 
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direc tly into the tumour mass for almost 4 months with feb
rile reac tions up to 40°C or more . No other trea �ment was 
g iven . Complete regression occurred and the pat ient remained 
well unt i l  sudden death from a heart at tack over 26 years 
later (Nauts et al. , 1 9 5 3 ,  Case 1 ,  pp . 2 1 -2 2 ) . 

In the last  4 1  years we have assemb led detai led histor ies 
of 896 cases of cancer treated by these mixed bacter ial vac
cines now known as MBV . These were microscopical ly proven 
cases (Table 1 ) .  

The h ighest percentage of successes occurred in sarcoma of 
sof t t issues (Nauts , 1 9 75c ) , lymphomas (Nauts and Fowler ,  
1 9 69 )  including ret iculum ce ll  sarcoma of  hone (Mil ler and 
Nicholson , 1 9 7 1 ) .  Comp lete o r  par t ial regressions also 
occurred in inoperable or metastat ic  carcinomas of the breast  
(Nauts , 1 9 78 ,  1 982b ) , colon (Fowler , 1 969a ,  1 969b ) , head and 
neck (Nauts,  1 9 75 ) , uterus , ovary (Nau ts ,  1 9 7 7 ) , kidney 
(Na�ts,  1 9 73 ) , neuroblastoma (Fowler and Nau ts ,  1 9 70 )  and 
various hone tumours (Nauts,  1 9 7 4 ,  1 9 75 d ,  1 9 7Se )  (see Tab le 
1 ) .  Other beneficial effects included marked decrease or 
cessation of pain , improved appet i te and weight gain (up to 
50 pounds) , reduc t ion or d isappearance o f  lymphedema asci
tes or pleural effusion and remarkab le regenerat ion �f bone 
(Nauts, 1 9 75e ,  1 9 78) . S ignificant palliation (symptom free 
�p to s

.
years) and one apparently  permanent resu lt  occurred 

in mult iple  myeloma (Nauts,  1 9 75 f ) . 
Most of the 1 26 osteogenic sarcoma cases occurred in the 

long bones and rece ived inj ec tions fol l owing surgery to prev�nt metastases . lt is significant tha t ,  if injections were given for at  least 4 months , 85% remained wel l  4 to 60 years later as compared to the 1 0-1 5 %  survival then achieved by surgery alone . Those who died survived 4 to 1 3  years as compared t� the average survival o f  1 0  to 1 2  months fol lowing :mputation alone in the period in which these cases were reated (Nauts ,  l 9 7 5d ) . 
1

. By
d
using MBV therapy as an adj unct to  conservative surgery n or er to pre t • 

f . ven recurrence or metastases Coley was the irst to avoid t · · · 
' 

cell 
ampu at ion in patients wi th sarcoma or giant tumour of th t · · 

his 1 d 
e ex remi ties .  A few other surgeons followed 

57% 
ea : Of the 1 28 cases in which amputation was avoided 

whic
�emained �e l l , as compared to 32% of the 1 66 cases in 

' 
amputat ion was performed The highest 

· 
. 

gery occu _
per�entage of  successes with conservat ive sur-

1 9 7Se )  an
�r:d in giant cell  tumour o f  hone (96%)  (Nauts , 

(Naut 
in the operab le sarcomas of soft t issues (80%) 

most �f !�75c ) . _ The poorest occurred in Ewing ' s  sarcoma as 
to MBV (N 

ese chil dren had received excessive radiation prior auts ,  1 9 74 ) . 
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TABLE 1 
Five-year survival of 896 patients 

with various types of twnours treated with 
Co ley toxins (mixed bacterial vaccines) 

Total 5-year survival 
Type of t umour No . of Inoperabl e  Operab le  

Cases No . % No . 

Bone Tumours 
Ewing ' s  Sarcoma 1 1 4 1 1  / 5 2  2 1  1 8 /62  
Osteogenic Sarcoma 1 62 3 /23  1 3  43 / 1 39 
Ret ic . Ce l l  Sarcoma 72  9 / 49 1 8  1 3/ 2 3  
Mul t iple  Myeloma 1 2  4 / 8  50  2 / 4  
Giant Ce l l  Tumour 57 1 5 /  1 9  79 33/38  

Soft Tissue Sarcomas 
42 / 86 Lymphosarcoma 86 49 

Hodgkin ' s  D isease 1 5  1 0 / 1 5  6 7  
Other Soft T issue 
Sarcomas 1 88 78 / 1 38 5 7  36/50 

Gynaecologica l Twnours 
1 3/ 20  1 3 / 1 3  Breast Cancer 33 65 

Ovarian Cancer 1 6  1 0 / 1 5  67 1 / 1  
Cervical Carcinoma 3 2 / 3  6 7  
Uterine Sarcoma 1 1  8 /  1 1  7 3  

Other Twnours 
Testicular Cancer* 64  1 4 / 43* 34  1 5 / 2 1  
Mal ignant Melanoma 3 1  1 0 / 1 7  60 1 0/ 1 4  
Colorec tal Cancer 1 3  5 /  1 1  46  2 /2  
Renal Cancer 

(adul t) 8 3 / 7  43 1 / 1  
Renal Cancer 

(Wilms' Tumour) 3 1 /3 
Neuroblastoma 9 1 /6 1 7  2 / 3  

TOTAL 896 238/523 46 1 90/ 374 

* including 1 6  terminal cases 

% 

29  
3 1  
5 7  
50 
8 7  

7 3  

7 1  
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f MBV was begun prior to radiat ion , the response of the I l . · f · 

as enhanced wh1 l e  protect1on o normal t 1ssues was 
tumour w . . . h d Recent stud1es 1nd 1cate t a t  the response to observe . 

b . 
. thnrapy is also enhanced by acter1al vacc 1nes and hyperchemo " 

thermia .  . . . 
Gershon reported that 1mmunolog�c �efe�ce a�a1nst me ta-

s in tumour bearing hamsters 1s 1mpa1red 1f the tumour stase 
f · · 

· emoved before full  development o 1mmun1 ty .  In such 1s r f 1 · 

cases metastases occur far more requent y than 1f the tumour 
· no t removed too soon (Gershon and Carter , 1 9 69 ) . The 15 

h . . . clinical f ind ings seem to bear t 1s out ,  espec1ally 1n osteo-
genic sarcoma and reticulum ce l l  sarcoma of bone . Pat ients 
treated very soon af ter onset did less well  than those ampu
tated and given MBV 6 to 9 months after onset (Nau ts ,  1 9 7 Sd ) . 

The studies of a great many invest igators both in the 
laboratory and the c l inic have stressed the v i tal  importance 
of the immunological defences against cancer (Fowler , 1 968 , 
1 9 69a ,  1 969b ; Fowler and Nauts , 1 9 70 ; Miller and N icholson , 
1 9 7 1 ; Nauts,  1 9 7Sb , c , d , e , f ,  1 9 7 7 ,  1 980a) . Thus any agent 
which suppresses these def ences can l ead to a higher incidence 
of cancer ,  whi l e  those which s t imulate , such as bac terial 
infec t ions and microbial products can lessen the inc idence 
and be benef icial as therapeut ic modalit ies once cancer 
deve lops. 

The concept of induction and e l icitation,  propounded by 
Mudd and Shayegani ( 1 9 74) avoids the dangers of injecting 
the immunologically impaired cancer patient without abrogat
ing the effectiveness of the ant igenic st imulus provided by 
a former infect ion wi th l iving organisms . Mudd ' s  concep t  
util izes the ubiquitous and natural ly established delayed 
hypersensi t iv i ty of Staphy lococcus aureus as the pr imary 
induction step for the more effective use o f  bac terial vac
cines such as Staphage Lysate ( SPL) , a potent immun1 z1ng agent , in the subsequent e l ic i tation of  a nonspecif ic cellmediated response . 

Several oncologists have shown that cancer patients respond best to microb ial products to which they have previously been exposed .  Staphy lococcus and Pseudomonas are now the mo
b 

st f:equently isolated organisms . Using these and other acter1al t · · . ox1ns Wa1sbren ( 1 982 )  has been treating cancer pat1ents with · 1 encourag1ng resu ts . He has also recent ly pre-pared the Coley formula (Tracy XI ) . The f irst d · d · 1 ran om1ze tr1a of  MBV was begun over 5 years a
C
�o at Memorial S loan-Ke t tering Cancer Centre in New York ity on adv d · . 
nod 1 

ance non-Hodgk1ns lymphoma : 40 pat1ents had 
lym

u
h
ar poorly d i fferent iated lymphoma , 5 had nodular mixed 

in : oma and 3 h�d nodular histiocytic lymphoma : ( S tage II  • Stage III  1n 23 ,  and S tage IV in 2 1  patients) . Hal f  
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the patients rece ived chemotherapy alone , and half received 
an inj ect ion of MBV before each cycle of chemotherapy . The 
MBV was a heat-k i l led preparation of Streptococcus pyogenes 
and Serratia marcescens (made according to the mos t effective 
of Coley ' s  original formulae and known as Tracy XI) . Radia
tion was g iven to ini t ia l  areas of bulky d i sease or to nodal 
and extranodal s i tes  respond ing part ly  to chemotherapy.  
Patients treated with MBV had a h igher  rate of complete  remis 
s ion ( 7 3%  v s .  43% ) ,  longer duration of remis s ion and longer 
survival (p=0 . 005) and no deaths , whereas 7 deaths occurred 
in those on chemothe rapy alone (Kernp in et a l . , 1 98 1  and per
sonal connnunication from H .  Oet tgen , 1 98 2 ) . 

The mos t  dramatic of  the so-cal led spontaneous regressions 
of cancer reported in the pas t 200 years occurred fo l lowing 
acute febri le bacterial infec t ions (Nauts , 1 9 75a , b ,  1 980a) . 
Pat ients receiv ing Coley ' s MBV bad a higher percentage of 
permanent resul ts if  marked febrile  reactions were e l ici ted , 
e specially the inoperab le  cases . Intratumoural or intra
venous inj ections or larger <loses g iven intradermally or 
intramuscularly e l ic i ted these reac t ions .  (The subcutaneous 
route seemed least effective . )  (Fowler , 1 96 8 ,  1 969a ;  Fowler 
and Nau t s ,  1 9 7 0 ;  Mil ler and Nicholson , 1 9 7 1 ;  Nauts ,  1 9 75b , c ,  
d , e , f ,  1 9 7 7 , 1 9 7 8 ,  1 9 80a) . 

Duration of such infect ions played a s ignificant role in 
surviva l .  A br ief attack of erysipelas with marked fever 
produced the larges t  number of ini t ia l  complete or par tial 
regressions , but the largest number of permanent re su l t s  
occurred after the more prolonged suppurative types of infec 
t ions such as staphylococcal or mixed pyogenic infections 
(Nauts , l 980a) . 

In this connection i t  was found that in patients receivi 
Coley ' s  MBV duration was of  critical importance : 1 4  of the 
1 7  osteogenic sarcoma cases treated for at least 4 months 
f o l lowing amputat ion were permanent successes ( traced 4 to 
55  years ) and the 3 who d ied survived 4- 1 3  years after onset 
(Nauts , 1 9 75d ) . 

S I GN I F I CANT FACTORS AFFECTING SUCCESS OR FAILURE 

WITH MBV 

Analysi s  of nearly 900 detailed h i s tories of microscopically 
proven cancers so treated indicate that the e ssential fac
tors were : 

1 .  stage of disease and/or magni tude of tumour burden ; 
2 .  immune competence of the patient ; 
3 .  potency of  vaccine p reparations ; 
4 .  dosage , frequency and e specially duration of inj ections ; 
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close contact  wi th tumour cell s ,  i . e .  s i te of inj ection;  5 · · · relat ion to surgery , radiation and/or chemo-6 .  t im1ng in 
therapy . 

Unfortunately ,  few who used the me thod recognized the 
· ortance of technique of adminis tration , especia l ly the 

1 1  

imp . 1  . . 1 
eed to produce adequate febr1 e react ions cons �stent �y . For :xampl e ,  in inoperable  sarcoma of soft t issue s ,  60% comp le te 

regress ions and permanent resul ts were obtaine3 i f  reac tions 
averaged 38 . 5°-40 . 5°C as compared to 20% in those who had 
l it tle or no febr i l e  reactions (Nauts , 1 975c ) . 

The s ignif icance of the febr ile  reac tion was not fu l ly 
appreciated . Many patients ,  therefore , received inadequate 
doses of MBV given intramuscularly or subcutaneous ly produc ing 
slowly r i s ing temperatures . We know that " s low heating" seems 
to induce thermal tolerance in some neoplasms . \Vhen given 
aggressively the rapid  change in temperature suppresses the 
abi l i ty of neoplas t ic cel l s  to adapt to higher temperatures . 

llECHAN I SMS OF ACTION 

No one using MBV empirically during Coley ' s  l ife t ime or unt i l  
recently knew tha t ,  i n  addi tion to producing fever , bacterial 
vaccines s t imulate the ret iculoendothel ial system ,  activate 
macrophages , increase hematopoiesis  and increase produc t ion 
of prostacyc l in ,  endogenous interferon and endorphins . We 
now recognize that these f ar reaching ef fects were responsible 
for causing regression of extens ive tumours and preventing 
recurrence and/or metastas is as wel l  as innnediate pain rel ief 
improved b lood p ic ture , appet i te and weight gain and rapid 

' 
wound healing and regeneration of  bone in cases  in wh ich bone bad been destroyed by the tumour or removed at surgery . 

. Recen7 s tudies on prostacyc l in are of special  interest s1n�e th1 s  potent inhibitor of p latelet c lumping also is bel1eved to prevent or decrease the format ion of tumour thrombi (Honn , 1 98 1 ) .  In this connection i t  i s  of interest to �ote that Coley ' s MBV was spectacularly successful in curing many patients with advanced thromboangi i t i s  ob l i terans· severe pa · d 
- · 

. in cease at once ,  gangrenous toes heal ed and the pat1ent · . ' 

1 
s rema1ned wel l ,  w1th no recurrence working in war P ants through Wor ld War II ( Gray , 1 9 35 ,  and personal reports) .  

T8E ROLE OF IRON 

Iron is one f h . 
third f 

0 t e mos t connnon s ingle e lements , making up one 
life 

. 0  the . ear7h .  Its involvement in the early his tory of 
bac t 

1 � fascinating because the ear l ie s t  l iv ing f orms , the eria ,  have developed extremely  eff icient ways to ut i l ize 
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i t  and c lever b iological systems to reduce i t  or solub i l i ze 
i t . In many cases the capac i ty of  bac teria, such as those 
causing tuberculos is  to mul t ip ly seems to be dependent on 
their be ing in an environment with p l entiful iron . The fact 
i s  that many deadly bacteria need iron to be infectious . 
Some bacteria apparently have the capaci ty to break down our 
red cel l s  during the p rocess o f  infec t ion .  In this  way they 
release iron from the red cel l s  and use i t  themselves . Bac
terial sys tems l ike these which are iron-depende�t have �een 
very careful ly stud ied and beautifully analysed in the f ield 
o f  microbiology .  

Iron and t h e  Immune System 

Counter systems must c learly exi s t  in h igher animal s to com
bat the very c lever mechanisms whereby bac teria infe c �  and 
poison us . Some v iruses have taken advantage of the iron 
requirement of bac teria  by using the i ron recep tors on the 
bacterial c e l l  surface to gain entry and infec t  i t . We now 
have reason to bel i eve that our own immune sys tem also 
attacks some bacteria because of thei r  need for iron . The 
theory being developed suggest s  that certain c e l l s  of the 
b lood - the lymphocyte s ,  the polymorphs and the macrophages 
are geared to de te c t  the p resence of iron .

. 
This

.
i s  beca�se 

evolution may have taught these c e l l s  that iron is associa�e 
w i th bacteria.  Not  only that , but immune ce l l s  are appeari 
more and more to be the workhorses of an iron transpor t and 
reu ti l i zati on system absolutely essential for the control of 
b lood formation and possible other bas ic  processes . The 
complex i ty and ubiqui ty of these iron-based systems i s  
beginn ing  to be  realized (de Sousa , 1 9 8 1 '

.
1 98 2 ) . 

. For this iron connnerce sys tem to function, a series of 
iron-bind ing and ·transporting proteins have been f ound to 
involved . These proteins , ferritin ,  transferrin and lacto
ferr in ,  have l ong been known to be involved in i ron storage 
and transpor t ,  but now they are identified as the actual .. molecular means used by the various whi te ce l l s  to deal witn 
i ron . 

l t  has been e s t imated that one adul t human male processes 
approximately 2 b i l l i on o ld red'blood cel l s  every day . This 
represents  38 mg of iron which has to be recycled by the 
imnune system. N inety percent of this goes to new red c e l l  
p roduction , the other 1 0% remain in s torage in the macro- . . 
phages of  the immune system and the l iver , ready f or reuti l1 
zation as needed . 

Before the development of anti seps i s , vaccines and anti
b io t ics , we were exposed to a l l  types of  bacterial infec tio 
and infect ious d i seases , and we were  not g iven iron supple-
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A resent infect ions occur rarely and when they do , ments . t P . dly c�ntro l led by ant ibiotic s .  Iron supplementa-they are rapi . . . . . f b ad milk and in multi-vitamin preparations ensures t ion o
h 

re
aJ· o;i ty of the popuJation in countries l ike the USA that t e m . 

S d i· s taking not only adequate amounts of iron , but and we en 
. ases (men and postmenopausal women )  too much . 1n some c . . 

. 

Ou bodie s '  mechanisms for deal ing with excess iron may 
k
r
down or get overloaded . Control of  iron level s  i s  brea . . h 1 1  . lly exerci sed at the point of  entry in t e sma intes-norma . . h h h · Normal peopl e  s top absorbing iron t e moment t ey ave t1ne . . . f f ' c ient iron in c irculation and in storage . But a person su i . . h . . 1 1  b 'th an abnormali ty of this con trol l ing mec anism wi e a t  ��sk if  exposed t o  too much iron , i . e .  i n  drinking water ,  

eating too much meat , or taking too  many iron supplements . 

I ron and Cancer 

Recent s tudies of  the nutrient requirements of  cancer ce l l s  
in vitro and of growing tumours in animals  (in vivo ) have 
shown that cancer ce l l s  u t i l i ze i ron in a fashion possib ly 
similar to that of bacteria .  l t  i s  suspected that the 
requirement of iron by cancer cel ls  is related to i t s  u t i l iza
tion for mult iplication (DNA synthe s is ) .  S ince i ron is pro
cessed by the lymphoid sys tem, particular ly by the spleen 
where old red b lood c e l l s  are broken down to have their iron 
reuti lized , this i s  the system which gets overloaded f irs t .  A nwnber o f  things happen as a resu l t ,  the mos t  obvious being that lymphocytes , which have been trained by evolution to go to iron-rich s i t e s ,  "get s tuck" in the spl een and proliferate abnormally .  This in turn dep l etes their numbers in the rest 
o f  the body so it becomes vulnerable  to infection.  In add it ion , iron may d irec t ly produce a mal ignant change in the splenic macrophages producing the c lassic  Reed-Sternberg cel l  which i s  diagnostic  of Hodgkin ' s  d isease . 
. In summary ,  i t  i s  already known that i ron i nh ib i t s  some immunologic functions . Iron can be env isaged as c r i t ical  t o  �everal steps of tumcur growth and progress ion . In princ ip le , intervention at each of  the steps inf luenced by i ron could ar�est  the growth of cancer effec t ively .  In pract ice ,  some evidence that this is the case i s  beginning t o  emerge from cancer treatment with monoclonal ant ibodies against i ron:•sociated proteins ( ferri tin and transferrin receptors) (de 
b�

d
sa,  1 98 1 , 1 98 2 ; Harman , 1 9 8 1 ; Order et a l . , 1 98 1 ;  Trow-ri ge and Domingo , 1 9 8 1 ) .  Such s t  d '  · . r l . u ies  are v i ta l  now t o  our understanding of  the 0 e of ir · · · de S 

on in immunity and cancer and the work begun by ..._ ousa at Sloan-Ke ttering Ins t i tu te in New York i s  funda--utal l t  w · 1 1  h ' d ' f' . . . . • i ave wi  e rami icat1ons , sc1ent 1fic  and 
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c l inica l ,  in the unders tanding and treatment not only of can
cer but of o ther diseases such as rheumatoid arthritis  and 
heart d isease . l t  wi l l  also have important consequences for 
nutrition and he lp our unders tanding of bac terial infections 
and the way we combat them. 

Dietary Cons iderat ions 

A subs tant ial amount of  work in recent years has e lucidated 
the deleterious b io logical effects of f ree radical reac tions 
(Harman , 1 9 8 1 ) .  Generation of  some of the mos t  toxic end 
products of these reactions involve oxygen consumption and 
are drast ically enhanced by the presence of iron . 

In communi ties where iron intake from diet i s  adequate ,  
and where , f o r  l ack o f  serious bacterial infections , a l l  
avai lab le iron i s  e i ther used t o  make new red cel l s  or s tays 
in s torage in the immune system, eventual accumulation with 
age is inevi tab l e ,  par ticularly in  men and postmenopausal  
women . l t  has recently been hypothes ized that high iron 
s tores are r esponsible for the higher incidence of heart 
d i sease whi ch occur s in these two groups (Su l l ivan , 1 98 1 ) .  
Thus die tary regimens reducing i ron intakes and increasing 
the intake of antioxidants such as Vitamins C and E can be  
predicted to increase l i fe span (Harman, 1 98 1 ) .  

Experimental evidence for d ie tary ant ioxidants  increas ing 
l i fe  span is wel l  documented already . The pos s ib i l ity that 
reduced i ron intake woul d  s trengthen the bene f ic ial ac t ion o 
ant ioxidants seems at present to be a l ikely hypothes i s  and 
from al l  that is  known of the basic biochemis try of free 
radical generation , wel l  worth pursuing . 

THE ROLE OF FEVER' 

What benef i ts  do bacterial vaccines administered so as to 
induce adequate febri le  reac t ions of  39°-4o . s0c offer which 
cannot be obtained by using whole  body hyperthermia produced 
by hot air , or immersion in heated water or o i l? 

The availab l e  evidence suggest s  that modern whole  body 
hyperthermia usually requires immunosuppress ive anaes the s ia 
or tranqu i l l izing agents . Some of these heroic procedures 
may in themselves be immunosuppress ive (Yerushalmi , 1 976 ) .  
On the o ther hand , local hyperthermia by radiofrequency appa 
ratus seems to offer greater promise and i s  b e t ter tolerated 
by the patien t ,  wi thout any immunosuppressive effects . 
Nei ther type appears to provide suf f ic ient duration of thera 
to insure permanent resul ts . 

We bel ieve that even better immediate and final resu l t s  
may be  possible by a j udic ious u s e  of  local hyperthermia 
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. n weekly combined with inj ect ions of  MBV , not only Coley ' s  g1ve 
f rmula , but other types such as  that used by Waisbren, 
� en at least twice a week at f i r s t .  These inj ections mus t g�:n be continued after the loca l hyperthermia treatments are �ompleted in order t� s t imulate

.
the immune sys tem to cop� with 

absorpt ion of necrotic tumour t issue , to destroy any residual 
neoplastic ce l l s  and to prevent recurrence and me tastases by 
prolonged s t imulation of the reticuloendothel ial system, 
prostacyclin produc t ion and other f actors in the host response 
to cancer .  Vaccine �herapy can be administered on  an ambu
latory basis  af ter the init ial  week or two , and the family  
physician can be trained t o  c�rry

.
on maintenance therapy 

tapering off to once a month if given for over 4 months . 

STAPHYLOCOCCAL PROTE IN A 

In addition to using bacterial vaccines such as MBV as dis
cussed above we be lieve that more c l inicians should cons ider 
using extracorporeal plasma perfus ion over Staphy lococcal 
protein A .  This i s  a const i tuent of the ce l l  wal l  of  
Staphy lococcus aureus Cowans I , which reacts with the F e  
region of  immunoglobul ins from many mammal ian spec ies 
(Forsgren and Sjöqu i s t , 1 96 6 )  and thus also combines wi th 
iDlllune complexes in the serum .  This procedure appears to 
nonspecifically remove b locking factors from the patient ' s  
plasma . 

The f irst group to report their work with thi s  technique 
was Bansal et a l .  ( 1 9 78 )  who observed improvement in the 
general cond i t ion of one colon carcinoma patient as wel l  as a . decrease in tumour s ize and histological  changes consi s tent w1th tumour des truction . 

. Ray and hi s  col leagues in Philadelphia have further modified the immunoadsorp t ion technique and extended their  s tudies on 3
. tumour models  s imul taneous ly ,  i . e . rat mammary adenocarc1noma (Ray et a l . , 1 9 7 9 ;  Ray , 1 98 1  · Ray et al 1 9 8 1 b  c )  ca · ' · ' ' ' nine venereal tumours (Ray 1 98 1 a  b · Ray e t  a l  1 98 1 c ·  l 982a) . ' ' ' · ' ' 

Ra 
• and metas tat1c human colon carcinomas (Ray 1 98 1  · Y et z ' ' 

1 1 
a • • 1 9 8 1 c ;  1 982a) and reported tumour regressions in a these tumour model s .  

t Ray e t  a l .  have observed s ignificant potentiation o f  anti-umour reac t · · · 1 9S l a · 1 iv1 ty
.
1n the tumour bearing hosts (Ray e t  a l . , 

rea 
� 982 ) . Th1s treatment i s  associated with febri l e  

log
�tions and shaking ch i l ls (Ray e t  a l . , 1 982a b c )  Histo-lc eval · · . ' ' · 

necr t . uat ion of b iopsied tumours showed f ibrotic and 
1 98 t� ;

1�
9
�;�c tions and lymphocyte inf i l trat ions (Ray e t  a l . , 

ing act · . ' 1 ?82c ) . Complement activat ion , decreased b lock
(delay �v i ty ,  increased skin react iv i ty t o  recal l ant igens e type hypersens i t ivity r eac t ions ) , e levat ion of  
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rosette forming ce l l s ,  p lasma-mediated potent iation of lymph 
cyte cytotoxicity , and increased anti tumour antibody activit 
were also reported by Ray et  a l .  as the consis tent find ings 
in their responding tumour bearing animal s (Ray et a l . , 1 982 
a , b , c , d ,e ) . 

Ray and Bandyopadhyay ( 1 982d) have recently observed that 
cancer pat ient s '  plasma can elute several types of biomole
cules from Staphylococcus aureus during the in vitro adsorp 
t ion procedure .  Also they have observed that the eluted ba 
terial components can cause tumour necrosis  in animals (Ray 
e t  a l . , 1 9 8 1 d ;  1 982b ,c ) . 

Thus Ray bel ieves that removal of blocking components fr 
the p lasma on the one hand and s t imulat ion of immune reacti 
vity of the host by the leached bacterial components on the 
other hand , may have contributed to the observed tumour 
regress ions in rat , dog and human tumours . Perhaps Ray 
o thers should now compare the effects of perfus ion over Sta 
protein A with inj ections of Staphage Lysate to see i f  the 
perfus ion procedure is essential to the benef icia l  effect .  

Terman e t  a l .  used this procedure in dogs wi th spontaneo 
marnmary adenocarcinoma . A s ingle  nontoxic infus ion of cyto 
s ine arab inoside was given af ter extracorporeal perfusion o 
plasma over protein A bear ing S. aureus . Thi s  resulted in 
necrotiz ing response rapid in onset and speci f ic for tumour 
tissue . Gross tumouricidal reactions 1 2  hours after this 
combined treatment exceed the algebraic sum of responses to 
ei ther agent given alone in the same dogs , implying a syner 
gistic effect (Terrnan, 1 980) . 

He then extended this approach to patients with adenoca 
c inorna of the brea s t ,  with the init ia l  obj ective of de ter
rnining whether an ant itumour effect could be demons trated i 
large easily rneasurable  lesions . F ive consecutive such cas 
who had relapsed whi le under convent ional therapy 
autologous plasrna or p lasma frorn s irni lar patients 
been perfused over purified protein A irnmobi li zed 
d ion-charcoal rnatrix (PACC) (Terman , 1 9 8 1 ) .  This 
t imes fol lowed by intravenous cytarabine , 2 to 20 mg/kg of 
body weight . These procedures were repeated and obj ec t ive 
partial remission or improvement was observed in 4 of the 5 
patients .  They concluded that these preliminary results 
warranted further s tudy of the mechanism involved in the 
anti turnour effect as we l l  as the po tential value of the tec 
nique . 

In Sweden at l eas t 2 groups are working 
(Forsgren and Sjöqu ist , 1 96 6 ,  and personal 
S .  Jonnson, 1 9 82 ) . 

Another study at Memorial S loan-Ke ttering Cancer Center 
by Jones et a l .  ( 1 980) concerns the treatment of fel ine 
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bosarcoma , a rapidly fatal diseas e .  Prel irninary results 1�: disease regression in I I of 1 2  cats last ing up to 3 
8 rs This is the f ir s t  report of ac tual eure in this tumour yea • 

well as the f irs t report of therapeutic c learance of a as . . d ( persistent viraern1a by th1s proce ure personal communication ,  
1 982) . 

WHAT OF THE FUTURE? 

We believe that never before has there been such tremendous 
opportunities to uti l ize the knowledge we have revi ewed to 
belp control and prevent neoplastic d iseases with bacteria 
and bacterial product s .  

Clinic ians mus t  b e  encouraged t o  advise their patients as 
to proper nutr i tion and the rnost effec t ive vitarnin supple
ments , especially A, C and E and avoidance of iron . In 
planning overal l treatment ,  local ized hypertherrnia should be 
used as well as bacterial vacc ines adminis tered so as to 
invoke systemic fever .  These should be g iven before and 
af te� debulking s�rgery , ir�adiat ion or chernotherapy , as 
req�1�ed : In pat 1ents at . r1sk of developing infections , 
l;lDt1b1ot1cs should be avo1ded whenever poss ible ,  relying 
instead on th: use �f rnixed bacterial vaccines . Antipyretics 
s�ld be avo�ded s�nce fever is beneficial .  Ambulant patients should be given bot baths once or twice a day ( to 45°C) and returned to a warm bed preferab ly with e lectric blank�ts or bot water bottles to rnaintain heat . This is 
:
spec1ally helpful during the febrile react ion occurring with acterial vaccine therapy, or with extracorporeal perfusion over Staphy lococcus protein A .  

th 
In u�ing these rnicrobial products we rnust rernernber that ey stimulate the production of endogenous interferon sorne 

��� -
tha� oth�rs (Matsubana e t  a l . , 1 9 7 7 ; S inger e t  a l : 

1 965 ) .
St1nebr1ng and Youngner , 1 9 74 ; Youngner and St inebring ,  

b 
By combining endotoxin and BCG i n  the treatment we may get etter resul t  d . 

(TNF ) . 5 ue to product 1on of turnour necrosis  factor 
TNF is now bein t d . d . . 

Baranaka who 
g s

_
u ie 1ntens 1vely in Tokyo headed by 

Tllr · worked w1th Old at Sloan-Kettering Ins t � tute . 19 now bei d . . 
L 

Fin 1 1 
ng use on pat 1ents in Japan . 

includ:d � ·  the use of Staph A as outl ined above should be 
f in order to r b l  . 

rOlll i ts h . ernove ock1ng factors and to benefi t  
Ba . 0st st1mulating effects . cter1a1 vacci used as 1 nes , to be rnost e ffect ive , rnus t  not merely 

patients is
a a�t resort when the immune S tatus of cancer 

to su 
ser1ously cornpromised , but should be initiated rgery d · · • ra iat1on ,  chemotherapy or hyperthermia and 
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continued during and after these moda l i t ies . 
many different bac terial vaccines , including S taphage Lysa 
MBV , P seudogen (Parke Davi s ) , Escherichia coli (Difco 0 1 27 
Hol l i s ter-Stier ' s  Mixed Respiratory Vaccines and possib ly 
Lactobaci l lus bu lgaricus which i s  being evaluated in Bulga 
and the USSR (Cancer Research Inst i tu te Records :  personal 
communications) . Let us also cons ider wider use of TNF , a 
of yeast extrac ts such as glucan which i s  now being evalua 
c l inical ly by Krementz at Tulane University (personal co 
cation) . 

Some pat ients may respond better to one type rather th 
another due to prior sensit ization . One may expec t better 
responses in populations which are sti l l  exposed to more 
infect ions . Cooperative studies on an international scale 
should speed progress towards more effective comb ined ther 
p ies for control of cancer and ul t imately perhaps for prev 
tion of the di seas e .  Persons at high r i sk of cancer might 
given periodic courses of MBV to s t imulate the various hos 
res istance mechanisms which we have d iscussed .  

The fact that thousands more cancer patients were not 
the benefit  of such therapy s ince it was f irst ini tiated 
Coley 90 years ago , may be one of the greatest tragedies • 

medical h i story . Many factors contributed to this , but t 
most serious recent one was the incredible barriers creat 
by the FDA (Food and Drug Administration) since 1 96 3 .  To 
rul e Coley ' s  MBV as a "new drug" when it had been u sed fo 
years in nearly 900 patients was incredib l e .  The red tap 
involved in securing Investigational New Drug licences ( I  
for new vacc ines now i s  prevent ing many c linical invest ig 
from undertaking such s tudie s .  

Fortunately , the Government o f  West Germany recognized 
the new laws they had put into effect af ter the thalidomi 
disaster were too s tringent and they were repealed . 

Progre ss wil l  now have to come from clinical trials in 
China , Japan , Poland , Wes t  Germany and other European cou 
tries which do not have such paralys ing restrictions . We 
appeal to you all to exert every effort to speed progress 
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I .  THE NORMAL HUMAN BACTERIAL FLORA 

All body surfaces are colonized by bacteria, the composi tion 
of the flora being dependent on the conditions at that sur
face . The maj or factors determining the compos i tion of the 
flora are the supply of nutrients , the t ime available for 
growth , the pH, the oxygen tension and Eh , the secretion of 
antibacterial substances ( such as lysozyme , antibody , b i le ,  
pancreatic enzymes e tc . ) ,  production of antibac terial sub
stances by other bacteria (such as bacteriophage , bacterio
cines) , ab i l ity to produce induced enzymes , and the abi l i ty 
to attach to and colonize surface s .  Tab le 1 describes the 
flora of various s i tes on the body surface and the f actors 
controlling that f lora ; the subject has been reviewed exten
sively elsewhere ( Skinner and Car r ,  1 97 4 ) . By far the most 
important s i tes are the digestive trac t and the skin but 
other s i tes rnay be heavi ly colonized under certain c ircurn
stances . 

A. The Stomach 
In western persons the normal gastric mucosa secretes large 
a�unts of hydrochloric acid , rnaintaining the pH of the gas
tr1c contents close to 2 .  As the rnucosa ages i t  atrophies 
and the rate of secretion of acid progressively decreases . 
When the acid secretion i s  insuffic ient to achieve bacteri
cidal leve ls a resident f lora is able to establish i tself ; �hi� f �ora i s  acid-tolerant ( streptococci , rnicrococc i ,  lacto-
a�1ll1 and vei llonellae )  at lower pH values but the more acid sens it ive putrifactive organisrns increase in irnportance as acid secretion decreases . Ernp ir ical observation on the &as tric f lora indicate that pH values below 4 are bactericidal , 
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TABLE 1 

The bacterial flora of various body surfaces 
and the factors control ling it .  

Si te 

Saliva 

Stomach 

Small intestine 

Large intestine 

Skin 

Vagina 

Dominant f lora 

cocci (eg s treptococc i ,  
micrococci ,  vei l lonel lae , 
neisseria) , principally 
Gram +ve 
Normally no bacterial 
f lora 
Few organisms and no 
"normal f lora" 

Very rich f lora , domi
nated by anaerobic rod
shaped bacteria 
Diptheroids , micrococc i  
and s taphylococci 
Lactobaci l l i  and s trepto
cocci 

TABLE 2 

Maj or controls 

lysozyme , immune 
control s  

Gastric acid 

Gas tric acid ,  
bile , pancreatic 
j uice 
Redox potential , 
nutrients ,  
s tasis 
Fat ty acids , 
desiccation 
pH 

The relationship between gastric pH and the composi
tion of the gastric juice bacterial flora . 

pH 

Less than 4 

Between 4 and 5 

Between 6 and 8 

Composi tion of the f lora 

Very few l ive organisms 

Acid-tolerant organisms ( lactobac i l l i  and 
s treptococci and micrococci )  

Largely enteric f lora containing faecal 
s treptococci , bacteroides etc . , as wel l  
as the lactobaci l l i  and oral s treptococci 
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those between 4 and 5 permit the growth only of acid tolerant 
ganisms whi l s t  above pH 5 faecal-type organisms flourish or d . . . 

(Tab le 2 ) . In the achlorhy ric stomach the oxygen-tension is 
ffic ient to prevent the growth of the more fastidious su
aerobic bacteria (clostridia are very rarely i solated from an ) . . 

gastric j uice for example and the aerobic organisms are nor-
lly more numerous than o ther anaerobes .  In wes tern coun�ies the proportion of persons with a rest ing gas tric j uice 

pH greater than 4 i s  very small in young adults but has been 
stimated at about 1 0% at 50 years old and about 50% of 7 0  e
ear old persons .  In  contrast , in  parts of Colombia and Chile rn South America , or in Ve l lore , South India the maj or i ty of 

young adults are achlorhydric . 

B .  Small Intest ine 

Since the gastric acid effect ively s terilizes the gas tric 
contents the rnaterial entering the smal l inte s tine contains 
very few bacteria. Further ,  the mucosa is continual ly 
flushed by the large volumes of fluid secreted into the smal l  
intestine as part of the digestive proces s ;  many o f  these 
(e . g .  b i le) are powerful antibacterial agents . Consequently 
the srnall intestine is normally only very sparsely populated 
except at the beginning of a meal (Drasar et a l . , 1 96 9 )  or in 
persons who are achlorhydric or in cond i tions where there is 
an intestinal stas i s .  

C .  Large Intest ine 

Whereas the t ime taken for the intestinal contents to travel 
the length of the small intestine is only 2-4 hours , the 
large bowel transit t ime is normally 2ü-80 hours in wes tern 
persons and so there i s  ample t ime for a rich bac terial f lora 
to develop .  Al though diges tion i s  very effect ive and most of 
the nutrients in the diet are absorbed from the small intes
tine ,  there is a constant supply of nutrients to the large 
intestine in the form of indige s tible dietary components 
(e . g .  "f ibre" ) and desquamated gut mucosal ce lls . The 
absence of glucose allows the product ion of inducible enzymes and so full utilization of these nutrients is pos s ib le .  The l�rge intestine is highly anoxic and so the dominant organisms are the non-sporing strictly anaerobic rod-shaped bacteria (Table 3 ) . Approximately 50% of the dry weight of faeces i s  accounted for by the gut bacter ia ( Stephen and Cummings , 1 9 80) and so the number of bacteria present in the normal colon is approximately 1 0 1 4 • 
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TABLE 3 

The norm::il faecal flora of humans eating a western diet 
compared with those eating a vegetarian diet 

based on Matoke (a banana preparation) . 
Data from Aries et a l .  ( 1 969) . 

Anaerobic organisms 
Bacteroides spp 
Bifidobacterium spp 
Clostridium spp 
Vei UoneUa spp 

Facultat ive organisms 
Escherichia coli 

Streptococcus virdans 

Streptococcus faecalis 

Microaerophi l ic organisms 
Lactobaci l lus spp 

Western diet* 

1 0 1 0  

1 0 1 0  

1 04 

1 o4 

1 07 

1 07 

1 06 

* log 1 0  (number of organisms/g wet weight) .  

D .  U rinary Trac t  

Matoke d iet 

1 08 

1 o9 

1 04 

1 05 

1 08 

1 08 

1 07 

1 07 

Although the urinary tract i s  normally free from bacteria ,  in 
thi s  case the abnormal is not rare .  In  a rural general prac
tice in England the proportion of persons who had a urinary 
tract inf ection at some t ime during the course of a s ingle 
year was 20% ( Sinclair and Tuxford , 1 97 1 ) ;  mos t  of these 
would have been asymptomatic and due to a s ingle infecting 
organism ;  80% of urinary tract infections are due to Escher
ichia coli , with Proteus spp , Staph. albus and Strep. faecalis 
accounting for most of the remainder . A proportion wi l l ,  
however ,  b e  chronic and due to a mixed popu lation o f  organ
i sms ; such infections are usually secondary to anatomical 
abnormalities in the b ladder ,  b ladder tumours , urethral 
stricture or b ladder b i lharzia etc .  Under the c ircums tances 
a profuse mixed f lora of 1 0 8 organisms per ml urine is not 
uncorrmon . 
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E . Genital Tract 

The normal vagina is acidic and has in consequence an acid
tolerant f lora of lac tobac i l l i  and streptococci (Hurley et 
al. , 1 9 74 ) . In women with Trichomonas vagina lis infection, 
however , the vaginal pH is c lose to 7 and the flora is richer 
and more putrifac t ive (Harington et a l . , 1 9 7 3 ) . 

F .  Biliary Tract 

The normal b i l iary tract is s terile ,  but it can be infected 
with bile-resis tant organisms (e . g .  Salmone l la typhi ) and 
carriage of typhoid organisms in the b i le is a common sequel 
to typhoid infection .  The b i le is often infec ted secondary 
to gallstones . 

G .  Summary 

Bacteria are wide ly distributed around the human body e i ther 
as normal f lora or as the result of chronic infection ( as 
in the urinary b ladder and the gall bladder) or as the result 
of the failure of a bactericidal defence mechanism (as in the 
stomach) .  

I I .  THE ABILITY OF BACTERIA TO PRODUCE CARCINO
GENESIS  IN VITRO 

Bacteria are able to produce a wide range of carcinogens , 
mutagens or tumour promoters from a wide range of sub s trate s .  
In this section I wil l  only d iscuss those that might be pro
duced by the normal f l ora from substrates which would be 
availab le to them. They have been reviewed more extensive ly 
by Hi 11 ( 1 9 7 5) • 

A .  Tryptophan Metabol ites 

Tryptophan is metabol ized by bacteria to a very wide range of metabol ites ,  most of which are also produced by the l iver .  Of the range of tryptophan metabol ites excreted in normal human · 

. urine some are produced only by the bacteria ( e . g .  indole ,  quinaldic acid ) whi lst  a l l  of the remainder could be produced by either the l iver or bacteria · there are no data ��ncerning the relative contribution of bacteria and the iver tu the urinary tryptophan metabolite poo l .  A range of �:Yptophan metaboli tes , including indole ,  3-hydroxykynurenine 
h 

hydroxyanthranil ic acid ,  kynurenine , quinaldic acid 8-
' 

t
Ydroxyquinaldic acid and xanthrenuric acid ,  have bee� claimed o be c · · · arcinogenic or mutagenic or tumour promoters (Table 4) . 
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TABLE 4 

Urinary tryptophan metabo lites shown to be carcinogenic, 
mutagenic or tumour promoting. 

(for details and references see Bryan, 1971) . 

Metabolite 

Indole 
Indoleacetic acid 

3-hydroxykynurenine 
3-hydroxyanthran i l ic acid 
8-hydroxyquinaldic acid 
xantrenuric acid 
quinaldic acid 

3-hydroxykynurenine 
3-hydroxyanthrani l i c  acid 

B .  Vo lati le Phenols 

Test system 

A .A . F .  treated 
rats 

b ladder 
implantation 

Indication 

cocarcinogenic? 

carcinogenic? 
cocarcinogenic? 

cultured mannnal ian 
tissue cells mutagenicity 

Urine contains 2 maj or volatile phenol s  (p-creso l  and phenol )  
and these are produced in the colon by bacterial action on 
the phenol i c  amino acids tyros ine and phenylalanine . The 
daily output of urinary volatile phenol s  (UVPs) is 5 0- 1 00 mg 
(Schmidt ,  1 9 49 ; Bone e t  a l . , 1 9 76)  90% of which i s  p-creso l ;  
germ-free animals d o  not excrete UVPs and the amount in 
human urine is greatly decreased by preoperative bowel pre
paration or in persons with an i leostomy (Bone e t  a l . , 1 9 76)  
and increased by increas ing the amount of d ietary protein 
(Cunmings e t  al . , 1 9 79 ) . 

C .  Ethi onine 

Fisher and Mal leter ( 1 96 1 )  have shown that many species of 
bacteria, including E. coli , when grown in mineral salt s  
medium containing glucose and methionine are able to synthe
s ize the s-ethyl analogue, ethionine . Farber et al .  ( 1 96 7 )  
showed that ethionine i s  carcinogenic in rat s .  

D .  N-ni t roso Compounds 

Secondary amines react with nitrous acid at pH 2 ,  to yield 
N-ni troso compounds ,  but Sander ( 1 96 8 )  showed that the reac
tion could take p lace at pH 7 in the presence of bacteria, 
and thi s  has been confirmed by many groups since . Secondary 
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amines are synthesized in the human colon by bacterial action; 
lysine �s d�c�rboxy�ated th�n . deaminated . and cyclize� �o 
yield p1per1d1ne w�1 � st arg1n�ne . an� orn1thine are s1m1lar�y 
cyclized to pyrr?l 1d 1ne . _ Lec1 t�1n � s hydrolysed by bacter1al 
lecithinase to y1eld chol 1ne wh1ch 1s then dealkylated to 
yield dimethylamine . These secondary amines are absorbed 
from the colon and excreted in the urine but are also secre ted 
in a number of body fluids including gas tric j uice . Nitrate 
is present in l arge amounts in the d iet and is readi ly 
reduced to nitrite by bacterial action .  A wide range of 
species of bac teria present in the human bac terial f lora are 
able to catalyse the N-nitrosation react ion (Hawksworth and 
Hi 1 1  , 1 9 7 1 ) . 

E . Hydrolysis of Conj ugated Carc inogens 

Cycas in is a naturally occuring ß-glucoside present in cycad 
nuts ; it is hydrolysed by bacterial p-glucos idase to y ield 
methylazoxymethanol which i s  hepatotoxic in all animal s  
tested ( including humans )  and i s  carc inogenic in  rodents .  
When cycasin i s  fed to rodents the carcinomas are formed in 
the intest ine ; when administered intravenously cycasin i s  
nontoxic and noncarcinogenic and i t  i s  s imi larly benign when 
given orally or by any other route to germ-free rodents .  
Thus the toxicity i s  entirely due to the metabolic act iv i ty 
of the gut f lora in releas ing the toxic aglycone . The mam
mal ian small intest ine produces a ß-glucosidase but i t  is 
substrate-spec if ic and i s  inact ive agains t cycasin .  The 
toxicology of cycasin has been reviewed by Laqueur ( 1 968) , 
It is not known whe ther cycasin i s  a member of a whole class 
?f � lant ß-glucosides with carc inogenic aglycones or whe ther 
1t 1s unique in thi s  respec t .  

Polycyclic aromatic hydrocarbons present in the diet are 
absorbed by passive diffus ion from the small intestine and 
transported to the l iver by the portal b lood system . There 
they are hydroxylated ( if necessary) and then conjugated as 
�lucuronides or glutathione derivat ives before being secreted 
in the b i le and returned to the intes t ine . On reaching the 
bacterially colonized par t  of the gut the glucuronides are 
hydrolysed by bac terial ß-glucuronidase and the aglycone i s  
then absorbed and returned to the l iver to  undergo another :nte 7ohepatic cycle . The enterohepatic c ircu lation of poly-

5
Y�l1c aromatic hydrocarbons (PAHs) has been reviewed by 
_mith ( 1 966) , but there have been 2 recent observations of �nteres t in the context of this presentation. Renwick and 
p
rasar ( 1 976 ) reported that not only were the conjugated 

h
AHs hydrolysed by bacterial ß-glucuronidase but the re leased 
Ydroxylated PAH could undergo further dehydroxylation to 
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release the parent carcinoge n .  Kinoshita and Gelboin ( 1 9 7 8 )  
noted that whereas the aglycone r e leased b y  hvdroly s i s  o f  
ben z ( a) pyrene-3-glucuronide i s  not mutagenic or carcinogenic 
and does not b ind t o  DNA, an active intermed iate produced 
during the hydrolysi s  b inds covalently t o  DNA added t o  the 
incubation mixture .  

F .  B i l e  Ac i d  Met abol ites 

B i l e  acid s are important in the dige s t ion of fat  and are syn
the s i zed by the l iver and secreted in b i le .  The human l iver 
synthe s i z e s  2 b i l e  ac ids - cho l i c  ac id and chenodeoxycho l i c  
ac id - whi ch are c onjugated w i th t h e  amino a c i d s  glycine and 
taurine before secret ion in b i le .  The b i l e  ac ids undergo 
enterohepatic c irculation ,  the b i le ac id conj ugates b eing 
recovered from the terminal i leum by an ac t ive transport 
mechanism which is more than 95% e f f i c ient .  The res idue of 
b i l e  conjugates entering the l arge intes t ine are subj ected to 
a range of metabolic  reac t ions by the gut bac ter ia includ ing 
deconjugation ,  hydroxyl dehydrogenat i on and inversi on , dehy
droxylation and nuclear dehydrogenat ion (Tab le 5 ) . The 
enterohepatic c irculation of the b i l e  acids has been reviewed 
by Hofmann ( 1 9 7 7 )  whi l s t  the metaboli sm of the b i le acid s by 
gut bacteria has b een reviewed by H i l l  ( 1 9 75 ) . 

TABLE 5 

The major bile salt degrading enzymes 
produced by gut bacteria 

Enzyme 

Cholylglycine 
hydro lase 

Hydroxys teroid 
oxidoreductase 

7o.-dehydroxylase 

64dehydrogenases 

Reac t i on 

Deconj ugates 
b ile salts  

Produces keto  
b i le acids  and 
inverted hydro
xyl groups 

Removes the 7o. 
hydroxyl group 

Produces unsatu
rated b i le acids 
from 3-oxo sub
s trates 

Spe c i e s  producing the 
enzyme 

Mos t  o f  the major 
genera of anaerob e s  + 
Strep. faecaUs 

Most genera excep t 
lac tobac i l l i  and oral 
s treptococc i  

Mos t  o f  the maj or 
genera of anaerobes 

A few clostridial 
species 
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The f i r s t  intere s t  i n  the possible role of b i le acids in 
carcinogene s i s  was aroused b y  the d emonstration by W i e l and 
and Dane ( 1 93 3 )  that deoxych o l i c  acid could b e  conver ted 
chemi cally into the extr emel y  potent carcinogen 20-methyl
chol anthrene . In 1 940 Badger et a l .  showed that deoxych o l i c  
ac i d  was carcinogenic when painted o n  t h e  skin of rodents in 
an oily veh i c l e  and s ince then the evidence has s te ad i ly 
accumulated that b i le acids , part icularly deoxych o l i c  and 
l i thochol ic acids ( th e  2 principle b i l e  acids excreted b y  
wes tern persons)  are tumour promoters and a r e  mutagenic 
(Table 6 ) .  The unsaturated b i le acids have not been s tud ied 
extensively but preliminary s tud i e s  (McK i l lop , 1 98 1 )  sugges t  
that some may b e  direct ac t ing mutagens , a s  migh t  b e  sus
pec ted from the ir chemical s t ruc ture . 

TABLE 6 

Evidence that b i le acids are mutagenic, 
carcinogenic or tumour promoters. 

Type of s tudy 

Skin-paint ing on 
rats 

Rectal ins t i l lation 
in rats treated w i th 
dimethylhydrazine 

Salmone l l a  
mutagene s i s  

Drosophi l a  muta
genes i s  

Bile  a c i d  tes ted 

Deoxycholic acid 

Range of other 
b i l e  acid s 

Deoxycho lic  ac id 
L i thochol i  ac id 
Other b i l e  acid s 

Deoxychol ic acid 
L ithochol i c  ac i d  

Deoxychol i c  acid 

Ob servation 

cocarc inogenic 

inact ive 

both cocarcinogenic 

inactive 

bo th comutageni c  

mutagenic 

I I I .  BACTERIAL METABOLITES AND HUMAN CANCER 

Although a role for bac terial metabo l i te s  in the c ausation of 
cancer of the large bowel and of the stomach has received 
c?nsiderab l e  a t tention , the part p l ayed by bacterial metabo
l � tes in the causat ion of cancer at o ther s i te s  has not been 
widely s tudie d .  Neverthel e s s  they may be imp l i cated in the 
causat ion of cancer at many s i te s .  
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A .  The Large Bowel 

Large bowel cancer i s  one of the "diseases of western civi l i
zation" and i s  thought to be associated with a western d iet 
which is r ich in meat and fat and therefore is relatively 
deficient in carbohydrate . The epidemiology of the d isease 
has been reviewed recently by Correa and Haenszel ( 1 978) . A 
role for bacteria and bi le  acids was first  postulated by 
Aries et al.  ( 1 969 ) and the f ir s t  compar ison of populations 
was reported by Hi l l  et a i .  ( 1 9 7 1  a) . S ince then a consider
able body of evidence in favour of a role for bile  acid meta
bolites has accumulated (Tab le 7 )  from comparisons of popula
tion s ,  f rom case-control studies and from studies of patients 
with diseases which put them at h igh r i sk of developing colo
rectal cancer. The bacterial enzymes imp licated are the 7a
dehydroxylase and the �4-dehydrogenase (Table 8) . The role 
of bacterial metabol ites of the b i le acids in the causation 
of large bowel cancer has been reviewed recently by Hill 
( 1  9 80 , 1 9 8 1 a , 1 9 8 2) . 

TABLE 7 

Evidence that bile acids are imp licated �n the 
causation of colorectal cancer 

1 .  Compar ison of populations 
with different incidences 
of colorectal cancer 

2 .  Case-control s tudies 

8 stud ies from 4 different 
research groups show LBC 
incidence related to faecal 
b i le acid concentration .  

2 studies showed a difference 
between cases and controls , 
3 did not .  

3 .  Studies of adenoma pat ients Study of 1 43 pat ients with 
adenomas showed correlation 
between faecal bi le  acid con
centration and adenoma s i ze 
and theref ore malignant 
potential ) . 

All of the bacterial metabolites described in the previous 
section may be produced in the large bowel and so may be . implicated in the causation of colorectal cancer ; �he ev1-
dence has been reviewed by Hil l  ( 1 97 7 ,  1 9 8 1 a) but 1s weak for 
a l l  of the metabol ites in comparison with that for the b ile 
acids . 
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TABLE 8 
Evidence imp licating ?a-dehydroxy lase and 

�4-dehydrogenase in the causation 
of large bowe l cancer 

37 

1 .  Act ivity of 7a-dehydroxylase 
greater in cancer patients 
than in control s  

Mas tromarino e t  a l .  ( 1 9 76 )  

2 .  The concentration of the pro- Hil l  et a l .  ( 1 9 7 1 a) 
duct of 7a-dehydroxylat ion of 
cho l ic acid (deoxychol ic  acid) 
correlates with bowe l cancer 
incidence . 

3 .  The products of 7a-dehydroxy
lation of the primary bi le  
acids are both promoters of 
carcinogene sis 

4 .  The carr iage rate of 
c lostridia with �4-dehydro
genase is higher in colo
rectal cancer cases than in 
controls 

B .  The Stomach 

see Table 6 

Hi l l  et a l .  ( 1 9 7 5 )  
B lackwood e t  a l .  ( 1 9 78) 

The incidence of stomach cancer i s  highest in countries in 
eastern Asia in the Andean countries of south and central 
America , in ias tern Europe and in Iceland ;  in all  of these 
areas the incidence of large bowe l cancer is low and in those 
countries where l arge bowel cancer is common the incidence of 
gas tric cancer is relatively low .  The epidemiology of gas
tric cancer has been reviewed recently by Correa ( 1 982) . 

Cancer of the s tomach undoubted ly has many causes and has 
at leas t 2 his tological types ( the intest inal type and the 
diffuse type on the c lassif ication of Lauren , 1 965) . Correa 
et al. ( 1 9 75) postul ated the aetiology of gas tric cancer of 
the intes tinal type ,  in which the f irst s tage was the deve lop
ment of gas tric atrophy , fo llowed by atrophic gas tritis , 
intestinal metap las ia ,  dysplasia of increas ing severity and 
final ly carc inoma . In addi t ion , there have been a number of 
S tudies implicating dietary nitrate in the causation of gas
tric cancer , reviewed by Fraser et a l .  ( 1 980) . Correa et al .  
Postulated that nitrate may in some way be responsible for 
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the ini t ial  l e s i on ,  the gastric a trophy which resu l t s  in a 
profuse r e s ident f lora being e s t ab l i shed in the s t omach . 
This res ident f lora would then reduce d ietary ni trate to 
n i t r i te and then catalyse the N-n i trosat ion o f  secondary 
amines in the gastric j uice . The N-ni troso . compounds would 
be r espons ible for the deve lopment o f  intest inal met ap la s i a ,  
then dysplasia and f ina l ly neopl a s i a  in t h e  gastr i c  mucos a .  

I f  thi s  hypothes i s  i s  correc t  2 conclus ions can b e  drawn 
immed iate l y .  The f ir s t  i s  that gastric atrophy (and even
tua l ly pernic i ou s  anaemia) should be more prevalent in popul a  
t ions exposed to h igh intakes o f  n itrate than i n  the general 
populat ion ; the se c ond is that persons with gas tr i c  achlor
hydria for any reason should be at h igh r i sk of devel op ing 
gastric cancer .  The s econd o f  the s e  conc lusions is undoub
tedly true . l t  is wel l  e s tabl ished that persons with per
nicious anaemia have a r i sk o f  gastric c ancer 4-6 times that 
in the general popu l ation (Blackburn et a l . , 1 9 68 ; Mosbech 
and V ideback , 1 95 0 ) ; s imilarly i t  i s  now e s tabl ished that 
persons who have had a Polya p ar t ial gastrectomy have an 
increased r i sk of gastric cancer after a latent period of 1 5  

-20 years (Taksdal and Stal sberg , 1 9 7 3 ) . Ruddel l  e t  al .  
( 1 9 78 )  have shown that t h e  gastric j uice analyses a r e  c om
patib le w i th the cau s e  o f  the increased mal ignancy in per
nicious anaemia b eing due to the f orma t ion o f  N-n i troso com
pounds (Tab l e  9 )  and s imilarly evidence has b een obtained 

TABLE 9 

The evidence for N-nitroso compounds as a cause of the 
high risk of gastric cancer associated with 

pernicious anaemia (P. A . )  
(Rudde l l  e t  a l . ,  1978) 

1 .  P at ients w i th P . A .  have a profuse gas tric f lora r ich in 
ni trate reductase . Control persons have a very sparse 
bacterial f lora . 

2 .  The c oncentrat ion of n i tr i te i s  h i gh in the gastric j ui ce 
of P . A .  p a t i ents bu t very low in control s .  The n i t r i te 
concentrat ion in P . A. pat ients increases w i th the degree 
o f  e p i the lial  dysp l a s ia . 

3 .  Gas tric  j ui ce i s  rich in N-nitrosatab l e  ami ne s .  

4 .  Gas tric  J u ic e  o f  P . A .  patients contains h igh N-n itroso 
compound concentrat i ons . 
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from par t ial gas trec tomy patients . The aetiology o f  the pre
cursor les ion is l e s s  clear.  There is no evidence yet tha t ,  
for examp l e ,  persons indus trial ly expos ed to nitrate have an 
increased r i sk o f  pernic ious anaemia and i t  is more l ikely 
that the very h igh prevalence o f  gastric achlorhydria 

ob served in young adu l t s  in the Andean countries i s  due to 
malnutri tion (Thomasen e t  al . , 1 9 8 1 ) .  There have been no 
reports on the effect  of high ni trate intake on the gas t r ic 
mucosa o f  experimental animals . The role o f  bacteria and 
nit rate in human gas tric  c ancer has been revi ewed recently by 
Hil l ( 1 98 l b ) . 

C . The Bili a ry Tree and Pancreas 

Lowenfe l s  ( 1 9 7 8 )  pos tulated tha t cancer of the b i l iary tree 
was caused by bacterial metabo l ites  of the b i le acids pro
duced in situ in the gall  bladder or b i l iary tre e .  I n  support 
of thi s  he noted that a high proport ion of persons wi th can
cer of the b i l iary tree have as sociated infect ions o f  the 
gal l b ladde r .  The se inf e c t i ons could have been secondary to 
the tumour and so i t  i s  of interest tha t Wel ton et a l .  ( 1 9 7 9 )  
showed that carriers o f  Salmone l la typhi (where the organi sms 
are res ident in the b i l i ary trac t )  have a subsequent r i sk o f  
cancer o f  the b i l iary tract 6 times that i n  the normal popu
lation. Gall  s tone s  predispose to gall  b l adder cancer and 
they are a l s o  assoc iated with gal l b l adder infe c t ion.  

Al though the basic hypothes i s  i s  a t trac tive , the proposed 
mechani sm is less s o ;  the b i le ac ids are tumour promoters 
rather than ini t iators and they are relatively s lowly degraded 
by bac teria even under int e s t i nal cond i t ions . However 
Kinoshi t a  and Gelboin ( 1 978 ) showed that the deconjuga� ion of 
benz(a) pyrene-3-glucuronide by bacteria led to the f ormat ion 
of a shor t-lived intermediate ab le to b ind coval ently to DNA 
(and

. 
therefore poten t i a l ly carcinogenic) . Many environmental 

�arc 7nogens are enterohepatically c irculated and are secreted 
in bi �e as glucuronide conj ugate s .  I n  b i l e  they are a t  
relat�ve ly high concentration and the organi sms commonly 
associated with b i l iary infec t ion are good producers of ß
glucuronidase (al though it has s t i l l  to be demonstrated that 
the enzyme is ac t ive in who l e  b i le) . The se appear there
fore � to be b e t te r  cand idates f o r  the bacterial r e ie ase o f  
carcinogens i n  the b i l iary trac t .  

D .  The Breast and Endome t r ium 

�he case for suspec t ing that b acterial metabo l i te s  produced 
ln the c olon might be imp l i ca ted in the c ausat ion of cancer 
of the breas t and of the endometrium is l arge ly ep idemio-
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TABLE 10 
The association between cancers of the 

co lon, breas t and endometrium. 

Geographical 

Relation to social c lass 

Urban-rural d if f erences 

Migrant s tudies 

Association wi thin persons 

All 3 cancers have the 
same dis tribut ion internation
ally, wi thin Europe and within 
the Bri tish Is les . 
Al l 3 cancers increase in risk 
with increasing socio-economic 
status . 
All 3 are more common in urban 
than in rural areas . 
When migrants move f rom a low 
inc idence to a high incidence 
area their ri sk of al l  3 can
cers increases wi thin their 
l ifetime .  
A woman who has had a primary 
cancer successfully treated in 
one s i te is at above average 
risk of developing a primary 
in the other 2 s i tes .  

logical . Cancers of the colon ,  the breas t and the endo
metrium are as sociated geographically and demographically 
(Table 1 0 ) . In fami l ies wi th the "cancer fami ly syndrome" 
warnen who develop colon cancer have an extremely high risk of 
developing a subsequent endome trical cancer (Lynch et a l . , 
1 9 7 9 ) . Intestinab bacteria are able  to produce oes trogen 
analogues from the b i l iary s teroids (Goddard and Hill ,  1 972 )  
and it has been postulated that these might be impl icated in 
the promot ion of oestrogen-dependent breast cancers (Hi l l  e t  
al. , 1 9 7 l b )  and presumab ly also of oes trogen-dependent endo
me trial cancers . In suppor t of thi s ,  B lackwood et  a l .  ( 1 978) 
have shown that the carriage rate of the organism to produce 
oes trogen analogues was very much higher in breast cancer 
patients than in control s .  

E .  The Bladder 

Bryan ( 1 9 7 1 )  has reviewed the data implicating urinary tryp
tophan metabol ites (UTM) in the causation of bladder cancers 
not associated with industrial exposures and there was 
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considerable interest in this hypothesis at that time . Many 
of the UTMs were shown to be b ladder carcinogens us ing the 
b ladder imp lantation technique which imp lies that chronic 
irritation of the b ladder may also be necessary. There is no 
evidence of thi s  and so interest in the role of UTMs has 
waned in recent year s .  

In contrast ,  the role o f  bac teria in the bladder carc ino
genesis associated with b i lharzia is arous ing cons iderable 
current attention following the report by Hicks et a l .  ( 1 9 7 7 )  
that patients with b i lharzial infection of  the bladder have 
an as sociated bacterial cys titis and high levels of urinary 
N-ni troso compounds . Bacterial infection of the bladder has 
been associated with the demonstration of the presence of 
urinary N-ni troso compounds (Table 1 1 ) ;  this would  be expec ted 

TABLE 1 1  
Demonstration of N-nitroso compounds of urine 

of patients with urinary tract infection. 

Reference 

Brooks et a l .  ( 1 9 72 )  

Hicks e t  a l .  ( 1 9 7 7 )  

Observation 

N-ni trosodimethylamine in urine of 
pat ients with Proteus infection of 
the urine . 
N-ni troso compounds in the urine of 
persons wi th bacter ial urinary tract 
infection secondary to b ilharz ia .  

Radomski et a l .  ( 1 978) N-nitroso compounds in urine of per
sons with b ladder infection .  

Kazikoe e t  a l .  ( 1 9 7 9 )  Volatile N-nitroso compounds in urine 
of patients with bladder cancer. 

since the urine i s  the maj or raute of excretion of ni trate 
and of secondary amines and other N-nitrosatable compo.unds .  
In western populations most urinary tract infections are with 
Escherichia coli (80% of cases )  or Proteus spp ( 1 0% of case s ) , 
which are producers of a highly active nitrate reductase and 
Which catalyse the N-nitrosat ion of secondary amines .  How
ever ,  in these s imple infections the N-ni troso compounds are 
no� act ivated and this i s  in accord with the epidemiological 
�Vidence which shows no association between urinary tract 
lnfec tion and subsequent b ladder cancer . In contrast , the 
hladder infections associa ted with b i lharzia are mixed ones 
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involving many bacterial spec i e s  and so there is ampl e  oppor
tunity not only for the product ion of N-nitroso compounds but 
a l s o  for their subsequent ac t ivation . 

If the b l adder cancer associated with b i lharz i a  infect ion 
i s  due to N-nitroso c ompounds , then it might b e  preventab l e  
by the adminis trat ion o f  nitrite  scavengers such as ascorbic 
acid o r  a-tocophero l .  

F .  The Colon i n  Patients w i th Ureterocol i c  Anastomosis 

In pat ients who have had ur ine dive rsion to the sigmo id co lon 
the s i tua t i on i s  an extreme form of that in b i lharzial 
patients . Thus the urine , r ich in ni trate and nitrosatab le 
amino compound s ,  i s  conduc ted into the s i gmoid colon with i t s  
r ich and d iverse bacterial f lora.  The s e  are ideal cond i t ions 
for the bacterial produc t ion of N-nitroso compounds . In addi
tion ,  the urine is the f inal raute of excre t i on of the glucu
ronide and sulphate conj ugates of the po lycyc l i c  aromatic 
hydrocarbons . If bacteria are imp licated in human carcino
gene s i s  then the s e  patients surely are the mos t  l ikely to 
provide c lear cut evidence . l t  was not surpr i s ing , there
fore , that thes e  pat ients have a very high risk of colon 
carc inogene s i s  at the anas tomo t ic s i  te (S tewart et al. , 1 9 8 1 )  
with a l atency o f  1 5-20 years (no te the s imi lar i ty to the 
latency in pat ients with Polya par t i a l  gas trectomy where N
ni troso compounds were also  imp l icated ) . 

The role o f  bacteria and N-ni troso compounds in the car
c inogene s i s  in the s e  patients is current ly be ing inve s tigated ; 
the ureterocol ic anastomo s i s  has been superseded as the opera
t ion of cho ice by the i leal loop and , more recent ly ,  the 
colon loop . If bacteria are imp l icated , then prel iminary 
resu lts  on the bac teriology of loop urine ind icates that the 
colon loop should be by far the s afe s t  operat ion from the 
carc inogenes i s  p ofnt of view. 

G. The Uterine Cervix 

The incidence of cancer of the cervix i s  very h igh in the 
Bantu populat ions of Southern Africa , where there is a l s o  a 
high prevalence o f  infec ted c ervical d i scharge s ,  principal ly 
due to the f lage l l ate Trichomonas vaginalis . Thi s apparent 
association was inve s t igated by All sobrook et a l .  ( 1 9 7 5 )  who 
demons trated the presence of N-n i troso compounds on the 
vaginal d i scharge . S ince ni trate i s  secreted in many o ther 
body secre t i ons (e . g .  sweat , tear s ,  saliva,  gas tric j uice) i t  
might b e  expec ted to present i n  vaginal secret ion and s imi
larly secondary amines might also be expected to be presen t .  
The normal vaginal f lora contains very few organisms ab le to 
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educe nitrate b u t  i n  T. vaginalis infection the bacterial �lo�a is mod if ied to contain more of the nitrate-reducing 
species (e . g .  micrococc i � E. coli) : Thus , the cond i t ions are 
sui tab le for the production · o f  N-nitroso compound s and i f  
these are responsible for the cervical cancers then a latency 
of 1 5--20 years f o l lowing T. vaginalis infect ion would be 
expec ted . The relevant ep idemi o logical s tud ies have yet to 
be clone . However,  if  future research e s tab l ishes a causal 
relationship between T. vagina lis infe c t ion and cervical  can
cer media ted by the bac teria l  production of N-ni troso com
pounds , i t  c lear ly imp l ie s  that more vigorous early treatment 
of vagina l  infec t ion i s  necessary in these high risk popula
tions .  

IV . CONCLUS IONS 

In th is brief review of the possible role of bac teria in 
human cancer I have summarized the bac terial f lora at vari ous 
s i te s  in the b ody , then des cribed the data on the produc t ion 
of carcinogen s ,  promoters or mu tagens by bac teria and then 
cons idered the pos s ib l e  role of bac teria in the causat ion of 
cancer at vari ous s i te s .  This i s  a very young subj e c t  and we 
have s t i l l  to demons trate that b ac teria are important in car
cinogenes i s  at any s i te . Howeve r ,  i t  is important that the 
pos s ib i l i ty be inve s t igated fully , because if such a role for 
bacteria can be shown , then such cancers , l ike any o ther bac
terial d i seas e , are poten t i a l ly preventab l e .  
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POTENT I AL USE OF MURAMYL PEPT I DES 
IN CANCER THERAPY AND PREVENT I ON 
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28, rue du Dr Roux, 7 5 724 Paris Cedex 1 5, France 

I .  INTRODUCTION 

lt is well e s tab l i shed that the use of who l e  microorganisms 
endowed w i th innnunomodulating properties such as BCG or C. 
parvwn can be bene ficial  in a number o f  cancer patients ( for 
reviews see Holmes e t  a l. , 1 9 7 7 ;  Baldwin and Pinun, 1 9 7 8 ;  
Baldwin and Byers , 1 9 79 ) . However , these agents can e l i c i t  a 
varie ty of s ide effects such as granuloma format ion , lymphoid 
hyperp las i a ,  adj uvant arthr i t i s , s ens i t ization to mycobac
terial antigens and potentiation of the toxic e f fects of some 
endo toxins (Chedid e t  a l . , 1 9 7 8 ) . Isolating and characteriz
ing the minimal bacterial c e l l  wal l  s tructure neces s ary f or 
biological activity but which i s  devoid of mos t  o f  the unto
ward s ide-effects has repre s ented a maj or advance in the f ie l d  
o f  biological adj uvan t s  deriving from bac teria (Johnson e t  
al. , 1 9 7 8 ) . The sma l l e s t  b i ological-active c e l l  wal l moiety 
has been shown to b e  a s impl e  glycopeptide containing a bac
terial-spec i f ic carbohydrate , muramic aci d ,  and two amino 
acids , L-alanine and D-i soglutamine (Lederer , 1 980) . Thi s  
glycopeptide (muramyl d ipep t ide or MDP) has been synthe s i ze d , 
and to date , more than 300 analogues have been prepared 
(Dukor et a l . , 1 9 79 ; Lefrancier and Lederer , 1 9 8 1 ; Adam et 
al. , 1 9 8 1 )  from which a large number has been tested for 
activity in our laboratory (Chedid et a l . , 1 9 7 8 ) . 

S ince the original molecule has pyrogenic ac tivity , i t  has 
b�en of interest that cer tain immunologically act ive deriva
tive s are devoid of pyrogenicity (Chedid et a l . , 1 9 82 ) . One �f thes e ,  the butyl e s te r  derivative of MDP , MDP (Gln) -OnBu , 

as
.
already been administered t o  humans without producing any 

toxic s ide-effects  or a l teration o f  c l inical or b iologica l  
Parame ters (Obe rl ing e t  a l . , 1 98 1 ) .  T h i s  paper wi l l  focus o n  
the potential u t i l ization o f  the muramyl peptides both a s  
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therapeutic and as preventative agents in the treatment of 
human mal ignancies .  

I I .  ANTITUMOUR ACTIVITIES OR MURAMYL PEPTIDES 

The abi l i ty of muramyl pept ides to nonspecifically inhibi t  
tumour growth i n  a variety of experimental model s  has been 
recently reviewed (Lederer and Chedid, 1 982 ; Chedid and Morin 
1 982) . For the induction of specific or nonspecific cel l
mediated immune response - a mechanism primari ly involved in 
tumour rej ection - the use of muramyl peptides in water-in 
mineral oi l-emulsions , e . g .  Freund ' s  comp lete adj uvant ,  or 
more metabolizable oi l s  such as squalane has usually been 
required . Thus , when inj ected in comb ination with trehalose
dimycolate (TDM) , a glyco l ipid also derived from mycobacteria 
cel l  wal l ,  MDP and a range of analogues have been shown to 
inhib i t  the growth of a hepatocarcinoma intradermally trans
planted in guinea p igs (McLaughl in et a l . , 1 9 80 ; Yarkoni e t  
a l . , 1 98 1 ) .  However ,  nei ther of the two agents alone could 
exert such an anti tumour effect .  

Inclusion o f  MDP within l iposomes results i n  nonspecific 
tumour act ivity . In a metas tatic melanoma model in mice , 
Fidler e t  a l .  ( 1 98 1 )  have demons trated that repeated i .v .  
inj ections of l iposome-encapsulated MDP , following primary 
tumour exc i s ion , increased both the number of animals free 
lung metastasis and the survival t ime . S ince the same 
authors have found that the tumouricidal activity of alveola 
macrophages could be increased by treatment with MDP in l ip 
somes to a higher degree than with free MDP ( Sone and Fidler 
1 9 8 1 ) ,  the activation of these cells i s  l ikely to be involve 
at least in par t ,  in the beneficial ant itumour effects 
observed with l iposome-encapsulated MDP . In addition , Sone 
and Fidler ( 1 980) have reported that a combination of sub
threshold amounts of MDP and macrophages activating factor 
(MAF) could act synergis tically in inducing rat a lveolar 
macrophages to become tumouricidal for syngeneic , allogeneic 
and xenogeneic target cells . Encapsulation of both agents 
within l iposomes resul ted in a far higher degree of macro
phage activation than that obtained with the free agent s .  
Although a larger cl inical use of l iposomes i s  s t i l l  a matte 
of controversy , such carriers have been satisfactorily emp
loyed in humans . S ince i t  has been shown that the butyl 
es ter derivative of MDP can be safely u sed in humans ,  it is 
possible to cons ider the evaluation of Fidler ' s  observations 
in human cancers relevant to the murine melanoma model s tudi 

Speci f  i c  immunization against tumour cells using l ipophil 
muramyl peptide derivatives such as 6-0-acetyl esters and 
quinonyl e s ters of MDP has also been s tudied . Both types of 
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derivative were capab le of inhib i ting in mice the growth of 
transplanted hepatoma or methylcholanthrene-induced f ibro
sarcoma tumours upon s imultaneous inj ection with the tumour 
ce l l s .  These der ivat ives have also been shown t o  augment 
cell-mediated cytotoxicity to allogeneic targe t cells in mice 
(Yamamura e t  a l . , 1 9 7 7 ; Azuma e t  a l . , 1 9 79 ; Uemiya et a l . , 
1 9 79 ;  Saiki e t  a l .  , 1 98 1 ) .  These observations could be of 
interes� where specific immunization against certain neoplasms 
is considered as a therapeutic procedure . However ,  such an 
appro�ch may _ be depend:nt on the purification of neoantigens 
associated with a particular malignancy . 

An inhib itory act ivity of muramyl d ipeptides on the growth 
of murine lymphoid tumours has recently been observed 
(Phi l l ips et � l . , � 982 ) . This study evaluated the ab i lity of 
two muramyl dipept ides ,  MDP and i ts adjuvant-inactive s tereo
isomer MDP (D-D) (N-acetylmuramyl-D-alanyl-D-isoglutamine) to 
inhibit the in vivo growth of a number of murine ascitic c;ll  
lines .  The lymphomas s tudied , a range of thymoma cell l ines 
possessing phenotypic antigens characteri s t ic of helper 
(LYT- 1 +2-) ,  cytotoxic/ suppressor (LYT- 1 -2+) or precursor 
(LYT- 1 +2+) T-cells (Mathieson et a l . , 1 9 78) , could be of use 
n?t on�y in c�a:acterizing the tumour cells for muramyl 
di�ept ide activity, but also the efficacy by which such 
adJuvants are abl e  to modulate their growth. The occurrence 
within the same mouse s train of B-lymphocyte and plasma ce l l  
lymphomas has enabled a comparative study o f  the effects of 
m�ramyl dipeptides on tumours of both T- and B-lymphocyte 
l�neag� to be carried out .  The abi l i ty of the two muramyl 
d�peptides to af fect the growth of the lymphomas was compared 
with that of the known cytotoxic agent ,  cyclophosphamide . 
The <loses required to effect 50% inhibi tion ( ID50 )  of ascit ic  
tumour growth are shown in Table 1 .  The asc i t ic growth of 
the cell l ine express ing the helper phenotype was not inhibi
ted by MDP or MDP (D-D) in the dose range s tudied ( 0 . 06 to 
5 mg/kg/day via the i .p .  route ) . The growth of 2 out of 3 
cel l l ines · h · / expressing t e cytotoxic suppressor phenotype and 
b?th cel l lines expressing the precursor phenotype was inhibited �y MDP . MDP (D-D) had no effec t on the growth of these cel l l ines . Cyclophosphamide treatment in the dose range l . 25 to 20 mg/kg/day re sul ted in a s ignificant inhib i tion of ��owth of all  the thymoma ce ll l ines , with almost ident ical 
ob

so _ value� being observed . In contrast to the resul t s  

f 
tained with the thymoma cel l  l ines , MDP had no  s ignif icant � fect on the growth of the B-cell or plasmacytoma cell l ines 

1
?wever ,  s i gnificant inhibi tion of the growth of these c e l l  

. 

lnes was observed with MDP (D-D) . 
A number of interesting observat ions have arisen from this study . First ly , where a tumour cel l  l ine is responsive to 



,...... 
<ll <ll 0 

""Cl ""Cl 1 
"M "M 0 
E w '--' 1 1 1 1 1 
<1l 0.. p.., 

..c <ll � 0.. 0.. 
Ul "M 
0 ""Cl 

..c r-f 
0.. :>-. 
0 s 

r-f <1l 
u )..< 
:>. ::l 
u s 

0 0 
LI) LI) p.., 0 

0 0 0 1 1 0 0 
H H ::;:: r- N N 

Cl) 
\\) � <ll 

. ,.., ""Cl � i:::>.. \\) 
1 "M 
0 s r-f <1l 0 lJ"") 0 0 0 i:::>.. N u ..c 

. ,.., :>. 0.. ("""') -:t N N ("""') � 0.. u Ul 
0 N "M ..c 

� Cj � � 

0.. 
:>-. "' 

""Cl ......_ ,...... <ll <ll <ll <ll <ll f:: bll 0 :> :> :> :> :> 
� 1 " M  " M "M "M "M 

;::,., 
..Cl ..-l 

0 
l'..il :> 
...:! "M 
r:ll :> 
< 

......_ 0 w w w w w 
bll '--' u u u u u 
s p.., <1l <1l <1l <1l <1l 

0 c c c c c 
� ::;:: H H H H H 

0 
LI) 
0 

E--< c H ....., 
" M Cl) <ll 

:> :> � p.., " M  " M  � ::3 C) 
0 w w ;;: u u lJ"") 0 lJ"") 

<1l <1l ("""') - -
� c c \:)") H H 0 0 0 

\\) 
:;:: 

. ,.., )..< )..< )..< ,...... � 0 0 0 + � f:: 
'i--, 
C) 

Ul Ul Ul N ,...... Ul Ul Ul + 
1 � � <ll <ll -

� N )..< )..< 1 
<ll + 0.. 0.. 0.. H 
0.. - 0.. 0.. 0.. :>-< 

:;:: :>-. 1 ::l ::l ::l .....:l 
C) w H Ul ,...... Ul ,...... Ul ,...... '--' 

.,.., 0 :>-< + + + � c .....:l U N  U N  U N  )..< 

.,.., <ll '--' • M I "M 1 •M 1 0 
..Cl ..c >< - >< - >< - Ul 
. ,.., p.., )..< 0 1 0 1 0 1 )..< � <ll W H  W H  W H  ::l 

:;:: \....; 0.. 0 :>-< 0 :>-< 0 :>-< u 
r-f w .....:l w .....:l w .....:l <ll 
<ll :>-. '--' :>-. '--' :>. '--' )..< 

::r:: u u u p.., 

("""') ("""') lJ"") r- °' -
)..< 
::l .....:l .....:l .....:l .....:i .....:l 
0 H H H H H 
s z z z z z 
::l w w w w w 

H .....:l .....:l .....:l .....:l .....:l <!! < < < < 
"° cQ i:Q i:Q cQ 

("""') 0 
1 - N 

0 1 1 
N 

0 0 0 

-:t 00 0 
N 

<ll 
:> 

"M 
w 
u 0 0 
<1l '° N 
c 

H 0 0 

Cl) <ll 
:> :> 

"M "M 
w w 

0 u u 
N <1l "' 

c c 
0 H H 

,...... 
+ + 

N 
+ u u - "M "M 

1 s s 
H Ul Ul 
:>-< <1l "' 
.....:l r-f ...... 
'--' 0.. 0.. 

0 0 
)..< w w ""Cl 
0 :>. :>. <ll 
Ul u u w 
)..< <ll 
::l 1 1 )..< 
u u 
Cl) ::;:: ::;:: <ll 
)..< bll bll Ul 

p.., H H 

("""') r-
N -

00 
°' .....:l u r- p.., p.., - cQ 0 
p.., < :::E: 

1 
0 4-< 
w 0 
:>-. <1l 
u ""Cl 
1 Ul 0 

H "M "M 
)..< 

4-< N <ll 
0 0.. 

.....:l 
)..< p.., <ll 
<ll i:Q Ul � <  0 
)..< ""Cl 
<1l 
s <1l 

Ul 
u r-f )..< 

"M r-f 0 
0.. <ll 4-< 
:>-. u 
w ..c 
0 1-< w 
c 0 � 
<ll Ul 0 

..c )..< )..< 
0.. ::l bll 

u 
"' <ll )..< 

1-< ::l 
Ul 0.. 0 

"M 1 s 
H ::l 

+ w 
N 4-< 
1 0 u 

"M 
1 )..< w 

H <ll " M  
:>-< � u 
.....:l 1-< Ul 

<1l 
· � s 

<1l 

Ul 4-< 
r-f u 0 r-f "M 
<ll 0.. c 
u :>. 0 

w • " M  
)..< 0 "' w 
<ll c S ·M 
0.. <ll 0 .D 

...... ..c W •M 
<ll 0.. :>. ..c 

..c u c 
1 <1l eil "M 

H s 
Ul Ul � 

4-< " M  <1'.1 0  
0 ...... lJ"") 

+ 0.. 
1-< N c 
<ll + eil "M 

� - <1l 
1-< 1 Ul w 
<1l H ·M .D 
s :>-< 

.....:l C") 
0 

u r- 0 
"M - � - w 

0.. Ul 
:>. r-f u :>-. 
w ...... p.., )..< 
0 <ll 0 <1l 
c u ::;:: Ul 
Cl) Ul 

..c: )..< � <ll 
0.. 0 <1l u 

Ul s <ll 
"' Ul 0 c 

<ll ..c 
Ul )..< 0.. <ll "M 0.. s Ul 

0.. :>. 0 
1 ::l r-f ""Cl cn • 
N Ul :;... 

+ ......_ r-f II "' - u r-f -0 • 
1 "M <ll 0 

H >< u LI) 00 
:>-< 0 1 0 1 
.....:l w cQ H � 

N 

MURAMYL PEPTIDES IN CANCER THERAPY 5 3  

treatment wi th MDP o r  MDP (D-D) , the muramyl dipeptide i s  some 
7 to 1 0-fold  more effec t ive than cyclophosphamide in inhib i t
ing i ts  growth . Secondly , the ab i l i ty of MDP to inhibit  the 
growth of the thymoma cell l ines does not appear to correlate 
wi th the LYT-phenotype expressed by these cel ls . The thymoma 
cell l ines s tudied have been shown to  have a wide variation 
in the expression of  the enzyme terminal deoxy-nucleotide 
transferase (TdT) (J in Kirn et a l . , 1 9 7 8 ) . The 2 thymoma cel l  
l ines where MDP was inact ive have l i t tle or reduced TdT act i
vity in compari son with the h igh levels  found for those cel l  
l ines where MDP was ac t ive . Such leve l s  are characteris t i c  
of immature T-lymphocytes (Kung e t  a l . , 1 9 7 5 ) , and the abi l i ty 
of MDP to inhibi t  thymoma growth may corre late with the degree 
of maturi ty of the cel l ,  rather than the observed LYT-pheno
type expressed by such cel l s .  Thirdly ,  the resu l t s  would  
sugges t  that specif ic  inh ib i t ion of lymphoma growth relative 
to the l ineage of the turnour cel l  (T- or B-lymphocyte )  may be 
poss ib le us ing different rnurarnyl d ipep tide s ,  offering the 
potential of selective chernotherapy . Whi l s t  i t  is d iff i cu l t  
to extrapolate to  other turnour systems , such selectivity and 
efficacy rnay have advantages over the use of es t ab l ished 
chemotherapeut i c  agent s  in the treatrnent of lymphoid turnours .  
Whilst  the rnechanisrns by which the rnuramyl dipeptides exert  
their ant itumour effect i s  not known , prel iminary stud ies 
have indicated that the resident macrophage population wi thin 
the asci tes p lays a central role in the expression of activity . 

I I I . MECHANISM OF ACTI ON OF MURAMYL PEPTIDES 

A number of rnacrophage functions or activ 1 t 1e s  can be s timu
lated by rnurarnyl pept ides includ ing : ( 1 )  the produc tion of 
monokines such as the interleukin 1 ( IL- 1 ) lymphocyte acti
vat ing factor (LAF) or endogenous pyrogens (EP ) ; ( 2 )  increased 
metabolic  activit ies such as incorporation of g lucosamine and 
glucose oxidation ;  and ( 3 )  s t imulation of pros taglandin,  
col lagenase and cyclic-AMP product ion .  St imu lation of effec
t?r functions such as turnouricida l ,  phagocytic and bacteri
cidal act iv i t ies have also been described ( for an extensive 
review, see Leclerc and Chedid , 1 9 8 1 ) .  Macrophage activation 
does accoun t ,  at least in par t ,  for the nonspecific  anti�um?u: prop:rties , and � as d i scussed below ,  the nonspeci f i c  
nt1-1nfect1ous and adJ uvant effects o f  murarnyl pept ides .  l t  

seems that murarnyl peptide s can s t irnulate the cytotoxic :ffects  observed in sys tems which are thought to  be involved 
ln �os t  anti tumour defences ,  such as antibody-dependent c e l l
med1ated cytotoxic i ty (ADCC) (Leclerc e t  a l . , 1 9 79 ) and T
ce 1 1 dependen t  cytotoxic i ty (Matter , 1 9 79 ) . Recently Sharrna 
et l 

' 
a · ( 1 9 8 1 )  have reported that MDP was also capab l e  of 



5 4  CHEDID et al .  

enhancing in mice the natural kil ler (NK) ac tivi ty of spleen 
ce l l s .  This was observed in CBA/J mice given high <loses of 
MDP e i ther by the i . p .  or i . v . route 3 days prior to testing 
of splenic NK act ivity . Another interest ing f inding was that 
a comb ined treatment wi th MDP prior to LPS resu lted in a 
higher splenic NK act ivity than that obtained by e i ther of 
the 2 agent s  alone . 

In our own s tudies with another mouse s train (Morin and 
Garrec ,  to be publ i shed) we have found that MDP could e ither 
enhance or inhib it splenic NK activity, depending on the t ime 
of admini stration. MDP (D-D) and MDP (Gln)-On-Bu were able to 
augment NK activity when inj ected 1 or 3 days before the test 
respective ly , whereas MDP conj ugated to a synthetic carrier 
(poly (DL-alanyl )  -- poly (L-lysine , MDP-A -- L) was inhibitory 
when inj ected 24 h previously .  Experiments performed in 
order to e lucidate the mechanisms by which MDP exerts such a 
dual modulating effec t ,  indicated the following : ( 1 )  Both the 
in vitro removal of adherent spleen cells by nylon wool f i l
tration and the i n  vivo administration of indomethacin at 
various t imes prior to MDP or MDP-A--L treatment were unable  
to  reverse the inhib itory effects o f  those agents ,  suggest ing 
that ne ither suppressor macrophages nor their prostaglandin 
product ion are predominant ly involved in the inhib i tion of NK 
act ivity; (2 ) No circulating interferon could be detected in 
the serum of mice treated with MDP 3 days before tes t ing NK 
activity . However ,  inj ection of a sheep antimouse-interferon 
antibody s imul taneously with MDP resulted in the abolition of 
MDP-induced s t imulation . These preliminary resul ts sugges t  ·that a local production of interferon might b e  involved in 
the s t imulation of NK activity by MDP . 

I V .  ENHANCEMENT OF RES I STANCE TO INFECTI ON BY 
MURAMYL PEPTIDES 

At the present time , intercurrent fatal infections are one of 
the maj or threats that clinicians deal ing with cancer patien 
have to face . This is caused by the immunosuppression ari s
ing from ant ineoplastic therapy and perhaps by the neoplasia 
itsel f .  Muramyl peptides could be useful in the treatment 
of patients with cancer for reasons other than the anti tumou 
activit ies described above . Particularly , such agents could 
improve the anti-infectious defences in immunocompromised 
patient s .  This could be achieved both through the enha�ce
ment of nonspecif ic resistance and through an augmentation of 
specific immunization against a number of pathogens . 
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Patients treated by immunosuppres s i�e drugs fa?e a h�gh risk 
f infection by a number of nosocomial agents including Gram�egat ive rods such _as .Klebs�e l la pnewnoniae, Pseudomonas 

aeruginosa, Escher�ch�a co l�, Staphy lococcus aureus, Asper
gil lus and Candida ( S inger e t  a l . , 1 9 7 7 ;  Youn� e t  al . , 1 9 7 7 ;  
Edwards e t  a l . , 1 9 78) . Streptococcus pnewnon�ae represents 
also a maj or cause of overwhelming postsplenec tomy infections 
(O . P . S . I . )  ( Su l livan et a l . , 1 9 7 8 ) . In addition , viral infec
tions due to herpes-zos ter virus and especially varice l la in 
childhood leukaemia and other mal ignancies (Feldman et a l .  , 
1 9 75)  are most common. 

Since another facet of the bio logical activities of muramyl 
peptides i s  their abi l ity to no�specifi?a l ly �ncrease _ resi stance against a number of experimental infec tions , this 
property could very wel l  be taken of advantage in immunocom
promised cancer patients .  The protective capacity of MDP was 
first demonstrated in normal adul t  mice infected with Kleb
sie l la pneumoniae, provided the adjuvant was administered 
either before or at the same t ime as the bac terial chal lenge 
(Chedid et a l . , 1 9 7 7 ) . Interestingly ,  the nonspecific 
enhancement of resistance could be observed even when MDP 
was administered orally .  Moreover ,  in contras t to LPS ,  MDP 
and some of i t s  derivatives have been shown to exert a pro
tective effect in neonate mice challenged with the same 
organi sm, and even wi th a strain rendered ant ib iotic-resis
tant by p lasmid transfer (Parant e t  a l . , 1 9 7 8 ; Paran t ,  1 9 7 9 ) . 
MDP was also found capable of augment ing nonspecific res is
tance to a variety of organisms commonly found in immunocom
promised hosts . These pathogens included Salmone l la typhi
muriwn (Dietrich et a l . , 1 9 80 ) , Streptococcus pneumoniae 
(Humphres e t  a l . , 1 9 80) , Pseudomonas aeruginosa, Candida 
albicans and Listeria monocytogenes (Fraser-Smith and 
Matthews , 1 9 8 1 ) .  A protective effect of MDP has also been 
reported against paras i tic infec t ions by Trypanosoma cruzii 
(Kierszenbaum and Ferrares i ,  1 9 7 9 )  and Toxoplasma gondii 
(Krahenbuhl et a l . , 1 98 1 ) . Such nonspecific ant i-infectious 
effects of MDP have also been observed in animal models of 
immunosuppression , which are of special relevance to certain 
clinical s i tuations . lt  i s  of interest to note that the 
admini stration of MDP or certain derivat ives can reverse the 
increased suscept ib i l i ty of immunosuppressed mice to a number 
of organisms (Parant , 1 9 7 9 ;  Parant and Chedid , 1 9 80 ; Sackmann 
�nd Die trich , 1 9 80) . In add i t ion , both in normal and in 
llnmunocompromised infected mice , a synergistic effect between 
llllramyl peptides and ant ibiotics has been demonstrated 
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(Dietrich e t  a l . , 1 980 ; Sackmann and Dietr ich,  1 98 0 ;  Fraser
Smith and Mat thews , 1 9 8 1 ) .  

B .  Enhancement o f  Speci fic Immun i zat ion Against Pathogens 

The adj uvant properties of muramyl pep t ides have been demon
s trated not only wi th a range of antigens but also with 
several vaccines ( Chedid e t  a l . , 1 9 7 8 ; G i s l er e t  a l . , 1 9 79 ; 
Paran t , 1 9 79) . The inc idence o f  Pseudomonas aeruginosa 
infe c t ion in patients w i th haematologic mal ignancies  accounts 
for about 50% of a l l  bac terial sep t icemias , and greater than 
50% of a l l  bac terial pneumoni as . Forty per cent o f  a l l  
pat ients  with P seudomonas sep s i s  s t i l l  d ie in sp i te o f  
improved anti-inf ectious management ,  and with P. aeruginosa 
pneumoni a ,  f a ta l i ty may be as high as 80% ( Reynolds e t  a l . , 
1 9 75 ) . For the se reasons ,  the search f or vaccines agains t 
thi s pathogen has been actively pursued and a number are now 
under evaluation. However , the vaccine ant igens generally 
contain l ipopolysaccharide (endotoxin) and their inj ec t ion is  
associated w i th s ide-effects such as local pain and feve r .  

A nontoxic high-mo lecular we ight polysaccharide has been 
recently i s ol ated from the s l ime of P. aeruginosa .  U sed as 
an irnmun i z ing agent in mi ce , i t  induced a protect ive irmnuni ty 
against a le thal chal lenge w i th the l ive organism ,  and in 
human volunteers i t  evoked a s ignif icant increase in b ind ing 
and opsonic antibody t i tres (Pier et a l . , 1 9 7 8 a ,  1 9 7 8b ;  P ie r ,  
1 98 2 ) . The u s e  o f  such an irmnunogen adminis tered with a non
toxic adj uvant wi l l  be advantageous . In mice and rabb i t s , 
MDP has been shown t o  be a sui t ab l e  adj uvant when assoc iated 
with another type of vacc ine preparat ion - a P. aeruginosa 
toxoid obtained by f orma l in treatment of toxin A - which i s  
weakly irmnunogenic when inj ected alone (Cryz e t  a l . , 1 9 8 1 ) .  
Studies i n  humans of the potential o f  this type o f  adj uvant 
as soc iated w i th an

'
antipseudomonas vacc ine would appear to be 

par t icularly j u s t i f ied . 
Muramyl peptides could a l s o  be of interest  in the spec i f i c  

irmnunization agains t pneumococcal infec t ions . Since s trepto
coccal pneumonia represen t s  the maj or cause of O . P . S . I . , 
patients w i th anatomi cal or func t ional aspl enia shou ld receive 
pneumococcal p o lysaccharide vaccines . Splenec tomi zed pat ients 
w i th Hodgk i n ' s d i sease who have been treated wi th comb ined 
rad iation and chemotherapy have e special ly poor responses to 
this vacci ne ( Su l livan et a l . , 1 9 7 8 ) . They therefore repre
sent a population which is l ikely to benef i t  from the co-ad
mini s tration o f  such an adj uvant as MDP , s ince this type o f  
agent mee t s  the requirements for s afety and e f f  ectivene s s  
recently reviewed b y  Ede lman e t  a l . , 1 980) . 
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Infec t ion as a Means of Preventing Primary 
Hepatoce l lular Carcinoma (PHC) 

5 7  

A number o f  epidemiological s tudies have demons trated a s trik
ing corre lat ion between the occurrence of PHC and the pre sence 
of hyperendemic HBV . The bulk of evidence recently presented 

in a workshop held in Dakar , Senegal (Ap r i l ,  1 9 80) c l ear ly 
supports HBV as being an ae t io l ogical agent of PHC . 

Th is cancer i s  uncormnon i n  Europe and the U SA ( 1 . 3 / 1 00 , 000) 
but has a high incidence in Trop ical Af rica and the Far Eas t 
(up to 1 50/ 1 00 , 000) . The incidence of HBV infect ion in 
European and Amer ican populations is l ow (0 . 1 - 1 %  HBsAg p o s i
tive in b lood dono r s )  with an inc idence of 5 . 3% HBsAg i n  PHC 
patients . In contras t ,  1 0-25% o f  Afr ican and Far Eastern 
popu lat ions have HBs antigenemia (Maupas and Melnick , 1 9 8 1 ) . 
lt is therefore reasonable t o  suppo se that act ive immuni zation 
in early l i fe agains t HBV infect ion would a l l ow some c ontrol 
of PHC in such high r i sk populations.  Because o f  the c o s t  
and scarcity o f  HBs antigen , a redu c t ion i n  the amount o f  
mate rial required f o r  immunization would be a t tract ive . Such 
a goal coul d be achi eved by associat ion of the antigen with 
a potent adj uvant . Another a l ternative would be t o  ob tain 
synthetic antigens . The f irst  examp l e  o f  a successful  
immunization against  d iphtheria u s ing an entirely synthet ic 
vaccine in conj unc t ion wi th muramyl d ipeptide has recently 
been reported by Aud ibert et a l .  ( 1 9 8 1 ) .  Other synthe t ic 
bac terial or viral antigens have s ince been descr ibed (Beachey 
et a l . , 1 9 8 1 ; Arnon et a l . , 1 98 0 ;  Mül ler et a l . , 1 9 82 ) . 
HBsAg peptide s  have a l s o  been synthe s i zed , which not unexpec
tedly are weakly immunogenic ( Lerner e t  a l . , 1 98 1 ;  Dree sman 
et a l . , 1 9 82 ; P rince et  a l . , 1 9 8 2 ) . Therefore , the as soc ia
t ion wi th an adjuvant offers a number of potent ial  advantages . �n the study performed by Dreesman et a l .  ( 1 9 82 ) , mice were 
lndeed immuni zed w i th uncoupled synthe t i c  HbsAg pept ides in 
the presence of different types of adj uvant s ,  including MDP in l iposome s .  

B . Immuni zat ion against Hormones 

Synthe t ic hormones such as the terminal fragment of human 
B-chorio-gonadotropin ( ß -HCG) or the hypo thalamic f actor �H-RH have been used as  irmnunogens in view o f  e i ther contro l l
ing fer t i l i ty or increasing body weight o f  c a t t l e  by irmnuno-
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logical castrat ion . Such vaccines may , however ,  have a poten
tial use in cancer therapy , chor io-ep t i the l i omas for ins tance . 
Recen t ly , s tudi e s  in mice have shown that the association o f  
MD P  w i t h  t h e  hypothalamic factor LH-RH resul ted in the pro
duct ion of ant i-LH-RH antibod ie s . The s e  ant ibod i e s  were 
capab le of b i nding to LH-RH , and effec ted a cas tration of 
male mi ce , as j udged by ve s i cu lar weigh t ,  h i s tological changes 
occurring in t e s t icu lar inte r s t i t ia l  c e l l s  and seminiferous 
tubu le s ,  and the d isappearance o f  germ c e l l s  (Carel li e t  a l . , 
1 9 82 ) . Coupling of LH-RH w ith a muramyl d ipeptide derivative , 
N-ace tyl-muramyl-L-a lanine-D-i soglutamine-L-lys ine (MTP) 
resu l ted in s t i l l  h igher antibody t i tres . Interes tingly , 
coupl ing o f  the muramyl d ipept ide derivative resulted in a 
l o s s  of pyrogenic activi ty . Moreover , no ant i-MDP antibod ie s  
were de tec ted . S ince the e levated l evels  o f  ant i-LH-RH anti
bod ies  corre l ated reciprocally wi th a decrease in the level 
o f  c irculating LH , the immunological castration observed is 
l ikely to b e  due , at l east in p ar t ,  to an inhib i t ion of 
p i tui tary LH-rel e as e .  In those mal ignanc ies where an e xc e s s  
o f  hormonal product i on ,  dependent on a n  hypersecret ion o f  
hypothalamic LH-RH, i s  thought to b e  i nvo lve d ,  the use o f  
synthe tic hormone vaccines could thus b e  of u s e  in performing 
a s e l e c t ive immunological hypophysectomy rather than a global 
one through surgery or irradiation . 

VI . SUMMARY AND CONCLUS IONS 

Due to thei r  large spectrum of activi ty as demons trated in a 
vari e ty o f  animal mode l s ,  muramy l pep t id e s  may b e  part i cu l arl 
appl icab l e  for the treatment of certain types of human malig
nancies .  Several approache s for anti tumourigen i c  contro l  
c a n  b e  envisaged . Nonspe c i f i c  ac t ivation o f  macrophage 
tumouri c idal ac t ivjty in metastatic s ites , as d emons trated 
the use o f  l iposome-encapsulated MDP , may be o f  use where 
there is involvement of the lung and where adj uvant target ing 
would be of considerable benef i t .  The marked synergism 
be tween MDP and MAF d emons trated by Fidler and coworkers 
should also be exp l o i t e d .  The spe c i f i c  immun i zation against 
tumour c e l l s  demons trated by the use of l ipophi l i c  derivat ive 
such as 6-0-acyl e s ters of MDP or quinony l -MDP is a l so of 
interes t ,  but may wel l  depend on the eventual ident i f i ca tion 
and puri f ication of tumour-speci f ic anti gens . Such antigens 
are l ikely to prove to be weakly immunogenic , and the i r  
association with a safe and potent adj uvant w i l l  be o f  pr ima 
importance . The p o s s ib i l i ty o f  u t i l i z ing muramyl pept ides as 
immunomodulat ing agents abl e  to act ivate a number o f  hos t  
defence mechanisms thought t o  b e  involved in the contro l of 
neoplasia (NK ac tivity,  cytotoxic T-c e l l  and k i ller ce l l s )  i s  
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also of conside rab le interes t .  The demons tration o f  se lec
tivi ty of muramyl d ipeptides for lymphomas o f  T- or B-ce l l  
lineage may offer the potential for the s e l e c t ive use o f  such 
adjuvants against spe c i f i c  types of tumours . 

Another maj or rationale for exp l o i t ing muramyl peptides in 

the treatment o f  pat ients with cancer i s  that of s t imulating 
res is tance to infect ion . The immunodepress ion ob served in 
cancer patients , resul ting from tumour-induced mechanisms and 
the effects  o f  t re atment with chemotherapeut i c  agen t s , may be 
reversed by the admini s tration o f  muramyl peptide s .  The 
stimulat ion of ant i-infecti ous resis tance observed in immuno
compromised hos t  vis-a-vis a number of pathogens , and the 
reduc t ion in the amount o f  antib i o t i cs neces sary to protect 
against infe c t i on gives the muramyl peptides an ac tivity pro
f i le wh ich may be of cons iderab le benef i t  for cancer patient s .  

Muramyl pept ides may be real i s t ically considered as a 
useful preventative agent of pr imary hepatocarcinoma , through 
the ir potential for improving immun ization agains t HBV infec
tion . Such a preventive approach may be important not only 
in terms o f  the cost  and avai lab i l i ty of purif ied antigenic 
material , but also as a more general approach for o ther human 
cancers associated with spe c i f i c  viral causat ive agent s .  

The demons tration o f  an e ffec t ive immuno logical cas tration 
result ing from the inj e c t ion o f  muramyl d ipep t i de coup led to 
LH-RH has i l lus trated the poss ibi l i ty of a more s e l e c t ive 
approach . The immunological hypophysec tomy thus obt ained 
could be advan tageous as an alternative approach to more 
S tandard procedure s . Antibodies to human ß-HCG have a l s o  been 
obtained with MDP assoc iated to a synthet i c  ß-HCG f ragment .  
Such antibod ies could be of us e not only as a diagno s t i c  tool , 
but also as a therapeutic agent in cancers associated with an 
excess of ß-HCG product ion such as chorio-epithelioma. 

The re tention of the b io lo gical properties without associ
ated pyrogenic ac tivity in some muramyl d ipeptide derivat ive s , 
notably MDP ( Gln) -OnBu , has opened up the pos s ib i l i ty o f  the ir 
therapeutic use in man. Initial toxico logical s tud i e s  have 
�hown that in rats and cynomolgus monkeys , this derivat ive 
is

_
wi thout adverse s ide-e ffects  at <loses of up to 1 mg/kg 

daily for 3 months (unpubl i shed data) . This tolerance has �ow been confirmed in a phase I s tudy performed ini t i a l ly in 3 Cancer pat ients receiving up to 1 00 µg/kg o f  MDP (Gln) -OnBu a� a s ingle subcutaneous inj e c t ion. Since thi s  s tudy , additional patients have been adminis tered the agent in the pre-sence of · · d 1 · · 
(O . 

an ant igen in or e r  to eva uate i t s  adJuvant potency 
berling e t  a l . , to be pub l i shed ) .  

In conclus ion , the mul t ifaceted ac tivity o f  s truc turally W�l l-de f ined agents such as muramyl peptides , coup led with t e ab sence o f  toxic s ide-effects  obs e rved with the u s e  of 



60 CHEDID et a l .  

who le microorganisms , offers the potential for the i r  emp loy
ment in a control led , safe and speci f i c  manner .  Thei r  anti
tumour act iv i t y ,  both spec i fic and nonspe c i f i c  ant i-infectiou 
and immunomodulatory proper ties , pre sent a number of possi
b i l i t i e s  not only for the rat ional treatment of cancer , but 
also i t s  control in those populat ions i dentif ied as be ing at 
r i sk from aetiological agents .  
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1 .  INTRODUCTION 

A number o f  s tudies over . the pas t 1 0  years have revealed that 
hacterial c e l l  wall  pept i doglycans and compounds synthesized 
a:ter the mode l  o f  a part o f  the peptidoglycan hold manifold 
h1ological activi t ie s , mainly those to s t imulate host defence 
lllechanisms in var ious ways . Listed in Tab les 1 and 2 are 
a�tivi ties  detected in in vivo and in vitro assay s , respec
t1ve 1y . Some o f  them may be benef icial to the hos t ,  whi le 
0thers are more detrimental than benef icia l , a l though it i s  
not easy to make a c l ear d i s t inction between bene f icial and 
detrimental effec t s . 
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TABLE 1 

Bio logical activities of ce l l  walls  
and muramyl peptides ( in vivoJ . 

1 .  Modulat ion of immune responses (Chedid e t  a l . , 1 9 78a;  
Kotani e t  a l . , 1 98 1 ;  Lederer , 1 980a , b ;  Parant , 1 9 79 ) . 

a) Potentiat ion of antibody-mediated immune response s  
(Azuma e t  a l . , 1 9 76a ; E l louz e t  a l . , 1 9 7 4 ;  Kotani e t  
a l . , 1 9 75 ;  Mori s aki , 1 9 80) . 

Sup . 1 :  Increas ing serum IgG2 level of guinea pigs 
(Kotani e t  a l . , 1 9 75 ; S tewart-Tul l  e t  a l . , 
1 9 7 5 ) . 

Sup . 2 :  Increasing serum IgG1 leve l of mice (Heymer e t  
a l . , 1 9 7 8 ) . 

Sup . 3 :  Increasing serum IgE level of mice ( Ohkuni e t  
a l . , 1 97 7 ,  1 9 7 9 ) . 

Sup . 4 :  Act ivat ion of he lper T ce l l s  (Löwy e t  a l . , 
Sugimoto et a l . , 1 9 7 8 ) . 

b )  Potentiat ion of c e ll-media ted immune responses (Azuma 
e t  a l . , 1 9 76 a ;  E l louz e t  a l . , 1 9 7 4 ;  Kotani e t  al . , 
1 97 5 ;  Morisaki e t  a l . , 1 9 80) . 

Sup . : Induction of cytotoxic effector T c e l l s  (Azuma 
e t  a l . , 1 9 7 8 ; Taniyama e t  al . , 1 9 7 5 ) . 

c) Inhib i t ion of antibody-mediated immune response s  
(Chedid e t  a l . , 1 9 7 6 ;  Dziarski , 1 97 8 ;  Lec lerc e t  al . , 
1 9 79b ) . 

Sup . : Suppr e s s ion of IgE response of mice (Kishimoto 
e t  a l . , 1 9 7 9 ) . 

2 .  S t imulation o( reticuloendothe l ial sys tem (Tanaka 
1 97 9 ;  Waters and Ferrare s i , 1 980 ) . 

3 .  Induction of monocytos is (Kato e t  a l . , 1 98 2 ) . 

4 .  Increase o f  interferon product ion ( Barot-Ciorbaru 
1 97 8 ) . 

5 .  Increase of natural resis tance to microb ial infec t ions 
and tumour deve lopment .  

a )  Microbial  infect ions (Chedid e t  al . , 1 9 7 7 ;  Franser
Smith and Mattews , 1 98 1 ; Kierszenbaum and Ferraresi , 
1 9 79 ;  Krahenbuhl e t  a l . , 1 9 8 1 ; Matsumo to e t  a l . , 1 98 1 ;  

M i s ak i  e t  a l . , 1 9 66 ) .  
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b )  Tumour deve lopment (Azuma e t  a l . , 1 9 7 9a , b , c ;  Johnson 
et a l . , 1 97 8 ;  Saiki et a l . , 1 98 1 ; Yamamura et a l . , 
1 9 8 1 ) . 

Sup .  1 :  

Sup . 2 :  

Induction of activated macrophages (Fidler e t  
a l . , 1 9 8 1 ;  Juy and Chedid , 1 97 5 ;  Namba e t  a l . , 
1 9 78 ) . 
Induction of natural k i ller ce lls  (Sharma e t  
a l . , 1 98 1 ) . 

6 .  Induction o f  experimental  autoimmune d i seases 

a) Exper imental a l l ergic encephalomy e l i t i s  (Nagai e t  al.  , 
1 9 7 8a , b ) . 

b )  Adjuvant polyarthri t i s  (Koga e t  a l . , 1 9 7 6 ;  Kohashi e t  
al . , 1 9 7 6 , 1 9 80 ; N agao and Tanaka, 1 9 80) . 

7 .  Pyrogenic i ty (Dinar e l l o  e t  a l .  , 1 9 7 8 ;  Kotani e t  a l . , 
1 9 76 ;  Masek e t  al . , 1 9 7 8 ;  Riveau e t  a l . , 1 9 80) . 

8 .  Induc tion o f  acu te inf l amma tory reac t ion and chronic 
granulomatous les ions (Emori and Tanaka , 1 9 7 8 ;  Maeda et 
al.  , 1 9 80 ; Schwab , 1 9 79 ; Yamamo ta e t  al.  , 1 980) . 

9 .  Provocat ion of necro t ic inf l ammation at the s i te prepared 
wi th tubercle b ac i l li (Nagao et a l . , 1 9 82) . 

1 0 .  Increase in vascu lar permeabi l i ty (Ohkuni and Kimura, 
1 9 76 ) . 

I I .  Immunogenic i ty (Abdu l l a  and Schwab , 1 96 5 ;  Nguyen-Huy e t  
al . , 1 9 7 6 ;  Reichert e t  a l . , 1 9 80) . 

Arnong the act1v1t1es shown in Tab l e  1 ,  the f o llowing 2 are 
attracting the at tention of research workers f rom a practical 
viewpoint , with the obj e c t  of making use of pept idoglycans 
and related synthe tic compounds f or the following purposes 
( 1 )  s t imulat ion of anti gen-spec if ic immune responses , e i ther 
humoral or ce l l-mediated , and ( 2 )  enhancement of nonspecific 
res i s tance to endogenous as we l l  as exogenous harmful agents . 
The former activity can lead us to improve the potency of 
vaccines including possible ant i tumour vaccines , and to 
develop synthe tic vacc ines , a model  of which has recently 
been reported by Audibert and Jol ivet ( 1 9 8 2 ) . The latter 
ac t ivity may serve to cope with microbial infections which 
stubbornly res i s t  chemotherapy alone and frequently encoun
tered in cancer patients of the terminal . s tage , and also to 
regress or suppre s s  tumour development .  
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TABLE 2 

Bio logica l activities of ce l l  wal ls 
and muramy l peptides ( i n  vitro) 

1 .  Modu lation of c e l l s  involved in natural and acquired 
immuni t y :  

a )  Monocytes and macrophages :  

Chemo tactic ac t iv i ty (Ogawa e t  a l . , 1 982c) ; Enhancement 
of adherence and spreading on surface s (Pab s t  and John
s ton , 1 9 80 ; Tanaka et a l . , 1 9 80) ; Inhib i tion of migra
t ion (Adam et a l . , 1 9 7 8 ; Yamamoto et a l . , 1 9 7 8 ) ; 
S t imulation of dif ferentiation (Akagawa and Tokunag a ,  
1 980) ; Inhibit ion o f  DNA synthesi s  (Tanaka et a l . , 
1 9 8 2 ) ; Increase of g lucosamine up take ( Imai e t  a l . , 
1 9 80 ; Takada e t  a l . , 1 979a) ; S t imulation of lysosomal 
enzyme release ( Imai and Tanak a ,  1 98 1 ) ;  Increase in 
superoxide and glucose ox idase leve l s  ( Imai et al.  , 
1 9 80 ; P ab s t  e t  a l . , 1 9 8 0 ;  Pab s t  and John s ton , 1 9 80) ; 
S t imulation (Hadden , 1 9 7 8 ; Nozawa et a l . , 1 9 80) or 
inh ib i tion ( Smialowicz and Schwab , 1 97 8 )  of phagocyto
s i s  or k i l l ing of microb e s ; Induc t ion of cytotoxic i ty 
or cytos tas i s  on tumour cel l s  ( Juy and Ched id , 1 9 7 5 ; 
Sone and F id ler , 1 9 80 ; Taniyama and Ho lden , 1 9 7 9 ) ; 
Product ion of co l l agenase (Wahl et a l . , 1 9 7 9 ) ; S t imula
t ion of monokine production ( Ir ibe et a l . , 1 9 8 1 ; 
Oppenhe im e t  a l . , 1 9 80 ; Rook and S tewart-Tu l l , 1 9 7 6 ; 
Tenu e t  a l . , 1 9 80) . 

b )  B lymphocytes : 

Mi togene s i s  (Azuma e t  al. , 1 9 76b ; Damais e t  a l . , 1 9 7 5 ,  
1 9 7 7 ;  Takada e t  al. , 1 9 7 7 ) ; Po lyclonal ac t ivation 
(Saito-Taki ,et al. , 1 9 80 ; Spec ter et a l . , 1 9 7 7 )  and 
inh ib i t ion of mitogen-induced polyclonal act ivation 
(Löwy e t  a l . , 1 9 80) ; Enhancement (Leclerc et a l . , 
1 97 9 a ;  Sugimura e t  a l . , 1 97 9 )  or inhib i tion (Leclerc 
e t  a l . , 1 97 9 c )  of ant igen-spec ific  antibody formation; 
[ repl acement o f  the he lper func t i on of T cel l s  (Watson 
and Whi t lock , 1 9 7 8 ) ] .  

c )  T lymphocyte s :  

Mi togene s i s  (Azuma e t  a l . , 1 9 76b ; Takada e t  a l . , 1 9 79b);  
Enhancement o f  he lper f unct ion ( Sugimura e t  a l . , 1 9 79 ) ;  
St imulation of differentiation (Prunet e t  a l . , 1 97 8 ) ; 
Induc t i on of cytotoxic effec tor ce l l s  ( Igarashi e t  a l . , 
1 9 7 7 ) ; S t imulat ion o f  mixed lymphocyte reac tions 
( Sharma et a l . , 1 9 75 ) .  
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d )  Neutrophi l leucocy tes : 

S timulation ( I shihara e t  a l . , 1 9 8 2 )  or inhib i tion 
( Jones and Schwab , 1 9 70) of phagocytos i s .  

e )  Basoph i l  leucocytes : 

Increase of h i s t idine uptake (Ogawa e t  a l . , 1 9 82b ) . 

f )  Mas t  ce 1 1  s : 

7 1  

S t imulation o f  h i s tamine release (Kimura et a l . , 1 9 82 ) . 

g) Thrombocytes : 

Libera t i on o f  serotonin (Harada et a l . , 1 982 ; 
Kotani e t  a l . , 1 98 1 ) .  

h)  Enhancement of c e l l  v iabi l i ty ( Leclerc e t  a l . , 1 9 7 8 ) . 

2 .  Ac t ivation of comp lement sys tem through a l ternat ive and 
classical  p athways ( Barker et a l . , 1 9 7 7 ;  Greenb la t t  e t  
a l . , 1 9 7 8 ;  Kawasak i , 1 9 82 ; Kotani e t  a l . , 1 98 1 ) .  

3 .  St imulation o f  bone resorption (Dewh i rs t ,  1 9 8 2 ) . 

4 .  Ge lat ion of amoebocyte lysate of horse-shoe crab (Kotani 
et a l . , 1 9 77b ) . 

5 .  Contract ion of ileal s tr ip s  ( Ogawa et a l . , 1 982a ) . 

6 .  B inding with cytoplasmic membranes of mammal ian ce l l s  and 
s tab i li z a t ion o f  art if i c ia l  c e l l  membrane s ( Stewart-Tul l 
e t  a l . , 1 9 7 8 ) . 

The minimal effect ive s tructure respons ib l e  for mos t  of 
the b io logical ac tivities  l is ted in Tab l e s  1 and 2 is we l l  
estab l ished t o  b e  N-acetylmuramyl-L-alanyl-D-isoglutamine 
(MDP ) , namel y  the s t ructural uni t  common to ce l l  wall pepti
doglycans o f  e s sentially all of bac terial  spec ies  paras i t ic 
to mammal s .  Howeve r ,  the p ractical use of benef icial ac ti
vities of MDP molecule in c l inical and preventive med i c ine 
has been l imited for several reasons : pyrogenic i ty ; fai lure 
to manifest i t s  ful l  antigen-specific immunos timulating acti
vity wi thout help of irri tative vehicles for adminis tration ; 
poss ib i l i ty o f  giving r i se t o  immunological d isease s ;  and s o  
on . A s  a resul t of col l aborative s tudies to pursue MD P  ana
logues or derivatives with the maximum bene·ficial and the 
minimal deleterious biological activ i t ies , we have tentat ive
ly chosen the following 3 l ipoph i l ic derivatives of MDP 
(F i g .  1 )  as compounds which could be compe tent for use in 
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OCH3 L-L�s-COOH 1 
CH3CHCO-L-A l a -D-Gl u-NH2 

1 MDP-Lys ( L 1 8 )  1 Na - (N-acetylmuramyl -ka 1 anyl -Q-i sogl utami nyl ) 
NE - s tea royl -1.,-Lys 

CH3 ( CH2 ) 1 3> ?i 
CHC-OCH2 

CH3 ( CH2 ) 1 3 p. 
1B30-MDP 1 

0 
CH30 

CH30 

0 

HO 
O H ,OH 

HNCOCH3 OH 1 
CH3CHCO�L-Al a-D-Gl u-NH2 

6-0- ( 2-tetradecyl hexadecanoyl ) -N-acetylmuramyl 
J,.-al anyl -Q-i sogl utamine 

0 II 
C-�OCH, 

H ,OH 
HO 

OCH3 OCH 1 3 
CH3CHCO-L-Val - D-Gl u-NH2 

1 Qui nonyl -MDP-66 1 6-o-QSl 0-N-acetylmuramyl -b,-va lyl -Q- i sogl utami ne 
methyl es ter 

FIG . 1 Structure of Z.ipophi Z.ic derivatives of muramy Z. di
peptides used in this s tudy . 

contro l le d  cl inical trials : ( 1 )  Na- (N-acetylmuramy l-L-alanyl
D-isoglutamine ) -NE-s tearoyl-L-lysin for enhancement of non
spec i f ic host resis tance to harmful agents , (2)  6-0 - ( 2-te tra
decylhexadecanoyl ) -MDP for s t imulat ion of antigen-spec ific 
immune responses , both humoral and cell-med iated , and ( 3 )  

LIPOPHILIC MDP DERIVATIVES 

benzoquinonyl derivat ive of N-acetylmuramyl-L-valy l-D- iso
g lutamine methyl e s ter for tumour il!llllunotherapy . 

1 1 .  ENHANCEMENT OF NONSPEC IFIC HOST RESI STANCE TO 
MICROBIAL INFECTIONS BY �- (N-ACETYLMURAMYL-L
ALANYL-D- I SOGLUTAMINYL) -NE-STEAROYL-L-LYSIN 
(ABBREVIATED AS MDP-LYS (Ll8) ) 

7 3  

In 1 9 66 , Misak i  et a Z. .  fract ionated cellular cons t i tuen t s  o f  
Mycobacterium bovis to locate an active principle capab l e  of 
enhancing nonspecif ic r e s i s t ance of mice to s t aphylococcal 
infect ion , and found that c e l l  wa l l s , particu l ar ly their pep
tidoglycan moiety , were responsible for the above b i o logical 
effec t .  The activity o f  ce l l  wal l s  and rel ated compounds to 
enhance host res i s tance to microbial  infec tions has been the 
subj ect of extensive and product ive s tud ies of Chedid and h i s  
col l aborators f o r  the l a s t  several years , by u s e  of water
solub l e  adj uvants (WSA) derived from whole ce l l s  or cell  
wal l s ,  synth e t i c  MDP , ß -D-aminophenyl g lycoside of MDP , 
1 -0- (MDP-L-alanyl ) -g lycerol-3-mycol ate and others (Chedid et 
aZ.. , 1 97 7 ,  1 9 78b , 1 9 79 ; E l in e t  aZ. . , 1 9 7 6 ; Parant e t  aZ. . , 
1 9 7 8 ,  1 980) . Along a s imilar l ine of approach , Ogawa and h i s  
co-workers have inve s t igated the s tructure-anti-infec tious 
ac t ivity relat ionsh ips of a series of MDP analogues ,  especi
ally 6-0-acyl derivatives . l t  was found that 6-0-s tearoy l
MDP , L l 8-MDP , was one of the most promis ing compounds in 
enhancing the resis tance of mice , e i ther normal or immuno
suppres s ive , to the sep s i s  type of Escherichia coZ.i infe c t ion 
(Matsumo t o  et a Z. . , 1 9 7 8 ;  Osada et a Z. . , 1 9 8 2 a ,b ) . The s tudy 
has been extended by use of 3 types of synthetic MDP deriva
tives having sub s t i tuted groups in the y-carboxy l group of 
D-isoglu tamine res idue : ( 1 )  y-alkyl-amides , ( 2 )  y-e s ters , and 
(3)  y- (Af<l-MDP-NE-acy l lysyl)  der ivatives , tota l l ing 2 1  com
pound s .  Comparative s tud ies on the i r  res i s tance-enhancing 
�c tivity have led to a tentative conclusion that MDP-Lys ( L l 8) 
is the compound of cho ice (Matsumoto e t  a Z. . , in prep . ) . 

Table 3 shows that both MDP-Lys ( L l 8 )  and L l 8-MDP are more 
effec tive than MDP in enhancement of the res i s tance of mice 
to septic infect ions w i th var ious microbes .  The greate s t  
protection was ob tained agains t  infec tions w i th E. coZ.i and 
Staphy Z.ococcus aureus . Apprec iab l e  prote c t ive ef fec t was 
seen with infe ct ions with 2 s trains of Pseudomonas aeruginosa 
�nd one s train (sk) of KZ.ebsi e Z. Z.a pneumoniae , whereas the 
lnfection with a wild typ e  s train ( 3 1 6 7 )  of the latter was 
quite unaffect ed . Against Candida aZ.bicans infection , MDP
Lys ( L I  8) a lone produced s ignif icant protection.  The i nf l u
ence of inoculum s i ze ,  adminis tration route and dosage on 
the anti-infectious activity of MDP-Lys ( L l 8) , L l 8-MDP and 
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TABLE 3 

Effect of MDP ana logues on susceptibi lity of mice 
to inf ections with various pathogenic microbes 

Species  Inoculum s ize % survival 
( s train) (cells/mouse) 

MDP 1 1 8-MDP MDP-Lys ( L 1 8 )  

E. co li J .  2 X 1 0  7 0  80 90 1 0  
(E 7 7 1 56 )  6 . 0  X 1 0  n . d .  30 45 0 

P. aeruginosa 3 . 0  X 1 0  45 55 60 0 
(No . 1 5 )  6 . 0  X 1 0  1 2  2 7 . 5  n . d .  0 

P. aeruginosa 2 . 0 X 1 0  n . d .  40 60 0 
(P-I- III)  4 . 0  X 1 0  n . d .  20 30 0 

K. pneumoniae 1 . 0  X 1 0  1 2 .  6 3 7  n . d .  0 
(sk)  

K.  pneumoniae 3 . 8  X 1 0  0 0 1 0  0 
( 3 1 6 7 )  

s. aureus 1 . 6 X 1 0  n . d .  90 9 5  3 0  
E 4 6  3 . 2  X 1 0  n . d .  80 60 0 

c. albicans 3 . 0  X 1 0  1 0  1 0  40 0 
D l 2  

Groups of 20 outbred S l c : ddY mice (5  week o l d ,  male)  were 
intraperi toneal ly inj e c ted w i th 0 .  1 mg of t e s t  compounds 24 h 
before infect ion . Infect ion was performed by s ubcutaneous 
inocu l a t ion wi th bacterial  s uspens ion in nu trient broth , 
excep t that C. a lbicans was inj ec te d  by intravenous route . 

MDP was s tudied on E. coli i nfect ion ( Tab l e  4) . Good dose
dependency of the ac t ivity was noted b e tween 0 . 0 1  and 0 . 00 0 1  
mg/mouse o f  MDP-Lys (L l 8) , and b e tween 0 . 1 and 0 . 0 1  mg o f  both 
L 1 8-MDP and MDP . The minimal effect ive <lose inducing appar
ent protect ion was around 0 . 00 1 ,  0 . 0 1  and 0 . 03 mg for MDP
Lys (L l 8) , L 1 8-MDP and MDP , respec t ive ly . The peak ac t iv i ty 
was obtained at a dose of 0 . 0 1  mg with MDP-Lys ( L l 8) and 0 . 1 
mg with L l 8-MDP and MDP . A notewor thy f inding that the 
resis tance of mice against K. pneumoniae infect ion was effec
t ive ly enhanced by oral admin i s tra t ion of MDP was f irs t 
reported by D r  Chedid ' s  group ( 1 9 7 7 ) . The present s tudy 
showed that oral adminis trat ion of L 1 8-MDP and MDP- Lys (L l 8) 
increased more effective ly the res i s tance o f  mice agains t  
E. coli sep t i c  infect ion than MDP , a l though a t  a dosage leve l 
of 0 .  1 mg no d i f ference s  in the e f f i cacy were observed among 
the 3 compounds by admini s trat ion via other rou te s .  With 
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TABLE 4 

Effect of the inoculum size of chal lenge, the dose and raute 
of administration of MDP analogues on their protective 

activity on E .  c o l i  infection 

Inoculum s i ze 
(ce l l s /mous e )  

Dose Route 
(mg/mouse)  

2 . 5  X 1 0 6 

5 . 0  X 1 06 
7 . 5 x l 06 0 . 1 
1 . 0  X 1 0 7 

2 . 0  X 1 0 7 

5 . 0  X 1 06 

0 . 5  
0 . 3 
0 . 1 
0 . 0 3  
0 . 0 1  
0 . 00 1 
0 . 000 1 

1 . 0  
5 . 0  X 1 06 0 .  1 

0 . 1 
0 . 1 

i . p .  

i . p .  

p . o .  
i . p .  
s . c . 
i . v .  

D i f ference o f  % survivala 

MDP L 1 8-MDP MDP-Lys ( L 1 8) 

7 0 . 0  80 . 0  n . d .  
6 5 . 0  80 . 0  90 . 0  
40 . 0  80 . 0  n . d .  
30 . 0  5 0 . 0  6.0 . 0  

0 1 5 . 0 n . d .  

n . d .  n . d .  95 . 0  
6 7 . 5  80 . 0  n . d .  
6 5 . 0  85 . 0  9 0 . 0  
3 5 . 0  50 . 0  n . d .  
1 0 . 0 30 . 0  9 0 . 0  
0 0 35 . 0  
0 0 5 . 0  

45 . 0  7 2 .  7 7 0 . 0  
6 5 . 0  83 . 1 70 . 0  
6 2 . 5  7 6 . 0  85 . 0  
5 5 . 0  7 8 . 0  6 5 . 0  

Groups of Slc : ddY mice were treated w i th test  compounds 2 4  h 
before E. coli infection . 
aThe difference be tween the percentages o f  survival i n  
treated groups and those of the respect ive controls  o n  day 7 .  
Data represent cumulative result of 3 experimen t s , each of 
which was performed w i th 20 mice under e s sentially the same 
experimental cw1di ti on s . 

regard to t ime interval be tween treatment and infec tion,  the 
peak activi t y  was ob tained by the t reatment 24 h before infec
tion with a l l  3 specimens (data are not shown ) . The activity 
decreased when the interval was more than 3 day s ,  or less 
than 2 4  h before infection . 

Tab le 5 summarizes synergi s t ic e ffects of combined therapy 
of MDP-Lys ( L 1 8 )  and chemo therapeu t i c  agen t s  against vari ous 
Sep tic infec t i on s  i n  mice . The EDs o value o f  cefazolin 
agains t E. coli infe c t ion was 2 7 . 4  mg/kg , whereas that  of the 
COmb ined therapy was 1 1 .  1 mg/kg . With P. aeruginosa infec-
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2 3 4 5 6 7 
Days after i n fection 

FIG. 2 Effect of MDP-Lys (LlB) on resistance of mice irrnrruno
compromised by cyclophosphamide to infection with E .  col i  
E?? 156 . Two groups of 20 ddY male mice were treated intra
peritonea lly with 100 mg/kg of cyclophosphamide . One group 
( • )  was treated subcutaneously with 0 . 1 mg/mouse of MDP
Lys (Ll B) 2 h later, and then infected subcutaneously 24 h 
later with 1 . 5  x 1 06 ce l ls/mouse, which was 1/4 MLD for a 
normal untreated mause.  The other irrmunocompromised group 
( • )  receiving no MDP-Lys (LlB )  treatment was similarly 
infected. A group of 20 mice not treated with either <!1Jclo
phosphamide or MDP-Lys (L18) was submitted to the simi lar 
inf ection ( O ) . 

t ion, EDso value of  gentamic in was 4 . 0  mg/kg whi le that of 
combined use of  gentamicin and MDP-Lys (L l 8) was 1 . 4 mg/kg .  
Likewise , the EDso value o f  aminobenzylpeni ci l l in was reduced 
from 5 . 5 3  mg to 1 . 07 mg/kg by c ombined use of MDP-Lys (L l 8) 
agains t S.  aureus infection ,  and that of  amphotericin B 
against C. albicans infe c tion was decreased from 7 . 08 mg to 
3 . 9 8  mg/kg . MDP-Lys (L l 8 )  was further shown to have the 
effect of res toring the normal resistance l evel agains t  E.  
coli infection of  mice , the defence mechanisms of  which had 
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been compromi sed by p r i o r  admini s trat ion o f  cyclophosphamide 
(Fig . 2 ) . 

I I .  STIMULATION OF ANTIGEN-SPECIFIC IMMUNE RESPONSES 
BY 6-0- ( 2-TETRADECYLHEXADECANOYL) -MDP (ABBREVIATED 
AS 830-MDP) 

MDP is known to require a set  of admini s tration cond i t ions , 
as exemp l i f ied by inj ection as water-in-mineral o i l  emu ls ion , 
to exer t  i t s  ful l immunost imu l a t ing ac t iv i ty , particularly 
the adj uvancy to induce cel l-mediated innnune response s  such 
as de layed-type-hypersens i ti v i ty (DTH ) . Several years ago , 
Kinoshita ( 1 9 7 8 )  revealed that a water-in-squalane emu l s ion or 
a doub l e  emu l s ion prepared using squalane served as an useful 
vehic l e  f o r  demons t ration o f  the adj uvancy of MDP in b oth 
induc t ion of DTH and s timulation o f  ant ibody production 
agains t  ovalbumin in guinea pigs . Squalene , however , was 
found inact ive in h is s tudy .  Usefulness o f  squalane a s  a 
s ub s t i tu te for mineral o i l  o f  water-in-oi l  emu l s ion t o  sup
port the adj uvancy of MDP , p ar ti cuar l y  of i t s  lypophi l ic 
derivatives , was confi rmed later (Care l l i  et a l . , 1 98 1 ) .  

Further s tudies o f  our research group have demons trated 
that s ome o f  6-0-acyl-MDP , that i s ,  compounds possess ing 
l inea r ,  a-branched , or a-branched and ß-hydroxylated h i gher 
fatty acid at C-6 pos i ti on of the muramic acid res idue , exhi
b i ted s trong innnunos t imul a t ing activity to t e s t  protein anti
gens ( ovalbumin , bovine serum albumin and keyhol e  l impe t  
haemocyanin) w i th var i ous vehicles for admini s tr a t i on ,  which 
were far less irritative than water-in-mineral o i l  emu l s ion, 
but not effective in suppo r ting the adj uvancy of MDP (Kotani 
e t  a l . , 1 97 7a ,  1 9 7 8 ;  T suj imoto , 1 98 1 ) . Thus , taking toge ther 
the minimum e f fec t ive d os e ,  the extent of s t imu l a tion of cel
lular and humoral inmuni t y ,  and accompanying d e t r imental 
effec t s  ( local i r r i t a t ive ac t io n ,  pyrogenic i ty and o thers )  
and the adap tab i l i t y  t o  a wide range o f  veh i cles  for admini
s tration , we have tentatively reached a conclus i on that B30-
MDP is the mos t  favourab l e  MDP d e r ivative f o r  p os s ib l e  human 
use t o  poten ti a te ant i gen-specific  immune responses , e speci
ally cell mediated immuni t y .  

A few experimental resu l t s  suppor t ing the above conc lus ion 
w i l l  be des c r ibed in some d e ta i l . F igure 3 i l lustrates that 
B30-MDP , at a dosage of several t o  a few tens of µg/animal 
can e f fective l y  cause the induction of DTH to ovalbumin ( in 
terrns o f  posi t ive corneal reaction )  when i t  was adrnini s tered 
to guinea p i gs toge ther w i th nonir r i t a t ive vehicles such as 
l iposomes , a squalene-in-water ernuls ion , Intralipid®, and 
plain phosphate buffered saline (PBS ) . Production o f  c ircu
lating antibody was s irni larly s t imulated by B30-MDP adrnini
s tered wi th the above vehicles (Fig . 4 ) . Figure 5 shows t ime 
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Cornea l rea c t i o n  on 3rd week 
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FIG . 3 Immunostimulating activity of BJO-MDP with nonirrita
tive vehic les to induce a de layed-type-hypersensitivity to 
ovalbwnin in guinea pigs. Groups of 5 outbred Hart ley guinea 
pigs (fema le, 300 g) were immunized by intra-foo tpad injec
tion of 1 mg (2 mg with PBS) of ovalbumin and an indicated 
dose of BJO-MDP in various vehic les. Induction of DTH was 
evaluated by corneal test 3 weeks after the immunization. 
( e ) Score of an individual animal, (�) average score of 
each group. aEquimolar with 1 00 µg of MDP, bLiposomes con
sisted of lecithin and cholesterol, squalene/w was made of 
5 vol of squalene and 95 vol of 0 . 2  Tween 80 in PBS, and 
Intralipid ®  ( 1 0%) is 1 0 %  intravenous fat emulsion for clini
cal use. 

courses of react ions at the inj e c tion s i te and regional lyrnph 
nodes o f  guinea p igs receiving the intra-footpad inj ection of 
63 µg of B30-MDP wi th one o r  2 rng of ovalbumin.  The reaction 
( in terms mainly o f  swe l l ing) o f  the s i te inj ected with B30-
MDP and ovalburnin in vehicles o ther than water- in-mineral o i l  
emu l sion was nothing serious . Swe l l ing o f  the regional lyrnph 
nodes was s omet irnes considerab l e  for one to 2 weeks after the 
inj ection,  but tended t o  subs ide rapidly dur ing the f o l lowing 
few weeks . Enlargernent o f  the regional lyrnph node s caused by 
B30-MDP seems t o  be due t o  an inherent activity o f  this  lypo
phi lic  derivat ive of MDP , in view of the f ind ing of Tanaka 
( 1 9 82)  that B30-MDP added to PBS was h ighl y  active in induc
t ion of mas s ive e p i theloid granuloma in guinea pigs , unl ike 
MDp which required water-in-mineral o i l  emu l s ion as a vehicle  
for granul oma formation . 
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Serum a n t i body level ( µgN/ml x 1 0 2 )  

L i posomeb Squa l ene/w b l n t r a l  i p i d ®  b PBS 
( 1 0% )  

2 4 6 0 2 4 6 B 0 2 4 6 B 0 2 

r 
r 

4 6 

F I G .  4 Immunostimulating activity of B30-MDP with nonirrita
tive vehicles to stimulate cir>culating antibody formation to 
ova lbumin in guinea pigs. Legends are the same as those in 
Fig. 3 except the fo l lowing: Serum specimens were taken from 
each animal 4 weeks after the irrmunization to estimate anti
ova lbumin precipitin leve l .  (c:3-<J Average and ±1 S . E .  of 
antibody content (µg N/m l )  of each group. *, ** The differ
ence between the test and respective control groups is stati
stically significant ( * *P< 0 . 01, *P<0 . 05) . 

S tud ies to make use of the adj uvant activity of B30-MDP 
enhancing the potency of vaccines w i l l  be described below. 
One is concerned with a highly purif ied influenza vaccine 
(HA-NA vaccine) which was prepared f rom a virus poo l  harves
ted from chick embryos by a series of zonal centrifugation, 
Tri ton treatment and sucrose dens i ty gradient centri fugation, 
and consis ted almo s t  exclus ively of hemagglu t inin and neura
minidase . The addit ion of B30-MDP with e i ther squalene-in
water emu l s ion, Intral ipid® or PBS as adj uvant enhanced s ig
nif icantly the potency of B /Kanagawa / 3 / 7 6  HA-NA vaccine 
(0 . 02 µg protein/animal x 2 )  to produce virus-neutrali zing 
(Fig . 6 )  and haemagg lutination-inhib i ting antibodies (Fig.  
in  guinea p igs . Signif icant potentiation by B30-MDP was also 
ob tained with A/Kumamoto/ 1 22 / 7 6  HA-NA vaccine (data are not 
shown) . 

The other s tudy i s  a pre l iminary trial o f  Siddiqu i  e t  al.  
( 1 9 78 ,  1 9 82)  to enhance the protective activity (based on 
ce l l-med iated immuni ty )  of Plasmodiwn falciparwn vaccine in 
Aotus monkeys .  The vaccine was prepared from the FVO s train 
which had been maintained by continuous in vitro cul t ivation 
for the pas t 5 years . Tab l e  6 shows a des ign of the 
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Days after immun i zat i o n  
FIG . 5 Time course of swe l ling of the injection site and 
regional lymph nodes of guinea pigs ( 5  per group) receiving 
l mg (2 mg with PBS) of ovalbumin o:nd 63 µg of 830-MDP in 
Various vehicles. aRatio of the cross section of the injec
ted foot and respective control foo t .  bfh>bitrarily graded 
frorn 0 for no swelling to 3 - 3. 5 for m2rked swe lling. ( • )  
Score of an individual anima. l and (c::J) average score of each 
gT'oup. 
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F I G .  6 Enhancement of the potency of influenza HA-NA vaccine (B/Kanagca.Ja/3/76, 0. 02 µg protein) 
by 830-MDP (63 µg) in various vehicles to produce virus-neutralizing antibody .  Groups of 5 out
bred Hart ley guinea pigs were immunized by subcutaneous injection of the Vaccine with or without 
830-MDP and boosted with the vaccine alone on day 30.  Closed column - Test groups receiving the 
vaacine and 830-MDP in squalene-in-water emulsion ( 1 ) ,  Intralipid ® (3)  and P8S (5) . Open co lumn 
- Control groups immunized with the Vaccine a lone in squa lene-in-water emulsion ( 2 ) ,  Intra lipid® 

(4)  and P8S (6) . ( :::J-1 ) +1 S. E.  * *, * The difference between the tes t and respective control 
groups is statisticaLLy significant ( * *P<0 . 01, *P<0 . 05) . 

N C7l 0 

1 4 r i J  
* 

* >, * * "O l 0 * .0 T 1 * „ .... 1 2  c "' 
C7l c 
.... 1 0  .0 
J::. ;: 
c 

8 1 0 
.:; * 
"' c 
.... :::> 6 � C7l C7l "' E Q) :i::: 

Days after primary vacc i nation  

FIG . 7 Enhanaement of the potenay of influenza HA-NA vacaine (8/Kanagca.Ja/3/76, 0 . 02 µg protein) 

by 830-MDP ( 63 µg) in various vehiales to produae haemagglutination-inhibitory antibody . 

Legends are the same as those in Fig. 6 .  
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TABLE 6 
Use of 830-MDP in the Vaccination of Aotus monkeys (Type VI) 

against P lasmodium falciparum ( Vie tnam-Oak Kna l l  strain) . 

Monkey 
No . 

A328  
*A329 

A330 
A332 
A335 

A333 

Compos i t ion of  the vaccine 
( i  .m. 

Adjuvant 

None 
B30-MDP

b 

B30-MDP 
B30-MDP 
B30-MDP 

Freund ' s  
comp lete c 

injec tion/day 0 & 2 1 )  

p . . a arasite antigen 
( 1 . 5 mg protein/ inj ec t ion) 

+ 

+ 

+ 

+ 

+ 

+ 

Chal lenge 
( day 49 )  

X 1 05 FVO 
infec ted rbc ' s 

+ 

+ 

+ 

+ 

+ 

+ 

* A329 d ied of unrelated causes on day 33 . aParas i te anti
gen was prepared from the FVO s train of P. fa lciparwn. FVO 
has been maintained by coninuous in vitro cult ivation s ince 
May 1 9 7 7 . bo . 2  mg of B30-MDP was incorporated into liposomes .  co . 5  ml o f  FCA (Difco) per dose . 

40 o A328 Pa ras i te Ag 

"' • A330 830-MDP & Para s i te Ag <II • A332 830-MDP & Paras i te Ag +.> >, u • A335 830-MDP & Paras i te Ag 0 30 1-.c 6 A333 FCA & Para site  Ag +.> 
i:' <II 

0 0 
20 

1-<II 0. 
"' <II +.> 
"' 1 0  "' 1-"' 

Q. 

5 1 0  1 5  20 30 

Days after cha l l enge 

F I G . 8 Course of infection of P lasmodium falciparum (FVO 
strain) in Aotus monkeys (Type VI) : Vaccinated and contro ls.  
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experiment . F i gure 8 i l lustrates that a control monkey 
(A328) and one of the monkeys vaccinated wi th B30-MDP as 
adj uvant (A330) were k i l l ed by the chal lenge on days 1 8  and 
20 respect ive ly ,  whi le  the o ther 3 vaccinated monkeys (A332 
and A335 receiving B30-MDP as adjuvan t ,  and A333 receiving 
Freund ' s  complete  adjuvant (FCA) ) survived the challenge and 
no paras i tes  could be found about 4 weeks after the chall enge . 
The experiment was a very preliminary one , but the resu l t  i s  
remarkabl e :  ( 1 )  i t  i s  be l i eved that there is  some loss  of  
potency of protect ive antigens wh�n paras � tes  are kept in  
cont inuous cul ture for a long period of  t ime ; ( 2 )  for the 
further development of P. falciparwn vaccine , in vitro cul
tured p aras i te s  have to be u sed for prac tical  reasons ; and 
(3 )  in vaccination s tudies in whi ch parasi te  ant igens derived 
from long-term in vitro cultures of P. fa lciparum are used , 
the need for a spec i f ic adj uvant in achieving good protection 
is qui te  evident as shown in Tab le 7 ,  where it is shown that 

TABLE 7 

Role of adjuvants in Vaccination s tudies with 
P lasmodium falciparum using parasite antigens 

derived from long-term ( > 1  y) cu l ture parasites 

Adjuvant Survived/Vacci nated References 

FCA, FIA 0 / 3  Reese ,  R .  e t  a l .  ( 1 9 78 )  

MDP , FIA 1 / 3 Reese ,  R .  e t  a l .  ( 1 9 7 8 )  

FCA ( 2x) 3 /3  Siddiqu i ,  w .  e t  a l .  
( 1 9 78) 

B30-MDP (2x) 2 / 3  S iddiqu i ,  w .  e t  a l .  
( 1 9 7 ß )  

Quoted from W .A .  S iddiqui ( 1 982 ) , and mod if ied . 

out of  the 6 monkeys surviving vaccination ,  3 received FCA 
and one received MDP in water-in-mineral o i l  emulsion in con
junct ion wi th parasi te antigen, and the o ther 2 received B30-
MDP in l iposomes as adj uvan t . We are hop ing that the resu l ts  
of our ongoing experiment wil l  fur ther prove that B30-MDP 
can sub s t i tute FCA for effect ive immunization of Aotus mon
keys against P. fa lciparwn. 
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I V .  ANTITUMOUR ACT I VITY OF BENZOQUINONYL DERIVATIVE 

OF N-ACETYLMURAMYL-L-VALYL-D- I SOGLUTAMINE METHYL 

ESTER ( ABBREVIATED AS QUINONYL-MDP-66) 

There are a great number of s tudies at tempted to u t i l i ze 
iumruno s t imulating act iv i t ie s  of b ac terial ce l l  wal l s  and 
related synthetic compounds in tumour immunotherapy (Azuma 
a l . , 1 97 9 a , b , c ;  Johnson e t  a l . , 1 9 7 8 ; Saiki e t  a l . , 1 98 1 ; 
Yamamura e t  a l . , 1 9 8 1 ) . Among them, Azuma and h i s  coworker s  
( 1 9 76 a ;  1 9 78 ;  1 9 7 9a , b , c )  in the las t few years have syn
the s i zed several hydrophob ic derivatives of MDP in pursuing 
compounds having s tronger anti tumour ac t iv i ty than h i therto 
described MDP analogue s ,  and have chosen quinonyl-MDP-66 as 
one of provis ional leading compounds . Thi s  new compound was 
synthe s i zed , in cons ideration of the fact that ubiquinone and 
i t s  related compounds have manifold b io logical activ i t i e s , 
such as activation of re t iculoendothel ia l  sys tem, enhancement 
of host resis tance to infections and tumours ( B l iznakov , 
1 97 7 ; Imada e t  a l . , 1 9 7 2 )  and s t imulation o f  humoral innnune 
re sponse ( Imada e t  a l . , 1 9 7 2 ;  Sugimura et a l . , 1 9 7 6 ) . 

Anti tumour activity of quinonyl-MDP-66 i s  shown in Tab l e s  
8 to 1 0  u s ing t h e  comb inat ion of l ine- 1 0  hepatoma and s train-
2 guinea pigs . Groups o f  6 animal s were inoculated intra
derma l l y  with 1 06 tumour cel l s ,  and received s ingle intra
les ional inj ection on day 5 of 1 0% squalene- or squalane
treated quinonyl-MDP-66 (400 µg/animal) in test  groups and 
1 0% squalene alone in con trol  group s . Quinonyl-MDP-66 caused 
tumour regres s ion and i nh ib i t ion of lymph node metastases in 
3 of 6 guinea p i gs in b o th t e s t  group s ,  wh i l e  none of the 
animals  in the 2 control  groups e scaped f rom extensive tumour 
growth and lymph node me tas tases (Tab l e  8 ) . Four inj ections 
of 1 00 µg or 400 µg of quinonyl-MDP-6 6  induced comp lete reg
r e s sion of tumour deve lopment in a l l  7 guinea pigs in t e s t  
groups under the, experimental cond i tions where prac tica l ly 
a l l  of the 7 to 1 0  animals  in control groups suffered from 
extens ive tumour growth . Two inj ect ions of 400 µg of quino
nyl-MDP-66 was par t i a l ly effect ive (Tab l e  9 ) . 

Comp a r ison o f  the ant i tumour activi ty o f  quinonyl-MDP-66 
with thos e  of 6-0-acyl -MDP analogues which were synthes i zed 
by introduct ion of natural nocardomyco l i c  acid or myco l i c  
acid - l ike synth e t ic fatty a c i d s  revealed that quinonyl-MDP-
66 was s ignif icant ly more effective than 6-0-"mycoloyl"-MDP 
derivatives in e i ther regres s i on of the o r iginal tumour or 
prevention of l ymph node me tastases (Table 1 0) .  In this con
nection ,  the suppre s s ive activity of quinonyl-MDP-66 against 
Meth-A f ib rosarcoma i n  syngeneic mice was reported previous�y 
(Azuma e t  a l . , 1 9 79 c ) . 
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TABLE 8 

Regression of line-10 hepatoma by single intralesional 
injection of quinony l-MDP-66 in strain-2 guinea pigs 

Dose Vehicle Inj e ction Regres sed Metas tas e s  in 

87 

(µg) (on day) / treated regional lymph nodes 

400 1 0% Squalene 5 3 / 6  3 / 6  
400 1 0% Squalane 5 3 / 6  3 / 6  

None 1 0 %  Squalene 5 0/6 6/6 
None 1 0% Squalane 5 0 / 6  6 / 6 

Group s of 6 s train-2 guinea pigs  were inocul ated intraderm
ally with l ine- 1 0  hepatoma ce l l s  ( 1 06 ) ,  and inj ected i ntra·
lesional ly with squalene o r  squal ane- treated quinony l-MDP-66 
( test groups )  and squalene or squalane ( 1 0%) alone (contro l 
group s ) . 

TABLE 9 

Regression of line-10 hepatoma by repeated intra lesional 
injections of quinony l-MDP-66 �n s train-2 guinea pigs. 

Dose Inj e c t ion Tumour-free /Treated 
(µg) (on day) ( on day 6 0 )  

400 X 4 2 ,  5 ,  8 ,  1 5  7 / 7  

100 X 4 2 ,  5 ,  8 ,  1 5  7 / 7  

400 X 2 2 ,  5 4 / 7  

None X 4 2 ,  5 ,  8 ,  1 5  1 / 7  

None x 2 2 ,  5 0 /  1 0  

Groups of 7 to 1 0  s train-2 guinea p i gs were inoculated 
intradermally w i th l ine- 1 0  hepatoma c e l l s  ( 1 06 ) ,  and inj ected 
intralesional l y  w i th squalene ( 1 0 % ) -treated quinonyl-MDP-66 
(tes t  group s )  or squalene ( 1 0%) a lone (control group s ) .  
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TABLE 10 

Comparison of antitwnour activity to regress line-10 hepatoma 
in strain-2 guinea pigs of quinony l-MDP-66 and MDP analogues 

with muramic acid residue substituted with natural 
or synthetic "mycolic acid" at C-6 position 

Tumour- f ree Metas tases 
Te s t  MDP analogue / treated in regional 

lymph nodes 

6-0-QS- 1 0-MurNAc-L-Val-D-Glu 4 / 7  2 / 7  
(OCH 3 ) -NH2 (Quinonyl-MDP-66)  

6-0-Nocardomyco loyl-MurNAc-L- 1 1 7 6 / 7  
Ser-D-i s oGln 

6-0-BH32-MurNAc-L- Ser-D- isoGln 2 / 7  5 / 7  

6-0-BH48-MurNAc-L-Ser-D- i soGl n  3 / 6  3 / 6  

6-0-BH3 2-MurNAc-L-Val-D- i soGln 2 / 6  4 / 6  

6-0-BH48-MurNAc-L-Val-D-i s oGln 1 /6 5 / 6  

Control ( 1 0% Squalene) 0 / 6  6 / 6  

A group o f  6 t o  7 s t rain�2 guinea p igs were inoculated intra
derma l ly w i th l ine- 1 0  hepatoma c e l l s  ( 1 06 ) .  Squalene ( 1 0% ) 
treated adj uvant ( 400 µ g  each) or squalene ( 1 0% )  alone was 
inj ected intralesionally , on days 2 and 5 .  BH32- : 3-hydroxy-
2-te tradecyloctadecanoyl- ; BH48- : 3-hydroxy-2-docosylhexa
cosanoyl- . 

V .  SOME BIOLOGICAL ACT I V I T I E S  OF B30-MDP AND MDP-LYS ( Ll8 ) 

ON WH ICH SHOULD' BE CAUT IOUS I N  CLIN I CAL APPL ICATION 

A .  Pyrogen i c i ty 

Pyrogeni c i ty of b ac terial cell  wall peptidoglycans was f i r s t  
demons trated with Streptococcus pyogenes (Roberson and Schwab 
1 9 6 1 ; Rot t a  and Bednar ,  1 96 9 ) . Thi s  was followed by the 
demons trat ion that a water-s o lub le h i gher molecular weight 
fraction ob tained from an enzymat ic d iges t  of S. pyogenes 
wal l s  caused definite febri l e  response and leukopenia in 
rabb i t s  ( Hamada et a l . , 1 97 1 ) ,  and then by the d i s covery 
that MDP was the minimum structure holding the pyrogenicity 
of bacterial cel l  wal l s  (D inare l lo e t  a l . , 1 9 7 8 ;  Kotani et 
a l . , 1 9 7 6 ; Masek e t  a l . , 1 9 78 ; Riveau et a l . , 1 980) . Pyro
genicity of ce l l  wal l pept idoglycans and MDP may at least  
par t ia l ly exp lain fever response i n  bacter ial infect i on s ,  

u 0 
1-<l 

u 0 
1-<l 

u 0 
1-<l 
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2 . 0  

1 . 0 

0 

1 . 0 
MDP-Lys ( L 1 8 )  

0 

Time ( hours )  

FIG.  9 Changes in body temperature of rabbits receiving 
intravenous injection of MDP, MDP-Lys (LlB) and 830-MDP in 
saline (0. 1 mg/ml/kg of rabbit) . 

particularly those by Gram-pos i t ive bacteria l acking endo
toxin . But i t  may re tard c l inical use of peptidoglycan
related synthetic compound s .  

89 

Figures 9 and 1 0  i l lus trate febr i le response of rabb i t s  
receiving i . v .  inj ect ion of MDP , MDP-Ly s (L l 8) and B 30-MDP . 
lt is evident that pyrogenic i ty of MDP-Ly s (L l 8) was far less  
than that of MDP , and B 30-MDP was prac tically nonpyrogenic .  
Other MDP derivatives having no o r  less  pyrogenic i ty have 
been descr ibed (Audibert and Chedid , 1 980 ; Azuma et a l . , 
1 9 7 8 ;  Parant e t  a l . , 1 980 ; Uemiya e t  a l . , 1 9 7 9 ) . Quinonyl
MDP-66 , unlike 6 -0-mycoloyl-MDP , was pyrogenic (Azuma et al. , 
unpub l ished) . 
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1 0  1 00 
Dose {µ.g/ml /Kg)  

F I G . 10 Dose-febrile response re lationships in rabbits 
receiving intravenous injection of MDP, MDP-Lys (L18) and 
830-MDP in saline. 

B .  Extensive Haemorrhagic Nec ros i s Caused by 
Provoca t ive I n j e c t ion of MDP 

1 000 

Thi s  unexpe c ted activity has been recent ly reported b y  Nagao 
et a l .  ( 1 9 82) in the c ourse of s tudy on antigenic i ty of MDP . 
When guinea pigs rec e iv ing an intra-footpad inj e c t ion of 
heat-k i l l ed tubercle b ac i l l i  ( 1 00 µg)  suspended in water-in
mineral o i l  emuls ion were inj ected intravenou sly or intra
cutaneous l y  with MDP ( 1 00 µg) in PBS several weeks later , an 
extensive inflammation with a marked swe l l ing , exudation ,  
haemorrhage , necros i s  and u l ceration occurred wi thin 2 4  h 
after the provocative inj e c t ion of MDP a t  the s i t e  prepared 
with tuberc le b ac i l l i . Some animal s were k i l led through a 
general ized shock . Th i s  phenomenon was observed c learly with 
guinea p igs o f  outbred Har t ley s t rain, inbred s t rain JY- 1 , 
JY-2 and JY-7 , and to a lesser extent with inb red s trains 2 
and 1 3 .  N e i ther rats  (WKA) nor dome s t ic albino rabb i t s  were 
suscep t ib l e .  

Several s ub s t ances o ther than tubercle b ac i l l i  were tested 
for the i r  ab i l ity to prepare animal s  for the necro t i c  

LIPOPHILIC MD P  DERIVATIVES 9 1  

TABLE 1 1  

Ability o f  heat-k i l led ce l ls o f  various bacteria, 
MDP, 830-MDP, and LPS to prepare for provocation of the 

necrotic inflamnation by MDP 

Tes t  specimen ( 1 00 µg)  

M. tuberculosis (H37Rv) 

M. bovis ( BCG) 

N. corynebacteriodes (ATCC 1 4898) 

s. aureus (209P)  

L.  plantarum (ATCC 80 1 4 )  

LPS (Difco , E .  co li) 

MDP 

B30-MDP 

Inflammatory swe l l ing 
wi th necros i s  

+ 

+ 

Three outbred Hart ley guinea p igs (male and female )  per group 
received a preparatory � intra-footpad inj e c t ion of a t e s t 
spec imen wi th water- in-mineral o i l  emul s ion . Thirty days 
late r ,  each animal was examined for provoca tion by intracuta
neous inj e c tion of MDP ( 400 µg) in PBS . aweakly pos i t ive . 

inf l ammation provoked by MDP . None o f  the who l e  c e l l s  of S. 
aureus (209P) and Lactobacillus p lantarum (ATCC 80 1 4 )  LPS 
(Difco , from E. co li ) , MDP and B30-MDP were act ive , whi l e  
whole ce l l s  o f  Nocardia corynebacteriodes (ATCC 1 4 898)  were 
weakly act ive as a preparat ive agent (Tab l e  I I ) .  Tab le 1 2  
sh�w� the resul t o f  an experiment to examine provocative 
ab1l 1ty of various MDP analogues .  Whi l e  MDP , L l 8-MDP , MDP
Lys , MDP-Lys (L l 8) and N-ace tylglucosaminyl (GlcNAc) -N-ace ty l
muramy l (MurNAc ) -d ipeptide were a c t ive i n  provoca t i on of the 
necrotic inf lammation,  neither muramyl t etrape p tides nor 
GlcNAc-MurNAc-tetrape p t ide showed provocative activi t y .  
MurN�c (-GlcNAc) -d ipep t ide and G lcNAc-MurNAc-tripeptide gave 
marg1nal l y  pos i t ive reac t ions . B30-MDP , on the o ther hand 
was inac t ive when i t  was inj ected as a suspens ion in PBS 

' 

but was definitely provocative as a s o lu tion in N ikkol HC0-60 
a . . ' 

�on1on1c detergent for cl inical use . The phenomenon des-
cribed above seems to require a speci f i c  s e t  o f  cond i tions f . 0r i t s  express ion , but a ttemp t s  to use s ome o f  the MDP ana-
logues in humans should be done cau t ious ly taking this  pheno
menon into consideration.  
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c .  Polyarthr i t i s -producing Activity 

various bacterial ce l l  wal l s  and the i r  peptidoglycans were 
proved to be capable  of subs t i tuting for mycobacterial cells  
in FCA to produce adjuvant arthri t i s  (Koga e t  a l . , 1 9 7 3 ,  
1 9 76 ) . Prev ious s tudies showed that nei ther a monomer of 
pep t idoglycan subuni t  nor synthetic  MDP produced the arthri
tis , whi le  a d imer of the subuni t s  was h ighly arthri togenic 
(Koga e t  a l . , 1 9 79 ;  Kohashi e t  a l . , 1 9 76 , 1 9 7 7 ) . Subsequent 
studies , however ,  have revealed that MDP can produce moderate 
to severe arthri t i s  in  WKA and Lewis rats with high incidence 
when inj ected in a water-in-mineral o i l  emuls ion made of some 
FIA (Difco) (Kohashi et a l . , 1 980 ; Nagao and Tanaka , 1 9 80 ) . 

Keeping this somewhat comp licated history of s tudies in  
mind , B30-MDP and MDP-Lys (L 1 8) have been examined for  their  
polyarthr i t is-inducing activi ty .  I t  can  be seen from Table  
1 3  that intra-footpad or  subcutaneous inj ec tion into SD/NCrj 
rats  of 1 mg/kg body weight of B30-MDP in Intralipici® , PBS or 
Nikkol HC0-60 d id not induce polyarthri t is even after repeated 
inj ec tions . However ,  1 2  daily intravenous injections of 
1 mg/kg of B30-MDP d issolved in N ikko l  HC0-60, or daily  sub
cutaneous administra tion of 5 mg/kg of B30-MDP in PBS over 
2 to 3 weeks caused mild and moderate to severe polyarthri t i s ,  
respec tive ly . S imilarly , daily inj ections , subcutaneous or 
intravenous , of 1 to  2 mg/kg of  MDP-Lys (L 1 8) in PBS for one 
to several weeks resulted in a high incidence of induct ion of 
moderate polyarthr i t i s . Histo logical s tudies revealed that 
arthri t is induced by B30-MDP or MDP-Lys (L 1 8) consis ted of an 
acute exudative synovit i s ,  subsynovi t i s  and tendinitis  infi l
trated wi th massive numbers of polymorphonuclear leucocytes 
(Kohashi e t  a l . , 1 9 8 1 ) .  No information is avai lable  on 
arthritogenicity of quinonyl-MDP-66 at thi s  t ime . 

l t  i s  unknown whe ther humans are as suscept ible  to the 
arthri togenic act iv i ty of B30-MDP or MDP-Lys (L 1 8 )  as the rats 
used in  the present s tudy . But the above f inding should be 
kept in mind in attemp t s  to u t i l ize the immunos t imulating 
act ivit ies of l ipoph i l ic derivatives of MDP in humans , par
ticularly when repeated injections are needed to obtain satis
factorily beneficial  effec t s . 

VI . CONCLU S I ON 

l t  is possible  to  conc lude from the resul t s  given above that 
some l ipophil ic  derivatives of MDP could be u t i l ized in 
treatment  and prevent ion of microbial  infections and tumours 
in

_ humans .  However , we mus t  reali ze that these compounds , 
w� ich mainly exer t  the ir b iological effects through modula
tion of vari ous mechanisms of hos t  defence , natural or 
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acquired , are primar i ly a double-edged sword , because over
stimulat ion of immunological mechani sms somet imes brings about 
more deleterious than benef icial effect s  on the hos t .  We 
should thus be cautious in c l inical appl ication of  MDP-relat
ing compounds of possible occurrence of adverse s ide-ef fects , 
even when using those compounds whose detrimental activity 
has been proved to be the minimum by bas ic experiments in 
laboratory animals .  
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DI SCUS S I ON I 

CHAPTERS 1 - 4  

Dr BALDW I N : Many o f  the trials giving Coley ' s  toxins to 
patients w i th e i ther operable or nonoperable tumours show 
variable response rates . For examp l e ,  inoperable colorectal 
cancer patients show a 5-year survival of 46% .  How does this 
response compare to other control t r i a l s ?  Our c l inical trial 
on the use of intrapleural BCG pos t-operatively in treating 
lung cancer does not show any c l inical bene f i t  after 5 years 
(Lowe et a l . , 1 9 80) . 

This has been the finding more recently in other t r ials . 
Do you consider t h i s  to be due to the u s e  of a l e s s  aggressive 
form of treatment? 

Helen NAUTS : We h ave not compared results of Coley ' s  toxins 
with other control trial s .  Answering your second question, 
I cannot say which form of immunotherapy is less aggre s s ive : 
BCG or Coley ' s  toxins . 

Dr SEDLACE K :  Are there any epidemiological s tudies showing 
an inverse correlat ion b e tween people who respond to infec
tion with a h i gh fever rate and their tumour occurrence rate? 
Are there any experimental data showing that exogenous fever 
induction in infected animals might help to overcome the 
disease? 

He len NAUTS : N o .  

Dr SEDLACEK : So you have no b a s i s  for your assurnp t ion , that 
fever induction might help in overcorning tumour disease? 

Dr CHE D I D :  Yes ,  w i t h  respec t  t o  paras i t i c  or bacterial infec
tion, this is the cas e .  

Helen NAUTS : Fever i s  not the only e f f e c t  the Coley ' s  prepa
ration induce s .  

Dr KONDO : l t  i s  interesting that fever may play a role in 
the antitumour e f f e c t  of Coley ' s  toxin. Bu t ,  from a differ
ent point of view, i s  i t  possible that those patients with 
fever have an ab i l i ty to respond to their tumour , s ince fever 
is a result o f  defence mechani sms against foreign substance? 
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Dr ROSZKOWSKI : Fever and hyperthermia mus t  be d i s tinguished , 
as fever involve s much more complex mechanisms than hyper
thermia .  l t  was shown that cancer c e l l s ,  part i cularly sar
coma cel l s ,  are highly thermosensi t ive . Elevation of the 
body temperature can fac i l itate k i l l ing of cancer cells  with
out the part icipation of the immune system. On the o ther 
hand , prolonged  e levation of body temperature may result in  
immunosuppres s ion .  I think that we have t o  consider this bi
phasi c  effec t  of e levated temperature when we are d iscussing 
the beneficial effects o f  fever . 

Dr CHEDID : Fever has been shown to play an important role in  
the control of bac ter ial infect ions . Some recent observations 
have estab l ished very c learly that several bacterial agents 
produce hyperthermia through the release of a monokine called 
endogenous pyrogen ( E . P . ) .  E . P .  has also been shown to acti
vate lymphocytes and to lower iron levels  via its effec t on 
the hepatocytes . The comb ination of e levation of temperature 
with lowering of iron levels can inhibi t  in vivo and in vitro 
the proli feration of  pathogens via b lockade of the bacterial 
" iron-pump" enzyme s .  
Dr K I RN : I would  l ike to s tress the fact that the effect of 
fever may not be the same on both v irus i nfec t i ons  and cancer. 
Hyperthermia may act directly on virus mul tiplicat ion . We 
were ab le to show 1 5  years ago that when you cu t down the 
fever in rabbits  infected with vaccinia virus (with amido
pyrine ) , they d ie .  In this case , fever d irect ly i nhibi t s  the 
virus mul t ip lication in the lung. In cancer c e l l s ,  a t  leas t 
in cancers induced by viruses ,  the s i tuation i s  comp letely 
d ifferent :  at nonpermissive temperature (high temperatures ) 
normal cel l s  may be transformed by oncogenic  viruses ,  at per
mis sive temperatures ( low temperatures ) transformed cel l s  may 
lose the ir  transformed s tatus . 
Dr CHEDID: We are in comp lete agreement with Dr Kirn ' s  com
ments . Nevertheless , i t  i s  mos t  exci t ing to note that thermo
sensi t ivity i s  not the only factor,  and that the hos t  secretes 
a monokine which e levates temperature , whi ch a lso s t imulates 
lymphocytes (LAF) and via the l iver ce l l  lowers iron concen
trations . These 3 factors bui ld up the host ' s  resistance to 
bac terial invasiveness  conside rably . 

Dr SCHWAB : Dr Chedid , do you postulate that bacterial-derived 
adj uvants are a normal part  of immune regulation? Normal 
dige s tion of bacterial cel l  wall s  by macrophages yield pep
t idoglycan derivatives which work synergist ically with mono
kine s .  Therefore , this modulation of innnune response by MDP 
may reflect a normal process of regulation by bacteria . 
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Dr C
_
HEDID : Bacterial components could indeed play a part in 

normal immune regulation, as increas ing evidence seems to 
show.  

Dr ROSZKOWSK I :  Dr Chedid , did you observe increased suppres
sive act iv i ty o f  monocytes after MDP treatment ?  Is  MDP safe 
in the treatment  of such d iseases ( l ike cancer or tuberculo
sis ) ,  where we expect that at l eas t part of suppression comes 
from monocyte funct ion? 

Dr CHEDID : Let me s tart by answering your second ques t ion . 
Yes indeed , MDP l ike  any other immunos t imulat ing agent may 
suppress the immune response and this has been shown in  ex
perimental mode l s .  Studies o f  the mechanism of  such effects 
have unt i l  now been correlated to T-suppressor ce l l s  and to 
my knowledge no evidence of an MDP-effect via a suppressor 
macrophage population has been shown . 
Dr GOLDI N : Does MDP decrease the lethal toxici ty of cyclo
phosphamide or does i t  permit usage of a higher dosage of 
cyclophosphamide? Could  advantage be taken of thi s  f or 
therapy? 

Dr CHEDID : Dr Masek from Prague has found evidence that MDP 
allows the use of smaller amounts o f  cyclophosphamide . He 
bel ieves that this effect is mediated through a decreased 
catabol ism in the l ive r .  As with BCG , barbi turate s leep is  
prolonged by MDP-pretreatment .  I think that advantage of 
this observation could be taken for therapy .  
Dr SEDLACE K :  MDP seems to be  effect ive in  prophylaxis  o f  
infections . But what about giving MDP to animals  which are 
already infected? Does i t  aggravate the disease or increase 
the eure rate? 
Dr KOTAN I : Sorry , I cannot answer your quest ion , because we 
have never done systematic  s tudies on thi s  sub j ec t . 
Dr CHEDID : Mos t  agents ( including MDP) have been used pre
ventive ly . However ,  a therapeutic  effect has been shown by 
ini t ial  control injec t ion (with hepatocarcinoma) or with mild 
Klebsie l la challenge . However , the efficacy is  smaller in 
the case of infec t ions if MDP is given after the chal l enge . 
That is  why we beli eve that adminis tration of adjuvants before 
cytostatic therapy ( such as cyclophosphamide) may be a frui t
ful strategy . 

Dr MI TCHELL : What is  the role of T-ce l l  s t imulation in  
explaining the effectiveness of l ip id-containing MDPs sys
temical ly? Our work several years ago sugges ted that l ip id
free materials fail  to s t imulate T-cel ls  (mitogenically) in 
Vitra. 
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Dr CHEDID : Hydrophi l ie MDP i s  not a T-cell  mitogen, although 
certain l ipoph i l ic MDP-derivatives have been shown to s timu
late T-lymphocytes .  However ,  there exis ts a lot  of data on 
in vitro activ i ty of MDP . Thus MDP was act ive on several 
systems measuring macrophage ac t ivation .  Act iv i ty has been 
shown on NK-cell s  by Remington et a i .  and MDP was f ound also 
to be a weak B-mi togen. Adoptive transfer  experiment s  have 
shown that in vivo there is a cascade of events leading 
probab ly through the p roduct ion of ILy to a s t imulation o f  a 
T-he lper carrier spec i f ic cel l  which in turn accounts for the 
increased antibody synthesi s  by the B-ce l l .  
Dr S INKOV I CS : In regard to necrotic inflanunation by MDP : how 
i s  thi s phenomenon related to  Shwartzman reaction? Is i t  
possible t o  counteract this react ion wi thout loss of immuno
s timulating activity? 

Dr KOTAN I : We do not bel ieve that this phenomenon is  related 
to Shwartzman react ion because rabb i ts , unl ike Hartley guinea 
p igs , are no t susceptible to p rovocat ion of necrotic inflam
mat ion by MDP . We also know that even among guinea p igs , 
there are b ig  s train differences in regard to susceptib i l ity .  
Muramyltetrapept ides , e i ther L-Lys or meso-Asp typ e ,  are 
inactive in provocation of necrotic  inflanunation , unlike MDP . 
So ,  i t  i s  possib l e .  
Dr SCHWAB : What i s  the his tology of lymph node swe l l ing 
induced by MDP and deriva t ives ?  
Dr KOTAN I :  Dr Tanaka has shown that certain MDP derivatives 
could induce granulomas . Although MDP did not induce granu
lomas , i t  s t imulated the draining lymph nodes especially when 
adminis tered in an o i ly medium. 

Dr K I RN : Is  there an increase in the number of macrophages ?  
Is i t  pos s ib le  in  MDP-treated mice to  demons trate that macro
phages from a treated animal are more resis tant in vitro to 
intrace l lu lar bac teria o r  viruses?  

D r  CHEDID : As s tated by Dr Kotani there does indeed appear a 
s ignif icant monocytos is  which remains e levated for several 
hours . Such in vivo resul ts have been s tudied recent ly in 
vitro by Dr Hadden , who showed that MDP was s trongly syner
gistic  with MMF (macrophage mi togenic factor) , a lymphokine 
which s t imul ates macrophage proliferati on ( thymidine uptake ) . 
He also found a s trong potentiation of another lymphokine 
(MAF ) ,  whi ch enabled these c e l l s  to k i l l  tumour targe ts , and 
also to k i l l  engulfed Listeria monocytogenes . 

Dr PRAGER : An inexpensive , readily  availab l e ,  water soluble 
l ipoidal material - d ime thyldioctadecylammonium bromide (DDA) 
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_ is .  a poten t  enhancer of immune responses . By selection of 
condi t ions of immunization ,  it is poss ib le to enhance e ither 
an ant ibody r esponse or delayed hypersens i t iv i ty . DDA wi �h 
tumour ant igen has been ef fective in both innnunoprophylaxis 
and chemoimmunotherapy model s ,  and I conmend it to your atten
t ion for use w i th tumour systems . 

Dr S INKOVI CS : Dr Hil l ,  which are the c los tridia that p roduce 
cocarc inogens from b i le acids? Is CLostridiwn diffici Le one 
of them? Would inge s t ion of l ac tobaci l l i  suppress these  
clostridia? Can you  g ive specific  references (pub lications ) 
for increased incidence of gast r ic and colonic carc inoma 
af ter gastric  resect ion or ureterosigmoid anastomos i s  af ter 
cystectomy? What is the exact chemical mechanism for this 
carcinogenesis : i s  i t  s imply nitrosamine production? Let me 
have a comment on iron . Excess iron may b lock RES and thus 
permi t infections which are usually controlled by the macro
phage sys tem. The example  i s  Listeria monocytogenes infec
t ion (sepsis  and meningi t i s )  in patients with haemochroma
tosis . 
Dr H I LL :  The c los tridia do not belong t o  a particular 
species ,  but  are leci thinase-negative organisms producing 
butyric acid  as a major  end-product of fermentation; the main 
species involved are CLostridiwn butyricwn, CL . indo Lis, CL.  
tartiwn and CL . paraputrifficwn but do not include CL . diffi
ci Le . The work has been described by Dasa et a L .  ( 1 9 7 5 )  in 
Journa l of Medica L Microbio Logy and has been reviewed recently 
in my chapter in  "Gas trointe s t inal Cancer" (Eds DeCorse and 
Sherlock) , Mart inus N ij hoff , 1 98 2 ,  pp . 1 87-226 . Reference to 
the work on par tial gas trectomy and ureterosigmoidos tomy has 
been made in a recent review paper that I wrote in The Prac
titioner ( 1 98 1 )  or British MedicaL Bu L Letin ( 1 9 80) . 
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I . INTRODUCT ION 
lt i s  now 1 8  years s ince Halpern et a l .  ( 1 964 )  f irst pub l ished 
their paper on the lympho-reti cular s t imulatory properties  of  
an organism which they call ed Corynebacterium parvum . They 
showed that mice inj ected intravenously or intraperi toneally 
with killed suspens ions of  these bacteria  were ab le  to  c lear 
intravenous ly adminis tered carbon more rap idly from their 
circulation than control animals .  In addi t ion , C. parvum
treated mice went on to  develop enlarged l ivers and spleens 
which reached a peak size  at about 1 4  days after inj ec ti on 
and thereafter gradual ly returned to normal (F igs . 1 and 2 ) . 
Two years later ,  in 1 96 6 ,  Halpera ' s  group (Halpern e t  a l . , 
1 966 )  and Woodruff and Boak ( 1 966 ) , independently showed that 
mice treated with C. parvum were protected against tumour ce l l  
challenge . 

I I .  TAXONOMY OF C .  PARVUM 

Our involvement in C. parvum began towards the end of 1 969 
when research workers interested in the organism were experi
encing problems in reproducing these early result s .  Cultures 
lodged in various col lections as C. parvum proved to be inac
tive and the original French s train 936B had been los t .  By 
tes t ing a !arge number o f  anaerob ic d iphtheroids for their  
Spleen weigh t  increas ing abi l i ty ,  we  managed to f ind several 
act ive organisms which at that t ime carried a varie ty of 
names (Adlam and Sco t t ,  1 9 7 3) . The most  act ive of these 
organisms , at that time called Corynebacterium anaerobium was 
numbered CN6 1 34 and continues to be the s train from which we 
Dlanufacture suspensi ons for c l inical and experimental use . 
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F I G .  1 Spleen and liver en largement 1 4  days after a single 
i . v .  injection of 1 . 4  mg dry weight of ki l led C .  parvum 
CN61 34 organisms . 

Due to advances in  our unders tanding of the taxonomy of 
these organisms , we are now abl e  to appreciate that the 
reason for the fai lure of certain s trains of C. parvum to 
s t imulate the lymphoret icular system l ies  in the fact that 
they belang to a separate inactive species . Indeed , the 
organism name C. parvum is no langer recognized by taxonomis t  
as  a separate ent i ty .  Using the taxonomic scheme proposed by 
Johnson and Cummi�s ( 1 9 7 2 )  i t  is c l ear that act ive s trains 
belang to one of 3 species named Pl'opionibacterium acnes, 
P. avidum, and P. lymphophilum. The inactive species i s  
named P .  granulosum (Tab le 1 ) .  

I I I .  PRODUCT I ON OF C .  PARVUM SUSPEN S I ON S  

Having se lected a s train, the next prob lem was to grow it in 
bulk for product ion .  Thi s  turned out to be  reasonably 
straightforward , but as with any bacterial vaccine , certain 
precautions need to be taken during growth .  S ince anaerobic 
d iphtheroids are p resent on the skin they may also contami
nate growth media and be diffi cul t to d i s t inguish from the 
desired product ion cul ture (Cummins and Johnson,  1 9 7 4) . For 
thi s  reason , in p rocess b iochemical fermentation tests  are 

STANDARDIZATION OF C. PARVUM 1 1  7 
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F I G .  2 Kinetics of the increase in spleen, liver and lung 
weights observed fo l lowing a single intravenous injection of 
1 . 4 mg dry weight of kil led C .  parvum CN61 34 organisms . 
Reproduced from Adlam and Scott ( 1 9 7 3 ) ,  by kind permission 
of the editors and pub lishers, Longma.ns . 

carried out and every batch i s  routinely tested for potency 
and toxici ty .  

Ano ther problem which we have experienced relates to the 
tendency of "wet-f i l l ed" C. parvum , i . e .  washed organi sms 
resuspended in  saline containing preservat ive , to aggregate 
when s tored for l ong periods of t ime in smal l ampoules . 
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TABLE 1 

Taxonomy of the anaerobia diphtheroids 
(Johnson and Cumrrrins, 19 72) with referenae to their 

lymphoretiaular stimulatory properties. 
(This table has been abstraated from Adlam and Reid (19 78) 

by kind permission of the 
editors and publishers, S. Karger AG, Base l. ) 

P. aanes I 

P. aanes II  

P .  granulosum 

P. avidum I 

P. avidum II  

P .  lymphophi lum (6 ) 

Wellcome "C. parvum" ( 1 )  
CN6 1 3 4  
Pas teur Ins t i tute 
"C.  granulosum" 

NCTC ( 2 )  1 0390 (ATCC (3) 1 2930) 
"C. parvum" 

NCTC 1 0387 (ATCC 1 1 829  
"C. parvum" 

Mer ieux C. parvum IM 1 585 

( 1 )  Registered Trade Mark.  "Coparvax" . 
( 2 )  National Collection o f  Type Culture s .  
( 3 )  American Type Culture Col lection .  

+++ 

+++ 

+++ 

+++ 

+++ 

( 4 )  O ther s trains o f  thi s  species ( 3/ 6 tested) were fully 
active . , 

(5 )  Al l 6 s trains of  this species were inactive . 

(5)  

( 6 )  Of 4 s trains tested 3 were fully active and the fourth 
strain inactive . These s trains form a separable  sero
logical group and have a differen� peptidoglycan ami no 
acid make up from the o ther species . 

For this reason we now produce cl inical C. parvum as a freez 
dried product .  Thi s  material resuspends wel l  and shows no 
deterioration on s torage even at e levated temperatures .  

STANDARDIZATION OF C. PARVUM 1 1 9 

IV .  QUAL ITY CONTROL 

A . Pot ency 

There are many as says whi ch c an be used for assess ing the 
b iological act ivi ty of batches of C. parvum suspension . 
Clearly one needs to select tests  which reflect activity in  
the human clinical context . The mechanisms by whi ch C. par
vum exerts i t s  ant itumour effects are many and are b eyond the 
scope of this paper . In  brief , in  laboratory anirnals ,  C. 
parvum rnay produce nonspec i f ic  antitumour effects , for exarnple 
when inj ected sys temically in advance of a turnour cel l chall
enge . Al ternative ly , effects on irnrnunologically specif ic 
ant i turnour responses rnay be  dernonstrated when C. parvum i s  
used as an adj uvant and e i ther adrninis tered rnixed wi th irra
diated tumour cells  or inj ected directly into a localized 
turnour lesion . For these specif i c  effects , res is tance rnay 
only be observed agains t  the tumour l ine against which the 
animal was irnmunized .  The reader is referred to the review 
by Mi las and Scott ( 1 9 7 7 )  for further information concerning 
the rnechanisrns of  these ant i tumour effect s . 

Among the many assays for potency of C. parvum which we 
have invest igated are : ( 1 )  ant i tumour effects (using a variety 
of tumour ce l l  l ines and a variety of  inbred s trains of  rnice) ; 
( 2) adjuvant activity (us ing a variety of antigens and inj e c
tion regirnens ) ;  (3 )  h i s tarnine sens it i z ing act iv i ty (certain 
strains of  rnice pretreated with C.  parvum becorne sens i t i zed 
to subsequent challenge with his tarnine (Adlarn ,  1 9 7 3 ) ) ; (4) 
spleen and l iver weight increases ( see above) . We have 
found that all of these pararne ters appear to go hand in hand . 
Thus batches of  C. parvum and related organisms which pro
duce a l arge spleen weight increase wil l  also possess good 
ant itumour properties  (Fig . 3 ) , adj uvant effec ts and hista
rnine sens i t i z ing effects . 

Of these rnany assays , we have for reasons of  s irnplicity  
and reproducib i l i ty now selected only 2 for  routine batch 
tes ting. These  are the spleen weight i ncrease assay and an 
ant itumour assay which ernploys T3 f ibrosarcoma cells  in CBA 
m�ce . These  2 assays and typical results  achi eved us ing thern 
will now be  cons idered . 

1) Spleen we i ght a s s ay . Although a wide variety of  irnmuno
s� imulators produce sorne increase in  spleen weigh t ,  the rnag
nitude of  the increase observed is  p eculiar to C. parvum . 

For quali ty control purposes we have examined 2 aspect s  of  
the spleen weigh t  response ,  (a) i t s  absolute magn i tude , and 
(b) the quan t i ty o f  C. parvum required to equal the response 
evoked by  a reference p reparation . 
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F I G . 3 Spleen weight enhancement and antitwnour properties 
of several different diphtheroid strains showing a correla
tion between ability to increase spleen weight and ability to 
depress tumour nodule formation. Reproduced from Adlam and 
Reid ( 1 978) . Dev . ,B i o l . S tandard 38, 1 1 5, by kind permission 
of the editors and pub lishers, S. Karger AG, Bas e l .  

I n  both instances the ac tual spleen weigh t s  are corrected 
for a s t andard mause body wei gh t  of 20 g .  The spleen we igh t  
1 4  days af ter intravenous adminis tration of C .  parvum has 

been chosen because it was found that the d i scrimination 
be tween s t rongly and weakly active suspens ions was greates t 
at that interval . Some typical early resu l t s  are shown 
(Table 2 ) . 

l t  1s evident that al l 4 test  batches and the reference 
batch on each occas i on have evoked the very large increases 
in spleen weight that characterize active suspens ions of 
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C .  parvum . l t  i s  also  evident that the var iation in ratio 
for the reference "be tween occas ions" i s  at leas t as large as 
the variation between the 4 batches . For thi s  reason we do 
not regard the abs o lu te increase in sp leen weight as an ade
quate quan t i tative index of activi ty for C. parvum, and more 
recently this view has been s t rengthened by the f inding that 
the s i ze of increase varies markedly between s trains of mice . 

The absolute magni tude in spleen weight however s t i l l  
serves a s  a useful check t o  e l iminate from further proce s s ing 
any batches which are s eriously defect ive , and we therefore 
ensure that a l l  batches w i l l  evoke a spleen weight increase 
of at leas t 4-fold in Olac MF I  mice before we commit them for 
f i l l ing and freeze drying. 

The relat ive potency assays quoted in Table 2 were per
formed u s ing sma l l  numbers of outbred mice and yielded result 
with confidence l imi ts extending over a range of 3-fold o r  
more . In l ater assays , a new reference preparat ion h a s  been 
introduced which is more homogenous w i th current b atches o f  
suspens ion and larger numbers of mice of the inbred N IH 
s train are u se d ,  reducing the range of confidence l imi t s  to 
1 . 5-fold (Tab l e  3 ) . In this form the sp leen weight assay is 

used as the principle test  for immunos t imulatory act ivity and 
only batches w i th a potency more than 50% of the new referenc 
preparation are released for i s sue . 

2 )  Ant i tumour assay .  Intravenous inocu lat ion o f  CBA mice with 
C. parvum 4 days before intravenous challenge wi th 1 0 5 auto
logous T3 f ibrosarcoma c e l l s  almo s t  comp l etely prevents the 
sub sequent f ormat ion of tumour nodules in the lung (Fig . 4 ) . 
Thi s  effect has been adopted as the s econd index of potency 
for C. parvum suspens i ons . Ini t ial ly the percentage reduc
tion of tumour numbers over c ontrol was used as an index of 
act iv i ty but i t  was found that the " t ake" of cha l lenge sus
pens ion in unvacc inated control s  was highly variab l e ,  and 
that this d i s torted the value found for percentage reduction 
in t umour c oun t . 

We are therefore ob l i ged to use a para l l e l  l ine assay 
s imil ar t o  that used for the Sp leen weight tes t .  However ,  
the precis ion of tumour nodule as says i s  f ar lower than f or 
spleen weight as says and many as says are s tatis t ical ly unsat
i s f actory (Tab le 4 ) . The lung f ibrosarcoma as say should 
there fore be regarded only as semiquanti tative index of anti
tumour activity.  
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F I G . 4 Lungs of CBA mice receiving 1 0 5 fibrosarcorra ce lls .  
The lungs an the right are taken from a mause which received 
1 . 4  mg af C .  parvum intravenaus ly 4 days prior ta intravenous 
chal lenge with tumour. The lungs an the left are taken fram 
a contral mause which received saline prior to tumour cha l l
enge . Lungs are inflated by injectian with carbon ta faci li
tate nadu le counting. 

B .  Toxi c i t y  

As with the assays for potency , those for toxi c i ty are se lec
ted for the i r  representation of effects which have been 
obs e rved in man fo l lowing treatment wi th C. parvum . Since 
pyrexia 1s a frequently reported s ide-effect ,  batches are 
checked for thi s in rabb i t s . 

An addi tional assay which has proved usefu l  f or the as sess 
ment of toxic i ty of other human vaccines ( e . g .  whoop ing cough 
vaccine , P i t tman and Cox, 1 9 65 )  1s the mouse weight gain 
assay . 

1) Rabb i t  pyrogeni c i ty . S ince the mos t  f requently reported 
s ide-effects fol lowing adminis trat ion of C. parvum have been 
pyrexial , each batch of suspens ion 1s tes ted for pyrogenic ity 
in rabb i t s . C. parvum suspens ion i s  pyrogenic in rabb i t s , 
a l though i t  contains l i ttle or no endotoxin as measurable by 
the Limulus Amoebocyte Lysate test  and exhib i t s  pyrexia l  
response kinetics q u i t e  d if ferent from those produced by 
inj ection of Gram-negative organi sms (Lucken et a l . , 1 9 7 7 ) . 
In order to obtain an interme d iate response level where 
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d ifferences between vaccine batches are detectab l e ,  i t  i s  
necessary to reduce the <lose level to the equivalent o f  
0 . ?2 5  ml of reconst i tu ted suspens ion . The mean response t o  
this dose leve l for batches of C .  parvwn used in trial was 
0 : 8°C - more or less  the middle of the dose response range -
with one or 2 batches giving responses as h igh as l . 0°c.  On 
the basis  of thi s  experience we have decided to release for 
issue only those batches for which a dose of 1 . 6 ml of a 1 : 6 4  
dilution of suspension produces a mean peak rise  no t  exceed
ing 1 . o 0c . 

2 )  Mouse weight gain . In this test  the weight gain of mice 3 
days after an intraperi toneal inoculation with 0 . 2  ml of C. 
parvwn i s  compared wi th that of mice receiving a dose of 
ref:rence suspension w i th an effect on mouse weight gain 
equivalent to the mean of a group of batches used in c linical 
trial s . Batches giving a s igni f icantly lower weigh t  gain 
than the reference would be  rejected . 

Tab le  5 shows the mean weight gain o f  groups of mice 3 days 
after receiving a series of batches of C. parvwn compared to 
a reference batch . 

Batch 

Ref erence 

A 
B 
c 
D 
E 
F 
G 
H 
I 
J 
K 

TABLE 5 

Weight gain of mice 3 days after 
intraperitonea l inoculation of C .  parvum* 

Dose (ml) Mean weight gain (g) Standard 

0 . 2  1 .  5 6  0 . 5 1  
0 .  1 1 .  9 7  0 . 3 7 
0 . 05 2 . 90 0 . 54 

0 . 2  2 . 1 4  0 . 32 
0 . 2  1 .  62 0 . 56 
0 . 2  2 . 06 0 . 58 
0 . 2  2 . 28 0 . 2 7  
0 . 2  1 .  3 1  0 . 45 
0 . 2  2 . 5 3  0 . 2 7  
0 . 2  1 .  9 2  0 . 46 
0 . 2  2 . 6 2  0 . 40 
0 . 2  2 . 29 0 . 43 
0 . 2  1 .  4 7  0 . 68 
0 . 2  2 .  1 3  0 . 55 

error 

* �roups of 1 0  male mice of s tarting weight 1 4- 1 6  g were used . 
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V .  CLINICAL CONS IDERATIONS 

Al though a l arge number of c l inical trials have been carried 
out using C. parvum (We l lcorne Coparvax®) adrninis tered by 
several different routes against a wide range of different 
human mal ignancies , in general , it is true to say that the 
s triking resul t s  obtained in animal s  have not ,  so far , been 
borne out in man . There may be  several reasons for thi s ,  not 
leas t of whi ch is  the fact that experiments with inbred mice 
may not reflect the s ituation occurring in human beings . 

In those condi tions where mal ignant effus ions and asc i tes 
occur , however , Coparvax® does provide cl inical benef i t .  
Cl inical resu l ts from different groups o f  workers have consi s
tently shown pos i t ive results  (Webb et  a l . , 1 9 7 8 ;  Mil lar e t  
al. , 1 9 80 ; Mantovani e t  a l . , 1 98 1 ) . 

lt  i s  hoped that these promis ing results may reactivate 
some of the c l inical interes t  in this  novel inununos t imulant  
and that new indications for i t s  use  may arise  from controlled 
cl inical s tudie s . 
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Halpern et al .  ( 1 9 64 )  and Woodruff and Boak ( 1 966 )  showed 
that inj ection of k i l led Corynebacterium parvum into mice 
resu l ted in potent and quick s t imulation of the reticulo
endothelial  system and inhibi t ion o f  transplantab le  tumour 
growth . S ince that t ime , many experimenta l  s tudies have been 
clone to exp lain immunomodulatory , antineoplas t ic  and anti
viral activ i t ie s  of these microorganisms which were classi
fied by Johnson and Cummins ( 1 9 72 )  as propionibacteria  (for 
review see Baldwin and Byers , 1 9 79 ; Roszkowski e t  a l . , 1 9 82 ) . 

For the mos t  par t , the s tudies were performed on C. parvum 
strain CN 6 1 34 (Adlam and Sco t t ,  1 9 7 3 ;  Halpern et a l . , 1 96 4 ) . 
In later s tudies o ther s trains of p ropion ibacteria were 
tes ted . 

In 1 9 7 3 ,  Pulverer and Ko examined 72  s trains of propioni
bacteria and chose 2 of those wi th potent immunomodulatory 
and anti tumour properties  for further experimental and c lini
cal s tudies (Ros zkowski e t  al . , 1 980a-d ; Ko e t  a l . , 1 9 8 1 ; 
Lipski et a l . , 1 9 8 1 ; S zmi gie l sk i  e t  a l . , 1 9 80 ; Gi l e t  a l . , 
1 9 80 ; Roszkowski e t  a l . , 1 9 8 1 ) .  In the p resent paper we 
summari ze our s tudies  on immunomodulatory , antineoplastic  and 
antiviral activ i ty of Propionibacterium granulosum s train 
KP-45 (P .  KP-45)  which encouraged us to  undertake c l inical 
trials wi th these bacteria (Roszkowski e t  a l . , this volume ) . 
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1 .  ACTIVATION O F  MONOCYTE-MACROPHAGE SYSTEM 

S ingle intravenous or intraperi toneal inj ect ions of kil led 
prop ionib ü � teria in rnice result in rnarked enlargernent of 
spleen , l iver ( Fig .  1 )  and also lyrnph nodes and lungs (Adlarn 
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F I G .  1 Spleen and liver en largement after Propionibacterium 
KP-45 injection . 

and Sco t t ,  1 9 7 3 ;  Milas e t  a l . , 1 9 75 ; Roszkowski e t  a l . , 
1 980a) in the animals .  Increase of these organ we igh t s  i s  
s ignificantly pronounced a few days after inj ec t ion o f  the 
bacteria,  reaching the h ighe s t  values af ter 2 weeks . His to
logical studies showed that pro l i fe rat ion of rnacrophages ,  
h i s t iocytes and ha.ernopoe tic ce l l s  occurs in enl arged sp leens 
(Mi las e t  a l . , 1 9 7 4 )  whereas hepatqrnegaly seerns to be related 
to inf i l tration of lyrnphocytes , monocytes and macrophages 
without change in number and l ocation of Kupffer c e l l s  (Mi l as 
e t  a l . , 1 9 7 4 ; Gil e t  a l . , 1 9 82b ) . The degree of splenornegaly 
caused by d ifferent s trains of prop i onibac teria corre lates 
w i th the ir iilllllunornodulatory and anti turnour activity ( Ros zkow
ski e t  a l . , 1 9 80 c ) . Thus sp leen enlargernent can be used as 

IMMUNOSTIMULATION BY P. GRANULOSUM KP-45 1 3 1  

a s imp le parame ter of r e t iculoendothe lial sys tern s t imulation . 
P .  KP-45 lab e l le d  with 5 1 Cr and inj ec ted intravenously i s  
quickly e l iminated from circulat ing b lood and is trapped in 
the liver , spleen and lungs (Gi l e t  a l . , 1 9 82b) . In these 
organs the bacteria are phagocyt ized by cel l s  of the reticulo
endothe lial  sys tern . All  s trains o f  propionibac teria are 
relatively suscep t ib l e  to phagocytosis by macrophages .  Only 
strains which show potent immunomodul atory and ant i turnour 
ac tivity are resis tant to intracel lular k i l ling whereas 
others are quickly k i l led and degraded (Ros zkowski et a l .  , 
! 980c) . l t  i s  as surned that resis tance of propionibac teria to 
intrace l lu l ar degradat ion and their immunornodulatory activi ty 
are rnainly related to ce l l  wall cornpos i t ion , part icularly to 
the properties o f  pept idoglycans and carbohydrates (Ad larn and 
Reid , 1 9 7 8 ) . 

Active s trains of propionibacteria cause activation of 
rnacrophages which is expr essed , among other ways , by l ab i l iza
tion of lysosomal rnernbranes and activation of lysosomal 
enzyrnes . The activated c e l l s  show b e t ter and quicker adher
ence , increased vacuo l ization and changed u l tras tructure of 
their rnernbranes (Puvion e t  a l . , 1 97 6 ) . Such s t imul at ion of 
rnacrophages i s  cornbined with appearance of thei r  cytos tatic 
and/or cyto lytic activity d ir ec ted agains t turnour or virus 
infected c e l l s  ( Bas i c  e t  al. , 1 9 7 4 ,  1 9 75 ;  Kirchner et a l . , 
1 9 7 7 )  and with increased phagocytic ab i li ties both in vi tro 
(Fig.  2 )  and in vivo (Fig . 3 ) . Increased phagocytos i s  caused 
by inj ec t ion of dif ferent s trains of propionibac teria was 
rneasured by peripheral b lood c learance of coloida l  carbon 
(Raynaud et a l . , 1 9 7 2 ;  Warr and S l j ivic , 1 9 7 4 ) , bovine albu
min (McBride et a l . , 1 9 7 4 )  and d i f ferent b ac teria (Adlam e t  

. -
� u - u : e  � � 10 
" <  . . . � !  
� <n • 
:t e 
� � 7 
! � • z ' 
0 .  - �  5 ;;;� : ; 4 0 i 

p(o.01 

CONT„OL P.GllllANULO- P.AVIOUM PACNES SUll 

F IG .  2 Phagocytosis of 3 2P-labe l led staphylococci by peri
toneal ma.crophages from rabbits treated with Prop i onibacter
iurn KP-45 (5 mg/Kg b . w. ) .  Results are expressed in mean 
cpm x 1 0 3  ± S. D. 
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a l . ,  1 9 7 2 ;  Coll ins and Scott ,  1 974 ) . In our s tud ies thi s  
effect was examined using 32P labe l led s taphylococci . The 
labe l l ed bacteria were markedly more quickly e l iminated from 
circulating b lood o f  rabb i t s  which had previously received 
different s trains of propionibacteria than from b lood of 
control animals ( F ig . 3) . l t  s eems that dynamics of b lood 
clearance after p ropionibacteria inj ection i s  d irectly related 
to the degree of hepato- and splenomegaly caused by these 
microorganisms and to thei r  imrnunomodulatory act ivity . 

l t  i s  comrnonly bel i eved (Baldwin and Byers , 1 9 7 9 )  that 
act ivation of the monocyte4nacrophage sys tem is the mos t  
important factor i n  the mechanisms o f  irnmunos t imulatory , ant i
bacterial , antiviral and ant itumour activity of propionibac
teria . A whole  series of events , such as interferon induc
t ion , enhancement of speci f ic  immune response and act ivation 
of natural cytolytic mechanisms (NK) , i s  mainly the conse
quence of ret i culoendothelial  system s t imulation ( Baum and 
Breese , 1 9 76) . 

I I . HUMORAL AND CELLULAR IMMUNITY 

Propionibkcteria being imm.unogenic themselves also possess 
abi l ity to enhance humoral response directed against thyrnus 
dependent ant igens (B iozzi et al . , 1 96 8 ;  James et al . , 1 9 74)  
as we l l  as thyrnus independent ones (Howard et a l . , 1 9 73) , 
thus having an adjuvant property . Thi s  property seems to be 
unrelated to prolonged ac t ivation of the reticuloendothelial  
system (as measured by sp leen and l iver enlargement ) ,  as  the 
enhancement of primary and s econdary humoral response can 
also be observed after app l ication of "nonact ive" s trains 
(Pincard et a l . , 1 9 67 , 1 968) . Also resu l ts of our s tudies 
( Szmigielski  e t  a l . , 1 9 82)  with different s trains of propioni
bacteria (KP-40 , KB , Pa 0 1 62)  confirmed lack of relationship  
between enhancement of humoral response and enhancement of 
macrophage phagocytos i s  in vitro , enlargement of sp leen 
weight and inh ib i t ion of transp lantab le  lung tumour growth .  
Al though the process  of macrophage act ivat i on i s  involved in  
the enhancement o f  humoral immune response , at  l eas t in the 
case of response to thyrnus dependent ant igens (Wiener and 
Bandieri , 1 9 7 5 ) , there are experimental data showing that 
direct s t imulation of B-cel l s  by these bacteria may also 
occur without involvement of the helper funct ion of T-lympho
cytes anc macrophages (Halpern , 1 9 7 5 ) . 

Simul taneously with enhancement of the humoral response , 
suppress ion of the cellular immune response can be observed 
after intravenous inj ection of p ropionibacteria . Thi s  was 
shown using different model s  of specif ic cellular react ions 
such as delayed skin hypersens i t iv i ty to oxazolone (Al lwood 
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and Asherson , 1 9 72 ) ,  ce l l-med iated reac t ion t o  sheep red 
b lood c e l l s  ( S co t t ,  1 9 7 4 )  or skin graf t rej e c t ion test  in 
mice (Cas tro , 1 9 74) . All these reactions wer e  s ignif i cant l y  
depres sed in propionibac teria treated animal s .  Thi s  was 
accompanied by inhib i t ion of lymphocyte prol iferation in 
vitro induced by nonspecific mitogens ( S c o t t , 1 9 7 2 ; Howard e t  
a l . , 1 97 3 ) . The latter phenomenon could be reversed by remo
val o f  adherent ce l l s  which sugge s t s  the s ignificance o f  
monocytes and macrophages in t h e  mechanism o f  the above men
t ioned suppre s s ion . Howeve r ,  changed dis t r ibut ion of circu
l at ing lymphocytes has to be taken into account as a p os s ib l e  
reason for ce l lul ar immunity suppre s s ion (Roszkowski e t  a l .  , 
1 980b ) . The suppress ion may occur only when propionibacteria 
are inj ec ted intravenously or intraperi tonea l ly ( sy s temic 
treatment) .  On the o ther hand , subcutaneous app l i cation o f  
these bacteria together w i t h  antigen resu l t s  in the oppos i te 
effec t ,  that i s ,  a s trong enhancement o f  ce l lular immune 
response to the antigen (Table 1 )  (Bomf o rd , 1 9 7 5 ;  Scot t ,  
1 9 75) . In the case of usage o f  tumour c e l l s  as an an tigen, 
it leads to h ighly pronounced induc t ion o f  cytotoxic effect 
directed against these ce l l s .  

I I I . ANT I TUMOUR ACT I V ITY 

Special interes t has been shown in the ant itumour activity of 
propionibac ter i a ,  as wel l  as the pos s ib i l i ty of the ir app l i
cation in cancer immunotherapy ( f  or review see Ros zkowski e t  
a l . , 1 9 82) . Anti tumour properties o f  propionibacteria can b e  
reduced to 3 basic effects : immunoprophylaxis (prevention o f  
tumour induct ion o r  recurrenc e ) , inhib i tion o f  tumour growth 
and total or partial tumour regr e s s i on .  The term " immuno
therapy" can be referred to the 2 latter effec-ts  as wel l  as 
to prevention of recurrences af ter rad ical treatment (mainly 
surgery) . Immunoprophy lac t i c  effec t s  in experimental animals 
have been shown for various transplantab l e  and spontaneously 
grown tumour s such as mas t ocytoma ( S co t t ,  1 9 7 4 ) , mammary 
adenocarcinoma (Woodruff and Inchley , 1 9 7 1 ) ,  os terosarcoma , 
p lasmocytoma ( Smith and Scott , 1 9 7 2 )  and lymphoma (Halpern , 
1 9 7 5 ) . Al though s imi lar doses o f  various s trains o f  propioni
bac teria were used ( 0 . 5  - 1 . 5 mg of lyophil i zed , kil led bac
ter ia per mous e )  in the maj o r i ty of the above quoted s tudie s ,  
marked dif ferences in intens i ty o f  the immunoprophylaxis 
were observe d .  The s e  d ifferences may resul t  not only from 
d i f ferent sens i t iv i ty of individual tumours to immunotherapy 
or ac t iv i ty of app lied vaccine but also from various routes 
o f  propionibac teria admini s trat ion . The immunoprophy lac t i c  
e f fe c t ,  in contrast to immunotherapy , i s  mos t  pronounced after 
sys temic ( i ntravenous or intraperi toneal)  treatment o f  animals 
(Table 1 ) .  
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TABLE 1 

Effects of systemic versus local treatment 
with bacterial irrununomodulators 

CELL-MEDIATED IMMUNITY 
(delayed hypersens i t iv i ty) 

HUMORAL IMMUNITY 
(adj uvant react ion) 

LIVER,  SPLEEN , AND LUNG 
MASS 

ACTIVATION OF THE RETICULO
ENDOTHELIAL ( RE S )  SYSTEM 

INDUCTION OF ALPHA-TYPE 
(VIRAL) INTERFERON 

Sys temic 
administration 

(intravenous or 
intraperi toneal )  

suppre ssed 

enhanced 

e levated 

potent 

potent 

NATURAL KILLER (NK) CELL enhanced 
ACTIVITY or depre s sed 

STIMULATION OF HAEMOPOIESIS p o tent 

REACTION OF LYMPHOCYTE S TO depressed 
NONSPECIFIC MITOGENS IN VITRO 

ANTINEOPLASTIC ACTIVITY s ligh t  or ab sent 

ANTIBACTERIAL ACTIVITY potent 

ANTIVIRAL ACTIVITY po tent 

Local 
adminis tration 

( s ubcutaneous or 
intratumoural)  

enhanced 

enhanced 

normal or 
s light ly e l evated 

s l ight 

no 

enhanced 

no 

normal or 
s l igh t ly enhanced 

potent 

absent 

ab sent 

Woodruff and Boak ( 1 96 6 )  were the f i r s t  to demons trate the 
innnunotherapeutic effect  of prop ionibacteria . Thes e  authors 
observed marked inhibi t ion of syngene ic , transpl antable mam
mary adenocarcinoma growth in mice . In further s tudies 
s imilar effects have been shown for o ther tumours in var ious 
experimental animal s .  Therapeutic resul t s  o f  propionibacteria 
treatment are diss imi lar , the causes be ing d i fferent immuno-
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FIG . 4 Effect of Prop ionibacterium KP-4 5  treatment on L-1 
transplantab le twnour growth . ( A ) untreated control 
tumours; ( • ) tumour-bearing mice given i . p . injection of 
Prop ionibac terium KP-4 5 .  
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FIG. 5 Effec t  of Propionibac terium KP-45 on dea th from 
1 x 105 L-1 tumour ce l ls given s . c .  ( �- )  untreated anima ls; 
(---) Propionibac terium KP-45 treated anima ls . MST - mean 
surviva l time . 

IMMUNOSTIMULATION BY P. GRANULOSUM KP-45 1 37 

genicity of tumours and their suscept ib i l i ty to this form of 
therapy as we l l  as the raute o f  vaccine adminis tration and 
t ime of  i t s  appl ication. 

Intraper itoneal inj ec tion of P .  KP-4 5 in mice on day 7 or 
14  af ter sarcoma L- 1 implantat ion resulted only in inh ib i t i on 
of tumour growth (Fig . 4 )  and prolongation of animal survival 
time (Fig .  5 )  but did not lead to tumour regress ion (Jan ik 
et a l . , 1 980 ;  Roszkowski e t  a l . , 1 98 1 ) .  No effects of immuno
therapy were seen when therapy was s tarted during advanced 
growth of tumours but local therapy app l ied at the same t ime 
was effective (Roszkowski et a l . , 1 98 1 ) .  Local innnunotherapy 
could even lead to total regression of tumours in some 
animals (Mi las et a l . , 1 9 7 5 ; Woodruff and Dunbar , 1 97 5 ) . A l l  
the se ob servat ions sugges t  d i fferent  mechanisms of  ant i tumour 
action of propionibacteria given systemically and local ly .  
As yet these  inves tigators (Baum and Breese , 1 9 76 ; Baldwin 
and Byers , 1 9 7 9 ;  Sco t t , 1 9 75 ; Roszkowski et a l . , 1 982) con
s ider nonspecif ically activated macrophages to be the main 
effector cells  d irec ted agains t  tumours .  The s tudy performed 
by Peters et a l .  ( 1 9 7 7 )  p rovided conv incing evidence support
ing the above hypothesis . These authors observed s ignifi cant 
inhib i t ion of mur ine f ibrosarcoma growth when the tumour 
cells  were implanted subcutaneous ly or intraperi toneal ly 
together with macrophages ob tained from propionibacteria 
treated animals .  Moreover ,  it has been shown that propioni
bacteria activated macrophages possess cytostatic and cyto
lyt ic act iv i ty directed against tumour cells  (Halpern , 1 9 75 ) .  
These authors observed that the inhib i tory effect of macro
phages obtained from propionibac teria treated mice on 3 H
thymidine incorporation into tumour ce l l s  i s  not abo l ished by 
previous X-ray i rradiation of animals .  Cytotoxic effect of 
such activated macrophages was visuali zed by morphological 
techniques , showing the appearance of "holes" in the tumour 
cel l  membranes after their direct contact with e ffectors . 
Cytotoxic and/or  cytostatic effect can also be demons trated 
in in vivo condi t ions , after administration of propionibac
teria to tumour bearing animals (Ando et a l . , 1 9 78 ; Janik e t  
al . , 1 980) . An analysis  of tumour ce l l  cycle t ime performed 
on the basis  of a 3H-thymidine l abe ll ed mitosis number showed 
a s igni ficant  decrease in the growth ce l l  frac tion dur ing 
sys temic immunotherapy wi th P. KP-4 5 (Janik et a l . , 1 9 80 ; 
Figs .  6 and 7 ) . Inhibi tion of tumour growth under the influ
ence of therapy wi th propionibac teria may also be caused by 
act ivation of speci f ic ant itumour immune mechanisms . Although 
presence of a specif ic  cellul ar immune funct ion does not seem 
to be a necessary cond it i on f or express ion of the propioni
bac teria anti tumour effect  ( Bomford and O l ivo t t o ,  1 9 7 4 ) , 
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FIG . 6 La.be l led mitoses curves from ( e ) untreated and 
( • ) Propionibacterium KP-45 treated L-1 sarcoma. 

Normal [ in hrs] Propionibacterium 
treated [ in hrs ] 

T O  1 3 2 1 56 

T C  1 9  1 9  

G2 1 .5  1 

s 1 0,5 1 4 

G1 6 3 
L. 1 .  36 % 22% 

G . F. 0,65 0,3 

cell loss 
0,85 0. 72 tactor 

F I G .  7 Ce l l  cycle tumour growth parame ters in anima ls treated 
and not treated with Prop ionibac terium KP-45 . TD = doub ling 
time; TC = ce l l  cycle time; L . I. = label ling index; G . F. = 
growth fraction . 

there are experimental data sugges ting this relationship , 
e . g .  lymph node lymphocytes from propionibacteria treated 
leukaemic mice show enhanced specif ic cytotoxic effect agains t 
transformed cel l s .  

The maj ority o f  inves tigators postulate that systemic 
treatment with propionibac teria does not decis ively inf luence 
speci f ic c e l lular immunity whereas in local therapy thi s  
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mechanism seems to play a s ignificant  role . At present the 
s ignificance of natural k i l ler cells  is emphas i zed as the 
mechanism of ant i tumour immuni ty .  Nonspeci f ic  cytotoxic 
activity of these cells  was observed against  various types of 
tumours both transplantab le  and spontaneous ( Lo tzova and 
McCredi e ,  1 9 78 ) . Moreover ,  thei r  act iv i ty correlates with 
resis tance of animals t o  implantation or induct ion of experi
mental tumours (Oj o ,  1 9 7 9 ;  Oj o e t  a l  . •  1 9 78 ) . The influence 
of propion ibacteria on natural ce l l  activ i ty is dependent on 
the raute of the immunomodulator admini s tration . Increased 
act ivity was observed only after local or intraperi toneal 
injection of the se microorganisms , whereas intravenous admini
stration could lead to s ignif icant d iminishment of their  
cytotoxi c effect  (Table 1 ) .  

IV . ANT I V I RAL ACT I V ITY 

Intravenous administration of propi onibacteria induces a 
protective effect against infect ion of mice with herpes virus 
(Kirchner e t  a l . , 1 9 7 7 ) . Thi s  phenomenon can also be evoked 
in immunosuppressed animals (Kirchner e t  al . •  1 9 78) . Intra
peritoneal inj ection of P. KP-45 3 days before HSV 1 virus 
inoculation resul ted in decrease s  in mor tal i ty by encepha
litis , from 90% in controls to 30% in animals  undergoing 
immunoprophylaxis ( Szmigie lski et a l  . •  1 980 , F ig .  8 ) . A pro
tective effect was also ob served agains t varicella and murine 
hepatitis  virus infection,  in mice s trains susceptible to 
these viruses ( S zmigiel sk i  et a l . , 1 980) . C3H mice with 
chronic viral hepati t i s  which were treated with P. KP-45 

showed a marked decrease in v irus t i tre in the l iver on the 
fourth month after infection . Recent s tudies (Kobus and 
s7migielsk i , in prep . )  demons trated that subcutaneous injec
t ion of P .  KP-45 together with l ive or attenuated viral 
vaccines caused s ignif i cant enhancement o f  immune response 
which was expressed by s ignificant ly h igher t i tre of serum 
antiviral ant ibodies compared with animals immunized with 
�iral ant i gen alone . Thi s  points to the pos s ib i l i ty of app ly
ing prop ionibacteria as a safe  and effect ive adjuvant in 
antiviral vaccination procedures . The above-mentioned anti
viral act iv i ty o f  propionibacteria i s  related to act ivation 
of the monocyte-macrophage system, interferon induction 
(Hirt  et al . •  1 9 78 )  and/or activation of natural k i l ler cells  
(Baldwin and Byers , 1 9 79 ) .  A h igh level  of interferon has 
been observed in serum of mice on days 5- 1 2  af ter intravenous 
or intraper itoneal admini stration of propionibacteria (Hirt 
et a l  . •  1 9 78 ; Kirchner e t  al  . •  1 9 7 8 ) . Thus i t  is assumed 
that several days are needed to e l ic i t  the antiviral effect 
of prop ionibac teria .  I n  various acute experimental model s  
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' 
viral disease develops much more quickly , so this effec t 
cannot be observed . The propionibac teria ' s abi l i ty to induce 
inferferon was also found in in vitro cul tures of human and 
murine lymphocytes (Hirt et a l . , 1 9 7 8 ) . The t i ter of inter
feron in these cultures was markedly h igher than in cultures 
s t imulated with nonspecific  mi togens . 

V .  THE EFFECT OF PROPION IBACTE RIA ON THE 

HAEMOPO I E T I C  SYSTEM 

An addi t ive or even synergi s t ic action o f  prop ionibacteria 
was observed when the b acteria were app l i ed toge ther with 
experimental tumour radiotherapy (Milas e t  a l . , 1 97 5 ; Sui t  
a l . , 1 9 76 ) . But the mos t  potent ant itumour effect was noted 
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when propionibacteria  were administered a few days before 
tumour irradiation . It seems that thi s  is due to the fact 
that enhanced prol iferation o f  reticu loendothel ial sys tem by 
propionibac teria decreases the risk of  local des truction of  
this sys tem during irradiation ( Su i t  et a l . , 1 9 7 6 ) . Intra
venous or intraperitoneal adminis tration of the bacteria 
results  in quick and potent S t imulation of  bone marrow (Baum 
and Breese ,  1 9 76 ; Wrembel ,  1 982) with accompanying enhanced 
prol iferation of monocyte precursors and release of these 
cells  into the c irculat ing b lood (Chare and Baum, 1 9 78 ;  Wo l
mark and Fisher , 1 9 74) . Increased pro l i feration of granulo
poie tic  ce l l s  is also ob served as we l l  as a higher percentage 
of their nondifferentiated forms in bone marrow (Wrembel ,  
1 982 ) .  The number o f  s tem ce l l s  drops af ter i t s  brief  
increase in bone marrow . S imul taneously ,  these ce l l s  appear 
in circulating b lood and sett le in the spleen (Roszkowski e t  
a l .  , l 980b) . S t imulatory action of  propionibac teria on 
haemopoie t ic system causes i t s  accelerated spontaneous 
regeneration in mice irradiated with sub lethal <loses of X
rays (Lipski e t  al .  , 1 9 8 1 )  or treated w i th cyclophosphamide 
(Wrembel ,  1 982 ) . Administration of propionibac teria to mice 
4 hours before l e thal i rradiation with X-rays (850 R) resulted 
in s ignificant prolongation of animal survival t ime . The 
strength of this effect was dependent on the bacterial s train 
and correlated to i ts inununos t imulatory and antitumour potency 
(Roszkowski et a l .  , l 980d ) . 

S t imulation of the haemopoietic  sys tem and i t s  enhanced 
post irradiat ion recovery points to advantages of comb ination 
of immunotherapy with intens ive radio- and /or chemotherapy . 
In thi s  case enhanced haemopoiesis  can prevent  the dangerous 
risk of bacterial or viral infections as comp l icat ions of the 
therapy . 

V I . SUMMARY 

The immunoprophylac t i c  and immunotherapeutic effect of pro
pionibacteria i s  h ighly dependent on bac terial s train acti
vity as wel l  as on the route of  inununomodulator administra
tion and the t ime of conunencement of therapy (Tab le 1 ) .  In 
advanced experimental tumours , local ( intralesional ) app l i
cation of  propion ibacteria is  s ignif icantly more effective 
than general treatment .  However , the latter case is  advis
ab le to ob tain inununoprophylactic  effect or interferon induc
tion . A key mechani sm in the above phenomena is ac t ivation 
of the monocyte-macrophage system , which triggers subsequent 
events . Immunomodulatory and antineoplas tic activities of  
propionibacteria are determined by their ce l l  wall  compos i
tion particularly by peptidoglycan-te ichoic acid complex 
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property . l t  seems that further progress i n  
o f  propionibacteria i n  cancer or viral disease immunother · d d · a 
is epen ent upon p recise characterization of this active 
complex . Thi s  would make pos sib le the precise es tabl i shme 
of t�e effective doses . So far the doses used in experime: 
s tudies are noncomparable  with those in clinical trials .  
These differences could b e  the reason for discrepancies bet ween the results of experimental and c linical s tud ies . 
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1 .  INTRODUCT I ON AND RATIONALE 

Development and assessment of me thods for succe ssful control 
of me tastas i zing tumours are very much dependent on the use 
of experimental tumour mode l systems . The s imi lar pathogene
sis of cancer in different marnmal ian spec ies gives scope t o  
the experimental cancer researcher t o  s tudy the d ifferent 
mechanism ( s )  of me tas tas i z ing tumours and reac t i ons of  the 
disease to  d if ferent approaches to  cancer therapy . Further
more , the maj or i ty of f indings of such experimental work 
could eas i ly and conf identially  be extrapolated to c l inical 
prac tice . Many animal tumour models  used in cancer research 
do not ful f i l l  necessary cond i ti ons to mimic cl inical s i tua
t ions : a spontaneous origin,  l i t t le or no capaci ty to effec
tive ly illllllunize animal s  syngeneic to  the animal of  origin and 
ab i l i ty to spread from the t issue o f  origin to o ther s i tes  in 
the host  (Hewi t t  et a l . , 1 9 7 6 ) . Expe rimental tumours possess
ing features or cond i ti ons whi ch do not prevai l  in the c l ini
cal s i tuat ions should be  considered "artefact" . Artefacts 
may be intrins ic to the model or can result f rom its technical 
hand l ing .  The cornmones t  and mos t  influential  artefacts are 
avo idab l e  by us ing experimental  animal tumours of spontaneous 
origin in the inbred s train of animal s  provid ing transp lant 
recipien t s ,  possess ing l ow abi l i ty to  illllllunize the host  and 
h�ving the abi l i ty to metastasize from primary to secondary 
si tes .  In this paper a suitable rat tumour mode l whi ch 
a:comp l ishes some o f  the requi rements for mimicking c l inical 
s � tuat i ons and its relevance to  illllllunotherapy with nonspec i
f i c  immunomodulat ing agents w i l l  be described . 
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I I .  IMMUN ITY , IMMUNOMODULAT ION AND RESI STANCE TO TUMOUR 

Ample data support  the importance of immunologica l  defence 
mechanism in the ae tiology and pathogenes is of mal ignant 
tumours (Weiss , 1 9 80) . An increased incidence of mal ignant 
tumours was found to be associated with immunological def ici
ency d i seases (Waldmann e t  a l . ,  1 97 2 )  and with the impairment 
of the immune system caused by immunosuppressive treatment s  
(Starzl et a l . , 1 9 70 ) . On the o ther hand , the infi l tration 
of tumours by lymphocytes is  correlated w i th good prognoses 
(Black e t  a l . , 1 9 54 ) . lt i s  now wel l  estab l ished that the 
growth of experimental animal tumours can somet imes be res
tric ted by specif ic or nonspecific  general host immunostimu
lation (We i s s , 1 980) . Many materials have been used to 
s t imulate the hos t immune responsiveness . Nonspec if ic immun 
modif iers , particularly Baci l lus Calme tte - GuePin (Baldwin 
and Pimm, 1 9 80 ) , CoPynebactePium paI'Vwn (Milas and Sco t t , 
1 9 78 ) , OK-432 (Aoki e t  a l . , 1 9 7 6 )  and Levamisole (LMS) 
(Fisher et al. , 1 9 7 7 )  have been shown to cause quite eff ic ien 
restriction of the growth and spread of experimental animal 
mal ignant tumours . The extent to which malignant tumours 
respond to the treatment with nonspec if ic immunomodifiers 
depends on many f actors compri s ing the s tage , type and loca
t ion of the tumour , the level of antigenic i ty of the target 
ce l l s ,  the s tatus of the host immune system, and the route 
of app l icat ion of the agent . Us ing different mouse tumour 
models we have shown that the ant i tumour act ivi ty of C. par>
vum (CP )  mos tly depended on immunogeni c i ty of the tumour and 
the t ime and route of immunomodif ier administrat ion (Bas ic  
e t  a l . , 1 9 7 9 ; Basic and Milas , 1 980 ) . Although the  tumour 
model sys tems in these s tudies have accomp l i shed many pur
poses in s tudying in vivo ant i tumour ac t iv i ty of different 
agents , they do not mimic clinical s i tuations ; in spite of 
the ir spontaneous origin they are more or less  immunogenic 
and not metas tas i zing tumours . 

I I I .  A NEW METASTASIZ ING CARCINOMA MODEL IN THE RAT : 

MODEL CHARACTERISTICS AND APPLICATIONS 

In the exper imental s tudy of the formation of tumour meta
s tases and the inf luence of surgery , radio- and chemotherapy ,  
i t  would b e  desirable t o  use an animal model which resembles 
the c l inical  tumour as close ly as poss ib le  (Mar tin e t  
1 9 75 ) . Many of the reported cancer model s  cons i s t  
tumours which usually display marked antigenicity ,  
with tumours of spontaneous origin (Hewi tt  e t  al . , 1 9 7 6 ) . 
Moreover ,  tumours wh ich metas tas ize in a s imilar way as in 
man are rarely used . 

ANIMAL MODELS AND IMMUNOTHERAPY 1 5 1 

The main and pr imary route o f  spread of carcinomas in man 
is by way of the regional lymph nodes ,  and the main cause of 
death is  from haematogenous metastases . In animal s  few 
tumours show both lymph node and b lood borne me tas tases . 
Only a few mode l  sys tems are known in mice which g ive lympha
t ic d isseminat ion in a reproducib le  pattern, and these only 
rarely produce parenchimatous secondaris  (van Putten et a l . , 
1 9 75 ) . 

An animal tumour used in these stud ies i s  transplantab le  
in  a syngene ic hos t .  The tumour metastas izes in the regional 
lymph node and the lungs , which serve as mode l organs . The 
staging with regard to tumour spread is  easi ly fol lowed . The 
tumour , a lthough of low level of immunogenic i ty ,  responds to 
nonspecific immunotherapy . The tumour is  an anaplas t i c  car
cinoma which arises spontaneous ly in the inguinal subcutaneous 
tissue in an 9ld mul t iparous female of highly inbred s trains 
of rats Y59 (S tark and Haup tfeld , 1 969 ) ,  produced in our own 
conventional breeding co lony . The tumour has been maintained 
by serial passages in syngene ic recipients and i t  was in i t s  
9 th  to  1 2 th isotransp lant generation when used for experi
ments . 

A .  Tumour C e l l  Suspen s i on 

Single ce l l  suspens ion was prepared by dige s tion with tryps in 
of tumour tissues containing no v i s ib le necroses or haemorr
hage (Mi las e t  a l . , 1 9 7 4 ) . Suspensions were passed through 
a stainless s teel mesh (80 wires/ cm) and washed out 3 t imes 
by centrifugation at 1 200 r . p .m .  for  5 min in Hanks solution 
supplemented wi th 5% normal syngene ic serum .  Cel l s  were 
counted with a haemacytometer .  V iab i l i ty ,  determined by 
trypan b lue exclusion, was more than 90% . 

B . De termination of  Lung Met ast ases 

The number of lung metas tases was determined 22 days after 
tumour cel l  inoculat ion into footpad . Animal s  were k i l l ed 
lungs removed ,  separated into lobes and f ixed in Bouin ' s  

' 

s?lution .  Metastases appeared as round , whi t e  nodules which 
dtffered in s i ze and were counted wi th the naked eye . 

C . Immun i za t i on Procedure 

Rats were given 3 intraperi toneal inj ections of irradiated 
C 3oo Gy) tumour ce l l s  ( 1 07 ce l ls )  at weekly intervals . Seven 
days after the last  immunizat ion they were challenged with 
viable  tumour ce l l s .  
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D. Nonspec i f i c  E st e rase Act ivity  

Tumour draining pop l i teal lymph node was removed , ce l lular i ty 
determined and nonspeci f ic e sterase ac tivity examined by the 
method described in Basic et al . ( 1 980) . Glass smears of the 
cells  were f ixed with phosphate-buffered 4% formaldehyde and 
incubated for 1 0  min with 1 -naphthyl phosphate and F las t B lue 
B d iazonium salt  at pH 7 . 4 .  

E .  I mmunorno d i f i ers 

Four immunomodifiers were used : Corynebacterium parvum (CP )  
(We l lcome Research Laborator ies , Beckenharn, England ) , Baci l lu 
Calmette-Guerin (BCG ) (Torlak , Beograd , Yugos lavia ) , OK-432 
(Picibanil ,  Chugai ,  Phannaceu t ical Co . Ltd . ,  Tokyo , Japan) 
and Levamisole  (LMS ) ( P l iva ,  Zagreb , Yugos lavia) . Agents wer 
inj ected intravenously ( i . v .) , intrapleurally ( i . p . )  or into 
the tumour draining lymph node ( i . t . d . n . ) . The <loses were 
0 . 35 mg for CP and BCG , and 7 mg for LMS . 

F .  Analys is o f  Res u l t s  

The resu l t s  were evaluated s tat i s t ically by S tudent ' s  t-test .  
Differences between groups were cons idered s ignif icant i f  the 
p-value of comparison was 0 . 05 or lower . 

G .  Model System 

Figure presents the model scheme used in these stud ie s .  
Tumour i n  the foo tpad was generated b y  inj ec ting 5 x 1 0 5 
v iable  carcinoma cells  resuspended in  0 . 05 ml of Hanks ' so lu
t ion . 

S ix days later the footpad with vi sible tumour was surgi
cal ly removed . Surgery was performed under chloral hydrate 
general anaes thesia (300 mg/kg body weigh t ) . Subsequent to  
surgery animals received i .v .  and i . t . d . n .  treatment with  
immunomodi f i ers . In experiments  wi th repeated i . t . d . n .  
inj ect ions modifiers were i nj ected 7 and 1 4  days after f irst  
t reatment . The antime tastatic activity of  immunomodifiers 
was determined 22 days af ter tumour cell transp lantation .  
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I V .  RESULTS 

A .  E f fect  of Spec i f ic Immunizat ion on the Growth 
of Tumour Nodul es in the Lung 

Innnunity to tumour was tested 7 days after the las t innnuniza
tion with irradiated tumour cel l s .  Animal s  received i .v .  
inj ec tion containing different numbers of tumour cel l s .  
Table  1 shows that specif i c  immunizat ion s l ight l y  inf luenced 
formation of tumour nodules  in the lung .  

TABLE 1 

Effect of specific imrrrunization on the growth of 
carcinoma nodules in the lung of Y59 rats 

Number of  lung nodules  a 
Tumour 
<lose Nonimmunized . db Irrnnunize p ( t-test )  

1 0 3 2 0 - 3 ) c 0 

5 X 1 0 3 1 9  9 - 2 5 )  1 2  ( 1 0  - 1 7 ) NSd 

1 04 7 7  ( 5 1  - 90) 62 (39 - 68)  <0 . 05 

5 X 1 04 confluent conf luent 

a Nodules  were  counted 1 4  days after i . v .  inoculation of  
cinoma ce  1 1  s .  

b Rats  were immuni zed 3 t imes with  1 07 i rrad iated (30 , 000 R )  
tumour ce l l s  given i . p .  at  weekly intervals . 

c Mean (range ) .  Group s  contained 7-9 rats each .  
d Not s ignifican t .  

B .  Therapy of Lung Metast ases 

Six days after tumour t ransplantation footpad with vi s ib le 
tumour was amputated . Subsequent to surgery rats received 
i . v .  or i . p .  inj ec tion of certain irrnnunomodifiers . Tab le s  2 
and 3 show the ant imetastatic ac tivity of the agents deter
mined 22 days after  tumour c e l l  transplantation . Qui te 
efficient ant ime tas tatic  activity was achieved by CP and BCG 
in both i . v .  and i . p .  treatment s ,  whi l e  OK-432 and LMS seeme 
to be ineffect ive . A number of immunomodif iers , when in 
direc t contact with tumour t issue , can exci te a local host 
response leading to  suppres s ion of tumour growth and spread . 
To t e s t  this possib i l i ty immunomodifiers were given i . t . d . n .  

ANIMAL MODELS AND IMMUNOTHERAPY 

TABLE 2 

Therapeutic effect of i . v. administered 
immunomodifiers against pu lmonary metastases 

of anap lastic carcinorru of Y59 rats 

Lung me tastases 

1 55 

a 
Treatment P ( t-tes t )  

Mean ± SE 

None 26 ± 1 .  7 

CP 1 4  ± 0 . 8  

BCG 1 2  ± 1 . 8  

OK-432 3 1  ± 2 . 7  

LMS 27 ± 1 .  9 

Range 

1 7 - 33 
9 - 1 7 

3 - 1 8  

2 1  - 38 
1 5  - 34  

< 0 . 0 1  

< 0 . 0 1  

a Amputation o f  the footpad wi th tumour was done 6 days after 
tumour cel l  transplan tation .  Treatments were subsequent  to 
surgery ; rats received 0 . 35 mg CP or BCG or OK-432 and 7 . 0  
mg LMS , respect ively .  Groups contained 7 - 1 0  rats each . 

TABLE 3 

Therapeutic effect of i . p .  administered 
immunomodifiers against pu lmonary metastases 

of anap lastic carcinoma of Y59 rats 

a Lung me tastases 
Treatment P ( t-tes t )  

Mean ± SE 

None 1 8  ± 1 . 4  
CP 1 3  ± 0 . 4  
BCG 7 ± 0 . 7  
OK-432 
LMS 1 7  ± 1 .  2 
a 

Range 

1 2  - 25  
9 - 1 4  

4 - 1 1  

1 5  - 2 7  

< 0 . 05 

< 0 . 0 0 1  

Amputat ion o f  the footpad wi th tumour was done 6 days after tumour ce l l  transplantation .  Treatment s  were subsequent to surgery ; rats rece ived 0 . 35 mg CP or BCG and 7 . 0 mg LMS , 
b respectively . 

Not s ignifican t .  Groups contained 7 - 1 0  rats each . 
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TABLE 4 

TheI'apeutic effect of i . t . d. n . administeI'ed 
immunomodifieI's against pu lmonaI'y metastases 

of anap lastic caI'cinoma in Y59 I'ats 

Lung metastases 
Treatment a P (t-tes t)  

Mean 

None 22 ± 
CP 1 9  ± 
BCG 1 8  ± 
OK-432 1 1  ± 
LMS 2 5  ± 

± SE 

1 .  3 

0 . 9  

0 . 7  

1 .  1 
2 . 7  

Range 

1 7 - 29 

1 6  - 22 

1 6  - 22 

7 - 1 5  

1 4  - 33 

NSb 

NS 
< 0 . 0 1  

NS 

a Amputation of footpad wi th tumour was clone 6 days af ter 
tumour ce l l  transplantation . Treatments were subsequent 
surgery ; rats received 0 . 35 mg CP or BCG or OK-432 , and 
7 . 0  mg LMS , respect ively . 

b Not s igni fican t .  Groups contained 7 - 1 0  rats each . 
TABLE 5 

Antimetastatic effect of vaI'ious doses of i . v . 
administeI'ed CF and BCG against lung metastases of 

anaplastic caI'cinoma in Y59 I'ats 

Lung metas tases  a Dose Treatment (mg) 
P (t-tes t)  

Mean 

None 24 ± 
CP 0 . 35 1 4  ± 
CP 1 0 0 . 00 1 6  ± 
BCG 0 . 35 1 1  ± 
BCG 1 00 . 00 1 0  ± 

± SE 

1 .  2 

0 . 9  

0 . 8  

1 . 1  

1 . 0 

Range 

22  - 3 1  

9 - 1 7 

1 3  - 20 

6 - 1 5  

8 - 1 6  

< 0 . 05 
< 0 . 05 

<0 . 0 1  
<0 . 00 1 

a Amputation of  the footpad with tumour was clone 6 days afte 
tumour ce l l  transp lantation .  Treatments were subsequent t 
surgery .  Groups contained 5 rats each . 
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subsequent t o  surgery . The number of lung metas tases was 
only reduced in animals receiving OK-432 (Table  4 ) . The pop
l i teal tumour growth, however ,  was equal ly control l ed in 
animals treated i . t . d . n .  with e i ther agent but LMS . Anti
metastatic activity of CP or BCG was not improved with 
increased <loses of  immunomodif iers in i . v .  treatment (Table 5 ) . 

c .  Ant imet a s t i c  Act ivity o f  Comb ined Treatments 

Single i . v .  or i . p .  treatments with CP or BCG eff ic iently 
reduced the number of lung metastases (Tables  2 and 3 ) . With 
i . t . d . n .  inj ec t ion of these agents , however ,  local suppres
sion of the tumour growth was achieved . It i s  l ike ly tha t  
this  teratment a l s o  prevented further sys temic d i stribution 
of metastatic tumour ce l l s .  These f indings and proposed pos
sib i l i t ies sugges ted the comb ination of both sys temic and 
local treatment . Animals that underwent amputat ion of the 
footpad with tumour received i . v .  and/or i . p .  (Tab les 6 and 7) . 
Treatments wi th CP , BCG or OK-432 exerted s trong ant ime ta
static effect whi l e  LMS was ineffective . Repeat ing i . t . d . n .  
inj ect ion 3 t imes a t  weekly intervals  the surviving t ime of  
animals treated wi th BCG or CP was markedly prolonged ; more 

TABLE 6 

Combined i . v .  and i . t . d . n .  tI'ea tments and the gI'owth 
of caI'cinoma metastases in the lung of Y59 I'ats 

Lung metastases 
Treatment a P (t-test)  

a 

Mean ± SE 

None 1 9  ± 1 .  2 
CP 2 ± 0 . 3  
BCG 4 ± 0 . 4  
OK-432 7 ± 1 .  1 
LMS 1 7  ± 2 . 2  

Range 

1 4  - 23 
0 4 

7 

5 1 3  
1 3  28 

< 0 . 00 1  

< 0 . 0 0 1  

< 0 . 05 

Amputation o f  the foo tpad with tumour was clone 6 days after 
tumour ce l l  transplantat ion .  Treatment s  were subsequent to 
surgery ; each inj ect ion contained 0 . 35 mg CP or BCG or 
OK-432 and 7 . 0 mg LMS , respec t ive ly . Groups conta ined 
5 - 7 rats each.  
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TABLE 7 

Combination of i . p .  and i . t . d . n .  treatments and the number 
of lung metastases of anap lastic carcinoma in Y59 rats 

Treatmenta 

None 

CP 

BCG 

Lung metastases 

Mean ± SE 

1 9  ± 1 .  2 

4 ± 0 . 3  

± 0 . 2  

Range 

2 - 6 

0 - 2 

P ( t- tes t )  

< 0 . 00 1  

< 0 . 0 0 1  

a Amputation of the footpacl wi th tumour was clone 6 clays after 
tumour ce l l  transplantation. Treatments were sub sequent to 
surgery ; each i nj ection of immunomocli f iers containecl 0 . 35 
mg . Groups containecl 5 - 7 rats each . 

TABLE 8 

Effect of combined i . v .  and i . t . d . n .  treatments with BCG 
against subcutaneous chal lenge with viab le twnour ce l ls 

Treatmenta Tumour take % of tumour 
Init ial Final rejectecl 

None 5 /5 5 /5 0 
BCG 5 /5 2 /5 60 

a Amputat ion of the foo tpacl with tumour was clone 6 clays after 
tumour cell transp lantation ; animals receivecl BCG i . v .  and 
i . t . cl . n .  subsequen t  to surgery ancl i . t . cl . n .  therapy 7 and 
1 4  clays thereaf ter .  Tumour-free animals were injectecl s . c .  
with 1 04 viable  tumour cells  9 0  clays af ter f i r s t  tumour 
transplan tation .  

than 80% BCG ancl 40% CP treatecl animals survivecl 60 clays 
( F ig .  2 ) . Mean survival t ime for control animals was 33 clays 
Three of 5 rats , from the BCG treatecl group , that survivecl 
90 clays were speci f ical ly immune ancl rej ec tecl subcutaneous 
cha l lenge wi th 1 04 viab le tumour ce l l s  (Table 8) . 
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FIG .  2 Effect on surviva l .  Viab le twnour ce l l s  ( 5  x 1 0 5 )  
were injected into the footpad. Six days after transp lanta
tion, the footpad with tumour was surgica l ly removed, subse
quent to amputation animals received i . v .  and i . t . d. n .  CP or �c�, treatments being repeated 7 and 1 4  days thereafter. Each 
�nJection contained 0 . 3 5 mg of immunomodifiers. Groups con
tained 7 rats each. 



1 60 BASIC 

D .  Nodal Tumour Growth Rate , Histology and Hi sto
chemis try of i . t . d . n .  Treated Tumour Dra ining 
Lymph Node 

Tumour draining pop l i teal lymph node was removed 3 days af ter 
i . v .  and i . t . d . n .  inj ection of 0 . 35 mg CP or BCG , subsequent 
to amputation of the footpad with the tumour . The nodes were 
weighed and his topathological analyses were made . Pop l i teal 
nodes from t reated animals , in contrast to untreated ones , 
showed that the inf i ltration of the node with tumour cel ls 
occurred to a les ser degree in treated animal s than in 
untreated ones (Table  9 ) ; BCG produced a more profound effect .  

TABLE 9 

Changes in twnour draining pop liteal lymph node 
after i . t. d. n. treatments with CP or BCG 

Mean lymph His topathological 
gradeb 

Treatmenta No . of node weight rats (mg) 
+ + +  

None 6 46  ± 1 .  9 0 0 0 

a 

b 

CP 

BCG 

7 

7 

1 5  ± 
1 3  ± 

1 .  7 0 2 4 

0 . 9  0 5 

Amputation of the footpad with tumour was done 6 days 
tumour cel l  transplantation; i . t . d . n .  treatments with 
mg CP or BCG were subsequent to surgery . 

Histopathological grading scale : - = no detec table  tumour 
ce l l s ;  + = tumour ce l l s  conf ined to subcapsular marginal 
s inus ; + + = 25%

.
o f  node infi ltrated with tumour cel l s ; 

6 

+++ = more than 50% o f  node inf i ltrated with tumour ce l l s .  

Tab l e  1 0  shows the effect of comb ined i . v .  and i . t . d . n .  
treatments on the number o f  nuc leated ce l l s  i n  i . t . d . n .  
treated lymph node and their his tochemical charac teristics  
determined 3 days af ter treatment .  Cel lularity of  treated 
nodes was increased ; p lural i ty of cel l s  in nodes from 
untreated animals showed microscopical characteristics  of 
tumour ce l l s .  In contras t ,  the maj ority of ce l l s  from 
treated animals  were e sterase-pos i t ive ; we considered them 
macrophages by comparing the i r  nonspecif ic e sterase activity 
w i th that of per i toneal exudate ce l l s  induced in rats 
treated intraperi toneal ly wi th BCG . The ab i l i ty of draining 
pop li teal lymph node ce l l s  from animals  subj ected to combined 
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TABLE 10 

Ce llularity of i . t . d . n .  treated popli tea l lymph node 
and nonspecific esterase activity of respective ce lls  

a E sterase 
Treatment Ce l lular i ty (x 1 06 ) pos i t ive cells  

(% )  

None 2 . 7  ± 0 . 4  2 7  
CP 3 . 6  ± 0 . 5  67 
BCG 3 . 9  ± 0 . 7  82 

1 6 1  

a Amputation o f  the footpad wi th tumour was clone 6 days af ter 
tumour cell transplantation; 0 . 35 mg CP or BCG was inj ec ted 
i . v .  and i . t . d . n .  Parame ters were determined 3 days after 
treatment . Groups contained 7 rats each . 

TABLE 1 1  

Induction o f  twnours i n  norma l ruts with twnour draining 
"lymph node ce l l s "  from animals receiving combined 

i . v . and i . t . d. n.  therapy 

Rat s  with tumour/rats inj ected with a Donors various numbers of node ce l l s  

a 

1 04 1 0 5 5 X 1 0 5 

Nontreated 7 / 7  5 / 5  5 / 5  
CP-treated 0 / 7  3 / 7  5 / 7  
BCG-treated 0 / 7  1 / 7  2 / 7  

Rats rece ived 5 x 1 0 5 viab l e  tumour ce l l s  o n  day 0 .  S ix days t�ereaf ter footpad with growing tumour was amputated and ani.mals were treated i . v .  and i . t . d . n .  wi th CP or BCG · each inject ion contained 0 . 35 mg of innnunomod ifier .  Tumo�r draining pop l i teal lymph node was removed 3 days af ter treatment , ce l l  suspens ions prepared and inj ected subcutaneously into normal recipients . 
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TABLE 1 2  

Effec t  of repeated treatments with CP or BCG on 
tumour-bearing lymph nodes 

Treatmenta 

Control 

CP 

BCG 

No .  of  
rats 

6 

7 

7 

Mean rad i i  (mm) of  nodes at  
days after  surgeryb 

5 

6 

5 

3 

7 

6 

5 

8 

1 0  

7 
6 

1 5  

1 8  

9 

5 

20 

27  
1 2  

9 

a Amputation of  the footpad with tumour was clone 6 days afte 
tumour cel l  transplantation ;  i . t . d . n .  treatments  wi th 0 . 35 
mg of  CP or BCG were sub sequent  to surgery and 7 and 1 4  
days thereaf ter .  

b At intervals commencing one day after the f irs t inj ection 
of immunomodifiers the surface area of tumour bearing lymp 
node (r2 )  was determined by measurement through the skin . 

i . v .  and i . t . d . n .  t reatments to induce tumour in  normal reci 
p ients was tes ted 3 days  after t reatment .  Tab l e  1 1  shows th 
resul t s .  For tumour induct ion many more "node cel l s" from 
treated donors were required than from untreated ones . Tab l 
1 2  shows the e f fect  of i . t . d . n .  treatments  g iven at  weekly 
intervals on the s ize of the treated nodes . Treatment s  were 
admini s tered on the day of surgery and 7 and 1 4  days there
after . Mean radius (rrnn) of the treated node was measured on 
days 1 ,  3 ,  8 ,  1 5  and 20 after surgical removal of the footpa 
wi th tumour.  Both CP and BCG treatments  succe ssfully con
troll ed local tumour growth ; BCG was more effective . 

V . DI SCUSSION AND CONCLUS ION 

Literature i s  abundant with the data describ ing successful 
t reatments  of mal ignant tumours with nonspecific immunomodu
lating agent s  (Mi las and Sco t t ,  1 9 7 8 ;  Baldwin and P imm, 1 980 
Aoki e t  a l . , 1 9 7 6 ; F i sher e t  a l . , 1 9 7 7 ) , mechani sms of  their 
ant i tumour activ i ty (Bas ic et  a l . , 1 9 7 5 ;  Hibb s e t  a l . , 1 9 7 2 )  
and their influence on  haematopoie t ic activi t ies (Bas ic e t  
a l . , 1 9 7 9 ) . The main  criticism to the resu l t s  on ant i tumour 
ac t iv i ty obt ained in different studies could be focus sed j us 
in  one point : the animal tumour model s  used in  mos t  s tudies 
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da not possess the characteri s t ic s  of tumours in humans . 
'fhis implies  the ob l igation to the researchers to  search for 
the animal tumour model  sys tem which wil l ,  as c losely as pos-
ib le behave as mal ignant human tumours wi th special refer:nce �o metastases forma t ion . The l imi tation of 

_
ins igh� �n�o 

the mechanism( s )  of metas tases format ion and their  sens 1 � 1v 1 ty 
to therapy may be due , in  par t , to restrict ions in  experimen-
t 1 mode l s  used to approach this comp lex prob lem . With bet ter a . de ls a rational basis  an which to  found attemp t s  at inf lu-mo ' · 1 ncing me tastases format ion may be i nvestigated . This re ates :spec ia l ly to  human tumours showing 2 modes of spread , via 
lymph node and sub sequen t  haematogenous .  F indings in t�ese 
s tudies show that there is now a tumour model  system which 
shows these 2 modes of spread in 1 00% of animals .  The mode l  
could be used as a useful tool i n  tes t ing the e f  fect ivene ss 
of different types of therapy in  various s teps of me tastases 
formation ;  these data showing the inf luence of  different . 
immunomodif iers on metas tatic spread and growth of  secondar1es 
are a contribution to  this  proposal . l t  should be s tressed , 
however,  that no animal tumour can represent a l l  the varia
tions in growth potent ial and metastas izing characterist ics 
of human tumours , but it i s  of s ignif icance in this sys tem 
that the 2 modes of me tastas i z ing are both 1 00%  phenomena 
which may be of convenience f or evaluat ion of therapy differ
ences . In gene ral , several conclus ions could b e  drawn from 
the presented s tudies : (a) syngeneic rat anap lastic carcinoma 
sys tem can be manipulated to more c los ely approximate to 
clinical experience ; (b) the mode l  offers the unique advan
tage of being a def ined immunotherapy model which ,  bes ides  
surgery and immunotherapy ,  may also be treated by radiotherapy 
or chemotherapy ; (c) to reach better goals in immunotherapy 
of tumour metas tases the sys temic app l i cation of an immuno
modifier should be combined with local treatment associated 
with close contact of immunomodi f ier and tumour draining 
lymph node . Although no animal mode l can comp letely mimic 
malignant me tas tatic tumour in man , this mode l  seems to be a 
very attract ive exper imental one . 
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I . INTRODUCT ION 

The late Dr Coley u sed mixed bacterial vaccine cons i s t ing o f  
Streptococcus and Serratia for the therapy of human cancer  
patients , and over 1 30 inoperab le  cancer pat ients were repor
ted to have been cured comp letely (Nauts  e t  a l . , 1 9 4 6 ) . 
Qu i te independently the phenomenon of haemorrhaging and nec
rosis of mal i gnant tumour t issues by the i . p .  inj ec tion o f  
bacterial endotoxin (LPS) was found by  Gratia and L inz ( 1 93 1 ) .  
The phenomenon was confirmed as the constant  f inding for 
malignant tumours by many inve s t igators , and is highly se lec
t ive in that i t  affec ts only mal ignan t tumour cells , sugges t
ing the exis tence of a tumour-spec i f ic and corrnnon subs tance 
in all mal ignant tumour c e l l s . The s tudy of this phenomenon 
may help clarify the nature of the tumour c e l l  and could l ead 
to the f inding of an effect ive therapy for cancer patients . 

I I .  TUMOUR NECROS I S  BY THE LPS 

A .  Newly E s t ab l i shed Tumour MC-81 - BALB/c 

By inj ec ting BALB/ c mice w i th methylcholanthrene , several 
strains of f ib rosarcoma were es tab l ished in our laboratory 
0�e of which was used in thi s  ex�er iment (MC-Bl ) . The BALB/c 
mice were inoculated with 5 x 1 0  MC-Bl ce l l s  intraderma l ly 
and 50 µg of LPS of E. coli 055 (Boivin) was inj ected intra
per itoneal ly on days 3 ,  5 ,  7 ,  1 0 ,  1 2  or 2 2  respec t ively . 
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TABLE 1 

Resu lts of treatment of lipopo lysaccharide 
�n MC-Bl fibrosarcoma-bearing m�ce 

The day of LPS Tumour s i ze 
af ter tumour in diameter Haemorrhage Comp lete 
inoeulat ion (mm) ( % )  (% )  

3 1 .  2 ± 0 .  1 0 0 

5 2 .  1 ± 0 . 3  1 0  0 

7 3 . 3  ± 0 . 3  80 20 

1 0  6 . 3  ± 0 . 4  9 0  20 

1 2  8 . 9  ± 0 . 4  1 00 30 

22 1 4 . 2 ± 1 .  2 1 00 0 

eure 

As shown in  Table  1 ,  the haemorrhage and neeros i s , whi l e  
no t  observed in 3 day o ld  tumours , gradual ly inereased as the 
tumour progressed and were observed in 1 00% of the miee on 
the 1 2 th day . The eure rate of  the miee with  1 2-day o ld 
tumours was 30% , and of those wi th the 22nd day old  tumours 
0% .  All eontrol miee d ied by the 65 th day . 

8 .  MH134 - C3H Sys tem 

The C3H miee were inoeulated wi th 1 06 ase i t ie tumour ee l l s  
sub eutaneously i n  the abdomen o r  h ind region , and the tumour 
reaehed about 7 rrnn in d iameter 7 days after i noeulation .  All 
the eontrol miee d ied by the 40th day . 

F i f ty µg of E . . coli 0 1 2 7 LPS (We s tphal) was inj eeted intra 
peritoneally at day 7 .  Haemorrhage and neeros i s  were obser
ved only at  the tumour s i te wi thou t exeept ion , and about 50% 
of the miee were eured eomp letely . 

The eured mi ee showed speeif ie  immunity to inoeulation of  
MH l 34 tumour eel l s  of  5 x 1 06 ee l l s  subeutaneous ly and this  
speeifie  irrnnuni ty was ab le to  be adop t ively t ransferred to  
the syngeneie mi ee by  us ing spleen ee l l  suspension . 

When 200 µg  of LPS was inj ee ted intratumourally one day 
before ,  on the same day , or one day after an intraperi toneal 
inj eet ion of LPS (50 µg) , eomplete eure was ob tained in about 
80% of the miee . No s tat i s t ieally s igni fieant d i fferenee was 
observed b e tween these group s .  

OK-432 , whieh i s  the pen i e i l l in-lysate of the haemo ly t i e  
s treptococcus and whose medieal u s e  i s  o f f ie ially permit t ed 
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in Japan , did not af feet  the eomp lete eure of MH l 34 tumours 
j mm in diameter by whieh 2 KE unit s  were inj eeted intraperi
toneally , but d id have a eomplete  eure rate of about 20% when 
the same <lose was adminis tered intratumoural ly .  Intratumoural 
inoeulation of  2 KE units of OK-432 eombined with intraperi
toneal inoeulat ion of  50 µg  of E.  coli LPS gave a eomp lete 
eure rate of about 80% . 

I I I . THE MECHAN ISM : ENDOTOX IN S I DE 

A . Nude Mouse System 

Athymie nude miee BALB/e  nu/nu were inoeulated with 5 x 1 0 5 

ee l l s  of MC-Bl and 1 0  days later , when the tumour had grown 
to about 1 0  mm in d iame ter ,  were inj ee ted with 25 µg of LPS 
intraperi toneal ly . Haemorrhaging of tumour t i s sues was 
observed in a l l  miee thus treated , and neeros i s  was evident 
in the eentral portion of tumours , not eompletely at the 
periphery . From here tumour growth resumed and a l l  the miee 
eventual ly d ied (Tab le 2 ) . 

Tumour 

MC-Bl 

He La 

TABLE 2 

Haemorrhaging caused by lipopolysaccharide in 
tumour-bearing nude mice 

Tumour size 
(mm) 

1 0 . 4  ± 0 . 4  

1 0 . 3  ± 0 . 3  

Haemorrhage 

1 0 / 1 0  ( 1 00%) 

6 / 1 0  ( 60% ) 

Complete eure 

0/ 1 0  (0%) 

0 / 1 0  ( 0% )  

O ther nude miee were imp lanted wi th 1 06 eel l s  of a human 
careinoma , HeLa ,  subeutaneous ly ,  and were inj eeted wi th 25 µg 
of F . coli LPS af ter the tumours had grown to about 10  mm in  
diame ter in 3 weeks . Haemorrhaging was observed in the 6 
miee out of  the 1 0  thus treated whieh had larger s i zed tumours 
(Tab le 2 ) . 
. The se data sugges t  that the part ie ipation o f  T-lymphoeytes 
l s  not e s sential for the haemorrhaging and neero s i s  of tumour 
t i ssues after LPS inj e e tion.  This i s  supported by the fae t 
that the eheekpoueh-implanted tumours of hamsters are brought 
to haemorrhaging after LPS inj eetion (Steinbring and S tevens 
1 9 7 7 ) . 

' 
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This experiment also shows that TNF ( tumour necroti z ing 
factor) is not the maj or factor in this phenomenon , because 
Old had s tated that TNF is not produced by athymic nude mice 
primed with C. parvwn ( 1 9 76 ) . S ince in our trial the mice 
were primed ne i ther w i th BCG nor wi th C. parvum , or zymosan, 
it is therefore d if f icult to assume any par t ic ipation at a l l  
of the TNF in the tumour haemorrhaging and necros i s  in nude 
mice . 

B .  H i s t o l o g i c a l  Ob s e rvat ions 

We observed p late le t  thrombus and haemorrhage at the peri
phery of the tumour mass at 1 h ,  haemorrhage and makred inf i l
tration of neutrophils  in the tumour t issues at 4 h ,  degenera 
t ion and necros i s  of the tumour ce l l s  at 1 2  h ,  and inf i l tra
t ion of mononuc lear cel l s  at 24 h .  These changes were  
essentially s imilar wi th the necrotic vascul i t i s  in the  local 
Shwar tzman phenomenon and in the Arthus reac t ion , suggesting 
that the haemorrhaging and necros i s  phenomenon share some 
pathogene t ic  processes in common . 

C .  Many Agents That Can Cause Tumour Haemorrhage 

The haemorrhage and necros i s  of tumour t i ssues af ter i . v .  or 
i . p .  inj ection of LPS is very s imilar to the local Shwartzman 
phenomenon , s ince the h i s tological manifestation of both 
phenomena are the same , and both are provoked by the inocula
t ion of bacterial LPS . 

The tumour haemorrhage can also be induced by the injec
t ion of antigen-ant ibody comp l ex ,  or of agar (Ap i t z ,  1 9 33) , 
or of glycogen ( S te tson , 1 95 1 ) , a l l  of  which are known to 
have the capaci ty to provoke the local Shwartzman phenomenon. 

D. Common Mechan i sm : Compl ement Activat ion? 

These subs tances have the common capacity to activate comple
ment . We conf i rmed that endotoxin is not accumulated in the 
tumour t i s sues af ter in vivo admini stration (Sel igman et a l . , 
1 9 48 ; Nowotny e t  a l . , 1 9 7 1 ) ,  us ing MH l 34 tumour and C3H sys
tem with the peroxidase ant ibody method . These fac ts  suggest 
the part ic ipation of the activated complement fragment ( s )  in 
tumour haemorrhaging and necrosis . 

E .  The E f fect of Zymosan 

Because of the above reasoning ,  we examined the effect  of the 
zymosan on tumour t i ssues . BALB/ c  mice were inj ected w i th 
1 00 mg of zymosan (S igma Chem. Co . ,  USA) intraperi toneal ly 
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1 2  days af ter MC-Bl tumour implantation . Tumour haemorrhage 
was not observed . The adminis tration of  zymosan suppressed 
tumour haemorrhage after LPS inj ection in 4 rnice out of 1 0 ,  
and the haernorrhaging i n  the rernaining 6 mice was weaker than 
that in the control tumour-bearing mice inj ected with LPS 
without zymosan pretreatment .  

F .  The E f fe c t  o f  the Cob ra Venom Factor ( CVF) 

The cobra venom of Naja naja kaouthia (Sigma Chem . Co .  S t .  
Louis , USA) was pur i f ied using DEAE-cel lulose and lyoph i l ized .  
A 0 . 4  mg dosage of this induced severe anaphylactoid reaction 
in normal mice . BALB/c mice inoculated w i th MC-Bl tumour 
cells 1 2  days p reviously were inoculated with 0 . 2  mg of CVF . 
With this dosage haemorrhaging of the tumour t issue was no t 
observed in any of  the mice , but CVF inoculat ion suppressed 
the tumour haemorrhaging induced by LPS in 5 mice out of 7 
(Tab le 3 ) . 

TABLE 3 

Results of treatment with Cobra Venom Factor 
in MC-Bl fibrosarcoma-bearing m�ce 

Cobra V . F .  Tumour s 1ze 

0 . 2  mg 6 . 7  ± 0 . 3  mm 

0 . 6  mg 1 0 . 6  ± 0 . 4  mm 

Haemorrhaging 

0 / 7  0%) 

8 /8  ( 1 00%) 

. 
When 0 . 6  mg of  CVF was adminis tered to 9 tumour-bearing 

m1ce , one mause died within 4 h ,  and the remaining 8 animals showed strong haemorrhaging only at the tumour s i te ,  but 5 of them d ied within 24 h (Table 3) . 
The haemorrhaging of  Sarcoma 37 in mice inoculated with moccasin

_ venom was observed by Shimkin and Zon ( 1 942 ) , but the mean1ng has not been d i scussed s ince then.  

G .  The E f fect o f  Yeast Ac t ivated Serum �he fresh serum of normal heal thy humans and of normal mice , incubated at 5 6°C for 30 min , was treated wi th boi led (30 min) b�ker ' s  yeas t at the concentration of 20 g / l i t re ,  with and Withou t the addi t i on of  eps ilon-amino caproic acid (EACA) . 
As a preliminary tes t , these  serum specimens were inoculated intraperi toneal ly  into C3H mice bearing MHl 34 tumours ,  
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D a y s  after treatment with complement active serum 

FIG . 1 Results of treatment with the complement activated 
serum in MH1 34 bearing mice . The complement activated serum 
is administered from the ?th to the l l th day after tumour 
inocu Zation. 

and s l ight hyperemea was observed .  There was no marked dif
.ference in activi ty be tween mice serum and human serum ,  or 
those sera act ivated in the presence or absence of EACA. 

The C3H mice carrying MH l 34 tumours about 7 nun in diamete 
were inoculated with 3 ml o f  yeast-treated fresh human serum 
for 5 consecut ive days . As shown in F ig .  1 ,  the growth of 
the tumour was suppressed to the extent that the tumour dia
me ters were about 30% those in the control mice . 

I V .  THE MECHAN I SM :  TUMOUR S I DE 

A .  A "Tumour- spec i fic and Common Sub s t ance" 

Though mal ignant tumour cel l  l ines vary in susceptib i l i ty to 
endotoxins (LPS )  and though response to LPS is not observed 
during the first  few days after the inoculation o f  tumour 
cel l s ,  the phenomenon o f  the haemorrhage and necros is  of  
sol id mal ignant tumour t issues fol lowing the  i .v .  or i . p .  
inj ection of LPS i s  highly spec i f ic and common to a l l  mal ig
nant tumour t i s sues . That inj ection o f  l arge amounts  of  the 
cobra venom factor s imil arly causes tumour haemorrhaging and 
necros i s ,  wi thout there being any effect on normal t issues , 
suggest s  the exis tence o f  a specific and conunon substance in 
a l l  mal ignant tumour cel l s .  
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B . The Shwartzman Active S ub s t ance i n  Human Cancer 
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The s imi larity of this phenomenon to the loca l Shwartzman 
reaction led Antopo l to propose that Shwartzman ac tive sub
stance ( s )  may exi s t  in the mal ignant tumour t issues of humans 
and mice (Antopol ,  1 93 7 ) . Shear and h i s  colleagues demon
strated that trypt ic  d igest ion of malignant tumour t issues 
resulted in a product having a s trong Shwartzman activ i ty in 
comparison to normal t i ssues in which only a weak reac t ion 
was demons trated after trypt ic digest ion (Landy and Shear , 
1 957 ) . Shear later reported that the lat ter was due to con
taminat ion by an endotoxin-containing bacteria (Merler et a l . , 
1 9 60 ) . 

The authors have also  demonstrated the exis tence of  weak 
Shwartzman active substance ( s )  in mal ignant tumour cel l s  of 
rats and of  human cancer patients (Kodama e t  a l . , 1 9 7 3 ,  1 9 7 7 ) . 
Human gas tric cancer t issues were extracted by sal ine , by 
0 . 25 N trich loroace tic  acid (TCA) or by 45%  hot phenol , and 
these extract s  were shown to have a very weak Shwartzman acti
vity to prepare rabb i ts ' skin for the local Shwartzman pheno
menon without any except ions in tes t ing so far conducted . 
The strength of the activ i ty was about one-thousand th that of 
the LPS of E. coli 055 prepared by the Wes tphal method by dry 
weigh t  bas is . 

The human cance r extracts were a lso shown to have the 
abi l i ty to provoke the local Shwartzman phenomenon , to coagu
late Limulus lysate , to have the pyrogenicity which was sup
pres sed in endotoxin-tolerant rabbits , and t o  cause haemorr
hage and necrosis  of the solid sarcoma 1 80 t i ssues of dd 
s train mice . 

The extracts of the healthier parts of the resected human 
tissues extracted in paral l e l  with the malignant  portions 
were shown to contain none of these activ i t ies . 

C .  The Shwartzman Act ive Subst ance in Yoshida Sarcoma 
Cel l s  i n  Rats 

The Yoshida s arcoma ce l l s  in sa l ine , phenol and TCA extrac ts were shown to have the capab i l i ty both to prepare and provo
cate the local Shwartzman phenomenon . A Sh11artzman activi ty of the Yoshida sarcoma extract was about one-thousandth that of E. co li LPS by dry weight bas i s . A s imi lar relat ionship was observed by L imulus lysate tes t .  

These extracts were also shown to have the abi l i ty to cause pyrogenic i ty in rabb i t s ,  and to decrease ne·J trophils  and p latelets after  i .v .  i nj e c t ion, also at about one-thousandth the activity of that of E. coli LPS .  They also caused 
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the haemorrhaging and necrosis  of  the sarcoma 1 80 tumour 
t i s sues in dd s train mice after i .v .  inoculat ion . Extract s  
from rat normal t i s sues showed none of  these  ac tivi t ies . 

D .  The Shwartzman Ac t i ve Subs t anc e ( s )  as Ce l l  Surf ace 

Material 

The ant ibody against TCA extract of the Yoshida sarcoma cel l  
was prepared from rabbi t s ,  and used t o  s tain the Yoshida sar
coma ce l l s  fo l lowed by Fab fragment of sheep ant irabbi t  IgG 
conj ugated with f luorescein i so th iocyanate . F luorescent 
s taining was ob served only on the cel lular surfa:e of the 
Yoshida sarcoma ce l l s  and not on the normal rat cel l s  (Kodama 
et  a l . , 1 9 73 ) . 

E .  The Sen s i t i z a t i on of  Hos t s  by the Shwartzman Act ive 

Sub s t ance ( s )  

I f  our suppo s i t ion about the Shwartzman ac t ive sub s tance ( s )  
being contained i n  every cancer c e l l  i s  correc t ,  i t  fo l lows 
that cancer-bearing animal s are sensi t i zed by the Shwartzman 
act ive subs tance l ib erated from dead tumour ce l l s  and may be 
prepared in the Shwartzman sense . Thi s  al tered behaviour of 
the animals sens i t ized wi th the endotoxin-l ike sub s tance may 
be hypothe s i zed from the observations  of animals  adminis tered 
with the endotoxin or endotoxin-containing l iv ing or dead 
microorganisms . We named this the " Shwart zman model" (Kata
yama and Kodama, 1 980) . 

Our mode l of the cancer ce l l s  can be sumrnarized as f o l lows : 

a) The ce l l  membrane of  the cancer cel l s  i s  physically and 
chemically different from that of the normal ce l l ,  e spec i
ally in that 

b) the ce l l  membr·ane of cancer ce l l s  contains a Shwar tzman 
act ive subs tance which shows both preparatory and provoca
t ive activ i t ies ; 

c )  the Shwartzman sub s tance , l iberated by occas ional cel l  
death , s ens i tizes  not only the tumour s i te ,  but also the 
ent ire organisms and makes the hos t endotoxin-sens i t ive 
and prepared in the Shwartzman sens e ;  

d )  the endotoxin-sen s i t ive s tate i s  expressed ( i )  e i ther by a 
p repared s tate of the tumour s i te for a local Shwartzman 
phenomenon , in which endotoxin inj ect ion can cause haemorr 
hage and necros i s  at the tumour s i te ; ( i i )  by sens i t iza
t ion o f  the host  f or a generali zed Shwartzman react ion , 
with occas ional occurrence of an exce s s ive increase of 
blood coagulat ion ; ( i i i )  by increased suscept i b i l i ty of 
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the host to the LPS ; ( iv )  or by increased sens i t iv i t ie s  of 
the hos t s '  skin to the intracutaneous inj ect ion of  bacter
ial endotoxins . 
A number of  workers have reported the phenomenon of tumour 

haemorrhag ing and necros i s  fo l lowing the inj ec tion of LPS as 
already described , and a number of c l inical workers have 
reported increased coagulation in cancer patients (Hj ort  and 
Rapapor t ,  1 9 65) . An increase in suscep t ib i l i ty to the le thal 
action of LPS has been repeatedly observed in tumour-bearing 
animals  ( Shear and Perrau l t ,  1 944 ; Nowotny et a l . , 1 9 7 1 ) .  We 
found this phenomon in sol id  Yoshida sarcoma-bearing rat s ,  in 
which a l l  rats d ied fo l lowing inoculation of 40 µg of E. coli 
LPS , but no normal rats d ied after inoculation wi th 800 µg 
(submi t ted for pub l ication) . We found also that the skin of 
many cancer patients (48 in 1 25 )  shows an erythematous reac
tion of over 2 1  mm in diameter 4 h after the i . c .  inj e c tion 
of 40 ng of E. co l i  endotoxin to the centre l ine of the 
flexor surface of the upper arm . The same dosage caused an 
erythema of only 1 0-20 rrnn in diameter in 5 1  normal healthy 
volunteers among 52 (manuscript in preparation) . 

F .  "Shwartzman Gene" and "Cancer Gene " : The Nature 

of the Mali gnant Tumour Ce l l s  

The phenomenon o f  the haemorrhaging and necros i s  fo l lowing 
the LPS inj ec tion being h ighly selec t ive and observed only in 
tumour t i ssues sugge s t s  the exis tence of a tumour-spec ific  
and common subs tance ( s )  in tumour cel l s .  As  one of  the candi
date s for these substances ,  we assumed the exis tence of  the 
Shwartzman act ive sub s tance in all malignant tumour cel l s .  
To explain this  exis tence , i t  has t o  be hypothes ized that a l l  
malignant tumour ce l l s  contain the Shwartzman gene which pro
duces the Shwartzman active subs tance , that this  gene i s  
closely linked t o  the malignancy-de termining gene , and that 
both of these  genes mus t be s trongly corepressed in norma l  
cel l s . 

V . DI SCUSS I ON 

We have used 3 sys tems , chemically induced MH l 34 mouse hepatic  
tumour ce l l s ,  chemically induced MC-Bl tumour ce l l s  es tab
lished in our laboratory, and human malignant tumour cel l s ,  
HeLa . In mice carrying each cell  l ine , the inoculation of 
20 to 50 µg of E. co l i  LPS intraper i toneally caused haemorr
having and necros i s  of tumour t i s sues , but  this phenomenon 
Was not obs erved if  the LPS was adminis tered during the f ir s t  
few days after tumour inoculation .  Tumour haemorrhaging and 
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necrosis  was also observed in tumour-inoculated nude mice 
treated wi th LPS ,  sugge st ing that the T-lymphocyte is  not an 
essential component of  this phenomenon . Al though comp lete  
regression was not ob tained in nude mice , the necros is  of  
maj or parts of  the tumour t i s sue was eviden t .  

There are several intere s t ing features t o  the phenomenon 
of tumour haemorrhaging and necrosi s  after LPS inj ection ,  
that i s ,  i t  i s  observed only in sol id tumour t is sues , not in 
f ree asci t i c  tumours ; tumour t i ssues are not sens i t ive to  LPS 
inj ect ion during the f i r s t  few days after tumour imp lantation 
the h i s tological express ion of  tumour haemorrhaging and necr 
s is  is very s imi lar to that of the local Shwar tzman phenomen 
and the Arthus react ion , and i s  essential ly necrotic vascul
i t i s ,  the main feature of  which is the massive infiltration 
of  polymorphonuclear leukocytes (Ap i tz , 1 9 33 ; S te tson, 1 95 1 ) ;  
weaker but s imilar phenomena w i th the same histologica l mani
festations are induced in tumour-bearing animals  by agar , by 
ant igen-ant ibody complexes (Ap i t z ,  1 9 33 )  or by glycogen 
( S te tson , 1 9 5 1 )  which are known to have the ab i l i ty to provok 
the local Shwartzman phenomenon .  Based on the s imilarity 
between the tumour haemorrhaging and necrosis  caused by LPS 
and that of the local Shwartzman reac t ion , Antopol ( 1 93 7 ) , 
Shear ' s  group (Landy and Shear , 1 95 7 ) , and our own (Kodama 
et a l . , 1 9 73 , 1 9 7 7 )  have a l l  t ri ed to demons trate Shwartzman 
active substance ( s )  in malignant tumour t issues with varying 
degrees of succe ss . 

At temp ts have also been made to exp lain thi s LPS-inst igate 
phenomenon e i ther as a direc t effect of endotoxins on the 
vascular sys tem of the tumour , caus ing vacular col lapse , 
tumour anoxia,  and subsequent tumour death , the angiogenesis  
of  which was augmented by  subs tances re leased from tumour 
cel l s  such as " tumour angi ogenes i s  fac tor" (TAF) (Algire e t  
a l . , 1 9 5 2 )  or by  the exis tence o f  tumour-spec i f i c  cytotoxic 
mediators , such as ·· the " tumour necrot i z ing fac tor" (TNF) 
(Carswe l l  et a l . , 1 9 7 5 ) . 

The theories based on the vulnerabi l i ty of the newly for 
b lood vessels  in tumour t issues to  direct  endotoxin ac tion 
(Algire et a l . , 1 9 5 2 )  or on the release of TNF ( Carswe l l  e t  
a l . , 1 9 7 5 )  might be able  to  exp lain some , i f  not  al l ,  of the 
features of the tumour haemorrhaging and necros i s  af ter the 
LPS inj ect ion , bu t interpretation of this phenomenon as a 
kind of  local Shwartzman phenomenon , assuming that the tumour 
s ite was sens i ti zed by the released Shwartzman active sub
stance o f  cancer cel l s  by occas ional cell  death ,  could 
explain all the features eas i ly .  

l t  has been sugges ted recent ly that the in vitro tumour 
�ytotoxic activ i t ies (TNF ) are mul t iple and are dis sociable  
from the in vivo tumour necrosis activ i ty ,  and that tumour 
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tissue necros i s  was observed without detectable  TNF activity 

in the mice sera af ter LPS inj ection (Ku l l  and Cuatrecasas , 

1 93 1 ) .  We conf i rmed this latter f inding usin� the BAL�/ c

MC-B l  system.  We also  showed that the athymic nude mice 
· oculated with the syngeneic MC-Bl tumour or wi th human car-
1�noma ce l l ,  HeLa,  exhibited tumour haemorrhaging following 

�PS inj ect ion . The nude mouse  primed w i th C. parvum i s  
_ 

laimed to l ack the abi l i ty to  p roduce TNF (Old ,  1 9 7 6 ) , making c . h i t  apparent that TNF i s  not the sole mechanism of the aemorr-
haging and necrosis  of malignant tumour t i ssues after LPS 
inj ec t ion . Of importance , however � is the fact that these 

mechanisms are not mutual ly exclus ive but could operate s im-
ultaneously . 

Furthermore , a l arge amount o f  CVF was able to  induce the 
tumour haemorrhage in mice , and smal l  amounts  of CVF or zymo
san suppressed the tumour haemorrhage by the LPS . These 
phenomena may l ead us to  be l ieve that ac t ivated comp lement 
fragmen t ( s )  make some contribution to the anti tumour activity . 
Such an act ivi ty was reported for C3a by Ferluga e t  a l . , 
( 1 9 78 ) . The supposed mechanisms of the LPS are i l lus trated 
in Fig .  2 .  

LPS (CVF. Zymosan) 

LPS like - substance lT 
TNF Alternative 

Hoemorrhag ing and necrosis 

M �  
�------lLymphocyte(T Ar B) 

Leukocyte 

Regression of tumour 

Ag-Ab 

FIG . 2 Mechanism of tumour haemorrhaging with the lipo
polysaccharide . 
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VI . SUMMARY 

The bacterial endotoxin can cause haemorrhaging and necros is  
in mal ignant  tumour t i s sues only when the  tumour s i ze i s  
greater than 3 mm in diameter .  

The same phenomenon was a l s o  observed with athymic nude 
mice , indicating that the T-lymphocytes and the TNF are not 
e s sential components  of this  phenomenon .  That cobra venom 
factor can cause a s imilar phenomenon , sugges t s  the part ici
pation of activated complement componen t ( s ) . 

S ince thi s  phenomenon i s  h ighly selective for the mal ig
nant tumour t i s sues , there could be a tumour-specific  and 
common subs tance . As one of the candidates ,  the exis tence o 
a Shwartzman active subs tance ( s )  in mal ignant tumour ce l l s  
and a tumour model based on this suppo s i t ion was proposed . 
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of malignant 
the c l inical 
mechanism of 

D I SCUSS I ON I I  
CHAPTERS 5 - 8  

We l lcome ' s  C.  paY'Vwn is  be ing used for control 
effusions - p leural and per itoneal . IJha t  are 
f indings and is there any evidence as to the 
act ion? 

Dr ADLAM : The c l inical find ings show a benef icial  effect  but 
the mechanism o f  action is  unknown at present . (References : 
Webb et a l .  ( 1 9 78 )  Bri t .  Med. J .  I ,  3 38 ;  Mil lar e t  a l .  ( 1 980)  
Thorax 35 , 856 ; and Mantovani e t  al .  ( 1 98 1 )  Int . J .  Cancer 
27,  4 3 7 . ) 

Dr BALDWIN : The role o f  host  ce l l s  s t imu lated by C. parvum in 
tumour rej ection i s  comp l icated and wil l  depend upon a number 
of factors ,  inc luding the type ( irrnnunogene i ty )  of the tumour , 
its s i te and mode of treatment . For examp l e ,  intrales ional 
inject ion of C. parvwn into tumours may function through 
st imulation of macrophages and so responses can be induced 
in immunodeprived hosts .  Other modes of treatment may involve 
a series of pathways involving T-cel l s  and NK ce l l s . In thi s  
case irrnnunosuppression w i l l  abrogate the therapeutic response .  
Helen NAUTS : Dr Adl am ,  what s i te did you use in treating the 
ascites and p leural effusi on cases with C. parvum? Coley ' s  
toxin was g iven intradermally and caused complete regress ion 
- no further ascites or effus ion traced for several years . 
Dr ADLAM : C. paY'Vum was administered into the cav i ty 
invol ve d ,  not intradermal ly . 
Dr GOLD I N : Dr Adlam, what i s  the relat ion of lung nodul e  to 
survival t ime in your experimental s tudies ? 
Dr ADLAM : We d i ssect  our mice 1 4  days after chal lenge with 
tumour and do  not use " t ime to  death" as  a measure o f  acti
vity . Presumab ly ,  there would b e  a relat ionship i f  " t ime to 
death" were used , but it is more quan t i ta t ive to  actually 
Count the lung nodules . 
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Dr KIRN :  How can you exp lain that nonactive s trains of C. 
parvum are s t i l l  qui te active on tumour formation and not a t  
a l l  on spleen enlargement? 
Dr ADLAM : P. granu losum s trains do show some ant i tumour 
ef fect in the T3 f ihrosarcoma lung model when compared to 
saline controls .  Bu t this i s  of an order of  magni tude far 
less than the potency seen with  act ive s trains of C. parvwn. 
Thi s  residual ac tivi ty may jus t  he due to the effects of 
inj ecting any large amount of part iculate material which migh 
cause s l ight macrophage act ivation and hence s l igh t  ant itumou 
effects  hut this i s  just  a specu la t ion . 

Dr EGGERS : Is  there a relationship h e tween ac t ive s trains 
C. parvum and thei r  chemical s tructure (pep t idoglycan) ? 

Dr ADLAM : This  has heen s tud ied extens ive ly . Ac t ive s trains 
may have d if ferent pept idoglycan s tructures (Adlam and Reitl 
( 1 9 7 8 ) . Develop. Biol .  Standard . 38 , 1 1 5 ) .  The important 
component for activ i ty of these organisms is  the ir carhohyd
rate hut having said that , the purif ied carhohydrate does not 
increase sp leen weight and hroken organisms cons i s t ing o f  
carbohydrate and peptidoglycan have greatly reduced or nega
t ive ac t iv i ty .  l t  must he concluded therefore , that for full 
act iv i ty one needs the carhohydrate attached to a pep tido
glycan hackhone and i t  is the presentat ion of this  carho
hydrate in a part icular conf igurat ion which is importan t .  
Dr SCH\YAB : Polysaccharide hound covalently to peptidoglycan 
i s  responsihle for the per s i s tence of  pept idoglycan in macro
phages . The capaci ty of pept idoglycan to act ivate macro
phages to cytotoxici ty is dependent upon this  persis tence 
( Sm iaiowicz , R. and Schwah , J . H .  ( 1 9 7 7 ) . Infect.  Immun . 

Dr CHEDI D :  
C. parvum? 

Is  the histamine-sens i t iz ing factor i dent i f i ed 
Is  i t  the same as in Bordet e l la pertussis ? 

Dr ADLAM : Thi s  his tamine-sens i t i z ing factor is  s imi lar to 
that seen w i th B.  pertussis in i t s  h iological effects , hut 
d iffers chemically . The component responsihle for histamine 
sens i t i za tion i s  p rohahly the same as that respons ih le for 
splenomegaly (Adlam ( 1 9 7 3 ) . J. Med. Microbio l .  6 ,  527 ) . 

Dr KIRN : Dr Roszkowski , I wou ld l ike  to know i f  in the in 
vitro phagocytosis  tes t  you reported there is an increase in 
the adhesion and/or in the inge s t ion of the cel ls ?  
D r  ROSZKOWSK I : Both propert ies of macrophages are enhanced. 

Dr KIRN : So  one mus t  admit  that in C. parvum-treated animal 
there is  a mod i f ication of the cytoske leton of the macro
phage s? 
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Dr ROSZKOWSKI : The process of  ac tivat ion i s  complex , so we 
roay say that the cytoske le ton of macrophages i s  involved in 
this phenomenon .  

Dr PRAGER : Dr Ros zkowski ,  I h e l ieve your data  showed that 
after intratumoural inj ect ion of the hacteria  there was an 
increased con tent of macrophages in the tumour . How does 
this compare to  the natural h is tory of the t umour? 

Dr ROSZKOWSKI : The numher of macrophages is i ncreased as 
compared to nontreated tumours .  

Dr BASIC : Dr Ros zkowsk i , you have shown that C. parvum s t imu
lates haematopoietic  activity in mice suhmi t ted to whole-body 
irrad iation .  We have puhl ished work (Basic  and Mi las ( 1 9 7 9 ) . 

Eur. J. Cancer 15 , 9 0 1 -908) indicating that m ice t reated with 
c. parvum although having h igher CFU ac t iv i ty in thei r  hone 
marrow , h lood and spl een , are much more sens i t ive to whole
hody irradiation .  Have you any comment on these f indings? 

Dr ROSZKOWSKI : The result s  depend on experimental  des ign .  
In our experiments we  appl i ed propionibacteri a  after  i rradia
t ion . l t  seems logical that af ter p re treatment of animals  
with propionihacteria , one can induce s t imul a t ion of bone 
marrow and irradiation appl ied during proli fe rat ive response 
of hone marrow may lead even to a greater damage of this sys
tem. So I think that our data are cons i s ten t . 
Dr GOLDIN : Dr Bas i c ,  have you made compar i s ons wi th the Lewis 
lung system and your sys tem? 

Dr BAS IC : The growing characterist ics of thi s  tumour have 
not ye t been compared w i th those of the Lew i s  lung tumour . 
We hope to  he ahle to  do these comparat ive s tudies  pre t ty 
soon in col laborat i on with Professor Karrer f rom Vienna . 

Dr KONDO : Dr Bas ic , could you exp lain why OK-432 prevented 
the lung metastas i s  only when i t  was g iven intrap leural ly? 
Was there any speci f ic  h i s tological change? 
Dr BASIC : OK-432 was effective against lung metas tas i s  when 
given intrapleurally or in comhined i . v .  and intrap leural 
inj ect ions . Because of the l ack of OK-432 in our lahoratory , 
0 ther s tud ies have not h een done , including h istological 
studies of antimetastatic effects of OK-432 . 
Dr SINKOVIC : Dr Bas i c ,  what human tumour does your 
spontaneous rat anaplastic  carcinoma resemb l e  mos t ?  
have ari sen 1n  an ectopic mammary gland of  that  o ld 
Parous rat? 

system of 
Could  i t  

mul t i-

Dr BAS IC : The main and pr imary route of mannnary carcinoma in 
lllan is  hy way of the regional lymph node s  and t he main cause 
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of death i s  f rom haematogenous metas tases . In animals few 
tumours show both lyrnph node and b lood-borne metas tases . 
Whi le b lood-borne metas tases are frequent ly observed ,  lymph 
node metastases , i f  they occur , are seen only in a very low 
pe rcentage . Thi s  tumour , although having h i s tological charac 
teristics  o f  an anaplas t ic carcinoma, arose spontaneous ly in 
the area of a marnmary comp lex in an old mul t iparous rat . The 
possib i l i ty that i t  could have ar isen in an ectopic  marnmary 
gland i s  not excluded . Being of low antigenicity ,  spontaneou 
tumour and spreading in lymph nodes and sub sequently b lood , 
this tumour by this b ehaviour could mimic a human marrnnary 
tumour . 

I MMUNOSUPPRE S S I ON BY BACTE R I A  

John H .  Schwab and Dena L .  Toffalet t i  

Department af Bacteria lagy and Immuna lagy, 
University af Narth Cara lina Medical Sehaal, 

Chape l Hi l l ,  N. C. 2 7 514,  USA 

Numerous studies provide evidence that bacterial products can 
influence regulat ion of the immune system (Schwab , 1 9 7 5 ,  
1 9 7 7 ) . Furthermore , these products can b e  derived from bac
terial species which are part of the normal microf lora of  
animals or are in f requent associat ion wi th the host . We  
postulate that because animals and the ir microf lora have 
evolved toge ther in intimate association ,  the normal function
ing of the immune response rnay , in fac t ,  depend upon such 
exogenous irnrnunoregulators . 

Why has there been reluctance to accept this important b i o
logical concept which has been proposed and reproposed s ince 
the days of Pasteur? This can be large ly ascribed to the con
fus ion produced by s tudies on germ-free animals which con
cluded that the inunune response cou ld  be s t imulated , albei t  
somewhat s lower , i n  the absence o f  a microbial  f lora . How
ever ,  in almos t a l l  s tudies germ-free animals have been 
maintained on autoclaved ordinary diet  which contains l arge 
amounts of bacterial products and dead microorganisms . Thu s ,  
Wos tman e t  a l .  ( 1 9 70 )  have shown that b y  the cri teria of 
lymphoid tissue and haematopoie t ic maturat ion the development 
of germ-free mice fed an ordinary autoclaved d ie t  was s lower 
than convent ional animals ; but germ-free mice fed a water
soluble , f i l tered diet  developed even less  lymphoid and 
h�ematopoietic funct ion . lt is also pertinent that absorp
t1on acro ss the intestine is greater in germ-free animals , 
which would allow a greater effectiveness  of bacterial pro
ducts in the die t (Berg and Gar l ington, 1 980) . In addi t ion, �he ant igen used to assess  inunune response has usua l ly been 
lncorporated with a bac terial adjuvant such as comp le te 
Freund ' s  adj uvan t ;  or the animals were imrnunized with anti
gens such as bovine serum albumin which are f requently con
taminated with endotoxin or other bacterial p roducts . 
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A recent report by Mat t ingly e t  a l .  ( 1 9 79 ) provides s ome 
evidence to  suppor t  the concept  that the microf lora i s  re
quired for the effect ive regulat ion of the immune sys tem. 
They have shown that the normal microb ial f lora of the rat 
is  needed for the express ion of suppressor macrophage s in the 
sp leen . They demons trated that germ-free rats do not have 
act ive macrophage suppressor ce l l s , but  precursor ce l l s  can 
be activated by providing normal microf lora . They propose 
that suppress i on is mediated by prostaelandin secretion and 
that microb ial products  provide the s ignal to release the 
pros taglandin . Pab s t  et  a l .  ( 1 982)  have also concluded that 
human monocytes  require s timulation from the microb ial f lora 
in order to maintain a primed s tate for generation of oxygen 
metabol i tes . 

From thi s  perspective the phenomenon of bacterial-induced 
immunosuppress ion ref lects an exaggeration of the physiologi
cal role of bacterial p roducts  in  normal regu latory mechan
i sms . Sudden exposure to a large <lose of a bacterial product 
effecting immune regulation (Hunter et a l . , 1 9 8 1 )  or the 
accumulation of such products in the host  during chroni c  
infection (Bul lock e t  a l . , 1 9 7 8 ;  Katz e t  a l . , 1 9 7 9) appears 
to  confound the regu latory sys tem and leads to a variety of 
dysfunc tion s . Thi s  is  par ti cu larly apparent wi th poorly bio
degradabl e  bacterial products  such as the peptidoglycan-poly
saccharide complexes of the c e l l  wal l  (Schwab , 1 982 ) . 

Mos t subs tances which can enhance the immune response can 
also be shown to s uppress  the immune response wi th appropri
ate manipulation of <lose and t iming of inj ections . Thus all 

. . . , 
noncytotoxic potentiating or suppressive agents are modulator 
of  normal immune regulation (Schwab , 1 9 7 5 ) . Reports showing 
that immunomodulation by microorganisms i s  sub j ec t  to genetic 
control by the hos t add an exc i ting new parameter to  these 
s tudies  ( S taruch and Wood , 1 982 ) . 

This paper wi l l  .'b e  l imited to  an examination of immuno
suppress ion by  bacteria . Rather than cataloguing a l l  of the 
bacterial p roducts which have been described , the discussion 
i s  organized around some mechanisms of normal immunoregula
t i on which bacteria may affect and thereby cause depress ion 
of immune funct ions . Thi s  is not intended t o be an exhaus
t ive review of the l i terature on this  töpic . Rather , we wil l  
u s e  examples from o ther laborator i es and some of our own 
s tudies to  br ing to  your attention s ome speculations on pos
sible  methods by which bacteria suppress immuni ty .  

IMMUNOSUPPRESSION BY BACTERIA 

1 . SUPPRE S S I ON BY STI MULAT ION OF MACROPHAGE AND/OR 

T-SUPPRESSOR CELLS 

1 8 7  

F igure 1 i s  a mode l o f  macrophage-lymphocyte interact ions 
which indicates how a var ie ty of bacteria or thei r  product s  
may influence the regul ation of thi s  sys tem .  Macrophages can 
be s t imulated directly or through act ivat ion of the al ternate 
comp lement pathway by products such as lipopolysachharide 
(LPS) , pept idoglycan , or synthe tic  muramyl d ipep tide (MDP ) . 
Act ivated macrophages can secrete interleukin- 1 ( IL- 1 )  wh ich 
activates T-lymphocytes (Mizel et a l . , 1 9 78 ) . Alternative ly , 
macrophages can be act ivated to secrete prostaglandins or 
oxygen metabol i tes  which suppress T- lymphocyte activ i ty 
(El lner and Spagnuolo , 1 9 79 ;  Mat tingly et a l . , 1 9 79 ;  Orme and 
Shand , 1 98 1 ; Pab s t  and Johns ton , 1 980) . The f i r s t  obvious 
quest ion is what determines which manifes tation of macrophage 
activation w i l l  p redominate? The se cond ques t ion i s  whe ther 
this i s  accomp lished by effect ing the balance of  regulatory 
T-ce l l s ,  that i s , a se lective activation of  Ts or TH? Dos e ,  
route o f  inj ec tion , and phys ical s tate of  the bac terial agent  
(part iculate or soluble ) , as  we l l  as host genet i c  background 
are a l l  important  variables  (Neta and Salvin ,  1 9 7 9 ; Turcot te ,  
19 8 1 ; Dz iarski , 1 9 7 9 ) . Interes t ing observations by Ishi zaka 
and coworkers indicate that the nature of the bac terial acti
vating agent can have a deciding role (Hirashima et  a l .  , 
1 9 8 1 a  and b ) . These reports show that BoPde te l la pePtussis 
vacc ine or comp l e te Freund ' s  adj uvant (CFA) act ivate rat 
macrophages to release an IgE inducer fac tor which s t imulates 
T-cel l s  to release an IgE b inding fact or . However , a sub
populat ion of T-ce l l s  mus t  also be s t imulated by B.  pePtussis 
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to produce a solub l e  factor which fac i l i tates the ß lycosy la
t ion of IgE binding fac tor ,  which in turn , resul ts in the 
forrnation of IgE potentiating factor . If the T-ce l l  subset  
i s  s t imulated by CFA , however ,  so lub l e  factors are produced 
which prevent glycosylation of the IgE b inding factor and 
resu l t  in forrnation of an IgE suppress ive f ac tor . The sup
press ive effec t s  of CFA on IgE response may be ascribed to 
the mycoloyl-muramyl d ipeptide according to the report s  of 
Kishimoto et a l . , 1 9 76 ,  1 9 7 9 ) . In any event , i t  i s  clear 
that different bac terial product s  have unique effects upon 
the lymphoid ce l l s  wi th which they interact .  

Also i l lus trated in F i g .  1 ,  bacterial products  can effect 
regulation through mechanisms no t invo lving the macrophage . 
Lipopolysaccharide and cholera toxin (CT )  can act ivate adenyl 
cyclase in T-ce l l s  and the resultant e levation of cyc lic  
nucleotides suppresses secretion and effector funct ion of  
cytotoxic T-ce l l s  (Henney et  a l . , 1 97 3 ) . Bac i l le Calmette  
Guerin (BCG) can enhance a l l  of  these responses to LPS 
(Rosenstrei ch and Vogel , 1 98 1 ) .  Lymphocytosis  promoting fac
tor (LPF) from B. pertussis (Ho et a l . , 1 980) and s trepto
coccal pyrogenic exotoxin ( SPE ; Schli evert , 1 980) can act 
d irect ly on T-lyrnphocytes  to s t imulate T-cel l  suppressor (Ts) 
act1v1ty . LPS (Uchiyama and Jacob s , 1 9 7 8 ;  Pers son , 1 9 7 7 ) , 
and a product associa ted wi th the cytoplasmic membrane of 
group A s t reptococci  ( SM ;  Schwab e t  a l . , 1 9 8 1 )  can act 
directly on B-ce l l s  to suppress immune func tion . 

Of part icular intere s t  i s  the p rolonged irnrnunosuppres sion 
as sociated w i th chronic  infect ions , of  mice or humans , in 
which l arge amounts  of  bac terial debri s  accumulat e .  Thi s  
f requently resul ts in specif ic  anergy as we l l  a s  nonspecific 
suppress ion of  T-ce l l  response to  other antigens and mitogens 
Suppress ion induced by mycobac terial infections has b een 
ascribed to Ts ce l l s  (Katz  et a l . , 1 9 7 9 ; Bul lock et a l . , 
Wat son and Goll  ins , 1-9 8 1 )  or macrophage suppres sor ce l l s  
(Kl impe l  and Henney , 1 9 78 )  o r  both (Turco t te ,  1 98 1 ) .  

Collins and Wat son ( 1 97 9 )  showed that mice infected by 
intravenous inj ection of a l arge number of Mycobacterium bovi 
(BCG) organisms deve loped spec i f ic anergy to PPD both by in 
vitro ( 3 H-thyrnidine incorporat i on) and in vivo ( foo tpad 
swe l l ing) assays . Nonspec i f ic response to PHA was also  sup
pressed . Suppress ion was due to  a Ts c e l l , f i r s t  demons t rabl 
at 1 4  days . By 4 months suppressor activ i ty had disappeared. 
These  authors also reported that Mycobacterium avium infec
t i on of  mice induced Ts ce l l s  (Watson and Col l ins , 1 9 8 1 ) .  
Turco t te ( 1 9 8 1 )  has confirmed the reports  by Neta and Salvin 
( 1 9 7 9 )  that both macrophage suppres sor cel l s  and T-suppres sor 
ce l l s  coex i s t  in the spleens of mice . Both develop early in 
infection and pers i s t  for at least 40 days . Jyonouchi e t  a l .  
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( 1 9 8 1 )  have shown that in mice inj ected wi th C. parvum (0 . 1 
mg i . p . )  B-cel l  deve lopment in the bone marrow was inh ibi ted 
by an adherent suppressor ce l l ,  apparent ly med iated by pro
duction of  pros tagland ins . Complete  Freund ' s  adjuvant can 
also induce a suppres s ion of ce l l  med iated irnrnuni ty if i t  i s  
inj ec ted before ant igen (Asherson , 1 9 7 7 ) . 

I t  seems probab le that mo s t  bacterial agents evoke an 
increase in  nonspecific  Ts through an inf luence upon macro
phage funct ion , rather than direc t ly effecting the balance of 
T-ce l l  subpopulations . l t  i s  pertinent to note here the 
stud ies of Benacerraf and Gerrnain ( 1 9 7 9 )  def ining the IR gene 
control of the response of re sponder and nonresponder mice to 
a synthe t ic peptide . The maj or difference be tween these 
s trains i s  the balance of Ts and TH cel l s ,  which is de termined 
by the inab i l i ty  of macrophages from nonresponder mice to  
present an tigen in a way which can effectively s t imulate TH 
cel l s .  The resul t i s  an increase in the balance of Ts cel l s .  
From this  we can speculate that the evokat i on o f  Ts by bac
teria could be due to interference wi th essential ant igen 
presentation by macrophages ,  as wel l  as to secretion of med i
ators such as prostaglandin  E2 and oxygen me tabol i te s . 

Current s tudies in our laboratory suggest that in the rat 
the extended suppression c f  c e l l  med iated irnrnunity ,  induced 
with e i ther chronic infect ion or CFA , might be ascribed to 
the persi s tent peptidoglycan-polysaccharide comp lexes derived 
from the bacterial ce l l  wal l (Hunter et a l . , 1 980) . Suppres
sion induced with purif ied c e l l  wal l  has features similar to 
that induced wi th infection or CFA , but has the advantage of 
ut i l iz ing a wel l  def ined , pur i f i ed component of the bacterium 
and thus can be more prec i sely s tudied . In our model ,  anergy 
to pep tidoglycan is induced by inj ection of c e l l  wal l  i solated 
from group A s treptococci .  Anergy for pept idoglycan is dose 
related , and becomes apparent at 6 days wi th high <loses and 
by 2 to 3 weeks with lower <loses . Thi s  specific  depres s ion 
of T-cel l  funct ion per s i s t s  for at l east  90 days . A non
spec if ic suppres s ion of T-cel l  funct ion , measured by in vitro 
S t imulat ion of lyrnph node ce l l s  wi th PHA , i s  also observed 
b�t thi s response returns to normal by 30 days af ter inj ec
t1on of ce l l  wal l . Suppres s ion of thi s model requires adher
ent cel l s  (Regan and Schwab , unpub l i shed ) . 

I I .  SUPPRESS ION BY INTERACT I ON WITH PRODUCTS OF THE 

MAJOR H I STOCOMPAT I B I L ITY COMPLEX (MHC) ON CELL MEMBRANES 

El lner and Spagnuolo ( 1 9 7 9 )  indicated that treatment of human 
monocytes wi th LPS induced suppression of T-cel l  proliferation 
and this was ascribed to secretion of pros taglandin E2 . Yem 
and Parme ly ( 1 98 1 )  a l so  observed suppression of T-ce l l  res
Ponse to ant igen s t imulation associated with LPS ac t ivat ion 
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of macrophages . However ,  they could not demonstrate a sup
pres s ive factor or suppress ive ce l l s .  They proposed that thi 
was because they used fewer macrophages in their cultures . 
Of greater interes t ,  Yem and Parmely went on to demons trate 
that LPS or zymosan A treatment of human monocytes resul ted 
in a s ignificant reduc t ion in the proportion of Ia+ cel l s .  
S ince i t  i s  hypothes i zed (Benacerraf , 1 98 1 )  that the presenta 
t ion of ant igen to T-cel l s  requires the interact ion of anti
gen with Ia glycoprotein on the surface of macrophages ,  Yem 
and Parmely ( 1 98 1 )  proposed the interes ting idea that micro
bial p roducts  in the host microenvironment ,  such as LPS and 
zymosan , can suppress  specific  immune responses by inter
fering in this  way with Ia expression .  

Other s tudies (Geczy e t  a l . , 1 980 ; Edmonds e t  a l . , 1 9 8 1 )  
have also presented evidence that a bacterial factor can 
modify an MHC product . In this  system a component in cul ture 
f i l trates of Klebsie l la pnewnoniae , K43 wi l l  b ind to human 
peripheral b lood lymphocytes from healthy individuals  (wi th
out ankylosing spondyl i t i s )  that are HLA-B2 7 pos i t ive . As so
ciation with the B-2 7  gene product  is detected by lys is of 
lymphocytes by anti-K43 serum after incubation of cel l s  with 
Kleb s ie l la K43 cul ture f i l trate . This appears to be a 
specific  property of  the K43 s train . Unfortunately , o thers 
have failed to  confirm this observation (Archer ,  1 9 8 1 ) .  

Another e f  fect  on Ia molecules has been described by 
Parish  and colleagues ( 1 9 79 ) . They reported that the level 
of solub le Ia in serum can be modif ied by microbial infec
tions . Thus , se cretion of Ia by activated T-ce l l s  can be 
f i r s t  s timulated and then suppressed by LCM virus . Lis teria 
monocytogenes infect ion suppressed Ia leve l s ,  whereas Bru
ce l la abortus enhanced soluble  Ia in serum. 

Kronval l  e t  a l .  ( 1 9 7 8 ) , Bj orck e t  a l .  ( 1 98 1 )  and Schonbeck 
et a l .  ( 1 98 1 )  have described b inding of surface protein s truc 
tures on group A, B, ·, c ,  and G s trep tococci to another mole
cule associated with human MHC product s . They reported 
receptor s tructures on these bacteria for ß-2 microglobulin,  
a l ight chain peptide of  c lass I his tocompatib i l ity antigens . 

Taken togethe r ,  these reports support the concept that 
some bacterial products  may suppress  a spec i f ic immune res
ponse at the l evel of  IR gene control by nonspecifically 
b inding to an MHC product thereby b l ock ing the appropr iate 
interact ion with antigen . 

I I I .  SUPPRESSION BY ACT I VATION OF COMPLEMENT 

According to  Pepys ( 1 9 7 6 )  C3 i s  necessary and sufficient for 
locali zation of antigen in f o l lic les . Af ter treatment of 
mice with cobra venom factor (CVF ) Pepys showed a suppression 
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of T-dependen t  antibody response , par ticularly IgG . Klaus 
and Humphrey ( 1 9 7 7 )  demonstrated that the predominant effect  
of COF treatment on the immune response of  mice to DNP-KLH 
was to abrogate development of  B-cel l  memory . C 3  is invo lved 
in the b inding of antigen on dendrit ic  ce l l s  and is important  
for devel opment of B memory ce l l s .  Rombal l e t  a l .  ( 1 980) 
also showed that C3 i s  essential  for ant igen localization in 
fol licles . They further showed that the primary T-depen<lent 
response of rabbi t s  to aggregated  human gamma g lobulin was 
not affected by COF treatment but  the secondary IgG response 
was suppressed . 

Evidence for the regulatory role of C 3  i s  important in 
this discuss ion because numerous bacterial products  can acti
vate the al ternate complement pathway and thus could modulate 
immune responses by this mechanism. Our s tudies have shown 
that peptidoglycan i solated from group A s treptococcal cell  
wall s  i s  an extremely potent  ac t ivator of  the  al ternate com
plement pathway (Greenblat t  e t  a l . , 1 9 78 ) . Inj ec t ion of the 
s trep tococcal cel l  wall fragments  into rats induces a pro
found decrease in b lood comp lement act iv i ty over the f ir s t  
24 h ,  comparable to  that obtained with COF treatment (Lambris  
et a l . ,  1 982 ; Schwab e t  a l . , 1 9 82 ) . Thu s ,  suppression of 
some T-<lependent ant ibody responses by prior inj ection of 
bacterial vaccines or products  s uch as peptidoglycan , LPS ,  or 
cell wall  preparations may involve depression of C3 leve l s . 
An equally  important effect  coul d  b e  the depres s ion of fol li
cular localization and suppres s ion o f  secondary responses .  
In our laboratory we have observed a selective reduction of 
lgG antibody response to ce l l  wall polysaccharide and peptido
glycan hap tens upon secondary inj ec t ion of c e l l  wall frag
ments (E sser  and S chwab , in preparation ) . 

l t  has b een proposed that C 3  can provide the second s ignal 
for ant igen s t imulated B-cel ls (Dukor et a l . , 1 9 74 ) . l t  i s  
also conce ivab le that activat ion of  C3 , by inj ec t ion o f  acti
vators of the alternate complement pathway , may initiate B
ce ll  s t imulat ion by react ion with  C3 recep tor .  In the absence 
of specific antigen the c lone would fail to differentiate to 
antibody forming cel l s .  This could generate tolerant B
lymphocyte c lone s .  

IV . SUPPRESS ION THROUGH INTE RACT I ON WITH B- LYMPHOCYTES 

:revious �eports have described immunosuppress ive ac t ivi ty 
l�duced with extracts  o f  group A s treptococci .  Inj ec tion of 
mi�e 24 h before sheep red b lood ce l l  antigen suppresses 
Primary and secondary IgG and IgM p laque forrning c e l l s  
(Malakian and S chwab , 1 9 68 ; 1 9 7 1 ) ,  while the delayed hyper
sens itivi ty response is enhanced (Tof fale t t i  and Schwab , 
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1 9 79) . Thi s  activity is associated with cytoplasmic membrane 
isolated from osmo tically d i srup ted protoplas ts  ( Schwab e t  aZ  
1 9 8 1 ) .  

Recent s tudies have shown that inj ection of  mice with pre
parations of group A s treptococcal membranes preferentially 
suppresses mi togenic responses of B-ce l l s  (Toffale t t i  and 
Schwab , 1 9 79) . Only the bone marrow ce l l s  s t imulated by dex 
tran sulfate are suppressed , sugges t ing that membranes prefe 
ential ly affect immature B-cel l s .  I n  contrast ,  T-ce l l  mi to
genic  responses are una l tered or somet imes enhanced .  The 
add i t ion of membranes in vitro to cel l  cul tures suppresses 
the pro l i ferative response of  bone marrow and spleen cel l s  t 
dextran sulfate (DS) or l ipopolysaccharide ( LPS ) ,  but the DS 
response of bone marrow cultures are the mos t  suscept ib l e .  
Thi s  suppress ion i s  not mediated b y  adherent cel l s  o r  Thy- 1 
bearing ce l l s  (Toffal e t t i  and Schwab , 1 9 79 ) . 

The s tudies we present here show that dialysed and 
supernatants from bone marrow cell  culture s ,  exposed to  mem
brane preparat ions in vitro , selectively suppres s  the 
of bone marrow ce l l s  to DS . 

One mil l ion bone rnarrow ce l l s  from male A/J mice 7 to  1 0  
weeks old were cul tured in  f lat-bottomed microti tre plates 
with a suppress ive dose of  s trep tococcal membranes ( 25  µg )  i 
the presence or absence of  20 µg OS . The total volume o f  th 
cul ture was 200 µ l . Fol lowing a 40 h incubat ion period in a 
humidif  ied 5%  C02 in 95% air a tmosphere a t  37°C ,  the culture 
were centrifuged for 20 min at 1 000 X g and the ir superna
tants  col lected and pooled into 2 group s ,  (+ ) DS and ( - )  OS .  
After centrifugat ion at 37 ,000 x g for 30 min to remove 
s treptococcal membranes ,  the supernatants  were f i l tered 
through a 0 . 22 µm Arnicon f i l te r .  One half o f  the (+ ) DS  and 
( - )  DS supernatants  were dialysed against RPMI- 1 640 medium 
( suppl emented with , per ml : 5 %  heat-inact ivated foetal calf 
serum, 2 rnrnoles " 1 -glutamine , and 1 00 µg  gentamucin sulfate 
reagent ) for 24 h wi th 4 changes of  medium. E i ther 1 0  µ l  ( 5  
or 1 00 µ l  ( 50%) of  the nondialysed and dialysed supernatants  
were tested for the ir  effect  upon de novo DS s t imulated bone 
marrow cel l s  and for their effect  upon LPS , PHA , and Con A 
s t imulated spleen cel l s .  The total volume of  the tes t  cul
tures was 200 µ l ,  thus 1 0  µ l  or 1 00 µ l  of supernatants com
prised 5 %  or 50% of  the de novo cultures . Supernatants  
derived from bone marrow ce l l  cul tures not exposed to  s trept 
coccal membranes served as controls .  

Supernatants derived from bone marrow ce l l s  cultured with 
s treptococcal membranes (M) suppressed the net response of 
bone marrow cells  to DS by 9 3% ,  at a l evel of s ignificance o 
P<0 . 00 1 , when compared to control (C )  supernatants ( F ig . 2a) 
This suppression was greater with the h igher concentrat i on o 
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of supernatant s ( 1 00 µ l ,  50% ) . I n  add i t ion ,  nei ther the p re
sence nor absence of  DS in cul tures which produced the super
natants had any s ignificant effect  upon the capac i ty to sup
press the de novo DS response (Fig . 2 a , b ) . Act iv i ty was s t i l l  
present af ter dialys is  and d i lution o f  the supernatants (Fig .  
2c , d ) .  

As seen in  F ig .  3-5 ( a , b )  s t imulation of  spleen ce l l s  by 
LPS ,  PHA , or Con A was suppres sed by nond ialysed supernatants  
derived from bone marrow ce l l s  cultured with s treptococcal 
membranes . Suppression of  the LPS and PHA responses was 
grea ter at the higher concentration of supernatants  and sup
pression of the Con A response occurred only wi th the higher 
concentrat ion of  supernatant s .  Again , the presence or 
absence of  DS in cul tures which produced the supernatants had 
no s ißnificant effect  upon abi l i ty to suppress mi togenic res
ponses . After d ialysis of  these supernatan t s ,  suppres s ion of 
LPS ,  PHA , and Con A responsive ce l l s  was s t i l l  detected wi th 
the higher concentration of  supernatant but not with d i lu ted 
supernatants  (Figs . 3-5 , c , d) . 

These f ind ings indicate that suppression of the response 
to DS may be due to the generation of  suppressor mediators 
induced by s treptococcal membranes . Exposure of  bone marrow 
ce l ls  to membranes in culture resu l t s  in the generation of a 
nondialysab l e  suppre ssor molecule that selec t ively  depres ses 
the response of  bone marrow ce l l s  to DS . The specif ici ty  for 
the DS s t imulated ce l l s  is apparent only wi th d i lut ion of the 
dialysed supernatants .  Both B-cel l  (DS and LPS )  and T-cel l  
(PHA and Con A) mitogenic responses can b e  reduced by e i ther 
dialysed or nondialysed supernatants  used at  the h igher con
centrat ion . Thi s  suggests  tha t ,  in addi tion to the selective 
suppression of DS-respons ive bone marrow cel l s , there are 
factors in the supernatants that depress o ther mi togen-respon
sive ce l l  populations . 

The nonsuscept ib i l i ty of  T-cel l  mitogenic responses to the 
suppressive act iv i ty of the d i lu ted and d ialysed supernatants 
is cons i s tent wi th the ear lier  f inding that s treptococcal mem
branes have no effect  in vitro upon the response of lympho
cyte s s t imulated w i th opt imal <loses of PHA or Con A (Toffa
lett i  and Schwab , 1 9 7 9 ) . 

Production of  the postulated suppressor mediator is  not a 
general response of s t imulated ce l l s ,  s ince supernatants  from DS s t imulated control cultures only marginal ly reduce the 
responses to mitogens . The poss ib i l i ty of a d iges ted product 
of the s treptococcal membrane , not removed by centrifugation 
and f i l tration,  being the act ive component in  the supernatants  cannot be excluded .  Isolation o f  the nondialysab l e  suppressor molecule should resolve whe ther i t  i s  a component 
of s treptococcal membranes or bone marrow cel l s .  
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The ce l l  that p roduce s the suppress ive fac tor i s  probab ly 
not an adherent ce l l  or a T-ce l l .  These conc lus ions s tem 
f rom a previous report demonstrating that suppress ion of B
ce l l  mitogenic responses by membranes in vitro is not med iated 
by adherent ce l l s  or Thy- 1 bearing ce l l s  (Toffalet t i  and 
Schwab , 1 9 7 9 ) . We specu late that the c e l l s  producing the 
suppressor med iato r ( s )  are a subpopulation of immature B
cel l s . Persson ( 1 9 7 7 )  has reported that LPS activates sup
pressor B-ce l l s  in the spleen which inhibit  antibody formation 
against a T-dependent ant igen .  Other s tudies have imp licated 
the existence of suppressor B-ce l l s  (Asherson , 1 9 7 7 ;  Neta and 
Salvin, 1 9 7 9 ) . 

V .  CONCLUS ION 

Numerous bacterial products  interact wi th regulatory c e l l s  or 
so lub le components  of the immune sys tem and modify the immune 
response . Such exogenous modulators func t ion through a 
variety of  mechanisms . Thus , the microbial environment o f  
the body i s  an importan t  determinant i n  the relationship o f  
the hos t  and deve loping tumour .  This microbial influence can 
undergo trans ient and sub tle  changes which could shif t the 
relationship if i t  were coincident with an oncogenic even t .  
Therefore ,  immune dys function induced by bacterial products  
or pers i s tent bacterial debri s  is  a variable which mus t  be 
included in the analys i s  of carcinogene s i s .  

V .  SUMMARY 

1 .  Pers i s tent , poorly b iodegradable  peptidoglycan-polysaccha
r ide polymers der ived from bac terial ce l l  wall s  can induce 
prolonged immune dysfunc t ion . Thi s  may be the bas i s  of 
anergy observed in a variety of chronic  infect ions or with 
agent s  such as G. parvum and BCG vaccines . 

2 .  The dysfunc t ion can be manifested as spec i f ic anergy of 
ce l l  mediated immuni ty ,  and as a more tran sient nonspeci
f ic depress ion of T-ce l l  response to mitogens . The dys
function requires adherent ce l l s .  

3 .  The alternate complement pathway can b e  activated by 
seve ral bacterial s truc tures ;  among the mos t potent of 
these i s  pept idoglycan . Since comp lement components par
ticipate i n  many immunoregulatory s teps ,  thi s  could be an 
important mechanism by which bacteria modulate the immune 
response . 

4 .  Another immunomodulat ing factor , associated with the cyto
plasmic membrane of  group A s treptococci ,  can selectively 

IMMUNOSUPPRESSION BY BACTERIA 1 99 

suppres s  B-ce l l  responses , wh i l e  enhancing certain T-cel l  
funct ions . Th i s  can be measured as suppres sion of ant i
body formation and as suppression of response of  immature 
B-ce l l s  to  the mitogen , dextran sulfate . The suppres s ion 
of B-ce l l s  may be med iated by a s olub le fac tor found in  
the cu l ture medium of bone marrow ce l l s  exposed i n  vitro 
to the s treptococcal membrane material . 

5 .  Some bacterial factors may suppress immune responses by 
interact i on wi th MHC gene products and thereby interfere 
wi th appropriate presentat ion of antigen to ant igen-recog
niz ing lymphocytes . 
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I .  INTRODUCTION 

Considerab le p rogress has been made in var ious approaches to  
tumour innnunotherapy (Baldwin , 1 980 ) and in  considering the 
agents being developed for thi s  purpose it is evident that 
bacterial p reparations , par t icular ly BCG and C. paI'Vum have 
proven to be effec tive in many animal tumour sys tems (Baldwin 
and Pimm, 1 9 78 ;  Milas and Sco t t ,  1 9 7 7 ) . But these vaccines 
have not been very effective , if at all , when used clinical ly 
agains t a range of tumours (Goodnight and Mor ton , 1 9 7 8 ;  Terry 
and Windhors t ,  1 9 78) . This has led to the development of 
synthe tic innnunomodulating agents such as  muramyl dipeptide 
(Parant , 1 980) and more recent ly to the use of fac tors such 
as interferon (Bi l l iau , 1 98 1 )  for innnunotherapy . 

l t  i s  argued that bacterial p reparat ions as we l l  as the 
more recent ly deve loped synthetic agents funct i on through the 
stimulat ion of ac t ivated rnacrophages and/or natural ki l ler 
(NK) ce l l s  (Baldwin and Byers , 1 980) . There is as yet , how
ever ,  l i t t l e  understanding as t o  how these effector ce l l s  
funct ion in med iat ing turnour rej ection as  d i s tinct from thei r  
in vitI'o effects upon cul tured tumour c e l l s .  Related to this  
the ro le of  sens i t i zed T-lyrnphocyte s ,  i f  any , in  macrophage 
and/or NK ce l l  rnediated responses has not b een resolved . 
These interactions have been inves t igated in the present 
s tudies which evaluate the therapeutic effec tiveness  of BCG 
and C. paI'Vum on the growth of transplanted rat tumours 
derived initial ly from naturally ar is ing rnannnary adenocarci
nomas . These s tudies  are concerned principally with the 
capacity of  the bacterial p reparat ions to  produce tumour 
re ject ion when inj ected together with the tumour ce l l s  and 
how this regional innnunotherapy can be enhanced by the 
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s irnul taneous generat ion of  a local de layed type hypersensi t i
vity response to nonturnour antigen s .  

I I . RESULTS 

The 3 rnarnrnary carcinornas selected for the se s tudies arose 
naturally in the WAB/Not inb red rat s train. One of  these 
turnours Sp4 i s  irnrnunogenic so that res i s tance to turnour chall
enge can be induced in rats preirnrnunized wi th turnour cel l s  
prevented frorn progressive growth i n  various ways . This 
inc ludes total resect ion of a develop ing turnour graf t or 
irnrnunizat ion with y-radiat ion attenuated cel l s ,  especial ly 
when adrninistered in conj unction with bacterial irnrnunos t irnu
lant s  such as BCG or C. parvum (Baldwin and Ernb le ton ,  1 969 ; 
P irnrn e t  a l . , 1 9 78a ; Willrno t t  et  a l . , 1 9 7 9 ) . However ,  the 
rnost effective irnrnuniz ing protocol has proved to be the 
inoculation of viab l e  rnarnrnary carc inorna Sp4 ce l l s  in adrnixture 
with BCG or  C. paPVum under condi t ions where growth o f  the 
irnrnunizing inoculurn is p revented . The irnrnune response e l ic i
ted by this rneans i s  suff ic ient to p roduce rejection of a 
challenge with ( 2  x 1 05 ) Sp4 ce l l s  in pre irnrnunized rats .  
Moreover , as shown in Tab le 1 ,  treatrnent wi th Sp4 turnour cells  
adrnixed with BCG or  C. parvum e li c i t s  a sys ternic turnour 
irnrnuni ty so that a contralateral chal lenge with Sp4 ce l l s  i s  
rejected . 

In contrad i s t inct ion to the f indings with turnour Sp4 , the 
2 o ther rnarnrnary carcinornas Sp l S  and Sp22 have no , or only 
marginal , irnrnunogenici ty .  For exarnp l e ,  rats treated with y
irradiated turnour Sp l S  ce l l s  admixed with e i ther BCG or C. 
paPvum d id no t rej ec t  a subsequent cha l lenge with a <lose of  
viable  Sp l S  cel l s  ( 1 0 3 ) which was ju s t  suff ic ient to produce 
progress ive growth in untreated control s . Irnrnunity  could be 
induced to rnammary carcinorna Sp22 fol lowing irnrnunization wi th 
vaccine containing·· irradiated turnour cel l s and e i ther BCG or 
C. parvum , but this was not very sub s tantial and was inade
quate in producing consis tent systernic irrnnunity (Table 1 ) .  

A .  Regional I mmunotherapy 

Previous s tudies with carcinogen-induced rat turnours includ
ing 3-rnethyl cholanthrene-induced sarcornas and arninoazo dye
induced hepatornas (Baldwin and P irrnn , 1 9 7 3 ;  P irnrn and Baldwin ,  
1 9 7 7 )  have dernons trated tha t bacterial vaccines adrnini stered 
toge ther with turnour cells  suppress turnour growth . Thi s  
adj uvant contact suppres s ion or  " regional inununo therapy" has 
been ascribed to nonspec if ic  hos t responses e l i c i ted by the 
bacterial p reparations , but the role of effector cel l s  includ
ing rnacrophages and natural k i l ler (NK) cel l s  has not been 
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TABLE 2 
Inhibition of gPowth of Pat rrarrmaPy capcinoma ce l ls 

injected subcutaneously in admixtUI'e with BCG OI' C .  parvum 

Marrnnary No . tumour 
carci:-10ma cel l s  c. 

Sp4 5 X 1 0 4 
l X 1 0 5 
5 X 1 05 

Sp l 5  l X 1 0 3 
2 X 1 04 

X 1 0 5 

Sp22 1 X 1 0 3 
2 X 1 04 

X 1 0 5 

i c. paroum Wel lcome CN6 l 34 ( 1 00 2BCG Glaxo Percu taneous ( l 00 µg 

Tumour 
ce l l s  

paPVum 1 

0/5  
2 /  I l 

2 / 6  
1 l / 1 2  

0 /5  
1 0 / 1 2  

inc idence from 
inj ec ted with 

BCG2 Control 

0 / 5  4 / 5  
3 / 5  4 / 4  
3 / 5  l l / I 1 
2 / 1 4  8/ 1 2  
6 /6  7 / 7  

1 2 / 1 2  1 3 / l 3 
1 0 / 1 0  1 0 / 1 0  
6 /6 5 / 5  

1 2 / 1 2  1 l / I l 

µg dry weigh t ) ; 
dry we igh t ) . 

Tumour ce l l s  prepared as described in  Table  1 were mixed 
wi th bacterial suspens ions immediately before inj ec tion and 
tumour takes scored af ter 30 to 40 day s .  Control rats were 
inj ec ted with tumour ce l l s  alone.  

e lucidated . Moreover ,  the role of T-ce l l s  is not c lear 
al though previous s tudies showing that BCG or C. paroum

'
wi l l  

suppress tumour growth in athymic mice indicate that a T-
ce 1 1  response i s  not obl igatory (P imm and Baldwin ,  1 9 75 , 1 9 76) 
These factors have been further analysed in the p resent 
s tudies by comparing the capacity of  BCG and C. paPvum to 
suppress growth of  mammary carcinomas Sp4 , Sp l 5  and Sp22 in 
normal irrnnunocompe tent rats (Tab le 2 ) . These s tudies show 
�ha� C. paPVum can suppress growth of al l  3 tumours , al though 
1 t  1 s  clearly mos t  effective against tumour Sp4 where chall
enges with up to 5 x 1 05 tumour ce l l s  are rejected . In com
pari son the maximum challenge <loses of  tumours Sp l 5  and Sp22 
suppressed by C. paPVum was 2 x 1 04 ce l l s . Inj ection of BCG 
toge ther with tumour Sp4 ce l l s  also controlled growth of 
thi s  tumour but chal lenge s wi th 1 or 5 x 1 0 5 Sp4 ce l l s  were 
only par t ia l ly control led .  But in comparison , BCG was 
almos t  comp letely ineffective in suppre ss ing growth of mam
mary carcinomas Sp l 5  and Sp2 2 .  
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In comparing the data derived f rom studies upon the ef fect 
of BCG or C. paPvum on growth of marrnnary tumours (Table 2)  i t  
i s evident that the most  pronounced response was achieved with 
tumour Sp4 which , as shown by the data in Table l ,  is immuno
genic . Thi s  sugges t s  that the effects  e l ic i ted in the local 
environment of tumours by  BCG or C. paPVum may be ac t ing 
synergist ica l ly with host  responses to the tumour . S ince it 
has been estab l i shed that sen s i t ized lymphocytes ,  but not 
serum antibody , can transfer immunity to tumour Sp4 (Baldwin 
and Emb leton , 1 969 ) , one possib i l i ty is that sens i t i zed T
cel l s are involved in this synergis tic  response . But the 
funct ion of these sens i t ized cel l s  is not clear s ince the 
role of cytotoxic T-cel l s  in tumour rej ection has been brought 
into ques tion (Baldwi n ,  1 982 ) . Thi s  i s  i l lustrated by the 
analysis  of effector cel l s  invo lved in the rejection of 
Moloney sarcoma virus-induced rat tumours (Fernandez-Cruz e t  
al . , 1 9 80) . Expansion of  spleen cel l s  from rats in  which the 
tumour had regressed by culturing them together with Mitomy
cin C-inactiva ted tumour ce l l s  generated a population which 
when inj ected intravenous ly produced tumour rejection . Frac
tionation of these s t imulated spleen cel l s  in a f l uorescence 
activated cel l  sorter fol lowing reaction wi th ant i -rat T-ce l l  
monoclonal antibody W3/25  yielded a subset  (W3 / 2 5  pos i t ive) 
which was poorly cytotoxic in vitPo , but neverthele s s  in
duced tumour rej e c tion when transferred to tumour-bearing 
rat s .  Converse l y ,  the W3 / 2 5  negative subset  o f  splenic 
lymphocytes was cytotoxic in vitPo but ineffective for trans
ferring tumour immun i ty .  In relation to the se  s tud ies , i t  
has been shown tha t  lymphocytes inf i l trating a transp lanted 
rat sarcoma Mc7 (TIL) are h ighly effec t ive in suppre s s ing 
tumour growth (Robins et a l . , 1 9 79 ) . For examp l e ,  inj ec tion 
of sarcoma Mc7 c e l l : TIL/mixtures in ratios as low as 1 : 6  
completely suppres sed tumour growth .  Effector cel l s  derived 
�r�m lymph nodes of turnour-immune rats normal ly have to be 
lnJ ected in much h igher ratios ( 1  : 200)  to achieve a compar
ab le tumour rej ection respon s e .  When , however , Mc7-TIL were 
analysed for cytotoxic i ty for sarcoma Mc7 ce l l s  in cul ture 
they did  not d i sp lay spec i f ici ty and the response was not 

' 

markedly bet ter  than that of normal splenic lymphocytes  which 
do not suppress the in vivo growth of  tumours (Flannery e t  
a l . , 1 9 8 1 ) .  

These s tudies  sugges t  that one population of  T-cel l s  
arising fol lowing sen s i t i zation t o  immunogenic tumours such 
as mammary carc inoma Sp4 may funct ion as "helper-l ike" cel l s  
Promoting nonspec i f i c  effector ce l l s  such a s  NK cel l s  and 
m�crophages .  Thi s  postulate has considerable imp l i cations 
s ince i t  sugges t s  that tumour rej ection may be enhanced 
through the promot ion of local T-ce l l  responses to irrelevant 
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TABLE 3 

Inhibition of marrmary carcinomas by BCG 
�n BCG-sensitized rats 

Tumour incidence in 
rats receiving : 

Marnrnary BCG Tumour c e l l  Tumour Tumour cells  
carcinoma sensi t ization 1 chal lenge2 ce l ls + BCG3 

Sp l 5  + ] X 1 0 3 1 4 / 1 4  0 /  1 4  
Sp 1 5  1 X 1 0 3 9 / 1 4  8/ 1 4  
Sp l 5  + 2 X 1 0 3 1 2 / 1 2  1 / 1 4  
Sp l 5  2 X 1 0 3 1 4 / 1 4  1 2 / 1 4  
Sp l 5  + 5 X 1 0 3 1 2 / 1 2  1 / 1 4  
Sp l 5  5 X 1 0 3 1 4 / 1 4  1 2 / 1 4  
Sp22 + 2 X 1 0 3 1 1 / 1 3  0 /  1 4  
Sp22 2 X 1 0 3 1 2 / 1 3  1 0 / 1 3  

1 BCG Glaxo ( 1 . 0  mg moi s t  we ight ) ,  i . p . ,  day - 1 4 .  2Tumour challenge s . c . , day 0 .  
30 . 5  mg mois t  weight . 

Tumour ce l l s  were inj ected e i ther alone or in  admixture 
BCG into untreated rats or rats sens i t i zed to BCG . 

antigens . This hypo the s is has been explored with the spon
taneous rat marnrnary carc inomas to evaluate whe ther the local 
effects of BCG injected in admixture with tumour cells  are 
enhanced in rats presensi ti zed to BCG . In these experiments 
rats were sens i� i zed to BCG by a s ingle intraperitoneal 
inj ection of vaccine (Glaxo percutaneous , 1 mg moi s t  we igh t  
organisms )  1 4  days before tumour chal lenge . Rats were then 
inoculated subcutaneous ly with tumour cel l s  with or wi thout 
BCG . The resul ts sununarized in Tabl e  3 show that with mam
mary carcinoma Sp l 5 ,  tumours grew progress ively in normal 
recipients whether or not the tumour ce l l s  were injected 
toeether with BCG . The response was qui te different , how
ever ,  in recipients presens i t ized to BCG . Tumours grew 
progres s ive ly in controls  whether or not they were BCG sen
s i tized whereas in the 3 experiments only 2 /42  tumours devel
oped when tumour ce l l s  were inj ected toge ther with BCG . 
S imilarly with marnrnary carc inoma Sp2 2 ,  tumours developed in 
rats chall enged with tumour ce lls  alone and BCG sens i ti za
t ion had no  effec t .  In comparison,  BCG completely suppress
ed tumours in BCG sensi t i zed but not in nonsensi t ized rats . 
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These experiments sugges t  that the de layed type hypersensi
t ivity (DTH) response e l i c i ted by BCG enhances tumour rej ec
tion .  S ince BCG e l ici ts a nurnber o f  responses i n  addi tion to 
the induc t ion of DTH in sens i t i zed recipients , a further 
series of experiments was carri ed out to de termine whe ther 
the generat ion of  a DTH response to a puri f ied protein deriva
tive of tubercul in (PPD) in BCG-sens i t i zed rats would also 
e l ic i t  tumour rej ect ion . The PPD (PPD-CT68) i solated by tri
chloracetic  acid prec ipitation from the culture f i l trate of 
Mycobacterium tuberculosis var hominis Johns ton S train (Land i 
and Held , 1 980) was p rovided by Professor Landi (Tuberculosis  
Division , Connaught Medica l  Research Laboratories , Canada) . 
This s tandardized preparation is  highly effec t ive for e l ic it
ing de layed type responses as measured by ear swe l l ing tests  
in BCG-sens i t ized rats (F ig . 1 ) .  

The experiments surnrnarized in  Table 4 show that tumour Sp4 
grew progress ive ly fo l lowing inoculation of 2 x 1 04 ce l l s  
into e i ther normal or  BCG-sensi t ized rats . Also i noculation 
of Sp4 tumour cel l s  in medium containing PPD-CT68 (5 or 20 µg 
/2 x 1 04 cel l s )  into normal rats did not materially inh ib i t  
tumour growth . These f indings d iffer from the effects obser
ved when Sp4 tumour cel l s  are inj ected in  admixture with BCG 
where complete suppress ion of tumour takes is obtained (Table 
2) . 
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TABLE 4 

Inhibition of marrmaPy caPcinomas by tubePculin puPified 
dePivative (PPDJ in BCG-sensitized Pats 

Tumour 
in rats 

PPD2 
Mammary BCG Tumour ce l l  <lose Tumour 
carc inoma sensi tization 1 challenge (µg)  

SP4 + 2 X 1 0 [1 5 7 1 7  
2 X 1 04 5 7 1 7  

SP4 + 2 X 1 o4 20 7 1 7  
2 X 1 04 20 7 1 7  

Sp l 5  + 5 X 1 0 3 1 0  7 / 1 3  
5 X 1 0 3 1 0  1 0 / 1 4  

1 BCG Glaxo ( 1  . 0  mg moi s t  weigh t )  i . p .  day - 1 4 .  
2 Tuberculin purif ied  protein derivation PPD-CT68.  

Tumour ce l l s  were inj ec ted e i ther alone or in admixture 
PPD into untreated rats or rats sens i t ized to BCG . 

0 / 7  
7 / 7  

0 / 7  
7 / 7  

When however ,  Sp4 tumour ce l l s  are inj ected in medium con 
taining PPD-CT68 (5 or 20 µg/2  x 1 04 ce l l s )  into rats presen 
s i t ized to BCG there was a pronounced therapeut i c  response 
and none of the rats deve loped tumours (Tabl e  4) . A s imilar 
type of response was also ob tained in comparabl e  tests  using 
the nonimmunogenic mammary carcinoma Sp l 5 .  Again,  PPD-CT68 
did not modify growth of tumour Sp l 5  (5 x 1 0 3 cel l s )  in nor
mal rat s ,  but in BCG-sens i t i zed rats tumours were comp lete ly 
rej ected . 

I I I . DISCUS S I ON 

There is l i t t l e  doub t that bac terial vaccines particularly 
BCG and C. paPVum are h ighly effective for s t imulating ce l l  
populat ions involved i n  both specific and nonspeci f ic anti
tumour responses (Baldwin, 1 98 1 ; Baldwin and Byers , 1 9 80 ) . 
The therapeutic e ffect i s  general ly qui te  low ,  however , when 
these vacc ines are adminis tered sys temical ly and repeated 
treatment  f requently leads to adverse responses . In contras 
promot ion of local responses by regional adminis tration of 
bac terial vaccines frequently produce s  a s trong ant i tumour 
response . l t  may be  argued that the local adminis tration of 
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bacterial vaccines initially func t ions through act ivation of  
host  ce l l s  within tumour depos i t s  leading to the generation 
of activated macrophages and this may also result  in the aug
mentat ion of NK ce l l s , one pathway involving interferon pro
duc t ion (Baldwin , 1 9 8 1 ) .  

There is conclus ive evidence that many experimental animal 
tumours , par ticularly those induced with chemical carcinogens 
or oncogenic viruses , contain infi l trating lymphocytes and 
macrophages and these tumours respond to regional immunother
apy wi th bacterial preparations (Baldwin and Byer s ,  1 9 80 )  as 
wel l  as subce l lular products and synthe t ic analogues (Baldwin, 
1 98 1 ; Ogura et a l . , 1 9 7 9 ;  Sone and Fidle r ,  1 98 1 ) . But some 
animal tumours , including many natural ly-ar ising ( spontaneous)  
tumours ,  have only low leve ls of  inf i l trating hos t cel l s .  
For examp l e ,  subcutaneous growths o f  the mammary carcinoma 
SP 1 5  used in the present s tudies contained only l ow leve ls  of 
inf i l trating macrophage s and lymphocytes (Pimm e t  a l . , 1 9 78b ) . 
This has also been the experience in a number of recent inves
t igations of tumour-infil trat ing host  ce l l s  in human tumours 
(Moore and Vose , 1 98 1 ;  N i tsuma et a l . , 1 98 1 ; Eremin et a l . , 
1 9 8 1 ) .  In these circums tances ,  regional immunotherapy would 
not be expected to be very effec tive unless an addi t ional 
response is induced to  increase extravasat ion of host c e l ls 
into tumours . 

This is the bas is of the present series of experiments 
whose obj ec tive was to show that tumours which could not be  
adequately control led by d irec t  contact with  bacterial vac
cines became sens i t ive to this  form of immunotherapy fol low
ing the induction o f  a local delayed type hypersens i t iv i ty 
response .  Thi s  i s  c learly demonstrated by the experiments 
showing that BCG does not suppress the growth of 2 e s sentially 
nonimmunogenic mammary carcinomas (Sp l 5  and Sp22 )  when inocu
lated in admixture into normal ra ts , a l though comp l e te sup
pression of tumours was achieved in BCG-presens i t ized hosts . 
S ince BCG may e l ic i t  a number of  o ther e ffects , i t  was also 
important to  show that this response  could be  obtained with 
the mycobac terial component  responsible  for e l ic i t ing the 
tubercul in response .  Th is was conclus ive ly estah l i shed in the series of  experiments where suppress ion of growth of mam
mary carcinomas Sp l 5  and Sp4 was obtained when tumour ce l l s  were inoculated toge ther with PPD into BCG-sens i t ized rats . 

The present view i s  that the hos t responses leading to  the rejection of rat mammary carc inomas is med iated by NK cel ls  and/or macrophages with the  sens i tized T-ce l ls funct ioning as accessory c e l l s .  I n  this respect i t  has been es tab l i shed that tumour ce l ls  freshly derived from subcu taneous growth of mammary carc inoma Sp4 and Sp22 are susceptible  to NK-ce l lmediated lys i s  (Brooks e t  a l .  , 1 9 8 1 ) .  l t  has also been 
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e stab l i shed that the suscept ib i l i ty of rat tumour ce l l s  to NK 
cel l s  correlated wi th responses to BCG-activated peri toneal 
macrophages (Brooks et a l . � 1 932) . But the func t ion of sensi
t i zed T-ce l l s  in tumour depos i t s  remains to be e lucidated . 
They may function t o  recru i t  infi l tration of host  cel l s ,  per
haps through the re lease of factors . In this  context , NK 
activ i ty o f  lymphocytes derived f rom lung carcinoma s pecimens 
i s  enhanced fo l lowing intralesional inj ec t ion of  BCG (N i t suma 
et al . , 1 9 8 1 ) .  Tumour-inf i l trating T-ce l l s  may also augment 
the react iv i ty o f  local NK ce l l s  and macrophages and this may 
account for the lack o f  tumour-inhibi tory responses detected 
wi th normal sp lenic NK ce l l s .  Thi s  is emphas ized by s tudies 
already referred to  (Robins e t  al . , 1 9 7 9 )  where tumour inf i l
trat ing lymphocytes de rived f rom a transplanted sarcoma Mc7 
were highly effect ive in suppress ing tumour growth when trans 
f erred to normal rats in admixture with tumour Mc7 cel l s  a t  
ratios  a s  l ow a s  3 : 2 .  In compari son,  normal spleen ce l l s  
processed a s  f o r  the tumour inf i l trating lymphocytes were 
comp le te ly ineffective in modifying tumour growth when 
ferred in admixture wi th sarcoma Mc7 into normal rat s .  

A more precise  evaluation o f  the inf luence o f  local delay 
type hypersens i t ivi ty responses upon host  c e l l s  mediat ing 
tumour rej ection cannot be made unt i l  further information i s  
obtained about the charac teris t ic s  of  the T-cel l  subse ts  
involved in the  DTH mediated ac t ivat ion .  Thi s  i s  being 
approached by defining the capac i ty of subsets  of T-ce l l s  
derived from BCG-sens i t i zed rats t o  adoptive ly transfer tube 
culin hypersensi t ivity  and to init iate rej ec t ion of the mam
mary tumours . Lymphocyte populations are being separated in 
a f luorescence ac tivated ce l l  sorter on the bas i s  of  their 
react ivi ty with monoclonal ant ibodies which recognize T-cel l  
ant igens (Robins e t  a l . , unpub l ished s tudies ) .  In addi t ion ,  
the funct ional charac teris t ic s  of  T-c e l l  populations are 
being defined in relat ion to the i r  capacity to produce solubl 
factors such as T-ce l l  growth fac tor (Cantrel l e t  a l . , 1 982) . 

Even though the influence of  local tumour-inf i l trating T
cel l s  s t imulated to  irrelevant ant igens such as BCG has not 
been def ined , the experiments described in  thi s paper indi
cate that local immunotherapy wi th BCG can be enhanced by 
this addi t ional treatment . This again draws at tention to the 
view that regional immunotherapy in which host responses are 
generated in the environment of tumours i s  more effective 
than sys temic immunos t imulation (Baldwin  and Byers ,  1 980) . 
This has been achieved by intrales ional inj ec tion of  various 
agent s  including BCG as wel l  as subce l lular p reparat ions such 
as cord factor and s ynthet i c  analogue s .  l t  has to be recog
nized , however ,  that intralesional . the rapy may have l imi ted 
appl i cation and alternative procedures for targe t ting agents 
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to tumours are being sough t .  One approach deve loped wi th 
muramyl dipeptide has been to administer the agents in l ipo
somes  so as to p rovide localization in pulmonary t is sue in 
the t reatment of  pulmonary metas tases from severa l  rodent 
tumours (Fidler et al . , 1 9 82) . More specific  targe t ting may 
be achieved us ing monoclonal ant ibodies d irected against 
tumour associated antigens as carriers for immunomodulating 
agents (Baldwin et a l . , 1 9 8 1 ) .  The potential of this approach 
with rat mammary carcinoma Sp4 is e s tabl i shed by related 
s tudies showing that a monoc lonal antibody directed again s t  
the spec i f ic neoantigen on  this tumour (Gunn e t  a l . , 1 980) 
can be used to target cytotoxic drugs in vivo to  tumour depo
s i t s  (Pimm et a l . , 1 9 82) . Moreover ,  interferon conj ugates 
with a monoclonal an tibody d irec ted against a human os teo
genic  sarcoma have been produced for the local ac t ivation of  
NK ce l l s  (Baldwin e t  a l . , 1 9 82 ) . These s tud ies ind icate that 
i t  should be pos s ible  to use monoclonal antibodies directed 
against tumour as sociated ant igens for target ting agents to 
tumours which wil l  then e l ic i t  DTH response and so improve 
local immunotherapy . 
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1 .  INTRODUCTION 

The so-called inununos t imulants , such as Baci l lus-Calme t te
Guerin and C. parvum have rece ived great interes t  because of 
the ir potential value in tumour therapy .  There have been 
quite a few data that clearly documented a beneficial  effect 
of such agents in experimental tumour models  of  laboratory 
animals ( for review see Sco t t ,  1 9 7 4 ;  Milas and Sco t t ,  1 9 78) . 
There are serious prob lems when extrapolating from such 
animal mode l s  to the cl inical s i tuation because mos t  labora
tory tumour models  do not ref lect  c losely enough the patho
genes i s  of human cancer and the s i tuation observed at the 
onset of c linical therapy , and therefore are of l imited value 
only (Hewitt , 1 9 78 ; Kirchner , 1 982 ) . Not unexpectedly , there
fore , the c l inical trials  with the se " immunost imulants" have 
been disappointing . On the other hand , one cannot help be ing 
impressed by the magni tude of the degree of ac tivation of the �ymphoreticular sys tem as for example observed in mice af ter 
inj ection cf C. parvum (Adlam and Sco t t ,  1 9 73 ) . 

Since the inunune sys tem and the defence systems of  the 
body in general are sys tems that are regu lated in a complex 
fashion,  indiscriminate activation of  these systems may 
paradoxically cause suppre s s ion . Thus , i t  has been shown by 
several inves t igators that inj ect ion of C. parvum in mice 
causes inununosuppression ( e . g .  Howard et a Z . , 1 9 73 )  and in 
certain experimental s i tuat ions a role of suppres sor ce l l s  has been documented (e . g . Sco t t ,  1 9 7 2 ; Kirchner e t  a l . , 197Sa , b ) . 

Thu s ,  the effects o f  C. parvum (or other " immunostimulants " )  on d if ferent compartments of the defence sys tem are 
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poorly unders tood . Nonethe le s s ,  there is hope that by sys
ternic analy s i s  sorne clues to the basic rnechanisrns that are 
operative in the antiturnour effects  in anirnal rnodel s  are fou 
and that on the next higher l evel of sophis t ication we f ind 
better  access to the c l inical use of irnrnunos t irnulants . 

Studies are harnpered addi t iona l ly by the cornp lex s tructur 
of the bacteria used .  At ternp t s  to  iso late the act ive immuno 
s t irnulatory principle have rnet w i th l irnited success  only . I 
therefore rnay be useful to search for defined bacterial s tr 
tures wi th immunos tirnulatory act iv ity . Below , 
to  the f inding that immunos t irnulatory bacteria 
of  interferon , and that at least sorne of thei r  effect s  are 
interferon effect s . I t  wil l  be  useful to  sys ternatical ly ana 
lyse chernically defined rnolecules  i solated frorn bacterial 
ce l l  wal l s  for their interferon inducing effects . 

I I .  SPEC I F I C  IMMUN ITY VERSUS NONSPE C I F I C  DEFENCE 

Immune reac t ions , the hallrnark of which i s  specific i ty ,  are 
caused by a secondary exposure of the organisrn to a pathogen 
Pr irnary (nonspeci f i c )  defence is activated upon primary ex
posure of the organi srn to the pathogen . Pr irnary defence as 
the speci f i c  immune sys tern cons i s t s  of ce l lular and of humor 
rnechani srns . Sorne of  the rnechanisrns of prirnary defence 
preforrned such as the phagocytic  sys tern whereas others 
to be activated , as for exarnple  the interferon sys tern . 

. At pr•sen t i t  i s  not known if  in  the defence against 
turnours primary defence or spec if  ic immune responses are pr 
valent and the pathobiology of the development of spontaneo 
tumours is l arge ly unknown . Obvious ly ,  the development of 
tumours is a mul t is tep event , but  it is not known at  which 
leve l the t ransformed ce l l s  are recognized by the defence 
sys tem , i f  at  a l l . One may speculate th�t at  least  one . s te� 

of tumour ce l l  development in sorne exper imental mode ls i s  
caused b y  viruses . Frorn this  point o f  view i t  rnay b e  usefu 
to s tudy prirnary defence rnechanisrns against viruse s .  We ha 

in our laboratory inve s t igated pr irnary defence in 2 virus 
rnodels cf the rnouse and we have s tudied the effec t s  of  C. 

parvum (and of o ther cornpounds) in these viral rnode l s .  

A .  Ant iviral E f f e c t s  o f  C. parvum 

The 2 virus rnode l s  which we have studied were infect ions of 

mice with herpes s irnplex virus type 1 (HSV- 1 ) ,  a human herp 

virus , and with rnouse hepa t i t i s  virus type 3 (MHV3) , a genu 
coronavirus . 
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In the HSV sys tem, ant iviral protect ion was observed when 
c. parvum was given several days before the virus (op t imal 
protec tion was seen when there was an interval of 7 days ) .  
In contrast ,  s imul taneous injection of  C. parvum with HSV did  
not resul t in  protec t ion (Kirchner e t  a l . , 1 978 ) . 

In the MHV3 sys tem protect ion was observed when C. parvum 
was given on the day o f  v irus infec t i on .  However ,  i t  did not 
matter i f  C. parvum was g iven several hours before or after 
infection ( Schindler e t  a l . , 1 9 8 1 ) .  S imilar data to that 
ob tained in the MHV3 sys tem have been reported in a mouse sys
tem of experimental infection with Junin  virus (Budzko e t  a l .  
1 9 78) .  

B .  Adoptive Trans fer Protoco l s  

Mice were inj ected wi th C. parvum , and 7 days later spleen 
ce l ls  and peritoneal exudate ce l l s  (PEC) were col lected . In 
adop tive transfer protoco l s  i t  was tes ted if these c e l l  popu
lat ions were protect ive against i . p .  infec tion with HSV . 
Transfer of  5 x 1 0 7 spleen ce l l s  were indeed protect ive where
as no protect ion was ob served wi th PEC ( S torch , E .  and 
Kirchner,  H . , manuscript  in preparat i on) . We have as yet not 
defined the ce l l  subpopulat ion in the spleen of  C. parvwn
treated mice which transferred prote c t ion . 

I I I . INTERFE RON INDUCT I ON IN VIVO BY C .  PARVUM 

Since interferons are the bes t charac teri zed mediator mole
�ul:s of ant iviral defence , we were interes ted to i nve s t igate 
if interferon was involved in  the antiviral effects of  C. 
parvum . Our resu l t s  have confirrned the data of Yamamura et 
al. ( 1 9 78) that serurn interferon could be  detected 4 to 8 h 
af ter i . p .  injection of  C. parvwn in  rnice . However , when 
cornpared with conventional interferon inducers or with viruse s 
the t i tres were very low.  In the peri toneal wash-out fluid no interfe ron could be recovered between 1 and 48 h af ter 
i�j ec t ion of C. parvum . This is in marked contrast to the 
S i tuation observed when ,  for examp l e ,  viruses or certian synthe tic inducers are inj ected i . p .  In our experiment s ,  HSV 
s:rved as a pos i t ive control s ince i t  induced h igh interferon � i tres in the peritoneal wash-out f luid  within 2 to 4 h after 1 · P ·  inj e c tion ( Zawatzky e t  a l . , 1 98 2 ) . 

One wonders i f  the low serum interferon t i t res observed after inj ect ion of C. parvwn were sufficient to cause the 
Protect ion observed when i t  was g iven s imul taneous ly with �VJ infec t ion .  From our data i t  appeared to be unlikely 
since there was a c learcut d issociation in the <lose response curve of protection and of inte rferon induction.  Op t imal 
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interferon induction could be observed with <loses of C. paI'
vwn that were too low to cause protection against MHV3 
( Schindler e t  a l . , 1 9 8 1 ) .  In the HSV sys tem no protection 
was observed when C. paI'Vwn was given on the day o f  virus 
infection . Thu s ,  i t  appears as if in both viral models  the 
low interferon response observed in the serum is of minor 
importance . 

However ,  this  i s  anothe r aspec t which needs to  b e  d iscus
sed . Strong protection agains t  HSV infection was observed 
when C. paI'Vum was g iven 7 days before virus infection .  All  
inves t igators agree that maximal sys temic activation by  C .  
paI'Vwn in mice takes about 7 days and i t  i s  reasonable to 
assume that this  type o f  general act ivation i s  caus ing the 
observed ant iviral effec t .  Furthermore , our data have es tab
l i shed that spleens taken out from mice 7 days af ter inj ectio 
of C.  paI'Vwn produce cons iderable t i t res  of interferon . Some 
interferon was also measured in the serum at this t ime .  

Interferon inducers as convent ional ly known induce inter- . 
feron very rapidly .  For examp l e ,  this  i s  found wi th v iruses 
such as Newcast le Disease Virus (NDV) , and HSV , or synthet ic 
inducers  such as Poly I-C , or 1 0-Carboxymethyl-9-acridanone 
( CMA) . Maximal serum t i tres are observed within a few hours 
and these are not sus tained longer than 1-2 days . Other 
viruses or inducers appear to induce interferon in 
more prolonged fashion but rarely ever s ignificant 
found later than 3 day s .  

The interferon production i n  spl een cell  cultures o f  C. 
paI'Vwn-treated mice which we have observed sugges t  that there 
are addi tional ways of "put t ing an organism under interferon" 
i . e .  by sys temic act ivation o f  the lymphoreticular sys tem 
which then produces consi derable t itres of interferon for a 
more prolonged period of t ime . Thi s  may be more useful for 
the defence of  the organism than a short-lasting interferon 
t i tre which i s  usually fol lowed by a per iod of unresponsive
nes s  to interferon inducers . 

However,  there is  yet another way to explain our data of 
interferon product ion by spleen cel l s  from C. paI'Vwn inj ecte 
mice . As we wil l  describe below ,  addi tion of C.  paI'·:JUm orga 
nisms in vitI'O to spleen ce l l s  of untreated mice causes a 
mi togenic effect on B lymphocytes (Zola ,  1 97 5 )  and interfero 
p roduct ion (Hirt e t  a l . , 1 9 78a) . I t  i s  also es tablished that 
C. paI'Vwn after inj ec t i on in mice is  s tored in various organ 
including the spleen and can be detected there for prolonged 
per iods of  t ime (Dimitrov e t  a l . , 1 9 7 7 ) . Thus , conce ivably , 
interferon p roduction observed in spleen cell  cultures i s  a 
s trict  in vitI'O phenonemon caused by the exposure of the 
sp leen ce l l s  to the bacteria that are s t i l l  present together 
with the cel l  suspension. 
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Above we have referred to our f indings that spleen ce l l s  
of mice treated 7 days before with C. paI'Vum were protec t ive 
against HSV in an adoptive t ransfer protoco l ,  whereas PEC were 
not . S ince spleen ce l l s  are producers of  interferon whereas 
no interferon is found in the peritoneal wash-out f luid the 
pos s ib i l i ty exi s t s  that the cells  active in the transferred 
populations  are the interferon producing ce l l s . 

I V .  IN VITRO I NDUCTION OF INTERFERON BY C .  PARVUM 

In addi t ion to the in vivo induction of interferon our previ
ous work has established that C. paI'Vum caused interferon pro
duct ion in vitI'O in various types of leukocyte cul tures , 
including those of mur ine and human origin (Hirt  e t  a l . , 1 9 78 
a ,b ) . 

C. paI'Vwn i s  a B-ce l l  mitogen in mouse spleen cel l  cul
tures (Zola,  1 9 7 5 )  and induces interferon in these culture s .  
Al though the producer ce l l s  o f  this interferon have not been 
unequivocal ly def ined our ini t ial  s tud ies have sugges ted that 
B-ce l l s  were the producers of interferon when spleen cel l s  
were chal lenged w i th C .  pawum (Hir t e t  a l . , 1 9 78a) . Inter
est ingly , spleen cells  from LPS nonrespons ive C3H/HeJ mice 
produced equal amounts of interferon , as spleen ce l l s  of 
C3HeB/FeJ mice , when challenged wi th C. paI'Vum , documenting 
that the C. paI'Vum effect  was not due to contamination wi th 
LPS ,  or alternative ly , that LPS is not the s tructure in C. 
paI' um organisms that i s  responsib le f or interferon induc tion .  

In our expe riments , cul tures of  peritoneal exudate macro
phages did no t produce interferon when treated with C. paI'vum 
(Hirt e t  a l . , 1 9 78a) . However ,  Neumann and Sorg ( 1 98 1 )  have 
reported that bone marrow macrophages were p roducing inter
feron upon addi tion of  C. paI'Vum . Our own experiments , u s ing 
bone marrow macrophages of C5 7BL/6 mice have failed to docu
ment interferon induction by C. pawum , al though pos i t ive 
controls in these  cul tures including both viruses and synthe
tic inducers have induced h igh interferon t i tres in the cul
ture sys tem of  bone marrow-derived macrophages ( S torch and 
Kirchne r ,  1 982) . 

More recent ly ,  i t  has been shown by Evans and Johnson 
( 1 98 1 )  that several subtypes of interferons are produced by 
mouse spleen ce l l s  in response to C. paI'Vum and i t  has been sugges ted that these  are the p roducts  of d ifferent ce l l  populations . 

C. paI'Vum also represents a potent inducer of interferon in cul tures of human leukocytes (Hirt et a l . , 1 9 78b ; Sugiyama and Eps tein ,  1 9 78 ) . The producer ce l l s  of  this interferon 
appear to be non-T , non-B , non-monocytic cel l s , i . e .  so
Cal led nul l  ce l l s  (Kirchner et a l . , 1 97 9 ) .  Contrary to 



224 KIRCHNER e t  a l .  

init ial reports the interferon produced in human leukocyte 
cultures upon add i t ion of C. parvwn was alpha interferon and 
not ganuna interferon (Vi lcek e t  a l . , 1 980) . 

V .  ACT I VAT I ON OF NK-CELLS BY C .  PARVUM 

Inj ect ion of  C. parvum has been reported to act ivate 
in the mouse (Herberman et a l . , 1 9 7 7 ) . l t  has b een sugges ted 
that this  act ivation was caused by interferon induct ion s ince 
both interferon and interferon inducers are we l l-establ ished 
to activate NK-ce l l s  (Gidlund et a l . , 1 9 78) . Our experiments 
have confirmed the s t rong ac t ivat ion of  NK cells  by C. parvwn 
which can be obse rved both in the PEC population and in the 
spleen (Storch , E .  and Kirchner , H . , manuscript  in  prepara
t ion) . However ,  we are uncertain about the interpre tation of 
the data s ince the l evels of interferon that can be measured 
after inj ection of C. parvwn are low when compared for exampl 
with Poly-I-C . None theles s ,  the degree of NK-cel l  activat ion 
is at least as high after inj ection of C. parvum as after 
inj ection of Poly-I-C . One possible exp lanation is  that i t  
takes minimal amounts of  interfe ron t o  act ivate the NK-cel l  
sys tem in vivo . Alternat ive ly , however ,  there may b e  o ther 
mediators or mechanisms that independently of the interferon 
sys tem, activate NK-cel l s .  

Our data have conf i rmed reports that act ivation o f  NK-cell 
in  the spleen occurs w i th in 2 days and that a t  7 days NK-cel l  
activity i n  the sp leen i s  i n  fact  depressed . In contrast ,  
NK-ce l l  act ivi ty in  the PE i s  cont inuous ly high for at l east 
7 days (Oj o  et a l . , 1 9 78) . 

In view of the adopt ive transfer data referred to above i t  
i s  of interes t  that spleen cel l s  7 days after inject ion o f  
C .  parvwn that show depressed NK-ce l l  ac t ivi ty are protect ive 
whereas PEC that show increased NK-ce l l  activity 7 days after 
inj ect ion of C. parvwn are no t p rotec t ive . 

V I .  ACT IVATION OF MACROPHAGES BY C .  PARVUM 

The s t imulatory effect of  C. parvum on the macrophage sys tem 
has been estab l i shed several years ago (Adlam and Scott , 
1 9 73 ) . Act ivation of  macrophages usual ly was observed to 
maximal 7-1 0 days af ter inj ection of the bacteria ,  i . e .  con
comitant ly wi th a general maximal activat ion of the lympho
reticular system. Interest ingly however ,  Otu et a l .  ( 1 9 7 7 )  
have observed a b iphas ic pattern of macrophage act ivat ion 
af ter inj ect ion of C. parvum . An early activation as measure 
by increased rates of  c learance of carbon reached maximal 
l eve ls  2 days after inj ec t ion. We would l ike to speculate 
that this  early peak of ac t ivation was caused by interferon 
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induct ion s ince interferon is  known to  activate macrophage s .  
This hypothesis should b e  tes ted , particularly s ince Otu e t  
a l . have described tha t the early phase o f  macrophage act iva
t i on is due to a l ip id extrac t of the bacteria.  One wonders 
if the " late" macrophage activation is also a secondary effect 
of interferon produced . 

V I I . ACT I VATI ON OF SUPPRESSOR CELLS BY C .  PARVUM 

Above , we have referred to the observation that many different 
subpopulations of  the lymphore ticular sys tem are ac t ivated by 
inject ion of C. parvwn . Among these are suppressor cells  
which belang to various subtypes of leukocytes . Thus , sup
pressor T-ce l l s ,  suppre ssor B-ce l l s ,  and suppressor macro
phages have been described . l t  i s  not surpr is ing that sup
pressor ce l l s  have been activated by inj ection of C. parvum . 

The original studies of  Scott ( 1 97 2 ) , and later data of  
our laboratory (Kirchne r et a l . , 1 9 7 5a , b )  have e s tab l i shed 
that 7-1 0  days after inj ection of C. parvum, suppressor cel l s  
were found in the spleens of  mice . These had the character
istics of macrophages and were found to suppress a var iety of 
lymphocyte funct ions , including lymphoprol i feration and T
cell  cytotoxic i ty (Kirchner et a l . , 1 9 7 5a ,b ) . 

Late r ,  i t  has been described that NK-cell  ac tivity is  also 
suppres sed in spleen ce l l  cul tures obtained from mice 7 days 
after inj ect ion of C. parvvm . By one group this suppression 
has been attributed to the presence of suppressor ce l l s  
(Savary and Lotzova , 1 9 78) . 

We were interes ted i f  in  spleen ce l l  cul tures of C . par
vum-t reated mice the product ion of  gamma interf eron in res
ponse to mi togens was altered . Our data have shown that there 
was no impairment of the product ion of ganuna interferon in 
response to the mi togens phytohaemagglutinin and Concanavalin 
A despite the fac t that the lymphoprol i ferative responses to 
these mitogens were markedly inhib ited ( H .  Kirchne r ,  unpub
l i shed data) . We interpre t these data as an indicat ion that 
the product ion of garrrrna interferon (which in fact is prol i
feration-independen t)  - in contras t to lymphopro l i feration -

is not susceptible t o  the ac t ion of  suppressor macrophage s .  

VI I I .  HYPORESPON S I VENESS TO INTE RFERON INDUCERS 

The term hyporespons iveness  has been coined for a s tate of  
reduced respons ivene ss to interferon inducers . For examp l e ,  tumour-bearing mi ce or mice infected wi th certain viruses 
have been shown to respond to Newcastle D i sease Virus ( DV) 
With reduced leve l s  of serum interferon. S imi larly , in mice 
Previously exposed to C. acnes , an organism closely related 
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to or ident ical to C. parvum , serum interferon leve l s  induce 
by NDV , Chikungunya virus and Poly I-C are suppressed (Farbe 
and Glasgow , 1 9 7 2 ) . However ,  we have failed to observe such 
hyporespons iveness  when HSV was inj ected into mice 7 days 
after inj ect ion o f  C. parvum (H .  Kirchner , unpub lished data) . 
Thus , it  appears that hyporespons iveness after inject ion of 
C. parvum i s  observed only wi th some interferon inducers 
no t wi th o thers . 

One wonders what the s ign i f icance of  the hyporespons ivene 
phenomena is . Perhaps the interferon produced by the lymph 
ret icular sys tem of the C. parvum-treated mice causes "block 
ini' of subsequent interferon induction .  

I X .  OUTLOOK 

Bacteria have been shown prev ious ly to induce interferon in 
vivo and in leukocyte culture s of  various origin and cel lula 
composit ion . Although LPS is known to induce interferon , 
various observations have sugges ted that LPS is  not the only 
bacterial component capable  o f  interferon induction . Howeve 
i t  w i l l  require cons iderab le effort in  the future to define 
the s tructures on the bac terial surface that are responsib le 
for interferon induction by bac teria .  Perhaps these s tudies 
nay lead to the deve lopment of  c l inically useful interferon 
inducers . 

Our own data have es tab l ished interferon induc tion by C. 
parvum . Inte rfe rons are pleiotropic  molecules that cause , 
for example ,  act ivation of  macrophages and NK-ce l l s .  S ince 
these effects were observed after inj ec t ion of C. parvum ( or 
other immunost imulants)  i t  i s  no t unreasonab le  to speculate 
that many of the effects of these sub stances are ef fects 
secondary to a primary induct ion of  interferon . Perhaps by 
careful inves tigations of  the interferon induction by C. P 
vum we may learn how to manipulate this ef fect  in vivo and 
get a bet ter  ins igh t  into how to use immunos t imulants effec
t ive ly i n  the c l in ic . 
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The pos s i b i l i ty o f  appl icat ion o f  anaerobic  c l os tridia in the 
treatment of  neop las t i c  d i seases has long s ince been invest i
gated (Tab le 1 ) ,  but  unt i l  now unequivocal eval uation of the ir 
usefulnes s  has no t been e s t ab l i shed . Thi s  i s  due to the fact 
that a relat ive ly small nurnber of  experimental s tudies  has 
been undertaken by only a few group s  of  inves t igator s .  

Spores of various pathogenic and nonpathogenic c los tridia 
(Clos tridium te tani, Clos tridium histoly t icum ) were used in 
early trial s .  In 1 959 a s train of Clos tridiv.m butyricum 
(denominated M55 )  was i so lated and characteri zed (MHse , 1 960 )  
and afterwards c lass if ied as  Clos &ridium onco lyticum M55 
(COM-55 ) . This nonpathogenic  s train seems to possess  a pro
perty of selec t ive germination and growth in necrotic  tumour 
tis sue (MHs e ,  1 960 ; MHse e t  a l . , 1 9 70 ;  MHse and MHs e ,  1 959 , 
1 964 ) . In defined cases of  cancer ,  part icularly in combina
tion with other forms of anti tumour therapy , COM-55 can 
cause total regres s ion o f  experimental tumours (Rüs ter ,  1 9 80 ;  
Frede t te and P l ante , 1 9 70) . The re are also individual cases 
of COM-55 app l icat ion in humans with advanced neoplas t i c  
disease (MHse e t  a l . , 1 9 6 7 ; Heppner and "1öse , 1 966 ; Kre tsch
mer , 1 9 72 ) . These trials  seem to be totally empi rical wi th
out suff icient experimental  support . 

In the present paper ,  b io logical properties  of  COM-55 are 
described , cons idering thei r  potential  appl ication in cancer 
the rapy . Possible  rnechanisms of their  anti tumour effects  
are also d iscussed , and resul ts  o f  our own s tudies on the �nfluence of COM-55 on the haemopoietic  sys tem and i t s  pos t-
1rradiation recovery are presented .  
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TABLE 1 

De e lopment of investigations on oncolytic c lostridia 

Germinat ion of Cl . te tani spores V i l l ard and Rouge t ,  
se lec tively in s i tes  of  necros i s  or 1 89 2  
injury o f  t i ssues . 
Low redox potential  needed in 
t i s sues for germination of Cl . 
te lani spore s .  
C l inical improvement i n  several 
cases of advanced cancer fol lowing 
inj ect ion of s terile f i l trates o f  
Cl. his to lyti um. 

Pro lonaed survival of mi ce with 
transp lantab l e  tumours inj ec ted 
w i th Cl . histo lyti  um spore s .  

Ge rminat ion o f  Cl. te tani spores 
after i . v .  inj ec t ion se lec tively 
in tumourous t i s sues . 

F i lde s ,  1 9 29 

Cone 1 1  , 1 9 35 

Parker e t  al . , 1 9 4 7 

Malmgren 
1 9 55  

Lys i s  of  Ehr l ich ascites  and so l id MÖse and �röse , 1 9 59 
tumour ce l l s  after treatment with 
Cl . butyri um M 5 5 . 
Clinical app l icat ion of  Cl. but 
ri um s . on o lyti  um M 55 . 

Ro le of bacterial kininases in 
oncolysis  by Cl . butyricum M 55 . 

Erradicat ion of experimental 
tumours after comb ined therapy 
with X-ray s , microwave hyperther
mia and Cl . bu tyri um M 5 5 .  

Involvement o f  the immune system 
in oncoly s i s  caused by Cl . 
bu '..yricum M 55 . 
S t imu la t ion of  granulopoiesis  and 
acce lerated post irradiat ion re
covery of haemopoies i s  in mi ce 
treated with Cl. butyri um M 55 . 

Möse and Möse , 1 964  

1'.föse et al. , 
1 97 2 a ,b , c  

Dietzel e t  a l .  , 
Ger icke et a l .  
Rüs ter , 1 9 80 

Brantner 
1 980 

Dworecka et al . , 1 982 
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I .  MICROBIOLOGICAL CHARACTE RIZATION OF 

CLOSTRIDIUM ONCOLYTICUM M55 
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Clos tridia are Gram-po s i t ive bac i l l i .  They are relative ly 
large microorganisms with a cyl indrical shape and an ab i l i ty 
to form endospores . These bacteria are common in soi l ,  water 
and plants , and a l so  are indigenous to the animal and human 
diges tive trac t .  According to Bergey e t  al .  ( 1 9 74 )  these 
bacteria form one family - Baci l lacaeae . l t  i s  divided into 
5 genera and one of them contains anaerob ic clostrid i a .  The 
genus Clos tridium includes about 60 spec ies . All bac teria 
belonging to this genus can grow in s trictly  anaerobic  condi
tions . Thei r  enzymatic  sys tem does not contain cytochromes 
and cytochrome oxidase ,  hence lack of abi l i ty of a tmospheric 
oxygen u t i l izat ion . However ,  Mös e  et al.  ( 1 9 70) s ugges ted 
that COM-55 can grow in microaerophilic  cond i t ions . Clos tri
dia a l so do not demons trate catalase and peroxidase ac t ivity . 
The diame ter of  spores produced by clostridia i s  about the 
width o f  the bacterial cel l .  

Clostridia are d ivided into 5 group s (Bergey et al . , 1 9 74 )  
on the bas i s  of such cri teria as terminal or sub terminal 
local ization of  spore s ,  the abi l i ty to degrade gelatin and 
defined growth condi t ions . Clostridium oncolyticum M55 be
longs to group I ( spores  located subterminally and no ge l atin 
diges tion) . 

Several extracel lular products have been f ound and charac
terized in supernatants  of  COM-55 cultures (Tab le 2) . At 
least some o f  them may p l ay a s ign ificant role in the anti
tumour effects  of  the s e  bacteria ( Brantner and Schwager , 
1 980 ; F i s cher e t  al . , 1 9 7 5 ; Möse e t  a l . , 1 9 7 2 a , b , c ) . A kini
nase and an uncharac terized " cytotoxic factor" seem to be of 
particu lar importance for t he above effect (Brantner and 
Schwage r ,  1 9 80 ; Schlechte et a l . , 1 9 8 1 ) . lt i s  suggested 
that "cytotoxic factor" has the property of select ive damage 
of tumour cel l s  (Frede t te and McSween, 1 9 74) . Al l these 
extrace l lu lar products of  COM-55 are not wel l  charac ter ized 
and further s tudies seem to be nece ssary to unders tand the 
ant itumour effect  of COM-55 . 

I I . EXPE R I MENTAL ANTI TUMOUR ACT I VITY OF 

CLOSTRIDIUM ONCOLYTICUM M55 

Some inves t igators c laim that ant i tumour e ffec t of COM-55 can be shown no t only in vivo but also  in vitro (Rousseau e t  al . , 
1 9 70 ;  Schlechte et a l . , 1 98 1 ) .  Administration of  viab le 
Spores of  COM-55 or s ter i le  supernatants of vege tative forms 
resul ts  in s elec tive damage of tumour ce l l s  wi th s ignif icantly 
Weake r effect on diploidal ce l l s  (Frede t te and McSween , 1 9 74 ) . 
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lt i 5  a55umed that thi5 phenomenon i 5  cau5ed by a not yet 
characterized "cytotoxic" factor produced by vegetat ive form5 
of the bacteria . Recently , the effect o f  COM-55 was examined 
on var ious l ines of normal and tumour ce l l s  ( Schlechte e t  
al . ,  1 98 1 ) . In this case germinat ion and growth of spores 
was observed in the presence of an oxygen concentrati on up to  
1 . 5% , whereas in the cul tures of normal ce l l s  spores did not 
germinate in oxygen concentration ranging from 0 . 3  to 1 . 5% .  
Influence of COM-55 spores and o f  extrace llular products on 
ce l l  cu l tures is not clear .  

The maj ori ty of pub l i 5hed s tudies concerns the animal 
mode ls with transplantable  tumours treated int ravenous ly or 
intratumoural ly wi th COM-55 ( for review , see Rüs ter , 1 980 ) . 
The adminis tration o f  even larger numbers of COM-55 does not 
resul t in any s ignif icant cl inical symp toms and in par t icular 
does not cause gene ral ized bacterial infection (Thiele e t  
al . ,  1 96 4b ) . Our s tudies demonstrated no elevation of body 
temperature after intravenous inj ect ion of 4 x 1 07 of COM-55 
spores , and also no vegetative forms of bacteria in l iver or 
5pleens were found 1 2--96 h af ter adminis tration ( Dworecka , 
1 9 8 1 ) .  We could not e5 tab l i sh the LD5 0 of COM-55 spores as 
all the animals survived h igh <loses of 1 08-1 0 1 1  spores per 
mause .  The latter dose i5  approximate ly 1 000 t imes higher 
than that used for ant i tumour thera�1 (Möse , 1 960)  . 

Spores of  COM-55 label led with Cr and injected intra
venous ly were mainly localized in the l iver (F ig .  1 )  where 
4�0% of the radioact ivity  was found (Dworecka , 1 98 1 ) .  
Lungs and spleen trapped no t more than 1 0%  of  the radioac t i 
vity , whereas tumour t i s sue showed only vest igial accumulation 
of label led spores ( F ig . 1 ) .  l t  seems to confirm the obser
vat ion5 of Möse ( 1 960)  and Ger icke and Enge lbart ( 1 964 )  
demons trating that accumulation of spores does  not  p lay a 
5ignif icant role in the mechanism of anti tumour effec t ,  but 
rather suitable  condi t ions for the ir  eermination in tumour 
tis sue are of importance . Accumulation of the maj ority of 
Spores in the l iver sugge s t s  that they are trapped by the 
cells of reticuloendothe l ial system. The phagocyt ized spores 
�an remain for a few weeks in the macrophages wi thout resul t
ing in the i r  damage (Thiele et a l . , 1 9 64) . S low el iminat ion 
of spores by phagocytes is postulated to enhance ant itumour 
�roperties  of COM-55  (Brantner and Schwager ,  1 9 80 ) . However ,  
�n teract ion between the spores and monocyte--macrophage sys tem 
�n vivo and in vitro is no t clear and further s tudies are 
again required . 

Möse ( 1 960 )  l is ted several f eatures of COM-55 which sug
ges t  the i r  pos s ib l e  usefulness in an ant itumour therapy 
(Tab le 3 ) . The author points out such propertie s  as lack of 
Pathogenicity and toxic i ty (wh ich was confirmed by our 
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F I G . 1 Distribution of 5 1 Cr- labelled spores of Cl . oncolyti

cum in mice ( 1 08 spores injected i . v . J (Dworecka, 1981) . 

s tudies ) ,  low toxici ty of COM-55 metabo l i te s  and 

cellular p roducts ,  slow e l imination of spores by 

endothel ial  sys tem, and the ab i l i ty to germinate only in 

t i s sues w i th low oxygen partial pres sure . Intravenous or 

intratumoural adminis trat ion of COM-55 spores into mice with 

a transplantab l e  tumour resul ts  frequent ly in oncolysis and 

necrosis  of neoplast ic  les ions . This  was observed in variou 

experimental models  (Fig .  2 ,  Tab l e  4 ) . Möse and Möse ( 1 964) 

de scribed the h i stopathological features of  tumours af ter 

inj ect ion of  spores .  Sof tening of  tumourous tissue could be 

observed several days after the admini stration of spores . A 

large cav i ty develops in the place o f  the solub i l ized tumour . 

Usual ly  animals do not survive this process  as the open 

wound is too l arge , o f ten pene trating muscles as far as the 
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TABLE 3 

Selected properties of Cl . butyricum s .  oncolyticum M 
sugges ting its use in therapy o �  neopla ms (Möse, 1 60) 

Properties  

1 . Lack of  pathogen i c i ty 

2 .  Lack o f  toxi ci ty 

3 .  No pyrogeni c  effect 

4 . No toxic me taboli tes and 
toxic extrace l lular pro
ducts 

5 .  Slow e l imination of  spores 
by phagocytes 

6. Select ive germinat ion of 
spores in tumourous t is
sues with low par t ial 
pressure of oxygen .  

Observed effec ts 

No germination in normal t is
sues , no  cl inical symp toms 
af ter inj e c t ion of spores in 
normal mice . 

LDso in mice and rats undeter
minable . 

Lack of  pyrogenic effect  in 
mice and rats , poss ible  s light  
fever in rabb i t s . 

No c l inical symptoms in mice 
injec ted wi th s ter i le  f i l
trates of  Cl . butyricum. 

Spores inj ected i . v .  are de
tectab le in k idneys af ter 35 
days and in l iver after 50 
days . 

P02 below 300 Pa needed for 
germinat i on of  Cl . butyricum 
spores . 

peri toneum. Although macroscopically the tumour looks com
p �etely solub i l ized , some l ive tumour ce l l s  can be found

.
in 

�icroscopic  examinat ion . Very of ten these ce l l s  l i ne the 
inner wa lls  of the cavi ty and if the animal survives the 
tumour 1 · 1 

' 
recurs at t 11s  p ace . Rarely a comp le te eure can be 

observed after a s ingle admini s tration of  COM-55 .  In the 
case of recurrence , the animals can be again e f fect ively 
tre t d · h a e w1t the spores . Spontaneous necros i s  of part of  the 
tumou t · · b d · rous i s sue lS o serve some t 1mes in control tumour-
bear · · 1 b h · ing an1ma s ,  ut t l S  process  has a d i f ferent charac t 
Th 1 · . er .  

e y s 1 s  o f  tumourous t1ssue is  never so extens i ve and 
usu 1 1 . 

, 

a y JU S t  a sma l l  central part of the tumour i s  necro tized . 
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TABLE 4 

Sensitivity of transplantab le twnours to onco lysis 
by C l .  but yricum M 55 

Species  Tumour type Sens i t ivi ty References 

Mouse Ehrlich so l id  tumour 

Rat 

Ehrl ich exudative tumour 

Harding-Passey melanoma 

Spontaneous breast adeno
carcinoma 

Methylcholanthrene
induced f ib rosarcoma 

Transp lantab l e  methyl
cholanthrene sarcoma 2677  

Lymphosarcoma W 946 

Guerin epithe l ioma T-8 

Walker T sarcoma 

Yoshida T sarcoma 

Urine epi thelioma 

Oberl ing myeloma 

Lymphatic leukaemia 

Rabbi t  Brown-Pearce tumour 

Hamster Amelanot i c  melanoma 

Renal adenocarcinoma 

Liver cys tadenocarcinoma 

Adrenal cortical 
carcinoma 

+++ Möse and Möse , 
1 95 9  

++ 
++ 

+ /-

+/-

++ 

+ /
+ /-

+/-

++ 

+/-

++ 

+/-

Möse , 1 960 

Rüs ter ,  1 980 

Möse , 1 960 

Gericke and 
Engelbart ,  1 964  

Gericke and 
Engelbar t ,  1 964  

Ger icke and 
Engelbart ,  1 964  

M"öse , 1 9 60  

Mös e ,  1 960 

Möse , 1 960 

Ger icke and 
Engelbart ,  1 9 6 4  

Gericke and 
Engelbar t , 1 964  

Gericke and 
Engelbar t ,  1 964  

Möse ,  1 960 

Engelbart and 
Ger icke , 1 964 

Engelbart and 
Gericke , 1 96 4  
Engelbart and 
Gericke , 1 964 
Enge lbart and 
Gericke , 1 9 64  
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According to  the maj ori ty of inve s t igators , the beginning 
of  the logari thmic phase of  tumour growth i s  op timal for 
admin is trat ion of COM-55 spores (Gericke and Engelbart ,  1 964)  
Thi s  is  due to  the fact that at  this t ime the tumour shows a 
tendency to  partial spontaneous necros i s , providing be t ter 
condi tions for the gerrnination of  larger number of  spores . 
l t  has been also  observed that the exudat ive form of tumours 
(e . g .  intraperi toneally growing Ehr l ich tumour) are also sus
ceptible to therapy wi th COM-55 (�1öse and Möse ,  1 959 ; Ger icke 
and Enge lbar t ,  1 9 64) . In this case spores do not grow intra
cel l ularly , but they f ind suitab le me tabolic  condit ions in 
peri toneal  exudate and germinate out s ide the tumour ce l l s  
( Gericke and Enge lbart , 1 9 64 ) . Thi s  may exp lain the phenome
non of  spore germinat ion and growth in micro tumours which do 
not exhib i t  symptoms of necros i s  (Urban e t  a l . , 1 9 74) . 

There are considerab l e  differences in sens i t iv i ty of 
various transplantab le tumours to treatment with COM-55 
spores (Tab l e  4 ) . General ly ,  murine tumours are suscep t ib le 
to this form of therapy whereas many types of rat and rabbit  
tumours are re s i s tan t .  As was ment ioned above , the opt imal 
t ime for the beginning of treatment is the logari thmic phase 
of tumour growth. In the case of  a f ibrosarcoma , the op t imal 
e ffect  i s  observed when the tumour s i ze i s  around 1 2  mm 
(Gericke and Enge lbar t ,  1 964 ) . l t  i s  pos tu lated that early 
adminis tration of  COM-55 does not cause direct oncolytic  
effec t .  The spores are trapped by  the reticu loendothe l ial 
sys tem and germinate in tumourous t i s sue only after several 
days , when the necros i s  can be noticed . S imi lar observat�on 
have been made in ou r s tudie s (Dworecka , 1 9 8 1 ) .  Balb / c  mice 
with transplantab le �dison lung cancer were locally treated 
wi th 4 x 1 08 spores at di fferent t imes af ter tumour implanta 
tion ( F ig .  2 ) . Tumour lysi s  was observed in all  exarnined 
groups of animals . l t  began to appear at approximately the 
same t ime ( 22-24 days after tumour impl antation) , indepen
dently from the beginning of treatment .  Bes t  resu l t s  of 
therapy were obtained when spores were adminis tered on the 
1 4 th or 2 1 s t  day after tumour implantation ( F ig .  2 ) . S ingle 
inj ec t ion of COM-55 spore s  does not lead to comp lete lysis  
of  tumours and to  prolongation of  survival t ime of animals 
(Dietze l  and Ge ricke , 1 9 7 7 ) . l t  is due to the fact that 
large and rapid necros is occurs wh ich provides cond i t ions fo 
infec t ion with pathogenic bacteria and leads to intoxication 
by product s  of necrotic  t i s sue wi th sub sequent kidney func
tion impairment (Brantner and Schwager ,  1 9 80 � . Th is , of 
course , seriously  restricts  the poss ib i l i ty of pract ical 
appl i cat ion of this f orm of  therapy in c l inical oncology . 

O. COLYTIC CLOSTRIDIA 

I I I .  MECHAN I SMS OF ONCOLYS I S  CAUSED BY CLOSTRIDIUM 

ONCOLYTICUM M55 

24 1 

Mechanisms of  tumour oncolysis  in  animals t reated wi th con-55  
are not  c lear , despite many s tudies . The who le series of  
pos tulated mechanisms are more hypothet ical  than experimen
tal ly ver i f ied fact s . Undoubted ly , germinat ion of spores 
occurs only at a low part ia l  pre s sure of oxygen . Such condi
tions can be f ound in necro tizing t is sue and probably ,  there
fore , a large number of vegetat ive forms of bacteria are 
accumulating there (Möse and Möse ,  1 964 ) . lt has also been 
pos tulated that hydrogen Superoxide is produced in the peri
phera l par t of tumours and may l ead to neoplas t i c  t i ssue 
damage (Kayse r ,  1 9 6 3 ,  1 9 6 7 ) . Thi s  has not been confirmed by 
other s tudie s .  Importance has been at tached t o  the extra
ce l lul ar factors produced by vege tative forms of COM-55 such 
as kininas e ( Bran tne r and Fischer , 1 9 73)  or the "cytotoxic factor" mentioned before ( Chagnon et a l . , 1 9 7 2 ;  Frede tte  and McSween , 1 9 74 ) . Bu t all  these sub s tances ,  includ ing their  biological activ i ty ,  are not  suf ficiently characterized to  def ine thei r  role in the mechanisms of oncolysi s .  Recent studie s (Brantner and Schwager ,  1 980 ; Rüs ter ,  1 9 80) point to a part icipat ion of immune mechanisms in the anti tumour effec ts of COM-55 . Phagocytosis  o f  spores by c e l l s  of the monocy te-macrophage sys tem may resu l t  in act ivat ion of these cel l s  with a l l  we l l  known consequences (Currie , 1 980) , such a� enhancement of nonspecific  cytotoxic ity  of macrophages d1rec ted agains t tumour ce l l s .  F igure 3 summari zes  a l l  postula �ed m�chani sms of oncolys i s . Mos t  of these may requi re conf1rmation by further stud ies , but we assume that the above scheme i s  useful as a s tarting point for planning new experiments .  l t  seems undoubtful that germination of  spores and appearance o f  vege tat ive forrns o f  bac teria is  essen t ial for in1 tiation of the oncolytic proces s .  Experimental data exi s t  sugges t ing that germinat ion o f  spores  and bacterial growth can be s t imulated by both products of anaerob ic glyco lysi s  and those o f  necrot ic t i s sue d egradat ion . Whole  s eries o f  events are triggered by  appearance of  vegetative forrns o f  c �ostridia , which may di rec t ly o r  ind irec t ly lead to neop last1 . c t i ssue des truc t ion .  Extrace l lular product s  of COM-55 such a k · · k · ' s ininases , may attac and impair the vascular sys tem of the tumour (Bran tner and Fi scher , 1 9 7 3 )  and the tumour Cel l s . Impairment o f  tumour ve ssels  resul t s  in a less  effici�nt l�cal b l ood supply and consequently leads to fur ther owering of t i s sue oxygen concentration.  Signif icance of  �roteases i s  s t i l l  unclear .  They are extracel lular fac tors 
_ Table 2 )  which are though t to  enhance inf lannnatory reac tions 111 the tumourous t issue . This also concerns the role of the 
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F I G .  3 Mechanism of oncolysis by C l .  but yricurn M55 

immune systern in the process of oncolysi s  induced by COM-55 
spore s .  lt is known that they s t imulate phagocytes  (Brantner 
and Schwager ,  1 980) . Vegetative forrns of bacteria induce 
specif i c  antibody forrnat ion which results in appearance of  
immune cornp lexes (Möse , 1 960) . Significance of cornplernent 
sys tern is also unknown . Experimental s tudies have not pro
vided evidence of cornplement sys tem activation by the vegeta
t ive forrns o f  COM-55 ( Brantner and Schwager ,  1 980) . However, 
it i s  known that both act ivated macrophages and immune com
p lexes may activate this  sys tem (Currie , 1 9 80 ) . The above 
reactions rnay trigger cel lular mechanisms leading to nonspe
cif  i c  lysis of  turnour cel l s .  Part i c ipation of  these immune 
react ions in the oncolysis produced by spores of COM-55 is  
highly probab le ,  al though s t i l l  no  d irect  .evi dence exi s ts . 

I V .  COMB INATION OF CWSTRIDIUM ONCOLYTICUM M55 

W ITH OTHER FORMS OF EXPE R I MENTAL TUMOUR THERAPY 

As discussed above , adrninistrat ion of COM-55 to turnour-beari 
anirnals resul t s  in rapid  and extens ive necros is of neoplast i  
t issue but does not lead to  cornple te eure and s i gnif i cant p r  
longat i on o f  survival t ime . Thi s  lat ter  phenomenon i s  relat 
to var ious cornp l i cations caused by mass ive necros i s ,  such as 

1':'. 
.,., 
<J) 

.,., 
-!-> 
(j ..., 
<J) () -!-> 
;::,., 

� 'lj <J) :;;:'. (j (j N 
� () 
1\) ::;;:: :;;:'. 

S N  
:l (j <J -!-> 

· r< :;;:'. 
H 1\) 
>, !::: LJ .,., 
:l � 

..0 1\) 

fy ...... 1\) u �t' () 
-!-> :;;:'. :;;:'. 

() 1\) 
.,., !::: -!-> -!->  
(j (j :;;:'. 1\) 

.,., � 
� -!->  () 

Ul 
QJ 
<J 
c: 
QJ 
H 
QJ 

...... 
QJ 

0::: 

LJ 
<J 
QJ 

...... 
...... 
w 

...... 
C1l 
c: 
0 

· r< 
LJ LJ 

·r< c: 
-a QJ 
-a s 
C1l LJ 

C1l 
...... QJ 
0 H 

QJ 
0. 
>. 

E-< 

LJ 

...... 
C1l "-' ·r< 

0 -a Ul 
·r< QJ 

Ul H H 
QJ LJ 0 
Ul Ul 0. 
0 0 Ul 

Q ...... 
u 

s Ul 
C1l 

...... 
0. 
0 
QJ 

z 

QJ 
Ul 

:o ::;:: 
-a 
c: 
C1l 

QJ -<t 
Ul '° 

:o °' � -

Ul 
· r< 

Ul 
>. 

...... 
0 
<J 
c 
0 

H 
QJ 

LJ 
Ul 
C1l 

i:·" 

...... 
0 
LJ 
<J 
C1l 
H 
LJ 
:< 
(1) 
(1) 

...... 
· r< Ul 

H ,...; 
(1) ...... 
'-' (!) 
Cl) <J 

-a ,...._ ·r< QJ 
...... <J 
0 · r<  
Ul s 

'../ 
.c 
<J H 

· r< :l 
--;:: � 
.c :l 
w LJ 

LJ 
H 
C1l (1) 

..0 .!G 
...... <J 
QJ . ,.; 
eo H 
c: QJ 

w c..'J 

...... 
0 
'-' 
c: 

� 
QJ 
<J 
c 
C1l 

.c 
.C: Ul 
QJ · r< 

Ul 
0 >. 

z ...... 

...... 
0 Ul 

QJ 
Ul H 

u :l 
<J '-' 
C1l ...... 
H :l 
u <J 
:< 
QJ ...... 

C1l U •r< 
c: -a 
QJ · r< 
H H 
QJ '-' 

...... Ul 
...... 0 
·r< ...... 
Q () 

CO 
0 

0 
CO 

C1l 
s ,...._ 
0 Ul 
<J u 
H C1l 
C1l H Cl) '../ 

LJ 
H 
C1l (1) 

..0 .!G 
...... <J 
QJ · r<  
eo H 
c QJ 

w c..'J 

...... 
0 
'-' c (1) 8 QJ 
<J 
c 
C1l 

.c 
c Ul 
QJ • r<  

Ul 
0 >. 

z ...... 

C1l 
<J 

· r<  
c: 

· r< 
s 
C1l 
u 
Ul 

·r< 
.c 
·r< 
'-' 
c 

< 
u 

c 
·r< 

s 
C1l 
u 

·r< 
:> 

CO 
0 

N 

N 
(j 

-!-> 
1\) 
QJ 

...... C1l 
QJ -<t •r< '° 

.c °' 
E-< -

...... 
0 

H 
:l 
0 
§ 

LJ LJ 
c 
QJ ...... 
s 0 
QJ 
<J c 
c: 0 
C1l · r<  

.c · � LJ 
c: Ul <J 
QJ ·.-< :l Ul 

Ul -a Ul 
0 >. (1) C1l 

Z .-< H S 

CO 
0 

...... <J 
0 ·r< 

'-' 
u Ul 
c: C1l 
(1) ...... 
s 0. 
QJ 0 
<J QJ u 
c: c: <J <ll ·r< QJ 

.c u ...... 
c: c: ...... 
(1) C1l QJ 

-!-> 
1\) 
QJ 

...... C1l 
QJ -<t 

·r< '° 
.c °' 
E-< -

1 
0 
<J -a 
c: QJ 
0 H 

QJ ...... :3: 
0 0 

...... 
u 
c: .c 
QJ u >. S ·r< U 
(1) :3: · r< 
<J ...... 
c: Ul C1l 
C1l .,... '-' 

.C cn H 
c: >. 0 

w ...... s 

c: 
0 
s 

·r< 
c 
QJ 
H 

E-< 

CO 
0 

H 
QJ -<t 
8 ,...... 

.c °' 
<J -
Ul 
'-' 
(1) 
H N  ::<: (j 

...... 
...... 0 
C1l 
> c 

·r< 0 
> · r<  
H u .c 
:l C1l u Ul -a :3: 

H 0 
-0 C1l H 

<1J u eo 
eo <1J 
C: H H 
0 :l ...... .c 0 
0 '-' s 
H · r< :l p., :3: u 

(1) 
-a 
· r< 

s 
C1l 

.c 
0. 
Ul 
0 

.c 
0. 
0 

...... 
<J 
>. 

u 

CO 
0 

C1l 
8 
0 
<J 
H 
C1l 
Ul 

c ,...._ 
QJ Ul 
Ul u 
c: C1l 
(1) H ....., '../ 



244 SZ 1IGIEL SKI e t  a l .  

b a c t e r i a l  i n f e c t i on s  o r  i ntoxicat i on .  T h i s  f a c t  s t rongly 

r e s t r i c t s  the u s efulness  of COM- 55 in cancer therapy (Die tz e l  

e t  a l . ,  1 9 7 8 ) . l t  i s  p roposed t o  comb ine the  app l i ca t ion o f  

spores w i th o ther forms o f  an t i tumour the rapy and to e s t ab 

l i sh approp r i a t e  sche d u l e s  of tre atment ,  cons iderin g  t iming 

and s equence of the indiv i du a l  e leme n t s  o f  the therapy 

( Rüs te r ,  1 9 80 ) . For a long t ime t r i a l s  have b e e n  done on 

comb i na t ion of COM--5 5  w i th chemotherapy ( T ab l e  5 ) , however ,  

the resu l t s  are no t encouragi n g .  Usual ly , nei ther enhanced 

onco lys is nor pro longed survival was n o t i ce d . The only excep 

t i on s  were comb inat ion the rapy w i th 5 - f luorodeoxyur i d i n e  or 

w i t h  trenimon in the t r e a tmen t  o f  sarcoma in mice and ham

s te rs (Th i e le e t  a l . , 1 9 6 4 )  and w i th cyclopho sphamide in the 

treatment  o f  Jensen sarcoma in r a t s  (Kr e t s chmer et  a l . , 1 9 7 4) 

These ob servat ions have not  been confi rmed in o ther s tudie s . 

umerous fai lures in treatment b y  comb inat ion of COM- 5 5  w i th 

cytos t a t i c s  sugge s t  that th i s  form o f  therapy w i l l  b e  o f  

l i t t l e  use . Much more p romi s ing r e s u l t s  were ob t ained b y  

admi n i s t r a t ion o f  COM-55 wi th r ad i othe rapy and / o r  local  micr 

wave hyper the rmia of tran s p l an t a b l e  tumours i n  mice ( D i e t z e l  

e t  a l . , 1 9 7 8 ; Ge r i cke et  a l . , 1 9 7 9 ) . Rec ent ly , l o c a l  hyper

the rmia has aroused intere s t  as an a d j uv an t  therapy ( Cheung 

and Samaras ,  1 98 1 ;  S t re f f e r , 1 9 7 8 ) . Due to the h igh thermo

s e ns i t iv i ty of neop l a s t ic c e l l s , local overhea t ing of the 

tumour t o  4 3-44°C l eads to damage o r  thermic d e a th of the 

maj ori ty of tumour c e l l s  and even to the comp l e te eure o f  

animal s  ( S t r e f f er , 1 9 7 8 ) . D i e t z e l  e t  al .  ( 1 9 7 8 )  have found 

that intravenous i nj e c t ion of COM- 5 5  spores comb ined w i th 

local mi crowave hyper the rmia (46 1 MHz) r e s u l t s  i n  doub ly pro 

longed survival t ime o f  t umour-b earing anima l s . The s e  inves 

t i gators  took advantage o f  the f ac t  that  hyper thermia 

increases the numb e r  o f  hypox i c  tumour c e l l s  wh i c h  provides 

b e t te r  condi t i ons für  germ in a t ion and growth of the b ac i l l i .  

Further progr e s s  h a s  b e e n  ach i ev e d  b y  comb i n a t i on o f  C01-55 

with hyperthermia and local X-ray irrad i a t i on o f  tumours 

( D i e t z e l  et a l . , 1 9 7 8 ;  Gericke et a l . , 1 9 7 9 ; R ü s t e r , 1 9 80 ) . 

In t h i s  cas e ,  mice w i t h  transp l a n t ab l e  Hard ing-P as sey me l a

noma were u s ed as an exper iment a l  mode l .  Th e f o l lowing 

s equence of treatmen t  was app l i ed : 2000 rads l o c a l ly , 3 min 

of local mi crowave hype r t he rmia ( 4 3°C) and a f t e r  1 2  h admini 

s tr a t i on of COM- 55 spores in <loses  of 1 08 p e r  mou s e . This 

therapy resul ted in s i gn i f icant prolongation of survival t i  

and even i n  1 8% o f  the mat e r i a l  i n  a comp l e t e  eure o f  animal 

after a s ingle  course o f  t r ea tmen t .  Other animals d i e d  due 

to recurrences of t umour s . The se cond course of treatmen t  

was highly e f f i ci e n t  a s  a prophy laxi s o f  recurrences and l ed 

to a high e r p e rcent age of cured animals . Comb ination therap 

ONCOLYTIC CLOSTRIDIA 2 4 5  

ap� l i e d twice re �u l t e d  in 40% o f  animals  in t o t a l  regre s s ion 
( �us te r ,  1 980) wi th ac companying pro longat i o n  o f  mean s urvival 
nme to 69 days , as comp ared to 27 days in untreated contro l s .  
Repe ate� ly u s�d cou r s e s  o f  therapy r e s u l ted i n  prolonga t i o n  
of survival t ime e v e n  to l 1 2  days a n d  i ncreased p e rc en tage o f  
comp le te ly cured an imal s to 80% ( Rü s t e r ,  1 9 80) . 

V .  THE EFFECTS OF CWSTRIDIUM ONCOLYTICUM M55 ON 

HAEMOPOIET I C  SYSTEM AND ITS POSTI RRAD IATION RECOVERY 

The comp l icate� mechani sms of oncoly s i s  ind uced by COM-55 
at �rac t �t tent ion to the p o s s ib i l i ty of d i rec t or i n d i r e c t  
s timu l a t ion o f  t h e  haemopoie tic  and immune s y s t ems ( Br antner  
and Schw�ge r ,  1 9 80) . The re i s  no  evidence o f  immunomodula�ory a� t �o� of COM�5 5 , s imi l ar t o  tha t exe r ted by typ i c a l  

a� ter� a immuno s t imulators s uch as J>r>opionibactePium or BCG . 
lnJ ec t ion o f  COM- 5 5  spores i n t o  normal h e a l t h  · 1 d , y anima s oes  
n? t lead  t.o s p l e no- o r  hepatomegaly , lymphocy t o s i s  or a c t iva
tion of macrophage s  or to e levat ion of b od t ' y emperature 
(Dworecka , 1 9 8 1 ) . On t he other hand , admi n i s t r a t i on of COM-
5 5  spores produce s rapid and p ronounced granulocy t o s i s  (Fi . 
4 ) . The num�e r  o f  

_
granu locytes i n  pe ripheral b lood reache; 

40 - 5 0  x 1 0  /mm3 i n  2 h a f t e r  inj e c t ion of spores wi thout 
any other accomp anying

_
symp toms . Th i s  granulocy t o; is  las t s  

for seve r a l  hours and i s  s lowly decreasing to 1 0  x 1 0 3 /mm3 :f��r 8 h .  On t�e 3 rd to 4 th day a f t e r  s ingle inj e c ti o n  of 
P .  es , sec ond r i s e  of granulocy tos i s  reaches 30 x 1 0 3 /  3 

(�i g .  4 ) . Norma l i z a t ion o f  the granulocyte n umbe r  in p:U:i �
5

e��l b l ood occurs a t  6-7 days af ter spore admini s tr a t i on .  

f 
e :e are no s ymp toms o f  func t i onal  s t imu l at ion o f  d if-

o
�re� t i ated c e l l s  i n  p e r ip hera l b lood ( n o t  increased reduc t i on 

nit ro-b l ue t e t razol ium) , i t  c an b e  assumed tha t the b 
ved 1 . o ser-

granu ocy t o s i s  resu l t s  f r om mas s ive mob i l i z a t io n  o f  the �eserve pool  of the  b on e  marrow (Dworecka et  a l .  1 9 8 2 )  
econdary s t imul at · f k . · 

' · 

as we l l  -
ion o ine t i c s  o f  granulocyte p r o l i ferat ion 

as the increased p e rcen tage o f  undi f fe re n t i a t e d  
granulocy te · _, · 

Th " . 
s was n o t i c e �  i n  b one marrow ( F i g .  5 ) . 

forms
i� i ncreas ed

.
p e r�en tage o f  p recursors and d i f f e re n t ia t e d  

the 2 d
f n e u troph i l s i n  b o� e marrow was mos t  p ronounced on 

5 
n t? 3rd day a f t e r  s ingle  admi n i s trat ion o f  COM- 5 5  

r
��res ( F i g .  5 � . T h e s e  f indings con f irm the acce l e r a t i on o f  

re s:��:y o f  t h i s  sys t em a f t e r  mob i l i z a t i on and r e l e a s e  o f  t h e  

1 9 8 1 )  
p o o l  o f  granu locytes  from bone marrow (Dworecka 

als o 
· Increa�ed numbe rs o f  p e roxidase-pos i t ive c e l l s  �e re 

spore
�b � e :ved

_
in sp l e e n  on the 2nd to 3rd day a f t e r  COM- 5 5  

5 1 . 
inJ e c t ion . lt  was accomp anied b y  s l i g h t l y  i· nc d 

P enic · d ( f  4 / 
rease 

bod . in ex rom . 3  mg g of b ody weight to 7 .  l mg/ of 
Y weigh t ) . lt  sugge s ts that COM-55 spores may a l s o

g 
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- E ryt hrobl astic cells <>- - --o Granulocytrs l:r- - - -/J.  Lymphocytes 

· 
FIG . 5 Pep cent of ePythPob las ts, gPanulocytes and lympho
cytes in bone maPPOW of mfre injected i . v .  with 1 08 of Cl . 
bu tyri cum M 55 spoPes (DwoPecka e t  al . ,  1982 ) . 

stimulate other sys tems o f  phagocytic ce l l s  (macrophage s )  but  
to  a lesser extent than granulocyte s .  Analogous s t imulation 
of granu locyte sys tem was no t i ced after the admin i s t rat ion of 
steri l e  supernatants of COM-55 cul tures ( two wave granulo
cy tos is ) .  This was not observed after the inj e c t ion of k i lled 
and washed COM-55 spores (Dworecka et  a l . , 1 9 82 ) . l t poin t s  
�o the possib l e  s igni ficance o f  COM-55 extrace l lular produc t s  
i n  the s t imulat ion o f  the granu locyte sys tem . Potent and 
se lec t ive s t imu lat ion of this sys tem by COM-55 spore s  or b ac
ter ial ext racel lular produ c t s  a t trac ted our a t tention to the 
Possi b i l i ty of apply ing COM-55 as a factor enhancing recovery 
�f impaired granulopoie s i s .  lt is known that this  impairment 
ls the mos t  common and dangerous s ide-effect of radio- and 
chemotherapy of cance r .  lntravenous admini s t rat ion of COM-55 
Spores i nto mice sub le thally i rradiated w i th X-rays ( 2 5 0  or 40Q R) s i gn i f icantly accelerated spontaneous recovery o f  �aemopo i e s i s  (Dworecka e t  a l . , 1 982 ) . Moreover ,  the p o s t
lrradiat ion d rop in the numbe r  o f  proliferating cel l s  of 
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granulocyte sys tem was s ign i fican t ly less  pronounced i f  spores 
were given s imu l taneous ly wi th , or 3 days before i r rad i a t i on .  
A pro longation o f  mean surviva l t ime and the increased number 
of anima l s  surviving l onger than 3 0  days was observed in the 
groups of mice i rrad i a ted with 500 - 7 5 0  R and receiving a 
single admin i s tration o f  COM-55 spores 3 days be fore X-ray 
exposure ( F i g .  6 ) . More detai l ed analysis  o f  ob tained resu lts  
of  vari ous schedules of irradiat ion and spore adminis trat i on 
demonst rated that the main mechanism o f  enhancement o f  haemo
poie s i s  recovery caused by spores i s  the above mentioned 
acce lerat i on of granu lopoies i s  ( Dworecka et a l . , 1 9 82)  . 

VI . SUMMARY 

Undoub tedly,  administrat �on o f  viab l e  spores o f  s t rain M 5 5  
of Clostridiwn butyricum resu l ts in rap i d  and mas s ive necro
sis of experimental tumours ,  but it does not lead to a com
p lete eure . Germination of spores seems to be es sential in 
the mechan i sm of the above phenomeno n .  Germinat ion can occur 
on ly in cond i t i ons o f  l ow oxygen concentration.  The mechan
ism of oncolytic effect of COM-55 is s t i l l  unc l e a r .  Bac
terial ext race l lular products as we l l  as partic ipat ion of 
immunological mechanisms are sugge s ted to p lay a s ignif icant 
rol e  in this e f fe c t .  Both these hypothe ses have t o  be con
firmed by further exper imental studi e s .  

Independently o f  the oncolytic  effect , the bac teria s t imu
late the granu locyte sys tem and acce lerate i t s  p o s t i rradia
tion recovery . lt points t o  bene f ic ia l  effec ts o f  experi
mental t reatment with COM-55 spores i n  cases of impairment 
due to s ide-e ffec t s  of rad io- and chemo therapy . 

At present , eval uat ion o f  the usefu lne s s  o f  COM-55 in 
cancer therapy i s  not equivocal , as many basic  exper imental 
stud ies have not yet been performed .  Low toxic i ty o f  COM-55 
seems to b e  of part icu l ar i mp ortance . On the o ther hand , 
mas sive necros i s  may lead t o  serious comp l ications . Moreove r ,  
thi s form o f  therapy can b e  dangerous in such cases when the 
local izat ion of the tumour does no t a l low evacua tion of the 
necro t ic t i s sue . The therapy with COM-55 spores can be con
s �dered only as a p o tential adjuvant therapy in comb ination 
W1 th other forms of treatment . Recent ly performed s tudies 
on the comb inat ion o f  COM-55 wi th radio therapy and l ocal hyperthermia l6ok par t icularly promis ing . Only further 
studies wi l l  enab l e  the evaluation of real useful lness of 
this type o f  comb ined therapy in c l inical onc o l ogy . 
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D I SCUSS I ON I I I  
CHAPTERS 9 - 1 2  

D r  SEDLACEK : Dr  Schwab , you have shown that bacterial sub
s tances may inf luence various parame ters of the immune system .  
Could you also  show that those sub s tances are immunosuppres
s ive on the f ina l response of the immune sys tem, that means 
whe ther you get reduc t ion o f  ant ibody t i t re or increase or 
suppression of ce l lular immune response or a reduced resis
tance to infec t ion or any imbalance of the irrnnune sys tem? 
Dr SCHWAB : Suppres s ion o f  antibody response to unrelated 
antigens , such as SRBC , by the cytoplasmic mernbrane prepara
tion has been shown ; and this is accornpanied by an enhance
ment of DTH react ion to the same ant igen (SRBC) . Pep tido
glycan-polysaccharide cornp lexes of the ce l l  wal l  can depress 
CMI funct ions such as response to  T-ce l l  rni togens .  The 
important point is tha t agents such as whole bacterial c e l l s  
contain a var ie ty of cornponents wh ich can modulate the immune 
rE: sponse .  Thu s ,  in the anirnal inj ec ted with sorne thing l ike 
prop ionibacte rial vaccines , e i ther suppress ion or enhancement 
is possible  and this account s  for sorne of the d i sappointing 
results  in immunotherapy . 

Dr CHEDID :  S ince natural antibodies against pept idoglycan 
have been described in normal serurn, have you deterrnined 
whe ther your anirnals  did have such natural ant ibodies in v1ew 
of your cornplement activation expe rirnents ?  
Dr SCHWAB : All immunologically rnature anirnals  have rneasurab le 
antibody to peptidoglycan in serurn and the arnount of antibody 
is age-re lated . In our in vivo s tudies of changes in  cornp le
ment leve l s ,  al terations of total haemolytic cornp lernent were 
paral le led by changes in ACP , CJ and fac tor D .  Thus , whi le 
some of the change s in serum cornp lement rnay be due to immune 
cornp lex ac tivat ion o f  the c lass ica l  pathway , a part of the 
c�ange is due to activat ion of the a l ternate pathway by C3b 
b1nding to pep tidoglycan . 
Dr KONDO : I agree wi th you that rnos t bac terial preparations 
ac t ivate both the a l te rnative and part ly the c lass ical path-
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waj . Bu t by repeated inj ec t ions you cannot ge t a decrease of 

serum complement l eve l .  In contras t ,  serum comp lement remains 

at a high leve l .  Thi s  indicates that the use of bacterial 

products  resul ts in irnmunopotentiation rather than irnmuno

suppression ,  s ince an ini t ial drop of complement level is 

l imited to a short period . 

Dr SCHWAB : As a generalization , immunosuppressive agents  can 

function also as immunoenhancers as c ircums tances such as 

<lose or t iming of inj ection relative to ant igen are changed .  

However , inj ec t ion of LPS 24  h before antigen introduction 

w i l l  be suppressive and this may involve depress ion of C3 

leve l s .  

Dr PRAG E R :  I n  examining the s�ppress ion of lymphocyte p ro

l i ferat ion in peptidoglycan treated animals , have you 

examined techniques other than thymidine incorporation? 

S ince the peptidoglycan activates macrophage s ,  they might 

secrete thymidine whi ch could give a false impress ion o f  

depressed DNA synthesis . 

Dr SCHWAB : We have also demons trated suppres sion of DTH skin 

react ion in rats inj ected with pept idoglycan-polysacchar ide 

fragments . 

Dr GOLD I N : Dr Baldwin , could you indicate 

nism for BCG s t imulation of tumour growth? 

Dr BALDW I N : BCG exerts  mul t iple  effec ts upon host  cell s .  

This includes the generat ion o f  activated macrophages which 

may , under certain cond i ti ons , function to suppress NK and 

T-ce l l s . This  has been shown for example in tes ts  where 

local BCG s t imulation of a tumour draining lymph node can 

allow the escape of tumour ce l l s  and so lead to the devel op-

ment of metastases . 

Dr CHEDI D :  Dr B�ldwin , mus t  the antigen (PPD) b e  given in 

situ to e l i c i t  the anti tumour effec t mediated by de layed 

hypersens i t ivity? By what procedure was the monoclonal cell 

coupl ed t o  FN? And was the interferon activity of  the con-

jugate measured in vitro? 

Dr BALDWIN : The tumour response init iated by PPD in BCG

sens i t i zed  rats requires that PPD i s  l ocal ized at the tumour 

s i te . This i s  viewed as sens i t i zed  T-cel l s  responding to 

PPD producing "fac tors" which lead to NK and macrophage medi 

ated effec t s .  Interferon i s  one of  the agent s  we are s tudy

ing for use with monoclonal ant ibodies as carriers . The 

synthesis  of IFN-ant ibody conjugates is carried out using th 

SPDP reagent . Details  have recen tly been presented (Baldwi 

et a l . , 1 9 82) . 

DISCUSS ION 

Dr M I TCHELL : Dr Baldwin why 
d 

' was your monoc lonal ant ibody 
targete to the tumour rather than the 
h IFN t b d 

NK-ce l l  i f  you want 
t e o e e l ivered to the latt  ? er . 
Dr BALDWIN : The b . · 

2 5 7  

. 
o J eC t ive of  the treatment was to tar e t  

interferon t o  the tumour for th · · 
g 

· 
e activation of host ce l l s  t 

the tumour s i te and to cause furth . 
a 

er extravasati�n to the 
tumour . In ou r expe:ience ,  peripheral act ivat ion of  NK-c 
and /or macrophages without a method of att  . 

e l l s  

the tumour has had l imi ted therapeut ic  eff:���ing cel l s  to 

D r  M I TCHELL : There i s  c ircums tantial histol  . . 
in al lograf ts  that T- 1 1  . 

ogical evidence 
ce s ac t mainly through macro ha es 

rather than as cytotoxic T-ce l l  Wh " l  . P g ' 

h 
s .  i e I agree with your 

concept  t at recruitment by T-he lper ce l l  · · 

in tu�our rej ec t ion , � migh� cau t ion that
s
a��p���� ������:�t 

exi�riments
.
preferentially identify T-helper ce l l s . These 

ce s recruit  other ce l l s  in the re · · · 

woul� therefore be more easily dete�����nt
T��:l

�he ir presence 

require much larger  numbers to be present in th 
e: �e l l s  may 

populat ion for the i r  p resence to b d . e inJ ected 

. 
e etected s ince they do 

not recru i t  addi t ional ce l l s  very wel l .  

D: SEDLACEK
_
: You showed that nonspecifi" c  . 

mlght k 
immunostimulation 

wor in your experimental t 
not f ind any indicati on that CTL �=our

l
sys tem but you could 

conc lus ion would be that unspec " f "  
Y _ P  ay a :ole  there . The 

be the candidate for doin th 
: �c irnmunos tirnulation rnight 

ity of c l inical s tudies s�ow �h!� �CG
Howe�er ,  the vas t rnaj or-

effective or i f  at a l l  th d " ff 
or . paY'Vum are not 

minor .  
' . . . , e i erence t o  control i s  rather 

tumour m����:g
w�his  dis�repancy , don ' t you think that the 

f . . are us ing and you have used ar 1 
or the c l inical s i tuation? 

e not re evant 

Dr BALDW I N : Our recen t expe rience indicates 
of host ce l l s  in turnour d . . . 

that activation 

of agents such as BC 
epo s i ts by intrales ional inj ect ion 

ce ll wal l  co d f 
G ,  a subce l lular preparat ion including 

• r actor e tc leads t t . . 
response invol . ' . o urnour reJ e c t ion .  This 

without T-1 �ing rnacrophages and NK-ce l ls can funct ion 

effective i�rn�h�cy
t
tes . �ow�ver ,  the response is  usual ly rnore 
urnour is irnmunogenic · d . 

response I . d . ' so in ucing a T-ce 1 1  
· n consi ering these f ind · 

more than 25 e . h 
ings ' our experience over 

r Y ars is  t at the rnaj ori ty of 1 
at tumours do t l "  . 

natura ly ari s ing 
these t 

no e i c i t  turnour rej e c t ion responses i e 
induce 

������ do not express neoantigens - which fun� t i�n
.
to 

in th 
responses .  These f indings have to b . 

a 
� context of human tumours where the . 

e viewed 

O�soc�ated antigens which e l ic i t T-ce l l re
evidenc7 for �umour 

th1s b · 1 
sponse is  equivocal 

whi" h 
asi s ,  an a ternative approach has bee d 1 

· 

c T-ce l l  
n eve oped in 

responses can be generated within t · umour depos i ts 
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to irre levant antigens . Thi s  i s  exemp l i fied by the rejection 

of mammary carcinoma Sp l 5  in contact wi th PPD in BCG-sens i-

t ized rat � . 
The int� rpretatat ion of  these data i s  that the local T-

cel l  response  generated by PPD-induced delayed type hyper

sens i t ivi ty react ion leads to localizat ion of ce l l s  (NK or 

macrophage s )  which effec t  tumour rej ection .  These concept s  

have appl ication t o  c l inical immunotherapy s ince i t  i s  also 

feasible to  e l ic i t  local responses in sensi t ized pat ient s .  

This i s  i l lustrated in a recent s tudy where inj ect ion of BCG 

into lung tumours pr ior to reject ion led to an increase of 

in s i tu NK-cel l  act ivi ty . 

Dr K I RCHNE R :  I was impressed by Dr Baldwin ' s  data indicatin 

the superior effectivenes s  of  BCG in immune animals as com

pared to nonimmune animals .  Do you cons ider i t  a possib i l i t  

that lymphokines ( for example  y-IFN) play a maj or role? 

Also your point that not the k i l ler  T-cel l s  but the helper 

T-cel l s  play a p revalent role (even in  allorecogni tion) i s  

ext remely exc it ing . Perhaps you can give references .  

Dr BALDWIN : Concep tually , we cons ider the effects  medi

ated by T-lymphocytes sensi ti zed to irrelevant ant igens such 

as those zenerated by PPD injec t_ed in  admixture w i th tumour 

cel l s  in BCG-sen s i t i zed rats ,  funct ion through the secretion 

of lymphokine s .  Thi s  may include y-IFN but there are as yet 

no data on this point . The role of k i l ler T-cel l s  in tumour 

rej ection has been brought into que s t ion in our own s tudies 

showing t he lack of correlation between cel ls adopt ively 

transferring immunity and thei r  in vitro cytotoxic i ty .  This 

is becoming clearer f rom the analys i s  of the role of T-cel l  

subsets  i solated according to markers such as Ly 1 , 2 in  the 

mouse . Specific  references to this point are summarized in 

our recent review on immunotherapy ( Baldwin ,  Cancer Chemo

t herapy Annual 4 ,  Excerpta Medica , Ams terdam, in press ) . 

Dr GOLD IN : Dr Kirchne r ,  could you comment on the cros s  rea 

t ivi ty of the various types of interferon including also 

human and animal? If resis tance occurs to one type of inte 

feron , is there cross resistance to o ther types ?  

D r  K I RCHN E R :  Thus far , i t  appears that a l l  known 

interferons are shared by al l the known interferons . Howe 

the receptor for i n terferon gamma appears to be  different t 

the common receptor for interferon alpha and beta .  Perhaps 

in  the future we wil l  learn that certain interferon subtype 

differ in  certain effects  from other interferon sub types . 

Recentl y ,  the rare occurrence of  anti-interferon has been 

shown (Vallbracht e t  a l . , Nature) . The one patient of 

Val lbracht who developed antibod ies against �-IFN was
. 
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subsequently succe ss fully treated by interferon beta . 
appears that antibod ie s  ar f 

lt  

" th 
e more requent in pat ients treated 

now wi recombinant bacterial interferon . 

Dr EGGERS : What i s  the mechanism of the 
f · f ( 

d i f ferential effect 
o inter eron s)  on tumour cel l s ?  
Dr K I RCHNER : l t  f f . is ar rom being proven that interferon 
acts s e lec t ive ly on tumour ce ll 1 f . 
b its the p ro l i ferat ion of  norma� ·

T- l
n ��t ,  interferon inhi-

the future we wi l l  learn that . t f
ymp �yt�s : Pe rhaps in 

. f . in er  eron inhibi t s  the 
li erat ion of many d i fferent c 1 1  t 

pro-

wi l l be s imilar to the one of  
e
l 

�pe� and that the problem 

ever , the c l inical s ide-effect� ��sica chemotherapy . How

bacterial recombinant IFN appear t 
ev
b
en very high <loses of 

o e moderate . 
Dr S I NKOV ICS : I would l ike t b . 
. o ring up the ques tio f 
interferon res i s tance This ph 

n ° 

. · enomenon was observ d 1 
in France by Chany . We also observ d . e ong

.
ago 

in "Experientia" in the 1 9 60 I 
e i t  and reported on i t  

in pat ien ts  t reated with int=�fer�n
app:�ently occu:s as we l l  

pat ients show a tumour r e s  onse at i out one-t�ird of the 

they relapse wi th growing iumo h
�a
l
s t  temporarily ; then 

. . . 
urs w i e they are s t . 1 1  

receiving interferon . l f  the mechan · . i 

is a d irect antiprol iferat ive effec t
i s�h

of i 
l
nterferon e ffec t 

recep tors · ' en oss of  interferon 

f 
• i . e .  non-express ion of these  receptors on the 

sur ace of targe t cel l s  would resu l t  . . ' 
. 

But even in this case Dr B ld . ' 
in interferon res i stance . 

coup led interferon wo�ld co�t i��: s monoclonal antibody-

ing to the targe t c e l l  . i · 
to work , because the b ind-

antibody and not  b th 
l. �  accomp ished by the monoclonal 

. Y e interferon Therefo . . 

�ntipro l i ferative mechanism and NK� 11  
re , activation of  

if the mechanism of  interfero . ce s c�n take place . But 

the target ce l l  of r . t 
n resis tance i s  acqui s i t ion by 

h 
e s i s  ance to cell  med · t d . . 

t en even monoc lonal antibod -d i ·  . ia e cytotoxic i ty ,  

to induce an ant i tumour effe�t 
e ivered . inte:feron would fail  

get ce l l s  treated ' th . 
. There i s  evidence that tar-

NK 
Wl. interferon may b . 

-ce l l  mediated cyt t . . 
ecome res i s tant to 

. 
o oxic l. ty . In  our e . . 

genic sarcoma 7 9 1  T th d f . xperience wi th os teo-

NK-cel ls ( 1 0 1-1 0 3-) 
e
l 

ose o interferon needed to act ivate 

t 
was ower than tha t re d · . 

a:ge t cell  NK suscep t ib il i t  N 
porte to inhibi t  

raised . . 
y .  evertheles s ' the point 

th . 
i s  important and must  be borne in · d 

e
_ influences· of target ing  IFN t t 

min . when evaluating 

ant ibody as a carrier .  
o umour using monoc lonal 

Dr S I ECK · D · 

ta ·  · r Kirchner , you mentioned that IFNs · d 
in enzyme cascades- . Which kind of  

ii: uced cer-

anct are th d '  
enzymes are involved 

A ere i fferences between the diffe 

a
��

·
products o� the enzyme reac tions relate�e�� ��pe

d
s

'
o
f f
f IFN? 

itumour act ions ? 
e i erent 
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Dr K I RCHNER : The enzyme cascade induced by inte:feron 
t i· n cel l s  are wel l  s tudied and have been reviewed . men 

· 1 are ways t o  explain the ant iviral effec t s  of IFN in at  east 
some viral sys tems by the enzyme induct ion cascade . �s far 
as the ant ipro l iferative e ffec t of  IFN i s  con�er�ed ,  i t s  ce l l
b iological bas is  i s  poorly characteri zed

_
and i t  i s  not known 

i f  the enzyme cascade is  in part responsible for the ant ipro-
life rative effec t .  
Dr MITCHELL : Human alveolar macrophages from normal indivi
duals  do not k i l l  recently explan ted tumour ce � ls  �nd cannot 
be s t imulated to do so by ext racted alpha-IFN �n v� tro . 
Alveolar macrophages from cancer pat ient s  k i l l  sp�ntaneous ly 
and can often be potentiated by IFN . ls there evidence for 
the neces s i ty of 2 s ignals  in order for IFN to  activate 
macrophages? 
Dr K I RCHNER : lt i s  importan t  to  s tress that interferons 
act ivate not only NK-cel l s  but also macrophag�s : Future . . exper iments wil l  requ ire pure interferons and � ighly purified 
populations of NK-cel l s  or macrophages t� see i f ,  perhaps , 
there are differences in ce l l  subpopulations or IFN subpopul 
t ions . 
Dr K I RN :  We ob tained s imi lar resu l t s  to those reported by 
Dr Mitche l l . Unt i l  now we have been unable to "ac t ivate" 
Kupffer cel l s  wi th interferon in vitro. 

Dr K I RCHNER : There i s  certainly a good poss ib i l ity that 
there are subpopulations of  macrophages that are nonrespon
sive to interferon . Qf course , the "natural" IFN (alpha) 
contains all  alpha-IFN subspecies and perh�ps  there are more 
than addi t ive effects  when several subspecies are added 
togethe r .  However ,  in order to l earn about th� exact mecha
nism, f ir s t  of all  we have to tes t  the subspecies  of IFN 
alone on pure populations of �e l l s .  L�ter , we can speak 
about the effects  o f  combinations of d i fferent IFNs . 

Dr K I RN :  Dr Kirchne r ,  I agree wi th you that L�S is  a poor 
interferon induce r ;  however ,  i t  depends what k ind of ce l l s  1 
are challenged . For examp l e ,  Kupffer cel l s  react very �oor 
to endotoxin whereas endothe l ial l iver cel l s  produce hig� 
amounts  of  i�terferon wi th endotoxins . T�is  �ay be expla�;e 
by the fac t that endotoxin i s  detoxif ied �n v�vo �y K�pf� 

l ls so that cel l s  should also be  abl e  to  detoxify i t  �n ce ' . 1 d Wh · s there such vitro , whereas endothel ial ce l  s o not .  . Y i . 1 
hase between the treatment of the animals with C. pa �um

a!n� the efference of  interferon in the sp�een ce�l cu:
? How do you explain that C. parvum may induce inter ture . 

? feron in leukocytes  and not in macrophages .  
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Dr K I RCHNER : The activat ion of the lymphore t icular system by C. parvum takes seve ral days and in mos t  inves t igat ions i t  is observed between 7 and 1 4  days after inj ection .  Our data seem to sugges t  that B-lymphocytes ( t hat are also activated mitogenically by C. parvum) are the producers of interferon and not the macrophages .  True , i t  i s  very important to s tudy the e ffects  of LPS on o ther cel l  types bes ides leukocyte s .  As far as leukocytes are concerned , LPS (even i f  h ighly purif ied) is a poor inducer of interferon . 
Dr BAS I C :  l t  has been shown recent ly that pyrimid inone compounds  have a s trong ant i tumour effect  in mice and that they induce high leve ls  of interferon in lymphoid organs , lungs and p lasma of treated animals . Does interferon , which i s  produced in vivo by these compounds or  by  others such as CP , direc t ly inhib i t  tumour cell proliferation or does i t  work through the s t imulation o f  anti tumour response of the hos t ?  
D r  K I RCHNER : The compounds you are referring to are relatively weak inducers of inte rferon when compared to C 1A, for example .  I n  regard to  the general que s t ion , how does interferon work against tumours in vivo , there are at least 3 known effects  of  interferon which may contr ibu te : 
a) the direct antiprol i ferat ive effect on tumour cell s ;  b )  the activat ion o f  certain effector ce lls  o f  the defence sys tem; 
c) very recently it has been shown that interferon-treatment of tumour ce lls  causes a par t ial revers ion of the mal ignant pheno type . 
lt  wil l  take cons iderab le  further work to  sort out the relative contribut ion of  these different effec t s .  
Dr PULVERER : Dr Kirchner ,  acridin orange (AO) is  a potent s timulator of lysogeny at least in staphy lococc i .  Furthermore , s taphylococcal phages show differing resi s tance to this  subs tance . 
Dr KIRCHNER : This  is  a very interes t ing comrnent . 1 was not aware of  this f inding. However ,  there are numerous effec ts  o f  AO , many of  which  are probably caused by the  interact ion of AO with macromo lecules of the cel l .  Why certain AO derivat ives induce interfe ron (by which mechani sms ) is  essentially unknown . 
Dr H ILL : Dr Jeljaszewicz , although Clostridial oncolys is  may have no p lace in curative treatment of cancer might i t  have a role in,  for example ,  paliative treatment of  large obs tructing colorectal tumours that are inoperab le? Al ternatives are chemotherapy or radiotherapy,  both of  which are extremely 
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deb i l itat ing . Perhaps oncolys i s  might  be a more acceptab le 
treatment to the patient and perhaps this is worth inve s t i
gating and perhaps oncolysi s  should not be abandoned comp le te
ly ye t .  
Dr JELJASZE W I CZ : Too l i t t le i s  known about what oncolyt ic 
Clos tridia do in the animal organism ,  when des truct ing part 
of  the tumour mass . Of course ,  appl ication in such cases  as 
colorec tal carcinoma , when other treatment has failed , may be 
of intere s t .  However , animal experiments are not conclus ive 
enough , and appl icat ion of l ive bacteria to humans seerns now 
much too risky . As for app l ication cf Clostridia for palia
t ive therapy in cases not reacting to a l l  other types of  
therapy , o ther and much be tter  means are availab l e ,  as for  
ins tance , intratumoural injec t ion of  propionibac teria in 
colorectal carcinoma when radio- and chemotherapy and 
are of no further help . 
Dr BAS IC : You have pointed out that the mechanism of anti
tumour act ivi ty of Cl . butyricum spores i s  mainly due to the 
necros i s  of tumour t i s sue . Since the amount of Spores in 
tumour t i s sue was p re t ty low as shown by radiolabe l led spores 
it is l ikely that other mechanisms could also be involved .  
Has anybody tried to isolate an act ive ant i tumour compound 
from those spores? Are dis integrated spores or k i l led ones 
as act ive as those which give rise  to l ive bacteria? 

Dr JELJASZEW I CZ : No ac t ive compound from spores , vege tative 
ce l l s  or an extrace l lular produc t from Clos tridia has been 
def ined according to contemporary criteria of b iochemis try 
as an ant itumour agent of this  origin . Espec ially , the 
spores were not tested .  Extrace llular produc ts  have been 
only partial ly purif ied or even not at al l .  One cannot sug
ge s t  at thi s moment a subs tance from Clos tridia of this 
nature .  Extens ive work on pro tease from Clos tridium M 55 i s  
ac tually b eing done now . 

TUMOUR I MMUNOTHERAPY US I N G  
V I B R I O  CHOLERAE NEURAM I N I DASE ( VCN ) 

H . H .  Sed lacek , E .  Weidmann and F . R .  Se i ler  
Research Laboratories of Behringwerke AG, 

3550 Ma.rburg/La�n, FRG 

I .  INTRODUCTION 

During th. e last 2 decade s ,  immunotherapy has b f een the s l ogan o experimental as we l l  as c l inical pi' oneers · in the f ield o f  tumour the rapy �ue t o  �he f o l lowing reasons : l imi tations in the succ�s s  achieved with the conventional weapons agains t  c�nce r ,  i . e .  surge ry , radiothe rapy and chemotherapy Wi th t ese . procedure s ,  the s o-cal led minimal res idual d i�ease _ �hat i s  the grow�h o f  me tas tases f rom s ingle tumour cel l s  pread by  the primary tumour - could only b e  · · d ins ign ' f ' 1 · impaire very i icant y in the vast maj ority of tumour d "  Thus research d '  iseas e s .  
kill

� . _
was i rec ted towards the pos s ib i l i t ies  of  

h 
ing 7pec i f ica l ly those s ingle tumour cel l s .  Based on the 

tr�:�he��:f 
that  tumour ce l l s  quanti tatively and/or quali ta

genicrt 
i er  �rom normal ce l l s  in their ce l l  surface ant i-

. y ,  the immune sys tem was inves t igated f · tial to 1 or its  poten-
I d 

?ontro tumour growth and to k i l l  tumour ce l l s  n eed in a large n b f · · 
even . ' um er o experimental tumour sys tems and 
of th

in
_
some selec ted c l inical tumour diseases , manipulation 

th 
e immune sys tem could be shown to have some influence on 

pr� subsequent tumour growth .  Even tumour immunothera 
cl i���a�o �e

d
�t leas t exper imenta l ly successful . Howe�!r 

res 
s . u ie7 revealed that the tumour immunothera 

' 

t ra
ul�s gained in expe�imental tumour sys tems could n�� be ns erred to human d isease s .  Actually · of rand . d l '  . ' in a vas t number . omize c inical s tudie s ,  unspecific or s · f · ( '  immunomodulators in a mixture wi th tumour ant i' g

peci i c  i . e .  Ce l l s ) · · . . ens or tumour 
Be 

immunos timulation wi th bac ter ial sub s t  · G c p ances - 1 1ke 
1 ' . · arvum , MER f rom BCG or with other compou d h evamiso le  f · 1 d h n s suc as 
t - a1 e to s ow any succes s  on the h umours .  growt of 
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D i s cu s s i o n s  a r o s e  wh e th e r  t h e  expe r ime n t a l  tumour s y s tems , 

c h o s e n  t o  p r ove t h e  tumour p h a rmac o l o g i c  e f  fe c t  o f  t h e  r e s p ec

t ive c ompound p r e c l i n i ca l ly ,  were r e l e v an t  to human tumour 

d i s e a s e s . Mo s t  o f  t h e  immunomo du l a t ors exh ib i te d  t remen dous 

s i de-e f f e c t s  o n  the p a t ie n t s . Con s e q u e n t ly ,  the d i f f i cu l ty 

in p roving c l i n i c a l  e f f e c t iv i ty o f  the var i ou s  immunomodula

t o r s  and the r i sk of h a rm i n g  the p a t i e n t  l e d  to the gene r a l  

f e e l i n g  t h a t  immun o t he r apy as a who l e  i s  t h e  wr ong way t o  

imp rove turnour t h e r apy . T h i s  a t t i tude , howeve r ,  t emp t s  one 

t o  ove r l ook and t o  d i s r e g a rd t h o s e  very compound s and p r in

c i p l e s  wh i c h  i nd e e d  h ave s h own to be e f f e c t ive b o t h  p r e c l i ni

c a l l y  and c l i n i c a l ly an d wh i c h  m i gh t  g ive t h e  b a s i s  f o r  

f u r t h e r  w o rk t o  improve tumour immuno t h erapy a n d  t o  

i t s  l irni t a t i o n s . 
The airn of th i s  a r t i c l e  i s  t o  r ev i ew and to s umma r i ze t h e  

p r e c l i n i c a l  and t h e  c l i n i c a l  da t a  o f  t h e  s p e c i f i c  t umour 

immu n o t he r apy u s i n g  Vibrio cho l erae neuraminidase (VCN) . l t  

wi l l  b e  shown t h a t  t h i s  p r i n c i p l e  i s  e f f e c t ive i n  t rans p l an t

ab l e  tumour s y s tems , i n  a u t o c h thonous s p o n t an e o u s  animal 

tumo u r s , and i n  s e l e c ted human tumour d i s e a s e s  a c c o r d i n g  t o  

random i z e d  p r o s p e c t ive s tu d i e s  wh i ch h ave b e e n  p e r f o rmed s o  

f a r .  Moreover , a c e r t: a i n  immun i z a t i on p r o c e dure c a l l ed 

che s sb oa r d  vacc i n a t ion , w h i c h  min imi z e s  t h e  r i sk of s p e c i f i c  

tumour immuno therapy t o  i n du c e  tumour enhanceme n t  and wh i c h  

t h e r e f o r e  c a n  b e  r e commended a s  a n  a l t e r n a t ive f o r  t h e  i n j ec

t i on of VCt - t r e a t e d  c e l l s , wi l l  b e  d i s c us s e d .  

I I .  EFFECT OF VCN ON THE I MMUNE SYSTEM 

The b a s i c  hypo th e s i s  of t h e  e f f e c t  of VCN on the immune sys

tem was deduced f r om the f in d i n g  th a t  VCN t r e a tmen t  of normal 

and tumour c e l l s  c o u l d  i n c r e a s e  t h e i r  ant i gen i c i ty in vitro 

and t h e i r  immunoge ni c i ty in vivo . l t  c o u l d  b e  shown in s ome 

c a s e s  t h a t  t h i s  i n c r e a s e  was induced b y  t h e  p o t e n t i a t i on o f  

the c e l l - sp e c i f i c  ant i g e n s  or c e l l - s p e c i f i c r ec e p t o r s  or b y  

the occurrence o f  new an t i ge n i c  d e t e rminan t s  ( s e e  Tab l e  1 ) .  

The Thomsen-F r i e d e n r e i c h  ant igen ( Thoms e n , 1 9 2 7 )  ( th e  s o

c a l l e d  T-an t i ge n )  b e l ongs t o  t h e s e  new an t i g e n i c  d e t e rminant s 

The r e l evance o f  i t  as a tumour- a s s o c i a t e d  an t i ge n  i s  now 

b e i ng ;nuch d i s cu s s e d . On the o th e r  hand , VCN i t s e l f  c o u l d  be 

s hown to adhere ve ry s t r on g l y  to t h e  c e l l  memb rane ( Se d l acek 

and Se i l e r , 1 9 7 4 a )  and exp e r imen t a l  data e x i s t  that t h i s  

s t i c k i n g  o f  t h e  exogeneous neurami n i da s e  t o  t h e  c e l l  memb r ane 

mi ght i n d e e d  a l s o  give new an t i ge n i c  de t e rm i nan t s  t o  t h e  

c e l l s  ( J ohann s e n  a n d  S e d l a c ek , 1 9 7 4 ) . A s  c e l l-memb rane

a t t ached VCN a l s o  p r oved to be e nzyma t i c a l ly a c t ive , t h e  

spe c u l a t ion w a s  whe t h e r  VCN i s  ab l e  t o  i n f luence t h e  immune 

s y s tern i t se l f . As o u t l i n ed in Tab l e  1 ,  e nzyma t i c a l l y  a c t ive 
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VCN i s  a c t u a l l y  ab l e  t o  i nc r e a s e  the an t i gen- o r  mi t ogen
induced lympho cy t i c  trans f o rma t i on r a t e , to s t imu l a t e  a u t o 
l o gous o r  a l l ogene i c  �C ,  t o  increase macrophage ph agocy t o s i s ,  
rnac rophage - l ymp h o c y t e  i n t e rac t i on and s e ns i t iv i ty o f  lympho
cy t e s  to TAF (T-ce l l  ac t iv a t i n g f ac t o r )  ac t i v i ty . 

As a r e s u l t  o f  t h o s e  immun o l o g i c a l  a c t i v i t i e s , VCN f unc
t i on s  as an adj uvan t ,  wh i c h  - in a mixt u r e  w i t h  an a n t igen 
en?anc e s

. 
t h e  ?umor� l and ce l l u l a r  immune r e s p o n s e  a g a i n s t  

t h i s an t i gen i n  an imal a n d  man . Th i s  adj uvan t a c t iv i ty o f  
VCN d e p e n d s  o n  t h e  <l o s e , o n  t h e  en zyma t i c  a c t ivi t y  and o n  t h e  
cond i t i on t h a t  VCN i s  inj e c t e d  i n t o  a m i x t u r e  wi t h  the r e s p e c
tive an t i g e n . Und e r  t he s e  p r e r e qu i s i t e s ,  VCN even enhances 
the immune r e s p o n s e  ag a i n s t  BCG ( Se i l e r  and S e d l a c ek ,  1 9 8 0 )  
or b reaks t o l e rance t o  a lbumi n .  Howeve r ,  i t  c o u l d  a l s o be 
e l ab o r a t e d  that VCN i s  n o t  a c t ive as an adj uvan t i n  mice 
wh i c h  a r e  unspe c i f i c a l ly immun o s t imu l a t e d  for i n s t an c e  b y  BCG 
( Sed lacek an d S e i l e r , 1 9 7 8 a ;  S e i l e r  and S e d l acek , 1 9 8 0 ) . 

I I I . EXPE R I MENTAL TUMOUR IMMUNOTHERAPY WITH VCN 

In consequence of t h e  f in d i n g  t h a t  t h e  a n t i g e n i c i ty and 
imrnunoge n i c i ty of tumour ce l l s  can be enhanced by neurami n i 
das e ,  exp e r ime n t s  we r e  p e r f o rmed t o  t r e a t  e s t ab l i sh e d  t r a n s 
p l a n � a� l e  : xpe r ime n t a l  tumour d i s e a s e s  o f  v a r i o u s  type s b y  
t h e  inJ e c t i o n  o f  tumour c e l l s  t r e a t e d  w i t h  VCN . I n  o r d e r  t o  
avo i d  a r t i f i c i a l  me t a s t a s e s  by t h e s e  inj e c t e d  t umour c e l l s  
the i r  p r o l i f e r a t i o n  was s t op p e d  b y  adequ a t e  in vi tro p re -

' 

t r e a tme n t  w i t h
_

i r ra d i a t i on or c y t o s t a t i c s . Indeed ,  s i g ni f i 
cant th 7 rapeu t ic a l  e f  f e c t s  c o u l d  b e  found i n  expe r ime n t a l  
le �kaem i a  a s  we l l  as in s o l i d  tumours ( s e e  Tab l e  2 ) . When 
u s i n g  t h e  s ame or a d d i t i o n a l  tumour mode l s ,  howev e r , o th e r  
groups a l s o  found no e f f e c t  o r  eve n  an enhan c i n g  e f f e c t  o n  
tumour g r ow t h  in t h i s  f orm o f  t h e rapy ( s e e  Tab l e  3) . I n  
subs e qu e n t  e x p e r imen t s  i n  an au toch thonous s p on t an e o u s  mam
mary t umour i n  d o g s , i t  c o u l d  b e  sh own t h a t  t h e  app l i c a t i on 
of VCN- o r e a t e d  a u t o l og o u s  t umour c e l l s  was t h e r ap e u t i c a l l y  
ef�e c t i v� even i n  t h i s  tumour s y s t em .  Howeve r ,  no e f f e c t  o r  �t imu �a t i on o f  tumour growth co u l d  a l s o  b e  f ound . T h e  o u t c ome 

f t h i s  f o rm o f  therapy s t r i c t l y  depended on t h e  numb e r  o f  
VCN- t r e a t e d  tumour ce l l s  i n j e c t e d . For i n s tance t h e  inJ· ec t i o  
o f  2 1 0 7  

' 11 
x VCN- t r e a t e d  tumour ce l l s  reve a l e d  t o  b e  e f f e c t i ve 

whe r e a s  1 x 1 0 8 tumour c e l l s  c a u s e d  tumour enhanceme n t  
( S e d l acek e t  a l .  , 1 9 7 5 , 1 9 79 ) . 

th 
An ove 7a l l ana l y s i s  ( S e d l acek a�d S e i l e r , J 9 7 8b ) o f  a l l  

e e xp e r imen t s  r e l a t e d  t o  tumour immun o t h e r apy u s i n g  VCN
t re a t e d tumour c e l l s  rev e a l e d  the f o l lowing cond i t ions f o r  
s uc c e s s : 



TABLE 1 
t,'ffec t  of VCN on t he immune sys lem 

Increase of ce l l  an tigen i c i ty ( in vi lPo) 

Leukaemia 
HLA 
AML 
Bronchus carci noma 
Sk i n  me l anoma 
Hypernephroma 
Adenocarc i noma o f  breas t ,  lung,  co l on ,  

rec tu1a, gas tric carci noma 
Lewis  lung adenocarcinoma 
MC squameous cell  carcinoma 

Occurrence o f  new an tigenic s truc ture s 

T-an tigen 

Ia-an t i gens of foreign hap lotype 
Neuraminidase 

Increase o f  ce l l  immunogenic i ty (in vivo) 

Ehrlich a s c i te s  

TA3 ascites adenocarc inoma 
Landschiltz a s c i te s  

man 
man 
man 
man 
man 
man 
man 

mouse 
mouse 

gu i ne a  p i g  
mouse 
man 

mou se 
man 

mouse 

mou se 
mouse 

TABLE 1 Con t d .  

Kassu lke e t  a l . , 1 9 7 1 
Crothaus e t  a l . , 1 9 7 1  
Reed e t  a l . , 1 9 7 4  
Wa tkins et a l . , 1 9 7 1 ,  1 9 7 4 

Ak i yoshi et  a l .  , 1 9 80 

Al ley and Snodgras s ,  1 9 7 7  

Sanford and Codington , 1 9 7 1 a  
Sanford an d Codington , 1 9 7 1 b  
Spr inger e t  al . , 1 9 7 4 ,  1 9 7 5 ; 
S p r L nger and Des a i , 1 9 75 a , b , c  
Par i sh et al . , 1 9 8 1  
Johannsen  and S e d l acek , 1 9 7 4  

Li ndenmann and K l e i n ,  1 9 6 7 ;  
Sur and Roy , 1 9 7 9  
Sanford , 1 96 7 
Curr ie , 1 96 7 
Braz i l  and McLaush l i n ,  

E'ffect of VCN o n  the imrmme sys ·tem 

L 1 2  1 0  leukaemia 

AKR leukaemia 
MC-42 , - 4 3 ,  - 1 0  

Mas t  ce l l  tumour 
Ependymob las toma (GL-26 ) 
DMBDN fibrosarcoma 

B l 6  mel anoma 
Ni 3 S2-fibrosar coma 
E2C leukaemia 
Lymphocytes ( transpl antat ion an t igen s )  

Incrcase of IgG-Fc receptors 

Lymphocy tes 
T-ce l l s  

Increase o f  b ind ing affinity t o  heterologous 
and auto logous red b lood c e l l s  of lymphocytes 

Lymphocy tes 

Increase of an t i gen i nduced lymphocy t i c  
transforma t ion rate 

mouse 

rnouse 
mouse 

mouse 
mouse 
mouse 

mouse 
rat 
mouse 
mouse 

man 
man 

man 

man 

Bagshawe and Curr i e ,  1 9 6 8 ;  
Beke s i  and Hol land , 1 9 7 1  
Beke s i  and Hol l and , 1 9 75 
S ißllllons and Ries , 1 9 7 1 ,  1 9 7 4 ;  
Faraci e t  a l . , 1 9 75 
Sedl acek and Se i l e r ,  1 9 74b 
Alb r i ght et a l . , 1 9 7 5  
Ray and Sundaram, 1 9 7 4 ;  
Ray e t  a l . , 1 9 75 ,  1 9 76 
Jami e son , 1 9 7 4 
Abandowi t z ,  1 9 7 8  
Beke s i  and Ho l land , 1 9 75 
S immons et  a l . , 1 9 7 l b  

Se i ler and Se d l acek , 1 9 7 2 ,  1 9 7 4 
Schu l o f  e t  a l . , 1 9 80 ; 
Itoh and Kumagai , 1 9 80 

S e i ler and Sed lack , 1 9 7 4  

Han , 1 9 7 3 ,  1 9 75 ;  
J ohann sen e t  a l . , 1 9 7 8 ;  
Pauley e t  a l . , 1 9 78 



TABLE 1 Contd . 
Effect of VCN on the immune sys tem 

Increase of mitogen (Con A, PWM) induced 
lymphocy tic  trans formation rate 

S timulat ion of autologous and al logene ic  MLC 
after treatment of s t imulator and/or  res
ponder ce l l  

Increase o f  lymphocyte cytotoxic ity  ( l iver) 

Increase of different iat ion of memory T
ce l ls  into cyto toxic effec tors ( toge ther 
with galactose oxydase) 

Increas e of comp lement dependent cytolys is  
of  targe t cel l s  

Increase o f  macrophage phagocytosis  

P a ssive 
Active 

man 

rat 
man 

mouse 

rat 

m1ce 

m1ce 

mouse 

man 

mouse 

man 
mouse 

TABLE 1 Con t d .  

Han , 1 9 73 ,  1 9 75 ,  1 9 78 
Johannsen e t  a l . , 1 9 78 
Pau ley e t  a l . , 1 9 7 8 

F idler et  a l .  , 1 9 7 3  
Flye e t  a l . , 1 9 7 3 ;  Han , 1 9 7 2 ;  
Johannsen e t a l . , 1 9 75 , 1 9 76 
Lund ren and S immons , 1 9 7 1 
Pau l ey e t  a l . , 1 9 7 8  
Lundgren e t  a l . , 1 9 7 1  
Beyer and Bowers ,  1 9 7 8  

Kalb-Backofen and Ko lb , 1 9 79 

Kuppers and Henny , 1 9 7 7  

Ray e t  a l . , 1 9 7 1 
Ray and S immons , 1 9 72 
Tompkins e t  a l . , 1 9 79 

Lee , 1 968  
We i s s  e t  a l . , 1 966 
Knop e t  a l . , 1 9 78a 

Effec t of VCN on the immune nys l em 

Increase of macrophage cytotoxicity  (pas sive )  

Increase o f  cell adhes ion 

Increase of macrophage-lymphocy te cooperation 

Increase of sens i t iv i ty of lymphocytes to 
TAF activicy 

Increase of  secre c i on of MI F and LIF by lym
phocy ces ( coge the r w i ch ga lactose oxidase) 

Increase of  lymphocy ce  growth fac cor 
secre cion ( coge che r wich galac cose oxidase)  

mouse 

amoeba 

man � 
mouse 

mouse 

mouse 

man 

man 

Adjuvans accivi cy for an c igens  (BSA , Rube l l a ,  mouse 
Virus , SRBC , E. co l i ,  Vibrio cho lerae) 

a lmonc l la lyphimurium 

lncrease of DTH response 

SRBC 
BCG 

var1ous recall  anc i gens 

mouse 

mouse 
mouse 
gu i nea p ig 
man 

Sechi and Brandis , 1 9 73a ,b 

Ray and Chal lerj e e ,  1 9 75 

We i s s  e t  a l . , 1 9 66 

Knop , l 980a 

Knop , 1 9 80b 

Gre i neder e t  a l .  , 19 79 

Novogrodsky e t a l . , 1 9 80 

Knop e l  a l . , l 978b 

Johannsen and Se i ler ,  1 9 80 

Sed lacek and Se i ler ,  1 9 78a 
Se i le r  and Sedlacek , 1 9 80 
Ronneberger and Johannsen , 1 9 79 
Han , 1 9 7 4  



TABLE 2 

Efj'ec tive tumour irrununotheropy wi th VCN- treated ce l ls 

Tumour type 

Chemically induced 
not me tas tas i z ing 

Transplantab l e ,  
me tas tas izing, 
unknown origin 

His tol ogy 

Fib rosarcoma 
(var ious typ e s )  

Yoshida sarcoma 

An imal 
species  

Mouse 

Rat 

Squamous ce l l  carci noma Mouse 

B 1 6  me l anoma Mous e  

Lewis  lun g  Mouse 

Dunn os teo sar coma Mouse 

Ref erences 

Simmons et  al . , 1 9 7 1 a , b , c , d ;  
Rios and S immons , 1 9 72 , 1 9 7 3 ,  1 9 7 4 ;  
Ray e l  a l . , 1 9 76 ;  Ray and 
Seshad r i , 1 9 79 ; Wi l s on et al . , 1 9 74 
Song and Levi t t ,  1 9 7 5 ;  

Ray and Seshadri , 1 9 79 

Al ley and Snodgras s ,  1 9 7 7  

Rios and S i mmons , 1 9 7 3  

Al ley and Snodgrass , 1 9 7 7 ;  
Sedlacek et  a l . , 1 9 80* 

Mi l ler e l  al . , 1 9 76 

Melanoma Guinea pig Egeberg and Jensen,  1 9 74 

Spontaneous leukaemia , 
transplantab l e  

Lymphatic (1 1 2 1 0 )  Mouse Beke s i  et a l . , 1 9 7 1 ; Lefeve r  et 
a l .  , 1 9 7 6 ;  K i l l i on , 1 9 7 7  

Vi rus-induced 

Virus- induce d l eukaemia 

Mammary adenocarcinoma Mouse 

AKR leukaemia Mouse 

S immons and Rio s ,  1 9 7 3 ,  1 9 76 

Beke s i  and Ho l land , 1 9 7 5  

Spontaneous , n o t  trans
p lantab l e ,  par ti a l l y  
metastasizing 

Mammary tumour Dog Sed lacek e t  a l . , 1 9 7 5 ,  1 9 79 , 1 9 8 1 '°' 
( var ious h i s t o l ogical 
type s )  

TABLE 3 
Ineffective tumour immunotherapy with VCN- trea led ce lls 

Tumour type H i s t o logy An imal spec ies Re ferences 

Chemica l ly induce d ,  
not metas tas i z ing 

Unknown origin , trans
p l antab l e  partially 
me tastas iz ing 

Virus- induced 

F ibrosarcoma 
(vari ous types ) 

Fibrosarcoma hepa toma 
mammary carcinoma 

G l i oma 

E l 4  lymphoma 

B l 6  mel anoma 

Lewis lung adenocarcinoma 

E p i the l ioma , fib rosarcoma 

Polyoma v irus-induced adeno
carcinoma 

Spon taneous leukaemi a ,  Lympha tic ( 1 1 2 1 0 )  
transplan tab le 

Vi rus -induced leukaemia Rauscher leukaemia 

Spontaneous , not t rans
p lantab l e ,  partial ly 
me tas tas i z ing 

AKR leukaemia 

Mammary tumour ( vari ous 
h i s to logical type s )  

Mouse Spence et a l . , 1 9 7 8 ;  
Wi lson et  a l . , 1 9 74* 

Rat P imm et a l . , 1 9 7 8  

Mouse Albr ight et a l .  , 1 9 7 5  

Mouse Ghose et a l . , 1 9 7 7  

Mouse Jamieson,  1 9 74 ; 
Froese et  a l .  , 1 9 74* 

Mouse Sedlacek e t  al .  , 1 9 80 

Rat P imm et a l .  , 1 9 7 8  

Mouse Porwi t-Bobr et a l . , 1 9 74 

Mouse K i l l ion , 1 9 77>'< 

Mouse Bar i n s k i i  and Kob rinski i ,  

Mouse Mathe et a l .  , 1 9 7 3 ;  
Dore e t  a l .  , 1 9 7 3 >'< 

Dog Sedlacek et al .  , 1 9 75>'< 

*Enhancement of tumour growth af ter inj ect ion of VCN- t reated ce l l s .  

1 9 77  



27 2  SEDLACEK e t  a l .  

1 )  The injected cel ls  have to be ident ical in type wi th the 
tumour ( S immons and Rios , 1 9 7 1 , 1 9 7 2 , 1 9 74 )  or with coilUllon 
( for instance viral-induced) membrane antigens (Bekesi  and 
Hol land , 1 9 75 , 1 9 7 7 ) . 

2 )  Enzymat ically act ive VCN (Beke si  e t  a l .  , 1 9 7 1 ;  S iilUllons e t  

a l . , 1 9 7 1 a , c ;  S immons and Rio s ,  1 9 7 1 )  has to be used . 

3 )  This VCN has to be app l ied in an op t imal concentration 
( Beke s i  and Ho l land , 1 9 75 ;  Se thi and Brandis , 1 9 73a , b ; 
S immons e t  a l . , 1 9 7 1 a , b , c ) . 

4 )  The tumour mas s of the tumour bearer has to be as smal l as 
possible (Rios and SiilUllons , 1 9 7 2 ,  1 9 7 3 ,  1 9 7 4 ;  Porwi t-Bobr 
et a l . , 1 9 74) . 

5 )  The tumour beare r has to be i=unocompe tent . 

6 )  Tumour i=unotherapy has to be done with an op t imal ce ll  
dose (Wi l son e t  a l . ,  1 9 7 4 ;  Sed lacek e t  a l . , 1 9 7 5 ) . 

7 )  Chemotherapy in addi tion to immunotherapy migh t  improve 
the results  in case the type of drugs , the dose and the 
treatment intervals  are optimi zed in so far as the chemo
therapy is  effective on the growth of the tumour without 
de stroying inununological react ivi ty of the body ( Bekes i  
e t  a l . , 1 9 7 1 ;  Sed lacek e t  a l . , 1 9 80) . 

lt i s  evident that the results of  this analysis indeed 
gives the bas i s  for successful experimental design of speci
fic tumour innnunotherapy with VCr-treated tumour cel l s  in 
the future , but i t  does not help to avoid the risk of induc
ing tumour enhancement by the inj ect ion of an inadequate 
number of tumour cel l s . l t  i s  necessary to e s tab lish a 
method to pre-evaluate just  this number which induces tumour 

regression or tumour enhancement and which might depend on 
type and s tage of tumour disease , on the general cond i tion 
of the tumour bearer and on any additional therapy . Up to 

now there is no way to def ine j ust this  ce l l  dose by adequate 

in vitro te s t .  However ,  an i=unizat ion procedure has been 

developed whi ch seems to minimize the <langer of tumour 
enhancement . This  innnuni zation procedure is called chess

board vacc ination and has been deve loped (Sei ler and Sedlacek , 

1 9 78)  on the basis of  the experiments in which VCN has been 

proven to work as a reposi tory adjuvant for the immune re s

ponse aga ins t  various ant igens . The procedure was s t imulated 

by th e de s ign of Beke si  and Ho lland ( 1 9 7 5 , 1 9 78)  to use j ust 

this number of VCN-treated cells  in AML patients for innnuno

therapy ,  wh ich induces a maximal DTH response in the skin.  

The chessboard vacc inat ion cons i s t s  of  the intradermal injec

t ion of  various mixtures of different numbers of tumour cel lS 

NEURAMINIDASE TUMOUR IMMUNOTHERAPY 

( 1 0 5 - 1 08 mi tomycin- treated tumour ce l ls)  combined with 
diffe rent amounts of VCN ( 0 ,  0 . 65 ,  6 . 5 ,  65 mU) . Al l the 
diffe rent mixtures are s imultaneous ly inj ected separate ly 
from each other in one tumour bearer . 

2 7 3  

. T�e results i n  the Lewis l ung adenocarcinoma tumour sys tem 
in mice ( Sedlacek et a l .  , 1 980 ) and in spontaneous mammary 
tumours in dogs ( Sedlacek e t  a l . , 1 9 8 1 )  reveal that the 
chessboard vaccinat ion i s  therapeutically e f  fective that 
t�i s  effect �vity is tumour specific  and dependent o� enzyma
tical �y active VCN and that the effectivi ty seems to be 
superior to conventional immunotherapy wi th VCN-treated 
tumour ce l l s .  Impor�a� t . seems to be the risk of inducing 
tumour enhancement mi.nimized by us ing chessboard vaccination 
but i � i s  not com�l: te ly . abrogated - at least under special 

' 

experimental conditions in the rat ( P imm and Baldwin private 
corrununication) . 

' 

I V .  CLIN I CAL STUDI E S  

First c l inical trials to induce regress ion of  solid tumours 
were performed by the groups of Seigler e t  a l .  ( 1 9 7 2 )  and of 
Rosato e t  a l .  ( 1 9 74 , 1 9 76) . Se igler e t  a l .  treated 7 
patients wi th melanoma who had recurrent disease and mul t ip le  
metas tases . Autologous VCN-treated tumour c e l l s  we re subcu
tan:ously inj ec ted s imul taneously with BCG. In 6 of  those 7 
patients a comp lete regress ion of the tumour mass  could be 
found . However ,  this result could only partially be attri
but:d to the inj ection of  VCN-treated cel l s  s ince these 
P�tients had also been pretreated wi th various <loses of BCG 
eith: r

.
alon� or . in co�binat ion wi th autologous lymphocy tes ,  

sens i t ized �n v�tro wi th autologous melanoma cel l s .  Rosato 
et a l . ( 1 9 74 )  inj ected 5 x 1 06 VCN- treated i rradiated auto�ogous tumour ce l l s  intramuscularly every month for 6 months 
i�to 25 patients with various tumours (breast gas tro inte s
tinal , uterus , kidney ) , who mos t ly were admit �ed to the s tudy �ecau�e of the advanced nature of the disease and the unre-i�n� iveness to other forms of treatment .  As no adverse 
c . inical e ffect and no obvious toxicity but however an in 
v� tro e h d 1 1 d · d · · ' · 

' 
n ance ce -me iate cytotoxicity against targe t 

ce l l s  could be found ,  Rosato e t  a l .  ( 1 9 74 )  extended their 
stu�y to 45 patients suffering f rom various so l id tumours 
Agai th f d . 

" t  
. 

n ey oun �n V� ro as we l l  as c l inical indications f 
effec t iv i ty of  this form of  immunotherapy . 

or 

a Parallel  to those very
_
early investigat ions , prospec t ive 

e
nd controlled and randomized studies wi th VCN-treated tumour 

b
e l l � were performed by H�lland and Beke si  ( 1 9 78 )  in AML and 
Y Sinnnon� e t  a l. ( 1 9 78)  in me lanoma . Experiences gained in 

the experimenta l work of the respec tive groups were 



r 

Tumour 
( S tage) 

No. of S t udy 
p a t i e n t s  de s ign 

AML 
( N o .  1 )  

AML 
(No . 2 )  

AML 
(No. 3) 

AML 

AML 

Tumour 
( S tage) 

AML 

AMI.. 

AML 

Melanoma 
out-
treated 

Melanoma 
Stage I I  

Mel anoma 
Stage I I I  

1 4  

5 3  

84 

6 1  

1 4  

rando. 
2 groups 

rando . 
3 groups 

rando . 
2 groups 

rando. 
2 groups 

P i lo t  

N o .  o f  S tudy 
p a t i e n t i  de s ign 

2 6  

2 9  

7 

2 2  

36 

rando. 
2 groups 

rando . 
2 groups 

rand o .  
2 groups 

P i l o t  

rando. 
2 groups 

rando. 
2 groups 

TABLE 4 

Clinic:al trials w i th Neurcur1inidase ( VCN) 

Chemo therapy 

Ara-C and DNR ;  
Ara-C and TG 
/CP /DNR 

Ara-C and DNR ;  
Ara-C and TG 
/ CP / DNR/CCNU 

Ara-C and DNR; 
Ara-C/TG/VC 
/DM/DNR 

Ara-C and DNR 
(ADM) ; 
Ara-C and TG 

Ara-C and ADM 
and TG/CP /CCNU 

Immuno therapy 

I) -
I I )  1 0 1 0  VCN
b l a s t s  ( a l l og . )  
4 8  i nj e c t ion 
s i t e s ;  every m t h .  

I )  -

I I )  VCN-b l a s t s  
( a l l og . )  
I I I )  VCN-b l a s t s  
and ME R  ( 1 mg) 

l) -
I I )  VCN-b l a s t s  
( a l lo g . ) 

I) -
I I )  S p lenec tomy 
I I I )  I 0 1 o  VCN
b l as t s  ( a l l og . )  
4 8  i n j e c t ion 
s i t e s ;  every mth . 

Chessboard 
( 2 x l 09 b l a s t s  
( a l l og . )  5-50 mU 
VCN) 

Inte r im report 

Increase in surv i v a l  
and remi s s i on dura
t i on ( I I )  

Increase i n  survival 
and remi s s i o n  dura
t io n  ( I I I )  

TABLE 4 Con t d .  

Re s u l t s  

F in a l  report 

Increase i n  
survival and re
m i s s ion du rat ion 

Increase in sur
v i.val and rem i s 
s ion dura t ion 
( I I )  

ME R  ( I I I )  abro-

Au thor 

ßeke s i  and Hol l and , 
1 9 7 8  
( ßu f  f a l o )  

ßeke s i  and Ho l l and , 
1 9 7 8  
(New York) 

gates the thera
peu t i c  e f fe c t  of ( I I )  

Improvement com
compared to h i s 
t o r i c a l  cont r o l  
po s s i b l e  

ßeke s i  and Hol land ,  
1 9 7 8  
(New York) 

Wie rn ik et a l . , 
( B a l  t imore) 
(personal 
corranunicat ion) 

Lutz et a l . , 1 9 8 1  
(V ienna) 

Clinic:al trials w i th NeuY'O.minidase ( VCNJ 

Chemo therapy 

Ara-C and DNR; 
COA/TRA/POM 

Ara-C and DNR 
and TG ; 
Ara-C and DNR 
/TG/CP 

Ara-C and ADM ; 
VCR 
Ara-C and TG 

d i f fe r e n t  

n o  

DTIC 

Immuno therapy 

I )  -
I I )  Sx 1 08 VCN
b l a s  ts ( a l log . )  
every 4 wks .  

I )  -

I I )  I 0 1 0  VCN-
b l a s t s  ( a l l og . )  
48 i nj e c t ion 
s i te s ; every mth.  

I )  -
I I )  1 09 b l a s t s  
( a l l og . )  and 
80 mU VCN 

VCN-c e l l s  
( a u t o l og . )  and 
BCG 

I) -
I I )  2 x 1 08 VCN-
ce l l s  ( a u t o l og . )  
and BCG ( 3 x l 0  ) 

I) -
I I )  2x l 08 VCN-
ce l l s  ( au t o l og . )  
and BCG ( 3 x l 0  

I n t e r i m  report 

S tar ted 1 98 2  

N o  d i f ference t o  
c o n t r o l  group 

Re s u l  t s  

F in a l  repor t 

No d i fference to 
c o n t r o l s  

Author 

Rühl e t  a l . , 1 9 8 1  
( Be r l i n )  

Büchner e t  a l . , 
(Mün s te r )  
(personal 
commun i c a t ion) 

Rosenfe l d  ( E ORTC) 
( P a r i s )  
(pe rsonal 
commun i c a t ion ) 

Tumour regre s s i on S e i g l e r  et a l . , 1 9 72 
i n  6 P a t .  

N o  d i f fe rence S immons et a l . , 1 9 7 8  
(Minneapo l i s )  

No d i f f e rence S inunons et a l .  , 1 9  7 8  
(Mi nneapo l i s )  



Tumour N o .  o f  
( S tage) p a t i e n t s  

Mel anoma 1 7 4 
Stages I 
and 1 1  

Various 45 
solid 
tumours 
out-treated 

Colon-Ca 1 0 4  
(Duke B ,  
C )  

Colon 240 

Tumour No.  o f  
( S tage) patients 

Gas t r i c  
Cancer 

-resect-
able 

-resect-
able and 

me tastases 

Breast 
cancer 

Prostata 34 
carcinoma 
out-
treated 

Stage 
111  

S tudy 
des ig n  

r ando . 
4 groups 

P i l o t 

rando . 
3 groups 

rando . 
3 groups 

S tudy 
d e s i gn 

rando. 
2 groups 

rando. 
2 groups 

rand o .  
2 groups 

P i l o t  

rando. 
2 groups 

Chemo the rapy 

Me . - CCNU 
(group I V )  

d i f f e rent 

Chemo therapy 

No 

No 

CFVMP 

d i f ferent 

-

TABLE 4 Con t d .  

CZinica Z lriaZs w i th Neurwninidase ( VCN) 

Immunotherapy 

I )  -
1 1 )  BCG 
I I I )  BCG and VCN
ce l ls ( a l l o g .  
cul tured c e l l s )  
I V )  Me . - CCNU 

l x l 08 VCN-c e l l s  
( a u t o l og . )  
mon t h l y  for 6 mth . 

I) -

I n t e r i m  report 

Tendency in favour 

Re s u l t s  
F i n a l  repor t 

No d i f f e rence 

Re t a r d a t ion of 
t umour growth , 
increase of Ly . 
c y t o t ox ic i ty 

1 1 )  MMC and S FU 
and Ara-C 

of I I I  n o t  s i gn i f i c a n t  

llI)  Che s sboard 
( 3x) ( 3- 1 00 mU VCN ; 
1 0 5 - 1 0 8 cul tured 
ce l l s 

I )  -
1 1 )  VCN treated 
a u t o l o g .  ce l l s  
and BCG 

Started in 1 9 80 ; 
no d i f f e rence to 
con t r o l s  

TABLE 4 Cont d .  

CZinicaZ triaZs with Neurwninidase ( VCN) 

Immunotherapy Interim report 

I) - S tarted in 1 9 8 1  
1 1 )  Chessboard 
w i t h  VCN and 
autolog.  ce l l s  ' 

I) - S tarted in 1 9 8 1  
1 1 )  Chessboard 
with VCN and 
autolog.  ce l l s  

I )  - S tarted in 1 9 8 1  
1 1 )  Chessboard 
w i t h  VCN and 
a l l o g .  cul tured 
ce l l s  

Mul t ip l e  chess-
board with VCN 
and autolog. 
ce l l s  

I )  - Started i n  1 9 8 1  
1 1 )  Chessboard 
( 2x) w i th VCN and 
autolog.  ce l l s  

Resul t s  

Final report 

S igni f i cant de-
crease o f  Pros ta-
taphosphatase CEA 
tumour growth 
retardation? 

A u t h o r  

T e r r y  e l  a Z . , 1 9 80 
(Be thesda) 

Rosato el a l . ,  1 9 7 4 ;  
1 9 76 
( Ph i l ade l phia) 

Raine r e t a Z.  , 1 9 8 1 
(Vienna) 

Gray et a l . , 
(Me lbou rn e )  
(persona l 
commun icat ion) 

Author 

Gürsel et a Z .  , 
( I s tanb u l )  
(personal 
conunun i c a t i on )  

Gilrsel et al.  
( I s tanb u l )  
(personal 
commun i c a t i o n )  

Margr e i te r  et a Z .  , 

( Innsbruck) 
(personal 
conummication) 

Rothauge et a Z . , 1 9 8 1  
(Giessen) 

Rothauge e t  aZ. , 1 9 8 1  
(Giessen) 
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transferred directly to t h e  c l inical protocol . Thus , Beke s i  
e t  a l .  cho s e  such a typ e ,  dose and interval o f  the mai nten
ance chemotherapy in the ir AML patient s that according to DTH 
t e s t ing and in vitro parameters , the immune sys tem of the 
pat ients remained reac t ive . Innnunotherapy cons i s t ing of 
intraderma l  inj e c tion of 1 0 1 0  VCN- treated a l l ogene i c  b l a s t  
ce l l s  a t  4 8  inj ec t ion s i te s  o n  day 1 5  of the maintenance 
cours e  was repeated every mon th . S immons et a l .  admini s tered 
2 x 1 08 VCN-t reated autologous tumour c e l l s  in comb ination 
w i th BCG ( appl i ed via s cari f i ca tion over the inocul a t ion 
s i te )  and in add i t ion to surgery and - in the case o f  advance 
d i s ease - to chemo therapy . The comb inat ion wi th BCG was per
formed because the prec l inical data e l aborated by this group 
revealed a synergi s t ic effect  of s p e c i f i c  immunotherapy wi th 
VCN-treated tumour ce l l s  and unspec i f i c  immunotherapy w i th 
BCG ( Simmons and Rios , 1 9 7 2 ) . Whi l e  S innnons e t  a l .  fai led 
to show any s ignif i cant therapeu t ical e f f e c t  of the combina
t ion immunotherapy on survival of d i sease-free interval in 
me lanoma patient s , Beke s i  et a l .  succeeded in pro longing 
remi s s ion durat i on and survival t ime of AML p at ients .  

Subsequent l y ,  p i lo t  s tudies and controlled randomized 
c l inical t r ials in AML patients as we l l  as in s ome s e lected 
s o l id tumour d iseases (me lanoma , colon carcinoma , gas tric 
cancer ,  b reas t cancer and pros tate cance r)  were s tar ted . 
Interim reports or even f inal reports for some of those 
s tudies are already avai l ab l e  (Tab l e  4 ) . They a l l ow the 
fol lowing conc lus ions . 

1 )  The therapeutical succe s s  Beke s i  et a l .  have f ound in AML 
w i th VCN- t reated a l logene ic b l as t s  could b e  confirmed in 
subsequent s tudies by them, and i n  the meant ime also pre
sump t ivel y  by others (Wiernik et a l .  , submi t ted for pub
l ication ) . Thu s ,  this  therapeut ical regimen really seems 
to be o f  advantage for the patient s .  However ,  the success 
i s  s tr i c t ly d�pendent on the numb e r  of VCN-tre a ted blasts  
inj ected after e ach maintenance chemotherapy . Reduc t ion 
of this numb e r ,  as done by Rühl e t  a l .  ( 1 9 8 1 )  resul t s  in 
no effectivity . 

2 )  The succe ss of specific  tumour immunotherapy with VCN
t reated c e l l s  can be comp le te ly deter iorated by combina
t ion with unspe c i f i c  immuno therapy , for ins tance wi th MER 
or BCG as shown by Beke s i  and Hol land ( 1 97 8) . This may 
b e  in agreement with the adj uvant experiments  (Sedlacek 
and Se i l e r ,  1 9 7 8a ,  Seiler and Sedlacek , 1 980) . The sub
tractive e f f e c t  of unspe c i f i c  immunotherapy on the speci
f ic one may a t  least par t ially b e  the reason for the 
negat ive outcome of the s tudie s by S immons et a l .  ( 1 9 7 8) 
in mel anoma p atients .  
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3 )  Up to now there i s  no c lear proof in AML that the ches s
board vacc inat ion may be an e f f e c t ive a l t e rnative to the 
cel l-spending immunization procedure of Beke s i  and Hol land 
( 1 9 7 8 ) . This que s t ion has to be answered in an adequate , 
controlled s tudy . The lack o f  d i f f erence to h i s tori ca l  
control , found in a p i lot  s tudy (Lu t z ,  1 98 1 )  w i th al to
ge ther 1 4  patients who underwent che s sboard vaccination, 
doe s not answer this que s t ion. 

4) To date no f inal report exists of a randomized con t ro l led 
s tudy in s o l i d  tumours ,  which proves the e f f e c t iv i ty of 
spec i f i c  tumour imrounotherapy with VCN . This is true of 
the conventional inj ect ion of VCN-treated cells as we l l  as 
of the chessboard vacc ina t ion . In me l anoma patients ,  c e l l  
s tudi e s  showed lack of e f f e c t iv i ty o f  this t re atment , 
partially and pos s ib ly due to comb ina t ion wi th BCG . In 
carcinoma of the s t omach , co lon , breas t and prostate , the 
various s tudies w i th the chessboard vaccina t i on have jus t 
been s tarted . Interim reports on colon cancer exhib i t  a 
s l ight tendency in favour of the che ssboard vaccination 
(Rainer e t  a l . , 1 98 1 )  compared to the various control 
group s ,  but this difference i s  not yet s t a t i s t ical ly s i g
nif icant ( see Tab l e  S ) . Moreover ,  the p i lo t  s tudy i n  out
treated pat ients wi th prostate cancer (Gu t schank et a l .  , 
1 9 8 1 ; Rothauge e t  a l . , 1 9 8 1 )  also  seems to show a t umour 
therapeut ical e f f e c t  of the ches sboard vaccinat ion (see 
Tab le 6 ) . Howeve r ,  this  tendency has to be p roven by an 
adequate contro l led s tudy . Neverthe less , i t  can already 
be s tated that s ide-effects  induced by the inj e c t ion of 
VCN-treated c e l l s  or by the chessboard vaccination are 
minimal and can be neglected . Any ind ication pointing to 
tumour enhancement as a r e s u l t  of this form of therapy 
could not ye t b e  found . Thus , i t  seems to b e  j u s t if ied 
to prosecute the c l inical s tudies in order to evaluate the 
potent ial of the specific  tumour immunotherapy using VCN . 
Any c lear-cu t  resul t in those c l inical s tud ies would he l p  
u s  t o  improve tumour therapy today and to f ind our way f or 
fur ther research on specific and act ive tumour 1mmuno
therapy . 

V . SUMMARY 

Immunological as wel l  as tumour immuno logical ac t1v1ties of 
Vibrio cho lerae neuraminidase (VCN) and VCN- treated c e l l s  
are reviewe d .  The fol lowing condi tions f o r  a succe ssful  
tumour immunotherapy cou l d  b e  shown : iden t i ty o f  inj ected 
ce l l s or co11IUon membrane ant i gens with the tumour c e l l s , use  
of opt imal concentrat ions of enzymatically ac t ive VCN , use  
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TABLE 5 

Co lon carcinoma s tage Duke B and C 

Treatment Patients  Relap se Death 

Control ( I )  3 3  8 5 

Chemotherapy with MMC , 36 5 2 
5-FK, Ara-C ( II )  

Immunotherapy with 35 4 2 
VCN-treated cel l s  ( I I I )  

Differences b etween a l l  groups n . s .  
Rainer e t  a l . , C l inic for Chemo therapy, Vienna , 1 9 8 1 . 

TABLE 6 

Chessboard vaccination with autologous tumour ce l ls 

Patients 

Prostataphosphatase 34 k / l  

Acid  serumphosphatase 34 k / l  

P ros tataphosphatase RIA 34  
ng/ml 

Mean of a l l  patients : p<0 . 0 2 ;  p<0 . 0 1  

Pre
trea tment 

2 . 5  

9 . 4  

2 3 .  1 

Post
treatment 

1 . 05 

5 . 2  

1 0 .  7 

cf . Rothauge e t  a l . , Diagnos t ik and Intensivtherapie 1 ,  1 -5 
( 1 9 8 1 ) .  

of  an op t imal ce l l  number , immunocompe tence of the tumour 
hast and minimal tumour burden at the t ime of treatment .  A 
benefic ial effect  could also be  shown when chemotherapy was 
used with immunotherapy . 

Tumour enhancement by VCN-treated cel l s ,  shown in var ious 
animal model s ,  could be avoided by using the chessboard vac
c ination procedure . 

C l inical trials  are on the ir  way in d i f ferent tumours , 
e . g . AML ,  cancer of the stomach , pros tate , col on and breas t .  
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Interim resul ts  are not yet avai lab le for cl inical u se  of  the 
chessboard vaccina t ion . However ,  in the treatment of colon 
cancer ,  there i s  a t rend in favour of the immunotherapy group . 

The s imul taneous use of  spec ific  and unspecific  immuno
therapy , especial ly the use of  BCG or MER ,  abrogates the 
bene ficial effects of VCN-treated cel l s  as shown in preclini
cal as well as cl inical s tud ies . 
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ANT I TU.MOUR AND OTHER EFFECTS OF 
ASPARAGI NASE 

Morton D .  P rage r ,  F .  Samue l Baechtel and Aaron H e i f e t z  

Departments of Surgery and Biochemistry, 
Universi ty of Texas Heal th Science Centre at Da l las, 

Da l las, Texas 75235, USA 

I . INTRODUCT ION 

Studie s of asparaginase as an ant i tumour agent have been the 
subj e c t  of a numb e r  of reviews (Cap i z z i  et a l . , 1 9 7 0 ;  Cooney 
and Hands chumache r ,  1 9 7 0 ;  Prage r ,  1 9 7 1 ; Patterson , 1 9 7 5 ; 
Oe t tgen ,  1 9 75 ) .  Thi s  presentation , there fore , makes no pre
tence at being exhau s t ive but rather emphasizes  c e r tain 
i s sues which have been o f  par t icular intere s t  to the authors . 
The �aj or effort  with the enzyme derive s f rom the iden t i f  ica
t ion by Broome ( 1 96 1 ,  1 9 6 3a) of asparaginase as the anti
leukaemic agent in guinea pig serum which had been des cribed 
by Kidd ( 1 95 3 ) . Thi s  f ind ing gave he ightened s igni f i cance to 
the ob servation that cer tain malignant c e l l s  fai led to grow 
in' t i s sue cul ture medium devoid of asparagine (McCoy et a l . , 
1 95 6 ,  1 9 59 ) . B roome ( 1 96 3 b )  fur ther demons trated that as the 
asparaginase sensi t ive 6C3HED lymphoma underwent a s e l e c t ion 
proce s s  which permi t ted i t s  growth in asparagine deple ted 
medium, it l o s t  susceptib i l i t y  in vivo to asparaginasc admini
stration . Although the s e  f indings were o f  great fundamental 
importance , they did not reach the point o f  prac t ical app l i
cat ion unt i l  the d i scovery by Mashburn and Wr i s ton ( 1 96 4 )  
that asparaginase f rom E .  co li a l s o  possessed ant i leukaemic 
ac t ivi ty . The bacterial source p rovided the potential of a 
supply adequate f o r  therapeutic  trials  and has indeed become 
the p rincipal enzyme used in c l i nical app l icat ion . 

I I . SOURCES OF ASPARAGINASE 

Asparaginase i s  wide ly d i s tr ibu ted in nature , and enzymes from many sources have b een te s ted f o r  ant i tumour ac t i v i ty (Prage r ,  1 9 7 1 ;  Patte rson , 1 9 75 ) . Mos t  such trials  were 
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conducted w i th lymphomas or  l eukaemias in  rodents .  Because 
a s ignifi cant number of  asparaginases  failed to alter the 
growth of suscep t ib le tumours , the is sue of whe ther aspara
ginase act iv i ty coincided wi th ant i tumour act iv i ty had to be 
addressed.  If an enzyme preparation i s  to produce a thera
peutic response , ab i l i ty to hydrolyze asparagine (Asn) is a 
necessary but insuff ic ient charac ter i s t i c .  Add i t ional advan
tageous properties  are s ignificant catalytic  activity and 
s tabi l ity under physiologic cond i tions , an appreciab l e  bio
logic half-life , and capaci ty to  effect  hydrolysis  o f  Asn at 
a s ignif icant rate at  the concentrations of  subs trate ( 40 -
70 µM) found in b lood . W i th regard to  the latter point , how
eve r ,  asparaginases with relatively h igh Km values have been 
reported to demonstrate ant i tumour act ivi ty (Jayaram e t  a l . , 
1 9 6 8 ;  Peterson and Ciegle r ,  1 9 6 9 ) . The mos tly widely used 
enzyme source is E. coli which makes 2 asparaginases , only 
one o f  which has ant i tumour activ i ty (Roberts  et a l . , 1 9 6 6 ;  
Campbe l l  e t  a l . , 1 96 7 ) . The form producing tumour regression 
and commonly referred to as EC-2 , has properties  cons i s tent 
with those  j u s t  enumerated . 

I I I .  ASPARAG INASE SUBSTRATES 

For EC-2 the phys iologically s i3ni f i cant subs t rates are L-as
paragine (Asn) and L-glutamine (Gln) , the latter undergoing 
cleavage at 2-3% the rate of the forme r .  The evidence 
s trongly indicates that a s ingle enzyme protein act s  on both 
subs trates (Campbe l l  and l1ashburn , 1 969 ) . Other sub s t rates 
for EC-2 include D-asparagine , ß-aspartyl hydroxamate , ß
cyanoalanine , and 5-diazo-4-oxo-norvaline (DONV) . In the 
p resence of 50% dime thyl sulfoxide , DONV b inds irrevers ib ly 
to EC-2 with a stoichiome try indicating 4 subuni t s /molecule , 
each with one active s i te ( Jackson and Handschumacher , 1 9 70 ) . 
Asparaginases f rom various sources have variab le ratios  of 
act ivity with Asn and Gln as subs trate s .  Among selected 
ant i tumour asparaginases ,  which have been or are of  current 
intere s t ,  the guinea pig serum enzyme lacks glutaminase 
act ivi ty , and the enzyme from Vibrio succinogenes has only 
0 . 0 1 5% the activity wi th Gln that i t  has with Asn (Table 1 ) .  
S ince s igni f  i cant toxic i ty associated with asparaginase 
therapy appears related to Gln depl e t ion ,  low glutaminase 
activi ty may be a des irable  property .  On the o ther hand , 
regres s i on of experimental tumours res i s tant to EC-2 has been 
reported for enzyme preparations w i th high glutaminase acti
v i ty (Table 1 ) .  Two other subs t rates reported for EC-2 are 
the glycoprotein fetuin (Bosmann and Kes se l ,  1 9 70)  and 
ginyl-tRNAAsn (Kesse l ,  1 9 7 1 ) ,  but these  act iv i ties  are 
doub tful s igni f icance for therapeutic effectiveness .  
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TABLE 1 

G lutaminase activity of se lected asparaginases 

Source ( Gln as sub s trate \ 
\ Asn as subs trate x I OO) 

Pseudomonas 7A 200 Roberts 
Acinetobacter 

glutaminasificans 1 20 Roberts 

Reference 

e t  a l . , 1 9 79 

et  a l . , 1 9 79 

Erwinia carotovora 9 Howard and Carpenter , 
Escherichia coli 2 Camp be l l  and Mashburn , 
Vibrio succinogenes 0 . 0 1 5  D i s tas io et  a l . , 1 9 76 
Guinea pig  serum 0 Tower e t  al . , 1 9 63 

2 93  

1 9 7 2  

1 969 

Carbohydrate was released f rom fetuin at 1 000 uni t s /ml ,  a 
concentration consi derab ly higher than i s  achieved in vivo , 
and hydrolysis  of  tRNAAsn was s lower than hydrolys i s  of  Asn 
by a factor of 2 . 5  x 1 07 . l t  seems reasonable to ques tion , 
especial ly for the glycoprote in cleavage , whe ther hydrolys i s  
might have been ef fected by a minor contaminat ing enzyme . 

I V .  DETERM INANTS OF SEN S I T I VITY 

The critical b iochemical lesion in leukaemic ce l l s  which 
renders them s ens i t ive to the action of  asparaginase has been 
cpnsidered to be inab i l i ty to synthesize adequate asparagine 
to raee t  the i r  requirements . Thus asparagine synthe tase 
(ASase )  which catalyses  the following reaction , 

Aspartate + Glutamine + ATP ��-> 

Asparagine + Glutamate + AMP + pyrophosphate 
becomes the key enzyme determining suscept ib i l i ty or res i s
tance . A number of  s tudies demons trated that in sens i t ive 
leukaemic  cel l s  ASase levels were extremely low or absent 
whi le  in asparaginase resis tant cells , the enzymatic activi ty was substantially h igher (Patterson and Orr , 1 9 6 7 ;  Prager and Bachynsky , 1 968a ,  1 968b ; Horowitz  e t  a l . , 1 968 · Broome 
1 968a) . These  observat ions lead to the conc lu� ion tha� 
asparaginase sensi t ive cel l s  mus t  derive their asparagine 
from an exogenous supply ,  and when that supp ly i s  gro s s ly 
dimini shed by asparaginase adminis tration, the tumour cel l s  fai l  to  survive . In accord with this view i s  the observat ion of rapid decrease in c irculat ing Asn during treatment . 
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Modulation o f  ASase act1v1 ty is  a factor of importance 
bearing on sens i t ivi ty to asparaginase .  Increased asparagine 
b iosynthetic  capaci ty has been observed under condi t ions 
which d iminish c irculating levels  of the amino acid . Admini
s tration of asparaginase i tself  l eads to enhanced ASase act i
vity,  part icularly in resis tant  tumours (Prager and Bachynsky , 
1 968a, 1 968b ;  Haskel l  e t  a l . , 1 9 70 ) . ASase has also been 
shown to increase in certain normal t i s sues during asparagin
ase administration ( Prager and Bachynsky , 1 9 68b ) , during 
l iver regenerat ion , in the presence of active tumour growth ,  
or as a resu l t  o f  nutr i t ional deprivat ion o f  Asn (Patterson 
and Orr , 1 969 ) .  Al l of  these condi t ions impose metabol ic  
s tress characterized by  a high Asn requirement . Asparag{ne 
concen trat ion in both b lood and t issues falls  after aspara
ginase adminis tration (Broome , 1 968b ;  Haskel l  et a l . , 1 9 70 ) . 
Thus as the exogenous asparagine supply d iminishes ,  resis tant 
mal ignant c e l l s  and certain normal ce l l s  have the capaci ty of  
satisfying their need by an enhanced b iosynthetic  rate . 
S ince ASase is  product inhibi t ed by Asn ,  par t  of the increase 
observed , when us ing c rude cell extract s  as a source of 
enzyme for assay purposes , ref lects the decreased Asn content 
of the preparations . However ,  Patterson ( 1 9 7 1 )  has presented 
immunochemical evidence that there is indeed an increase in 
asparagine synthetase protein fol lowing asparaginase admini
s tration . This f inding suggests  that Asn acts not only as a 
feedback inhib i tor of  preformed ASase but that i t  also re
presses synthes i s  of the enzyme . 

Whi le asparaginase selects for resis tant populations , 
several s tudies  demons trate that res i stant cel l s  pre-exist  
in a sens i t ive tumour (Pat terson e t  al . , 1 9 6 9 ;  Morrow , 1 9 7 1 ) . 
For the Walker 256 rat carcinosarcoma the rate of  mutation 
from Asn dependence to Asn independence was 1 . 4  - 3 . 5 x 1 0-G 
/ce l l /generat ion . 

Attention has been given to  the pos s ib i l ity that aspara
ginyl-tRNA may also  play a role  in regulating ASase and in 
de termining tumour cel l  sens i t iv i ty to asparaginas e .  This  
l ine of  inve s t i gation evolved f rom s tudies with bac teria in 
which there was a demonstrated correlation between decreased 
aminoacylat ion of tRNA and increased express ion of  b iosyn
the t i c  enzymes for the cognate amino acid . Asparaginase sen
s i t ive L5 1 78Y leukaemia cel l s  have been reported to  contain 
an extra asparaginyl-tRi.�A not found in resis tan t  1 1 2 1 0  cells , 
leading to the sugge s t ion that this  unique tRNA might act as 
a repressor or corepres sor of the formation of ASase (Gallo 
et a l . , 1 9 70 ) . Interes tins data relating to thi s  i s sue have 
been generated us ing temperature sens i t ive mutants of Chinese 
hams ter ovary ( CHO) c e l l s  with defects  in  specific  aminoacyl
tRi.�A synthetases . Although there was an inverse relation 
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bet�een Asn attachment to tRNAAsn and ASase activity ,  a 
s imi lar e levat ion of ASase was observed when the aminoacyla
t ion of several other tRNAs was restricted . S i nce a specific  
relat ionship was anticipated , the  lack of speci f ic i ty fai led 
to support  the contention that tRNAAsn might be involved in 
the regulation of ASase (Andrul ius et a l . , 1 9 79 ) . The 
asparaginyl-tRNA synthetase mutants were even more sens i t ive 
to asparaginase in vitro than were ASase mutants (Waye and 
Stanners , 1 9 8 1 )  even though ASase activity in the former 
approached that for certain res i s tant tumours ;  o ther cel l  
l ines (B-lymphocyte l ines ) , however ,  with low asparaginy l
tRNA synthetase and h igh ASase were relatively insens i t ive 
to asparaginase in vitro . These resu l ts do not c learly sup
port a role for tRNAAsn in regulating ASase nor the idea that 
a defect in asparaginyl-tRNA synthetase is cr i tical for aspa
raginase sensi tivity .  However ,  the mutants w i th relatively 
high ASase and high asparaginase sens i t ivi ty could present a 
challenge to the exce l lent correlation from ear l ier  work 
already c i ted o f  asparaginase resis tance when there is e le
vated ASase activity .  

Two add i t ional p ieces of  information about these mutants 
would be  mos t  welcome . Was ASase fully expressed under the 
cul ture cond it ions when it was measured , or is there an 
increase in  response to the metabol ic stress imposed by 
asparaginase in  the culture med ium, and does the sens i t iv i ty 
ref lect Asn or Gln dep l e t ion? Caut ion in interpre t ing these 
in vitro data should be  exercised because c e l l s  exhib i t ing 
sensi tivity to E. co li  asparag inase in vitro may do so be
cause of  glutamine , rather than asparagine , deplet ion .  
Recent s tudies wi th a human renal tumour cel l  l ine (Caki )  
may b e  c i ted to support this contention .  A t  2 uni ts /ml , EC-2 
markedly inhib i ted growth . In o ther exper iments the culture 
medium was dep leted of Asn and Gln ,  e i ther by treatment with 
asparaginase l inked to  Sepharose so that the enzyme could be 
removed by centrifugation or alternatively by p lacing EC-2 
( 2 . 5  uni t s )  ins ide a dialys i s  bag in 40 ml of med ium and 
treat ing for 48 h .  Growth o f  Caki cel l s  was then determined 
in comp lete med ium, t reated medium, and the latter rep le ted 
with asparagine ( 1 3 7 µ M) and/or glutamine ( 2  µ M) at the i r  
usual concentrations . Treated medium or treated Asn rep leted 
medium fai led to support growth . In contras t ,  glutamine re
pletion with or w i thout added asparagine permit ted  growth 
comparable to that in comp lete medium. 

Loss of therapeut ic  response to asparaginase also resul ts  w�en the host becomes sens i t ized to  the enzyme . Ant i-asparag1nase antibodies have been identif ied in both patients and 
experimental animals . Mouse ( Baechtel  and Prage r ,  1 9 7 3 )  and 
human (Peterson e t  a l . , 1 9 7 1 )  antibody inhib i t s  catalytic 
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ac t ivity about 50% , and increas ing the antibody to enzyme 
ratio  fai l s  to  increase inhibi t ion . The d iminished catalyt ic 
activity is  characteri zed by a 3-fold reduc tion in Vmax with 
l i t t le  change in Km· The maj or effect  of  has t sens i t i zation 
resul ting in lass of therapeu tic e f fect  is the marked decrease 
in b io logic half-life  ( t ! ) of asparaginase . After allowing 
for the ini tial  decline as the enzyme is di luted through i ts 
volume of dis tribution, the t !  in the b lood fol lowing i .v .  

2 • 

inject ion was about 2 7  h for nonsens i t i zed tumour bean.ng 
mice whi le in the sens i t i zed tumour-bearer it was less  than 
2 min . Comparable values for mice without tumour were 7 . 5  
and 0 . 5  h ,  respec t ively (Baechtel and Prager ,  1 9 7 3 ) . The 
mean half-l i fe for EC-2 (Merck) for patients with a variety 
of tumour types was 2 2 . 6  h (Oe t tgen , 1 9 7 5 ) , and a rapid fall  
in  the p lasma enzyme level can sugges t  an impending anaphyl
ac tic react ion (Peterson e t  a l . , 1 9 7 1 ) .  Ant ibody to EC-2 
does not cros s-reac t wi th asparaginases of Eruinia carotovora, 
Vibrio succinogenes, or Pro teus vulgaris , making i t  poss ib le 
to continue therapy with one of  these enzymes after the has t 
has become sens i t ized to  EC-2 . 

V . IMMUNOSUPPRE SS ION 

Interest  in asparaginase as an immunosuppressive agent follow
ed the observation by Astaldi e t  a l .  ( 1 96 9 )  that EC-2 inhibi
ted phy tohemagglutinin (PHA )-st imulated blas togenesis  of 
lymphocytes .  A variety of tes t  sys tems which g ive evidence 
of immunosuppres s ive effects of asparaginase include : 

1 )  p l aque forming spleen cel l s ;  

2 )  haemagglutinin and haemolysin formation ; 

3) graft-vs . -host (GVH) reaction;  

4 )  graf t rej ect ion ; 
5 )  skin hypersens i t iv i ty ;  
6 )  immunoglobu l in formation ;  
7 )  product i on of  allergic encephalomye l i t i s ;  

8 )  immune cytolys i s ;  
9 )  ant ibody dependent cel lular cytotoxic i ty (ADCC) ;  

1 0 )  recons ti tution of the immune response . 
While  in vitro demonstration of  immunosuppress ive effects may 
be ques tioned wi th regard to pharmacologic or physiologic 
signif icance , there is l i t t le doub t concerning the in vivo 
demonstrations with asparaginase as an immunosuppressive 
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agen t .  The lat ter effects  are most  readi ly observed when 
enzyme is administered s imultaneous ly or shortly af ter ant i
gen .  

Several issues concerning mechanism of  immunosuppress ive 
act ion have commanded the attention of invest igators . S ince 
Gln deplet ion accompanies the decrease in Asn fo l lowing EC-2 
adminis tration, a number of s tudies have been directed 
towards determining the contribu tion of  the glutamine dep le
t ion to  immunosuppress ion (Hersh , 1 9 7 1 ) . Several l ines of 
evidence sugges t  that asparaginase wi thout accompanying 
glutaminase act ivity can exert  an immunosuppress ive e f fect . 
Asparaginases of agout i  and guinea p ig  serum, which lack 
glutaminase act ivi ty ,  are potent inh ib itors of lymphoblas to
genesis  (Miura et a l . , 1 9 70 ;  Prager and Mehta ,  1 9 7 3 ) . Addi
t ional evidence for this  view comes f rom the observation of 
inh ib i t ion of b las t t ransformation by the asparagine antago
nist  ß-aspartyl  hydroxamate (Miura et a l . , 1 9 70 )  and the 
report of a cri tical Asn requirement for b lasting lymphocytes 
(We iner et a l . , 1 9 69 ) . Evidence f rom in vivo observations 
is more tenuous . Glutamine leve ls  recover more rap idly than 
asparagine fol lowing EC-2 administration (Mi l ler et a l . , 
1 9 69 ) , and in a report  demons trat ing that EC-2 inhibi t s  allo
graft rej ection , mention i s  made of  pre l iminary experiments 
in which agout i  serum had a comparable  effect ( Schulten e t  
a l . ,  1 9 69 ) . The glutamine synthetase act ivi ty of lymphoid 
�issue was found to  be  2000 t imes as high as ASase , sugges t-
1ng a greater dependence on exogenous Asn (Praoer and Derr 
1 ? 7 1 ) . Contrary evidence comes f rom comparing

0
immunosuppr�s

�1ve .activity of EC-2 and Vibrio succinogenes asparaginase 
�n . v�vo . Durden and Dis tas io ( 1 980 , 1 98 1 )  found that under 
condi tions where EC-2 s ignif icantly inhib i ted ant ibody res
P?nse , V. succinogenes asparaginase had no suppress ive acti
v1ty.  They pos tulated that the d i f ference was the resu l t  of  
the  glutaminase activity of  EC-2 (Table 1 ) .  This observation 
i� potentially of  cons iderab le importance i f  immunosuppres
s1on and o ther undes irable s ide-effects can be minimized by 
the use of an enzyme source lacking glutaminase act ivity .  

A number of  s tudies have been concerned wi th determining 
the cell  type affected by asparaginase during an immune res
po�se . Inh ib i t ion of  de layed hypersens i tivity , a l lograft 
reJec tion , and t he GVH react i on indicate the sens i t ivi ty of 
T-ce l l  med iated funct ions to asparaginase suppression . The 
great sens i t iv i ty of the PHA response is in accord with such 
a c?nclusion .  Furthermore , certain T-cel l  l ines derived f rom 
pat1ents w i th acute lymphocytic leukaemia exhib i t  1 000-fold 
greater sens i t ivi ty to  asparaginase in t i s sue cul ture than 
do B-cel l  or non-T-non-B-ce l l  l ines (Ohnuma e t  a l . , 1 980 ) . 
lt  has also been no ted that several t imes as much asparagin-
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ase was required for a given amount o f  inh ib i t ion of  the 
response of mause B-splenocytes to LPS as was required to  
inhibi t  a T-ce l l  response to Gon A (Gordon et a l . , 1 9 76 ) .  
Friedman ( 1 9 7 1 )  examined recons t itut ion of the ab i l i ty of 
X- irradiated mice to form ant ibodies to sheep erythrocyte s .  
Marrow ce l l s  from asparaginase- treated animals  given with 
normal thymocytes were less able to recons t i tute the irradi
ated mice than were the converse preparat ions .  I n  this  
experiment the primary targe t would thus appear to be a bone 
marrow s tern ce l l  required for B-ce l l  differen t ia tion . An 
antibody forming ce l l  rather than the effector ce l l  popula
t ion was irnp l i cated in s tudies  wi th ADGG , sugges ting suppres
sed B-ce l l s  in asparaginase treated animals (Durden and 
Distasio ,  1 98 1 ) .  Furtherrnore , immunoglobulin  production by 
spleen ce l l s  from rats inj ec ted earlier with Mycobacteriwn 
tuberculosis was s igni ficantly reduced by asparaginase (Jasin 
and Prager ,  1 9 72 ) . l t  thu s appears that bo th T and B-cel l  
funct ions rnay b e  compromised b y  asparaginase wi th the former 
exhib i t ing somewhat greater sens i t ivi ty . 

His tologie s tudies have given variable resul t s  with res
pect to the effect of EG-2 on T-cel l- and B-ce l l-rich areas 
of lymphoid organs . Rabbits inj ected wi th 1 00{}-3000 uni t s  
EG-2 /kg exhib i ted des t ruction of cortical areas of  lymphoid 
foll ic les  wi th  an accompanying increase in s ize of  germinal 
centres and frequency of p lasma ce l l s  (As taldi et a l . , 1 9 7 1 ) .  
With a <lose o f  5 0 , 000 uni t s /kg to mice there was necrosis  of 
lymphoid cel l s  in the thymic cortex and the germinal centres 
of  spleen and lyrnph nodes . Ger-minal centres which were 
maximally affected in 4-8 h returned to normal by 24 h, but 
the thymic cortex atrophied at 24-48 h (Berenbaum and 
Bondurant , 1 9 7 1 ) . In contrast to the se acute e f fe c ts injec
t ion of  50 uni t s  EG-2 /day for 4 days reduced the s ize of 
splenic lympho id f o l l i c l e s .  The reduced germinal centres 
also exhibi ted fewer· immunoglobu l in containing cel l s  
(Distasio e t  a l . , 1 9 82 ) . Thi s  f inding i s  in accord with 
earl ier work frorn the sarne laboratory (Durden and Di s tas io , 
1 980 , 1 98 1 )  which c lairned that B-cel l s  were particularly 
affected by asparaginase treatment . In contras t ,  the aspara
ginase f rorn V. succinogenes had no effect on spleen his tology ,  
corre lating with the lack of  irnmunosuppress ive activ i ty of 
this enzyrne . 

The attempts  to use rescue exper irnents to relieve the 
immunosuppression produced by asparaginase administration 
have failed to be persuas ive . At t imes asparagine alone , 
glutamine alone , or both in comb ination ,  have reversed the 
inhibi tory e f fec t  both in vivo and in vitro . One problem 
wi th the in vi tro s tudies which might account for some of 
the variab il i ty is  failure to take into account the potential 
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of armnonia toxic i ty .  l t  has been demons trated that exposure 
of PHA s t imul ated sp lenocytes to high NH4+ concentration for 
the f irst  2 4  h of 72 or 96 h cul tures inh ib i ts transformation 
measured by thyrnidine incorporation by 50% . Thus , even 
though the c e l l s  were restored to medium wi th normal NH4+ 
leve l s ,  they failed to transforrn in a normal fashion 
(Baechtel  e t  a l . , 1 9 7 6 ) . There i s  l i t t l e  doubt that NH4+ 
concentration bui lds up in asparaginase t reated cul tures , and 
the i ssue of  i rreversible or only partially reversible darn
age t o  the cel l s  should be  scrutinized more c losely . 

VI . B I OCHEMICAL ALTERAT IONS 

In t rying to e lucidate the lesion produced in sens i t ive cel l s  
b y  asparaginase , Sobin and Kidd ( 1 966 ) reported that protein 
synthesi s  was inhib ited prior to  DNA and RNA synthes i s .  
Thi s  i s  consi stent with incorporat i on into protein being the 
only role for Asn in marnrnal ian ce l l s .  Whether suppres sed 
formation of speci f i c  prote ins is respons ible for the rapid  
loss  of c e l l  viab i l i ty remains uncertain but  of  interest .  
There are s everal s tudies which demons trate changes in cell  
membrane s tructure . Gon A b inding to lymphocytes was inhibi
ted fol lowing EG-2 treatment (Fidler and Montgomery , 1 9 72 ) , 
and this led to a clustering effect  on the dis tribution of 
the Gon A b inding s i tes (Fidler e t  a l . , 1 9 7 3 ) . The 40% 
reduction in electrophoret i c  mobi l i ty of  human lyrnphocytes 
as a re sul t of  EG-2  treatment i s  also cons i s tent wi th mem
brane alterations (Laj olo e t  a l . , 1 9 70 ) . These changes 
:ecorded for lyrnphocytes may relate s ignif icantly to the 
immunosuppressive effect  of asparaginase . They are also con
si stent wi th a l teration of p lasma membrane g lycoproteins , and 
several s tudi e s  have recorded inhibi tory effects on glyco
protein synthesi s (Bosmann and Ke sse l ,  1 9 7 0 ;  Wu et a l . , 1 9 78) . 

Recent studies in  our laboratory with the Gaki human 
renal carcinoma cel l  l ine have been directed towards this 
issue .  After a 2 h exposure to  2 uni t s  of EG-2 3H-rnannose 
incorporat ion into glycoprotein decreased 40% d�r ing a 3 h 
pulse whi le in medium depl e ted o f  Asn as described earlier 
the decrease was 2 5 % .  S ince lengthy incubation wi th EG-2 

' 
also depletes  Gln ,  and ce l l s  begin to d ie ,  for langer terrn ob�ervation of  glycoprotein synthesis relative to total p rote1n formation , measurements were made in Asn-free med ium in 
the �bsence ?f E�-2 (Table

_
2 ) . Gell  growth and protein synthe s1s  ( leuc1ne incorporat1on) relative to that in complete medium reached a nadi r  on day 3 and then caught up on day 4 .  This f inding sugge s t s  increased ASase act ivi ty be tween days 3 and 4 ,  but this remains to be determined . Glycoprotein 

synthe s i s  (mannose incorporation) was inh ib ited to a somewhat 
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TABLE 2 

Protein and g lycoprotein synthesis by human rena l carcinoma 
(Caki ) ce l ls in asparagine-free medium 

Day 

Ce l l  count 

1 1 3 

2 86 

3 7 3  

4 1 07 

Asn-free medium x IOO  Complete  medium 

3H-Mannose  
i ncorp . 

48 

5 1  

1 4c-leucine 
incorp . 

69 

75  

50 

1 1 2 

greater degree than prot e in synthesis  ( 50% vs . 28%) on days 
1 and 2 but  data for mannose incorporation on days 3 and 4 
are unf�rtunate ly not avai lab l e .  Two principal types of  
glycoprotein are characterized s tructurally  by c�rbohydrate 
at tachment e i ther by 0-glycos idic l inkage to serine or thre
onine residues or alternatively through N-glycos idic  bonding 
to asparagine residue s .  l t  w i l l  b e  o f  intere s t  to

_
de�ermine 

whe the r formati on of the latter type of glycoprotein is  
selectively inhibi ted by  Asn deprivation . U l t imately com
parisons mus t  be made be tween cel l s  sens i t ive or res is tant 
to asparaginase in v ivo . 

V I I .  C L I N I CAL ASPECTS 

Perhaps the mos t  extensive review of the c l inical evalu�t ion 
of L-asparaginase has been that of Oet tgen ( 1 9 75 ) . Patients 
with acute lymphocyt ic  leukaemia (ALL) have been by far the 
most  r esponsive group , exhib i ting a remiss ion rate of  
approximately  60% . With the greater sens i tivity of lympho
b l as t s  wi th T-cel l  markers to asparaginase in t i s sue culture 
( Ohnuma et a l .  , 1 9 80) , i t  migh t  be anticip�ted that �-cel l  
ALL would  be the most  r espons ive form o f  d isease . S ince 
T-ce l l  leukaemia accounts for only about 25% of th� ALL . populat ion there mus t  be responders from among pat�ent� wi th 
e i ther B-ce l l  or  non-T-non-B-cell  leukaemia .  Appl 1 cat1on of 
the battery of  de terminations of cel l  markers . which enhance 
ab i l i ty to  d i s t inguish lyrnphocyte sub-pop�lations sho�l d  b� h 
a fruitful area of inve s t igati on for seeking corre lation w1 t 
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patient response . For patients wi th acute leukaemia of  non
lyrnphoblas t i c  types the remi s s ion rate has b een about 20% . 
There have also been repor t s  of response among patients with 
lymphosarcoma . The drug has not proved useful in the t reat
ment o f  chronic leukaemias and the results  wi th sol id  tumours 
have also been almo s t  uniformly d isappointing . Asparaginase 
continues to be used in comb ination chemotherapy .  Fol lowing 
asparag inase adminis tration leukaemic cel ls were shown to 
attain maximum sens i t iv i ty to methotrexate after about one 
week (Capizz i , 1 9 74) , and on this regimen acute leukaemia 
patients who had relapsed after a variety of o ther treatments 
have yie lded encouraging remis s ion rates (Arnador i  e t  a l . , 
1 980 ; Harri s e t  a l . , 1 9 80) . 

A variety of s i de-effects  have been reported as an accom
paniment of asparaginase therapy (Oe t tgen , 1 9 7 5 ) . Those 
which occur in >50% of the treated patient population include 
fever ,  anorexia,  nausea , vomi ting,  weight los s ,  abnormal 
l iver funct ion tests , e levated BUN , depres sed circulat ing 
albumin ,  f ibrinogen , and cho les tero l . Patients  not uncomrnon
ly deve lop hypersens i t ivi ty and demons trable ant ibodies to 
EC-2 with a resul tant loss  of  therapeut i c  effec t ivenes s  as 
describ ed earl ier . Certain asparaginases do  not cross-react 
irnrnunological ly with EC-2 , and i t  has been pos s ible  to con
tinue therapy with the Erwinia enzyme after deve lopment of  
hypersens i t iv i ty  to  EC-2 . By v irtue of the irnrnunosuppres s ive 
act ivity of asparaginase ,  some succe ss  has been recorded in 
the treatment of  autoimrnune disorders with the enzyrne 
(Patterson, 1 9 75 ) . 

A number of  different t e s t  procedures have been explored 
foT predicting response to asparaginase therapy . Whi le s ome 
succes s  has been recorded with experimental sys tems , these 
tests  have generally not been adequate for predic tion in a 
cl inical set t ing .  Although asparagine synthe tase activ i ty 
in leukaemic ce l l s  prior to init iat ing asparag inase treat
ment has not been pred i c t ive , e l evation of  ASase during 
therapy corre lates with deve lopment of resis tance and may be 
taken as an indication to exp lore other therapeutic measure s .  

V I I I .  CONCLUD I N G  STATEMENT 

Asparaginase remains as one of the useful drugs in the t reat
ment of ALL , primari ly in comb ination wi th o ther agent s . I t  
i s  d i sappointing that i t s  therapeutic eff icacy has been s o  
narrow and that re s i s tant leukaemic c e l l s  can s o  eas i ly  
appear during therapy . App lying the speci f i c i ty of  an enzy
matic react ion to deplete  a nutrient required to a greater 
extent by malignant ce l l s  than normal ones is  conceptual ly 
appeal ing , and a cons iderable  re search effort on o ther 
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enzymes fo l lowed the  d i scovery of  the ant i tumour e f fec t  of  
asparaginase .  Although some of  these enzymes have shown 
promise in isolated experimental systems , none has evolved 
to the extent that asparaginase has , and this  too has been 
d isappointing. Twenty years have e lapsed s ince Broome ( 1 96 1 )  
ident i f ied asparaginase as the ant i leukaemic agent of guinea 
pig serum, and i f  this approach to cancer management is to  
remain viable , i t  would  seem that i t  i s  necessary to produce 
addi tional examples of effective enzymatic agents . 
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D I SCUSS I ON I V  
CHAPTERS 1 3 - 1 4  

Dr  HILL : Dr Sedlacek , in  your s tudy of colon cancer patients were there any s ide-effects o f  the "chessboard immuni zation" suffered by the patients ?  
Dr SEDLACEK :  Of course ,  patients get the  DTH reaction .  However,  this  s ide-effect i s  minor and the react ion goes within about 4 to  5 days . We could not f ind other s ide-effect s .  We are facing the f act that neuraminidase produced by bacteria plays a d i s t inct rol e  in  the pathogenicity of the haemo ly tic uremic syndrome , but  nei ther preclinica l ly nor cl inically have we got any information that the " chessboard vaccination"  has any influence or  i s  causing thi s  d i sease . Al toge ther we can say that this  treatment causes almo s t  no s ide-effects . 
Dr BALDWIN : What i s  the s tatus of work on whe ther VCN exposure of antigens upon tumour ce l l s  or VCN attached to tumour ce l l s  can promote hap ten-l ike response?  
Dr SEDLACEK :  According to  my informat ion there are a lot of d�ta showing that VCN increases  antigenic i ty and immunogenici ty o f  ce l l s .  But wi th the except ion o f  the Thomsen-Fried�nreich antigen the data are contradictory as to  whe ther VCN increases the amount o f  antigen on the c e l l  surface . Indeed i �  might be that VCN attached to the cel l  surface may func-

' 
t ion as an addi t ional antigen and the data o f  Johannsen e t  a l : s trongly support  this  assump t ion . We are res tric ting our main research in thi s f ield to unmarked antigens ( includ ing Thomsen-Friedenreich antigen) and to the adj uvant activity of VCN . 
Dr GOLDIN :  Thi s  i s  an important  area and I wonder whe ther You could indicate you r p lans for further s tudy? 
Dr SEDLACEK : Of course ,  we are trying to  eet rid of tumour ?el l s  and to i so late the antigen in que s tion and to combine l t  with an adequate carrier or an adjuvan t .  The outcome of the c l inical s tudies ment i oned in my talk wi l l  show us whe ther this method has any chance of being succes sful .  But we do know that this  work is extremely diff icul t .  
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Dr KONDO : Dr Sedlacek , in your experiment ,  could you demon

strate the fixation of the antibody or complement to the 

res idual tumour ce l l s  after treat ing the animal by mitomycin

neuraminidase-treated cells? 

D r  SEDLACEK : I cannot answer your que s t ion correc tly because 

we have not looked for antibodies binding to the residual 

tumour mas s .  

Helen NAUTS : Have you ever inj ec ted neuraminidase d irectly 

into the mammary tumour in your dogs to see i f  i t  might be 

more effec t ive? 

Dr SEDLACEK : Simmons et a l .  have inj ected neuraminidase into 

the mammary tumour of mice and he got secondar ie s .  With 

respec t to the se data and facing the prob lem of ce l l  <lose 

dependence shown in our dog experiment s ,  we cannot recommend 

the procedure because of the increased r isk of inducing 

tumour enhancement .  

Dr M I TCHELL : Dr Prager ,  why does asparaginase ,  as an immuno

suppres sive agent , not suppress the ant ibody response to 

itself? 

D r  PRAGE R :  When asparaginase therapy is  continuous , deve lop

ment of hypersens i t ivity appears minimized .  Sens i t i zation 

occurs with intermi t tent treatment .  This suggests that 

asparaginase may indeed suppress an immune response against 

itsel f ,  bu t when therapy is  s topped , a rebound occurs .  

D r  GOLD I N : For patients in  which no response was observed , 

is  there any difference in asparaginase requirement or s tatus? 

Dr PRAGE R :  Attempts have been made to determine this , but 

there appears to be no correlation between c irculating aspa

ragine level s  and response to asparaginase .  Measurement of 

asparagine synthesi s  as an indicator of probab le asparaginase 

dependence has been· useful in only one s i tuation . Asparagin

ase activity i s  rather low in most t i s sues , but s ignif icant 

increases af ter asparaginase administration indicates that 

the tissue has become independent of exogenous asparagine . 

For a tumour, increased asparaginase indicates asparaginase 

resis tance , but we know this only after initiating drug 

treatment. 

D r  S INKOVICS : 1ouse lymphoma cells can be qui te res is tant 

L-asparaginase .  We have described such a mouse lymphoma . 

asparaginase was immunosuppressive to the mice wi thout 

aff l ic ting damage to the lymphoma ce l l s .  An enhancement 

growth of the lymphoma resul ted . 
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I .  INTRODUCT ION 

From a his �orical point of view the microbial produc ts that 
�ave be�n dis�overed have clearly p layed a s igni f icant and 
increas ingly important role in cancer therapy They h 
emer ged h . 

· ave 
among � e most highly important drugs const i tu t in 

the armamentarium of the c l inical oncologist w; th s · . f
? 

cant t '  · · 
• � igni i-

ac ivity against the refractory solid tumours that 
account for th h '  h · · 
1 9 78)  

. e ig est  incidence of cancer deaths (Carter 

f 
· The �mport�nc� of microbial products i s  ref lec ted 

' 

or
_
example in a list ing of the total number of a roved 

antitumour drugs in the USA Of the 3 1  d 
PP 

thro h 1 9 80 ( 
· rugs approved 

incl�g · . endoc�ines e�cluded)·, 7 are microbial products 

adr · 
din? actinomycin

_
D ,  mi thramycin, bleomyc in ,  mi tomycin C 

t iamycin , L-asparaginase and daunomycin (Table 1 )  (D v · 
' 

e
d 

a l . ' 1 9 7 9 ) . lt is o!: interest that al though th f
' e  ita 

rug to be ap r d . e irst 

th . . . � ove . was nitrogen mustard , in the late 1 940s 
e . init ial microbial product to be approved 1 · 

' 

mycin D . , name y actino-

Th . , was . not until some 1 5  years later in the mid 1 960 

f 
e p ioneer in the inves tigation of microbial met b 1 .  

s .  

or the t t f . a o i tes 
rea ment o cancer is clearly Hamao u . 

et a l  ( 1 949 ) · . mezawa . RokuJ O 
· in the screening of compounds agains t y h '  

�
arcoma of . the rat observed �hat an actinomycin that ��e�

da 

ad found in a S treptomyces isolated from the s . 1  . 
awa 

�as �apab le of des troying the Yoshida rat sarco
oi in

ll
Japan 

-in v-itr 1 ( 
ma ce s in 

o cu ture Umezawa , 1 9 7 8 ) . Hackmann ( 1 95 2 )  in 
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TABLE 1 

ChPonology of appPova l of micPobia l pPoducts 
as antitumoup dPugs in the USA 

Actinomycin D 1 96 4  

Mi thramyc in 1 9 70 

Bleomycin 1 9 73 

Mitomycin 1 9 7 4  

Adriamycin 1 9 7 4  

L-asparaginase 1 9 7 8  

Daunomyc in 1 980 

V i ta e t  a l . ' 1 9 79 ) . 

inves t igations of actinomycin C found that i t  was capable  of 
inh ib i t ing the growth of experimental mouse and rat tumours . 
Rei l ly e t  a l .  ( 1 95 3 )  in the i r  inves tigation on the effect of  
ant ib iotics on the growth of Sarcoma 1 80 in vivo observed 
that among the number of ant ib ioti cs tes ted , ac t inomycin 
resul ted in s ignificant inh ib i t ion of  the  growth of  the 
tumour .  S ince as indicated by Umezawa ( 1 9 7 8 ) , in 1 9 5 1 the 
progress in the discovery of ant ibacterial ant ibiotics  had 
been extens ive and the s ignif icant emergence of res i s tant 
pathogenic organisms had not occurred ,  Umezawa and h i s  col
league s ini tiated a prograillllle of  investigation of ant i tumour 
antibiotics . They d i scovered the active compounds caliomycin 
(Umezawa and Yamamoto ,  1 9 5 2 ) , substance No . 289 (Umezawa e t  
a l . , 1 9 5 3) and sarkomy c in (Umezawa e t  a l . , 1 95 4 ) , thereby 
emphasi z ing that i t  w�s possible to discover new ant i tumour 
compounds by the inve� t igation of the action of microbial 
culture f i l trates in inhib i t ing experimental turnours . 

I I .  M I CROB I A L  PRODUCTS APPROVED FOR C L I N I CAL USE 

IN THE TREATMENT OF NEOPLAS I A  IN THE USA 

The actinomycins were isolated from actinomycetes by Waksman 
and Woodruff ( 1 940) . Actinomycin D has a broad spectrum o f  
activity i n  experimental animal tumour sys tems . A l i s t ing 
of tumour model s  in which actinomycin D has demons trated 
definitive activi ty is given in Table  2 (Go ldin and Johnson, 
1 9 74 ) . At the National Cancer Ins t i tute , USA ,  a new screen
ing programme was ini t iated in 1 9 7 5 ,  designed to be sub j ec t  
to p rospect ive analys is of screening data on new drugs with 
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TABLE 2 

ExpePimental tumour' systems in which actinomycin D 
demonstPated definitive activity 

Tumours which could be cured by ac t inomycin D 
P388 leukaemia 
Ridgeway os teogenic sarcoma 

3 1 1  

Turnours against which actinomycin D marked ly increased l i fe 
span or inhibi ted local tumour growth 

B 1 6  melanot ic  melanoma 
L l 2 1 0 leukaemia 
Gardner 6 C3HED lymphosarcoma 
Mecca lymphosarcoma 
P288 lymphocy t ic leukaemia 
P l 0 8 1  chloroleukaemia 
P329 reticulum ce l l  sarcoma 
Lymphoma 4 
Sarcoma 1 80 
Adenocarc inoma 755  

(Goldin and Johnson , 1 9 7 4 ) . 

respec t . to prediction o f  c l inical act ivi ty . The revised pro
gra�e i�corporated a screening pane l of both human tumours 
growing in xenograft in athymic (nude) animals and corres
po�ding animal turnours of s imilar histologic type . The 
animal data for the series of microb ial agents that have been ;pp7oved for c l in�c al use in the USA, including actinomycin 
. ' in . the new National Cancer Ins t i tute screen , are suilllllar
ize� in . Table  3 (Goldin e t  a l . , 1 9 8 1 ) .  Actinomycin D was 
act ive in mos t  of the animal tumour mode l s  of the new screen �l though not act ive in the mammary (MX- 1 ) ,  lung ( LX- 1 )  or 

· 

ol�n (CX- 1 )  human tumours xenografted subcutaneously  i· t 
act . ' was 

ive against the MX- 1 and CX- 1 human tumours when th 
tu 

e 
mou7s w:re transplanted in the subrenal capsule of  the 

athymic mice . 
Mi thramycin was isolated by Rao and his  colleagues i 

1 9.6 2  (Calabres i and Parks , 1 9 7 5 )  f rom StPeptomyces tana�hien
s�s . S truc tural ly ,  o livomycin A and chromomyc in A 
re 1 t d . h . ( 

3 ' are 
a e to mi t ramycin Gause , 1 9 7 5 ) . lt may be noted 

that with respec t  to animal test  sys tems , the l eukaemia 
P388 system is considerably  more sens i t ive to microbial 
Products  than is the leukaemia 1 1 2 1 0 sys tem ,  which 
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has been used as a s tandard screening mode l for many years . 
Mi thramycin , for examp l e ,  was not active in the L l 2 1 0  sys tem 
and on this basis  would not have qualif  ied as an agent of  
interes t ,  whereas i t  was h ighly active in the leukaemia P 388  
sys tem. A comparison of  the relative activity of  a series  of  
microbial agents in the  leukaemia L l 2 1 0 and P388  systems is  
presented in Tab le 4 (Vendi t t i  and Abbot t ,  1 9 6 7 ;  Goldin and 
Kline , 1 9 78) . 

TABLE 4 

Relative activity of micPobial pPoducts 
in the L1 2 1 0  and P388 systems 

Percent increase in l ife span 
over contro l s  ( ILS % )  

Act inomycin D 

Mi thramycin 

Bleomycin 

Mitomycin C 

Daunomycin 

Adriamycin 
L-asparaginase 

A�aserine 
Neocarzinos tatin 

Azotomycin 

St reptonigrin 
Chromomycin A3 

Tubercidin 

Sangivamycin 
Streptovitacin A 

/ 

L l 2 1 0  

45 

1 0  

<25  

70  

58  
64  

<25  

50  

63  
68 

<25 

<25 

<25 

6 7  
55 

(Vend itti  and Abbot t , 1 9 6 7 ;  Goldin and Kl ine , 1 9 7 8 )  

P388 

> 1 75 

90  

50  

1 50 

1 2 7 

>200 

36 
9 7  

> 200 

1 20 

36 

1 5 3  

50 

90 

8 1  
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Bleomycin is p roduced by a s train of Streptomyces verti
cil lus . lt is a mixture of ant ibiot ic s  and was d iscovered 
by Umezawa et a l .  in 1 966  (Umezawa et a l . , 1 9 66a) . Umezawa 
et a l .  ( 1 9 66b ) separated the b leomycin mixture into the f rac
t ions A2 which i s  the main component and B2 , emp loying Sepha
dex chromatography . As i s  the case with actinomycin D ,  b leo
mycin has exh1b i ted act ivity against a wide spectrum of 
animal tumours (Takeuchi and Yamamoto , 1 9 6 8 ;  Umezawa e t  a l . , 
1 9 6 8 ;  Goldin and Kline , 1 9 78) . In the new screen at the 
National Cancer Ins t i tute , USA, i t  was active against leukae
mia P388 , B 1 6  melanoma , Lewis  lung carcinoma , colon 38 and 
CD8F 1 mammary carcinoma (Tab le 3) (Goldin e t  a l . , 1 9 8 1 ) .  l t  
also evidenced activity against the mammary MX- 1 subcutaneous 
xenograft . 

The mi tomycins were i solated from fermentation f i l trates 
of Streptomyces caespitosus . Mi tomycins A and B were iso
lated by Hata e t  a l .  ( 1 9 56 ) and a series of related f ractions 
including mi tomycin C was isolated by Wakaki et a l .  ( 1 9 58 ) . 
l t  should be  noted that although mitomycin C was reported on 
as early as 1 9 5 8  (Wakaki e t  al . , 1 9 58) the delay in approval 
for standard cl inical practice in the USA was approximately 
1 6  years , to 1 9 7 4 .  Mi tomycin C has demonstrated broad spec
trum act ivity agains t mouse tumours , including leukaemia ,  
lymphosarcoma , sarcoma, carcinoma and melanoma and i t  has 
also exerted activ i ty against rat and hams cer tumours 
(Sugiura , 1 9 59 , 1 96 1 ; Koj ima et a l . , 1 9 7 2 ;  Driscol l  et a l . , 
1 9 74 ) . In the revised screen of the National Cancer Ins ti
tute , i t  was active in leukaemias P388 and L l 2 1 0 ,  B 1 6  mela
noma , Lewis lung carcinoma , colon tumours 26 and 38 , CD8F 1 
mammary tumour and the subcutaneous human tumour xenograf t s  
MX- 1 and LX- ! (Goldin e t  a l . , 1 9 8 1 ) .  

Daunomycin was i solated from Streptomyces peucetius cul
ture in 1 96 3  (Di  Marco et a l . , 1 9 6 3 ,  1 964 ) . l t  was reported 
as having relat ively broad spectrum act ivi ty agains t a vari
e ty of asci tic  tumours , including Yoshida 1 30 hepatoma , 
Walker carcinoma 256 , Sarcoma 1 80 and Ehr l ich carcinoma (Di 
Marco e t  a l . , 1 9 6 3 ,  1 964 ; Vend i t t i  et a l . , 1 96 6 ) . lt  was 
active in the new screen agains t  the 2 leukaemias L l 2 1 0 and 
P388 , B l 6  me lanoma and colon 26 , but was not tested in the 
human tumour xenograft sys tems (Tabl e  3) . 

Adriamycin was also isolated f rom cul tures of Strepto
myces peucetius (Di Marco e t  a l . , 1 96 3 )  and this  d rug , too , 
exhibited broad spectrum activity against a variety o f  
exper imental tumours . Adriamycin d iffers from daunomycin . in 
the sub stitution of a hydroxyl group for a hydrogen atom in 
the acetyl radical o f  the aglycone moiety (Arcamone e t  al .  , 
1 9 69 ) .  The broad spectrum act iv i ty ,  based on the experience 
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of a number of invest igators ,  has been de l ineated (Goldin 
and Johnson , 1 9 75a)  and the activity in  the new screen is 
shown in Tab l e  3 .  In the new screen it was ac t ive agains t  
the �ouse leukaemias L l 2 1 0  and P388 , B 1 6  me lanoma , Lewis  lung 
carc1noma , colon tumour 26 and CD8F 1 mammary tumour (Goldin 
et a l . , 1 98 1 ) .  l t  did no t demons trate ac t ivi ty in the human 
tumour xenograft sys tems . 

L-asparag�nase , an enzyme which catalyses the hydrolys i s  
of L-asparag1ne , was reported on as far back as 1 904 (Lang , 
1 9 0 4 ;  Patterson ,  1 9 75 ) . C lement i  ( 1 92 2 )  demons trated L-as
paraginase activity in guinea p ig  serum and Kidd ( 1 953)  
reported that guinea pig serum was capab le of inh ib i t ion of 
growth of transplantab le  mouse and rat tumours . More 
re�ently � Tsuj i ( 1 95 7 )  obtained L-asparaginase f rom Escheri
ch�a col� , and Mashburn and Wri ston ( 1 9 64 )  found that an E 
co li preparation could inhibit  exper imental tumour growth .

· 

The therapeuti c  activity o f  L-asparaginase has been demon
strated in lymphomas and leukaemias in mice , agains t  primary 
l�p?osar�oma in dogs and against acute lymphoblastic leukae
m1a in ch1 ld:en (Boyse et a l . , 1 9 6 7 ; Broome , 1 9 6 3 ;  Dolowy e t  
al . ,  1 966 ; H1ll  e t  a l . , 1 96 7 ;  Old e t  a l . , 1 9 6 7 ;  Oettgen e t  
al . , 1 96 7 ) . I n  the new screen at the National Cancer Ins t i
tute , L-asparaginase was active only in  the P388 system �Tabl e  3) ( Goldin et a l . , 1 98 1 ) . lt was , however , not tested  
1n  the human tumour xenograf t sys tems . 

I I I .  MICROB I AL PRODUCTS IN DEVELOPMENTAL INVESTI-
GATION FOR THE TREATMENT OF CLINI CAL NEOPLAS I A  

In addit ion to the above microbial p roducts that have been demonstrated to exert  anti tumour activ i ty ,  there is  a b road ra f · b . 1 �ge o micro 1a products in various s tages of development  w?ich are being subj ected to intens ive precl inical inves t iga� 
t i?n � and some of the products have received preliminary cl1n1cal trials .  A l i s t ing of addi tional microbial  subs tances in various s tages of deve lopment i s  g iven in Tab le 5 .  Here , too , the b road spec trum activity o f  a number o f  the produccs is evident (Goldin et a l . , 1 98 1 ) . 

Umezawa ( 1 9 78 )  pointed out that with respect to ant i tumour ant · b · · 1 1ot1cs , more than 200 compounds have been discovered th�t are of interes t . The potent ial , then, in this  area i s  qu1te ?igh with respect t o  the uncovering o f  new and more effect 1ve materials for the c linic . 

I V .  THE TYPES OF MICROB IAL PRODUCTS 
Microb ial p roducts for cancer treatment may be c las s i f ied i n  a general way as : (a) cytotoxics including ac tinomycin D ,  
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Q) -.-1 1 + ::l X + 
Cl) u mitomycin c, adriamycin and so forth ; (b) enzymes including 
0. L-asparaginase ,  g lutaminase and o ther ac id dep leting m am1no (J -..., 1 enzymes , carboxypep t idase and other enzymes that act in  novel 

5':'. ..-< X  
fashion ; ( c )  b io logical cesponse modif  iers including immuno-<:ll m .....:i E: c: augmenting agen t s .  Immunoaugmenting agents may increase the � Q) 

Cl Cl) ,... _ N .w .D 1 + + + + defence response o f  the host to tumour by s t imulation of mac-
<:ll .... a �  and reticuloendothel ial sys tem funct ion s .  Some ::> m rophage 
<:ll ,... 

examples  of  microb ial produc ts that may immunoaug-"lj 00 serve as 
0 '+-, c: 1 menting agents are l i sted in Tab le 6 .  In addi tion to the 

Cl Q) Cll X 
X ::l U  above there could be novel types of  approache s ,  such as se lec-

(/) 0 
del ivery including l iposome encapsulation of <:ll Q) t ive systems ()") c: -

� m 1 + + cytotoxic s ,  coupl ing o f  drugs to diphther ia toxin or anti-..., .w X 
(/) ::l ...-l bodies and so forth that could result 1n  therapeut ic  improve-(J 
(/) .D ment . � ::l -

+ Cl (/) 1 + .,., X 
� ::;: TABLE 6 
� 
::> 

Microbial products that may act imrrrunoaugmenting agents µ.. as 
>:'. .,., CO + + + + + 

Q 
(/) u ..., 

Baci l lus Calmette-Guerin ( BCG) t) 
c � 0 

+ + + extraction residue (MER) Cl .-1 CO + + Me thanol of BCG 
� 0 r'l 
� u l() Mycobac terial c e l l  wal l  skeleton N � � c 

....:i .,., 0 Corynebacterium paI'Vum and extract s  + + + 
-lll ..() .-1 '° + + + + 

< Cl O N  
� � u Nocardia rubra cel l  wal l  ske le ton t) .,., 

E: Cl) Bes tatin • rl 00 
� � c + 

<2, Q) ::l Forphenicine ...-l ...-l 
N Phage lysate of  Staphylococcus aureus 
<:ll m 
>:'. s 

( extract of  Bruce Ua strain) � '° 0 
+ + + + + Bru-Pe l l  

� c + + 
P'.l m ()") .-1 

>:'. Q) .,., ::;: 
V .  >:'. MICROBIAL P RODUCTS I N  COMB INATION 

<:ll 
CHEMOTHERAPY AND COMB INED MODALI TIES <:ll CO 

+ + + + + + 
� CO + + + 

t) r'l 
There (/) p.. 1 S  extens ive interest  1 n  the emp loyment of comb inations 

ts of drugs , inc luding anti tumour microb ial produc ts , as a re-
0 

� + + + + + + + + sult of the eff  icacy of  drug combination therapy the 
N 

1n 
<:ll c c l in ic .  Several preclinical inve s tigations indicating thera-•.-l 

� ...-l 
(J peut ic  synergism ( therapeutic enhancement) in  protocols ..., c • .-l c < � >:'. .w Q) •rl involving ant i tumour microbial produc ts may be c i ted.  

m c: (J c ,... .,., .w •.-l •.-l •.-l 0 c < On weekly administration of  actinomycin D p lus daily 
Cl) (J Q) :> (J .... c •.-l ;:,., 
0 ::l c: •.-l � 0 ·.-l (J c treatment with me thotrexate , the combination resulted ..., (J � •.-l 1n  
c Q) •rl (J (J .,., 

•.-l .-1 Cl) < 0 � � (J therapeutic synergism, s ince by defini t ion , i t  was ::> N ,... 0 c 0 >, more .,., 0 s s ..., ,... 0 c lf"\ •.-l 0 effec t ive than e i ther agent a lone 1n the treatment o f  an 
m z m N (J Q) N c 0 0 

t) 
(J 1 .-1 m Q C"') •.-l ,... c advanced o f  subcutaneously inoculated leukaemia 1 1 2 1 0  """ 
0 0 < 1 .-1 1 1 .-1 (J •.-l s tage 
Q) 1 1 .... (J - � m m ::l 

z Q ...-l < < N > ::;: Cl 
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(Goldin and Johnson , 1 9 74 ) . That the sch�dule of �her�PY . i s
_ important in the achievement o f  therape�tic  synergis� i s  �ndi

cated by the ob servation that a sequential schedule in which 
a s ingle <lose of actinomycin D fol lowed by daily me thotrexate 
d id not resu l t  in a therapeutic  response that was more exten
s ive than that ob tained wi th methotrexate alone (Goldin and 
Johnson, 1 9 74) . 

. . The combinati on of actinomycin D p lus L-asparaginase e l i
c i ted a markedly synergis t ic  effec t ,  resul ting in l ong-term 
survivors in  the treatment of l eukaemia L5 1 7 8Y ,  a tumour 
which is L-asparaginase sens i t ive (Jacobs et a l . , 1 9 7 0 ) . 
Leukaemia L l 2 1 0  does have the enzyme L-asparagine synthetase 
and is thereby res is tant to the cytotoxic action of  L-aspara
ginase . With this combinat ion , no therapeutic  synergism was 
e li c i ted .  

The combinat ion o f  mitomycin C with drugs such as  adria
mycin ,  5-fluorouraci l  or cytos ine arabinos ide has resul ted in 
enhanced therapeu tic response (Hoshino et a l . , 1 9 7 2 ) . In one 
of the experiments (Hoshino et a l . , 1 9 7 2 )  the comb ination of  
3 drugs , namely mitomyc in C ,  5-�luoroura�i l  and cyto� ine ara
b inos ide resul ted in a greater increase in therapeutic effec
t iveness in the treatment of leukaemia L l 2 1 0 than that obser
ved with the drugs emp loyed in comb inations o f  2 or when they 
were emp loyed individually . 

The comb ination of b leomycin with drugs such as cyclophos
phamide ,  vincri s t ine , CCNU and procarbazine wa� m?r� effec- . t ive in each instance than the drugs employed individua l ly in 
increasing the survival t ime o f  mice that had been inoculated 
intramuscularly or suocutaneous ly w i th Lewis lung carcinoma 
(Go l din and Kline ,  1 9 78 ) . The combination of b leomycin p lus 
vinb lastin resul ted in therapeutic  synergism in the treatment 
of luekaemia P 388 inoculated intraperitoneal ly as wel l  as 
B 1 6  melanoma inoculated e i ther intraper itoneally or subcu
taneous ly (Goldin and Kline ,  1 9 78 ) . In the same �eri�s of  
inves tigations i t  was also  observed that the combination of  
b leomycin p lus c i s-platinum I I  resul ted in therapeutic  syner
gism in the treatment o f  B l 6  melanoma inoculated subcu-
taneously .  . . Adriamycin e l i c i ted broad spectrum therapeut ic synergism 
when i t  was employed in comb inat ion with alkylating agent s , . ant imetabo l i te s  and a variety of  other types of  drugs (Goldin 
and Johnson,  1 9 75a ;  Schabe! ,  1 9 7 5 ;  Griswold e t  a l . , 1 9 7 3 ;  
Gold in and Johnson , 1 9 75b ) . In the leukaemia L l 2 1 0  s�s tem 
for example  adriamyc in exerted therapeutic synergism in com
b ination with cyclophosphamide , melphalan ,  BCNU , CCNU , methyl 
CCNU , vincri s t ine , methotrexate , cytos ine ar�b inoside , cyclo
cytidine,  5-azacyt id ine , ICRF 1 5 9 ,  procarbazine and campto
thecin (Goldin and Johnson , 1 9 75a) . 
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In the treatment of  leukaemia 1 1 2 1 0  wi th the combination of adriamyc in p lus ICRF 1 59 ,  and adriamycin plus cyclophosphamide , therapeu tic syne rgism was observed with maintenance or reduc t ion in the optimal dosage of adriamycin (Goldin and Johnson,  1 9 75b ) . This  i s  of interest  s ince such reduct ion in the dosage of an anthracyc l ine may result in the avoidance of cardiac toxici ty .  
In  addit ion to  the intere s t  in prec l ini cal inves t igations with comb inat ions of  drugs there i s  also a s treng interest in combined modal i t ies o f  therapy . The combination of  surgery plus microb ial ant itumour products may resul t in an improvement in therapeutic response ,  and invest igat ions in th is  area should be encouraged . With the anthracyc lines i t  was demons trated by Schabe! et al .  ( 1 9 7 9 )  that adminis tration of adriamyc in prior to or subsequent to surgical adjuvant chemotherapy of mammary adenocarcinoma imp lanted subcutaneously was more effec tive than e i ther surgery alone or adriamycin alone in increas ing the life span and the number of  long- term survivors . Another s tudy may be c i ted (Giul iani e t  al . , 1 9 79 )  in which surgery p lus the combinat ion of  adriamycin and cyclophosphamide was marked ly effective in reducing the lung me tastases of the MS-2 sarcoma in BALB/ c  mice . Investigations of the comb ination o f  microbial products and radiation are importan t .  In one s tudy , a s  an example , Rid�way os teogenic sarcoma was treated wi th the combination of 0 co gamma-irrad iat ion plus adriamycin and this resulted in a greate r increase in survival t ime than was observed wi th radiation alone or drug treatment alone (Goldin e t  a l . , 1 9 78) . There have been a number of studies of  the u t i l i zat ion of �ombinat ions of  b iologic response modif iers with surgery or in conj unct ion wi th the combinat ion of chemotherapy p lus surgery .  In a s tudy by Karrer et a l .  ( 1 9 7 9 ) , treatment o f  moderately advanced Lewis lung carcinoma with the combination of C. par-r.JUm and surgery resul ted in an increase in the number of  survivors .  In another s tudy , Schabe! e t  a l .  ( 1 9 7 9 )  obse:ved that adminis tration of  C .  parvum at one day after the inoculation o f  Lewis lung carcinoma, followed by surgery on the seventh day , resulted in an increase in the number o f  long-term ( 9 0  day) survivors . The poten t ial for microbial pro�ucts emp loyed alone or in combination wi th o ther agents or in combined moda l i t ies is great and thi s  area , as part of � to7a1 biologic resp?nse modifier  programme , as recently 1ns t 1 tuted at the Nat ional Cancer Inst i tute , USA , i s  worthy of considerab le  attention. 
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ANALOGUES OF KNOWN MICROB IAL PRODUCTS 
V I . 

1 of  known micro-
The criteria for the selection of ana og�es 

roducts that may exert more extens ive o: more des irab l e  
bial  p . . . . h l  . rtant subJeCt  and one 
antitumour act ivi ty i s  a hig y 7mpo 

l ' . 1 ri-
review by Goldin ( 1 9 78) may be ci ted . Such p:ec ini�a c 

teria for the selection of  new analogues may include . 

I )  Greater activity in  an appropriate test sys tem relative 

to the parent compound . 

2 )  Broader spectrum of  e ffectiveness  against experimental 

tumours including transplan table , carcinogen i nduced or 

spontaneous . 
h d 1 .  and raute charac-

3)  More desirab le  or different sc e u ing 

teri s t ics . 
· unde s i' rabl e  acute ; chronic or 

4 )  D iminished l imiting or 
de layed hast toxic i ty .  

5 )  Delay in  origin of  tumour c e l l  resistance and/or 

activity agains t  tumours res is tant to the parent 

6) More extens ive therapeutic synergism than the parent com

ound i n  comb ination with a s tructurall� unrel�ted
.
agen7 , 

�r therapeuti c  synergism when emp loyed in combination wi7 

h t drug which would  imply d i fferent pharmacologi 
t e. paren , 
or b iochemical act ion .  

· seques tered tumour s ites 
7 )  Greater pene tration to 

the intracranial s i te .  
· metas tasis or in  

8 )  Greater effectiveness i n  prevent ing 

treating me tastatic d isease . 
· · v i' rus , virus  transforma. -9 )  Greater acti on against  oncogen7c 

t ion of  cel l s  to mal ignancy , viral induced tumour or rei 

1 0 )  

1 1 ) 

1 2 )  
1 3 )  

duction o f  tumour .  
1 

· o r  b i' ochemical characteris
More desirab l e  pharmaco ogic 

· of b lood and tissue 
t ics including greater maintenance . 
l eveis ,  diminished detoxif ication or excret ion ,  depot 

form �th steady release and so forth . 

D iffering desirab le act ion in  relation to 7umour and�or 

vital has t  ce l l  kinet ics , i . e .  effect at d i fferent p a�e 

f the cel l  cycle  than the parent compound , more exten 

� ive selective tumour cell  k i l l  and so for th . 

Reduced carcinogenicity . 
· th immune status of  the hast , 

More des irab l e  action on e . . · -

. 1 ss immunosuppressive or more effective immunosti 
i . e

l 
. . e 

r more effective i n  altering tumour cel l  
mu ation ,  o 
ant igenic i ty . 
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1 4 )  Superiority over the parent compound in combined modal i
t ies with surgery , radiat ion or inununotherapy . 

With respect  to the above i t  i s  of  intere s t  to ment ion 3 
doxorubicin derivatives of  current intere s t ,  that were modi
fied in  the 4 '  posi t ion of  the amino surgar , i . e .  4 ' -epi  
doxorub icin , 4 ' -deoxy doxorubicin and 4 ' -0-me thyl doxorub icin 
(Arcamone et  a l . , 1 975 , 1 9 76 ; Cassine l l i  e t  a l . , 1 9 7 9 ; 
Casazza e t  a l . , 1 9 80 ) . As compared w i th doxorubicin these 
analogues have evidenced differences in their  toxi cologic ,  
pharmacologic and therapeutic characteristics  in precl inical 
systems . The acute toxic ity in mice (LD s o )  of 4 ' -deoxy 
doxorubic in and 4 ' -0-methyl doxorub icin were at lower dosages 
than for doxorub icin ( Casazza et a l . , 1 9 80 ) . The LDso for 
4 ' -epi doxorubic in was moderately higher than that of doxo
rub ic in . 

The minimal cumulative cardiotoxic dose levels  for 4 ' 
deoxy doxorubicin and 4 ' -0-methyl doxorub ic in were higher 
than that for doxorub icin in  mice treated wi th the drugs . 
The rat io of  the minimal cumulative cardiotoxic dose to the 
opt imal cumulat ive ant i tumour dose was increased for 4 ' 
deoxy doxorubicin and for 4 ' -0-me thyl doxorubicin as com
pared with doxorubicin ,  indicative of a greater margin of 
safe ty in  the employment of these  analogues with respect to 
cardiotoxic i ty .  The ratio of the cardiotoxic dose to the 
tumour dose was s l ight ly higher for 4 ' -epi doxorub icin as 
cornpared with doxorub ic in ( Casazza et a l . , 1 9 80 ) . The car
diac toxic i ty of 4 ' -deoxy doxorubic in in rabbi t s  was markedly 
reduced and that of  4 ' -epi  doxorubicin somewhat reduced as 
compared wi th doxorubicin ( Casazza et a l . , 1 980) . 

Notab ly ,  although adriamycin was essentially ineffective 
in a series of colorectal tumours he terotransplan ted into 
athymic  (nude ) mice , 4 ' -deoxy doxorub icin and 4 ' -0-methyl 
doxorubic in evidenced definit ive act ivi ty against a number 
of thes e tumours (Giul iani and Kaplan , 1 980 ) . 

Thus ,  i t  would  appear that there were suf f i c iently s igni
fican t  d i fferences among the 3 analogues 4 ' -deoxy doxorub icin ,  
4 ' -epi doxorubicin and 4 ' -0- me thyl doxorubicin as  compared 
with doxorub icin to make them worthy of extens ive preclini
cal and c l inical inves tigation. C learly , the effort to 
ob tain analogues o f  the known microbial antitumour agents i s  
an approach worthy of extensive e f fort . 

V I I . CLINICAL ASPECTS FOR MICROBIAL PRODUCTS 

Landmarks in cancer treatment with microbial products are 
listed in Table  7 .  The c l inical activ i ty of a number of  
microbial products with definit ive activity when emp loyed 
alone or in combinat ion are l i s ted in Tab le 8 ( Davis et al. , 
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TABLE 7 

Landmarks �n aancer treatment with microbial products 

Disease (year) Drugs 

Choriocarc inoma ( 1 9 58) 
Wilms ' tumour ( 1 960) 

Testicular cancer ( 1 9 70) 

Actinomycin 
Bleomycin 
Daunorubicin 

Acute myeloid leukaemia ( 1 9 70 )  

Sarcomas , lymphomas ( 1 9 7 2 )  
Islet ce l l  tumours ( 1 9 72 )  

Adriamycin 
Strep tozotocin 
Actinomycin 

TABLE 8 

Clinical activity of microbial products 
(Definite activity a lone or in combination with o ther 

Microbial products 

Actinomycin D 

Mi thramycin 
Bleomycin 

Mitomycin C 

Adriamycin 

Daunomycin 

Ef f i cacy 

Lymphomas , childhood solid tumours2 , bone 
sarcomas2 , soft tissue sarcomas , me lanoma, 
uterus , ovary 3 ,  tes t i s 3 ,  trophob lastic 
disease3 , Kapos i ' s  sarcoma . 

Ovary3 ,  testis 3  
Lymphomas , Kapos i ' s  sarcoma , squamous head 
and neck , cervix , oesophagus , ovary , tes
ti s , non-small lung . 
Lymphomas , breas t cancer, gas trointes t inal 
adenocarcinoma, kidney , b ladder , prostate . 

Acute l eukaemia1 , lymphomas , chi ldhood 
solid tumours2 , bone sarcomas 3 ,  soft tiss 
sarcomas , breas t cancer , squamous head and 

neck , cervix, oesophagus , gas trointestinal 

adenocarcinoma, thyroid , kidney , b ladder , 

prostate , ovary , uterus , sma l l  cell lung , 
non-smal l  cel l  lung . 

Acute leukaemia 1 • 

1Maj or impact in acute mye logenous leukaemia .  

2Potentially curative in combined modal i ty treatment .  

3May be curative alone or combined with other drugs . 

(Davis e t  a l . , 1 97 8 ) . 
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TABLE 9 

Clinical activity o.r addit,·0na 1 · v � �crobial products 

Microb ial product Eff icacy 

I s let  ce l l  tumours , carcinoid 
Lymphomas 
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Streptozotocin 
Strep tonigrin 
Porfiromycin Squamous head and neck , · cervix, oesopha-

gus , gas tro intes tinal adenocarcinoma , 
ovary , uterus 

Azotomycin 
Neocarzinos tatin 
Pyrazofurin 
Tubercidin 
5-azacytidine 

Colon ( ? )  
Acute leukaemia 
Leukaemi a ( ? ) ,  lymphomas ( ? )  
Islet ce l l  tumours ( ? )  
Acute leukaemia 

(Muggia ,  1 9 7 8 ;  Davis e t  a l . , 1 9 78 ) . 
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a l . ' 1 9 78) The ful l  . e 9 (Muggia ,  1 978 ;  Davis e t  

detailed i . . 1 . po�ent �al of these substances awai ts 

th . 
c �nica investigation . However ,  even at this t ime 

ere is evidence of c l inical act ivity for some of them. 

VI I I . SUMMARY 

The · b '  1 micro ia products comprise a significa t 
the ant i tumour agents that have been introd

n 
d
pe7centage of 

clin · A 
uce into the 

i c .  number of them have es tab l ished roles . . 
. 

therapy of neoplasia .  Other . . in c linical 

cl . . s are in earl ier s tages of 
. inical investigation and s ti l l  o thers are b · 

with a · h · . . eing developed 
view to t eir introduction into the l '  · 

Potential for this broad class of subs tance
c
s 

inic . The 
res 

is  great , with 
pect to the poss ib i l i ty for the discovery 

the pr · f 
o� new agents , 

eparation o analogues of known active microbial 
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products that may have increased ant itumour activi ty and the 
opt imization of therapy through improved appl ication ,  when 
the microb ial  product s  are employed individual ly or in com
b ination wi th other drugs or in combined modali ty  approaches . 
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The intere s t  in anaerobic propionibacteria (formerly classi
fied as corynebacteria) as microorganisms possessing immuno
stimulatory and ant itumour activity comes from Halpern ' s  e t  
a l .  ( 1 96 4 )  demons trat ion of a s timulatory effect of these 
bacteria on the reticuloendothel ial system in mice . The se 
authors and Woodruff and Boak ( 1 966 )  also observed inhibi
tion of transplantable tumour growth in experimental animals 
treated by Corynebacterium paI'Vum. Since then many experi
mental studies have been made in an attempt to explain the 
mechanisms of immunological and antineoplas tic effects of 
bacteria . At the same t ime the f irst clinical trials began 
with the aim of establ i shing the usefulness of propionibac
teria in human cancer therapy . 

Unt i l  now the evaluat ion of the efficacy of these bac
teria in clinical oncology is unequivocal and resul t s  of 
treatment reported by investigators are often contradictory . 
lt seems important to ment ion that in the maj ority of these 
cl inical trials nons tandardized criteria of anti tumour 
effect evaluation have been used. In some cases normaliza
t ion of haematologic or immunologic parameters has been 
recognized as a pos i t ive effect of treatment with propioni
bacteria whereas in others lack of pronounced regression of 
the tumour has been considered as a negative result  of the 
therapy .  Various combinations of application of propioni
bacteria with o ther methods of ant itumour treatment ( e . g .  
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chemotherapy) provide an addi t ional d i f f i cu l ty in  evaluation 
of  immunotherapy eff iciency . 

Four years ago we s tarted our s tudies on c l inical app l ica
tion and evaluation o f  ant i tumour immunotherapy with "Propioni
bacteriwn granu losum- s train KP-45 (P . KP-45 ) . These  s tudies 
inc luded 30 1 patients wi th lung , breas t and dige s t ive tract 
cancer and wi th mal ignant melanoma . One hundred and f i f ty 
one of  these 30 1 patients were treated w i th P . KP-45 . 

We decided on the fo l lowing basic assump t ions : 

1 )  Randomized select ion of patients ;  
2 )  Uni form comb inat ion of immunotherapy wi th other me thods of 

ant i tumour t reatment ;  
3) Uniform cri teria o f  therapeuti c  effects  evaluation ;  
4 )  Analys i s  o f  immunotherapy ef f iciency for individual types  

of tumours .  

The s tudy on local immunotherapy was the only except ion from 
the above-rnentioned assurnpt ions as the patients were not 
randomly se lected and criteria o ther than Karnofsky ' s  were 
used for evaluation of c l inical s tate (Karnofsky and Burche
nal , 1 9 49 ) . 

1 .  GENERAL I MMUNOTHERAPY 

The s tudies were undertaken to evaluate the usefulness and 
effect iveness  of immunotherapy wi th P . KP-45 in patients 
rece iving oncos tatic  t reatrnent . These s tudies were performed 
on patients of both sexe s ,  al l  aged below 70 years and in  
good general c linical s tate at  the beginning of  treatment . 
C l inical s tate was evaluated according to Karnofsky ' s  i ndex , 
assuming 5 0  points or more as a cr i terion qual i fying the 
patient  to the s tudy . 

Al l patients undergoing general immunotherapy received 
P . KP-45 in intravenous infus ions at weekly i ntervals  i n  
s ingle <loses o f  1 0  mg (dry weigh t  o f  whole cells , i n  s teri le  
suspension) . 

The fo l lowing parameters were taken as c r i teria o f  evalua
tion of  chemoimrnunotherapy or chemotherapy effects :  

1 )  Percentage of  patients with observed 
Objective remission (OR) - appearance of comple te or par
t ial response ; 
Complete response (CR) - total regres sion of all  c l ini
cally detectable  lesions ; in the case of  les ions local i zed 
in bones - the ir total recalcif ication ; 
Partia l response (PR) - decrease of les ion s i ze more than 
50% of ini t ial value and lack of  new les ions ; 
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Stable disease (SD) - changes of  neoplas t i c  lesion s i ze 
lowe r than 25% of  ini t ial  value and no appearance of new 
les ions ; 
"Progressive disease (PD) - increase of  les ion s ize higher 
than 50% of in i tial value ; stab i l i zat ion of  exis t ing 
lesions with s imul taneous appearance of  new one s .  

2 )  Time of  remi s s ion - t ime be tween app l icat ion o f  treatment 
and f ir s t  symptorns of p rogres s ion.  

3 )  Survival t ime . 

A .  Chemoimmunotherapy o f  Lung Cancer 

The s tudie s were performed on 79 patients wi th small  cel l  
undifferent iated lung carcinoma, d i squa l i f ied from surgical 
treatment because of  advancement of  d i s ease .  Al l  patients 
rece ived chemotherapy according to regimen VCM (vincris t ine,  
cyclophospharnide , rnetho trexate) and 38 of  them add i t ional ly 
received intravenous infus ions of  P . KP-4 5 .  Regimen of t reat
ment is p resented in Fig .  1 .  

In prel iminary s tudi e s  performed on the o ther group of 
pat ients we used P .KP-45 at  longer intervals to observe the 
eventual s ide-effects  and to avoid thei r  risk . The resul t s  
of  these p i lo t  s tudies (Roszkowski e t  a l . , 1 9 8 l a) showed 
that frequency of P . KP-45 treatment can be increased without 
ser ious risk .  

Both groups of  patient s , undergoing chemo- and chemoimmuno
therapy , were comparab le when mean age , general c linical 
s tate ·and location of tumour lesions were analysed (Table  1 ) .  
Advancement of  the neop las t i c  proces s  was also taken into 
cons iderat ion in the analys i s  of resu l t s  and bo th groups of 
patients were d iv ided into 2 subgroups ,  one having tumour 
les ions local ized only in the ehes t  ( l imited d i sease) and 
the other one w i th di s tant metas tases ( d i f fuse disease) . 
This clas s i f i cation was clone on the bas i s  of  c l inical exami
nat ion - X-ray , isotope scan and computerized tomography . 

Signif ican t d i fferences were not observed in f requency of  
obj ec t ive remis s ions be tween the group o f  patients receiving 
chemotherapy and those treated by chemoimmunotherapy (VCM-
28/ 4 I ,  VCM + P . KP-45 - 2 9 / 38 )  independent of the advancement 
o f  the d i sease .  Treatment wi th P . KP-45 also did not s i gn i f i
cantly inf luence the t ime of  remi s s ion o f  disease excep t  in 
patients with d i s tant metas tase s .  In thi s  case , the t ime of 
remis s i on was prolonged from 3 . 5  months in the group treated 
only with oncos tatics  to 6 months in the group rece iving 
addi t i onally P . KP-45 . The summary of our resul t s  i s  presen
ted in Tab le  2 .  Basic  immunological and haemato logical para
meters ( total number of lymphocytes and the ir subpopulation 
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TABLE 1 
Clinical characteristics of patients with lung cancer 

Group 

Number of pat ients 

Age (years )  

Karnofsky index (points )  

Number o f  patients with l imited 
intrathoracic tumour 

Dis tribution of metastases in 
patients wi th diffuse disease 

liver 
brain 
bone 
peripheral lymph nodes 

VCM 

4 1  

49 (29-64 )  

70 (50-90 )  

1 4  

1 4  
4 
8 

1 7 

VCM vincri st ine , cyclophosphamide , methotrexate ; 
P Propionibacterium granu losum KP-45 

VCM + P 

38 

5 1  (34-6 1 )  

70 (50-90) 

1 2  

9 
6 

1 0  
1 4  

T and B ,  level s  of lgG , lgM, lgA , fraction C3 of complement , 
a2 macroglobul in ,  delayed skin hypersensi tivity to recall 
antigE!ns , number o f  erythrocyte s ,  haemoglob in level )  were 
analysed in al l patients with lung cancer .  lt was observed 
that the drop in number of leukocytes caused by chemotherapy 
was significantly less pronounced in patients receiving 
P . KP-45 (Fig .  2 ) . Differences in other parameters were not 
not iced between both examined groups of patients .  

l t  has to b e  emphasized that in the group o f  4 1  patients 
treated only by oncostatic drugs , 6 cases of infective com
pl ications were observed ( 2  oral candidias i s ,  2 upper res
piratory tract viral infections , 1 pneumonia , 1 sepsi s ) , 
whereas in the group of 38 patients rece iving add i tionally 
P . KP-45 only one case of oral candidias is was noted . The 
appearance of infective comp l icat ions caused a temporary 
discontinuation of chemotherapy which could have been the 
reason for the observed shortened mean t ime of remiss ion in 
the group of patients with dis tant metastases not receiving 
irmnunotherapy . 

An additional group of 1 7  patients with squamous lung 
cancer was not treated wi th chemotherapy . Lung lavage was 
performed in these patients which enabled us to investigate 
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TABLE 2 

Results of VCM versus VCM + P. KP-45 treatment of patients 
with advanced lung cancer 

Duration of 
r en11 s s 1on 

No . of 
patients CR PR SD PD median range 

(mths )  

VCM Total 4 1  1 1  1 7  5 8 8 - 8 

Limited  1 4  9 4 7 2 1 0  d isease -

D iffuse 
disease 27  2 1 3  4 8 3 . 5  - 6 

VCM + Total 38 9 20 4 5 7 2 - 1 1  
P . KP-45 Limi ted 1 2  7 3 8 4 1 1  -d i sease 

Diffuse 26 2 1 7  3 4 6 2 - 9 d i sease 

CR = comp l e te response ; PR = part ial response ;  SD = s tab le 
diseas e ;  PD = progressive d i seas e ;  VCM = vincr i s t ine , cyclo-
phosphamide , methotrexate ; P . KP-45 = Propionibacterium 
granulosum KP-45 . 

parameters of local res i stance in this organ . Ten pat ients 
from thi s  group were t reated with 1 0  mg of P . KP-45 ( intra
venous infus ion) 7 day s  before lung lavage . A s igni f i cant ly 
h igher  total number of cel l s  (more than 80% were alveolar 
macrophages )  was ob served in lavage obtained from such 
treated patients than in untreated controls (Tab l e  3) . The 
cel l s  were examined for adherent , phagocyt i c  and bacterio
lytic  act ivity as we l l  as cytos tatic effect  against tumour 
ce l l s .  The resul t s  of this s tudy are shown in Tab l e  4 and 
F ig .  3 .  Treatment w i th P . KP-45 resulted in a pronounced 
increase of adherent and phagocytic properties  of the c e l l s .  
We a l s o  ob served enhanced bacteriolytic act iv i ty of  macro
phages obtained from lungs of P . KP-45 treated patient s . In 
addi t ion , the cel l s  showed pronouncedly increased cytotoxic 
e f fect  directed against the estab l ished l ine of lung cancer 
ce l l s .  
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FIG . 2 B lood leukocyte counts in patients treated with chemo
immunotherapy (O -- 0) and chemotherapy a lone <• -- eJ . 
Results are expressed in mean value ± S . D. 

Stimulation o f  the c e l l s  may the reason for the l e s s  f re
quen t  infe c t ive comp licati ons of chemotherapy in pat ients 
receiving

_
P . �-45 . Increased �ctivity of lung macrophages 

ob s erved �n v�tro was not conf1rmed by c l inical observations 
having no ant i tumour effect  in advanced lung cancer . At 

' 

least  2 pos s ib i l i t ie s  for this d i s crepancy can be  considered : 
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TABLE 4 

Function of a lveolar macrophages obtained �rom lung cancer 
patients treated with Propionibacterium 

Control 
( 7 )  

P . KP-45 
( 1 O )  

Cel l  adherence Phagocytosis 
% i, 

1 00 1 00 

1 5 3 . 1 ± 1 7 . 4  1 7 8 . 3 ±  2 7 . 3  

% bacterial killing 
1 h 2 h 

3 2 .  1 ± 4 .  1 4 3 .  2 ± 5 . 9  

70 . 6  ± 6 . 2  83 . 6  ± 1 1 . 3 

cytotoxic i ty of macrophages observed in vitro does not play 
any s igni ficant role in control of tumour growth in vivo or 
it  does play a role but only until such time as the number of 
tumour cel l s  does not exceed the boarder value l imi ting the 
capacity of this defence mechanism. The s igni f icance of other 
ant itumour immunological mechanisms based mainly on T lympho
cyte function was omitted from our consi deration , because the 
number of these cells in the lung is very small .  

I f  the second of the above mentioned concep tions i s  true 
the theore tical chance of the expression of propionibacteria 
ef ficiency may occur only in the case of non-advanced tumours 
or in adj uvant treatment of operable lung cancer .  Surgical 
treatm�nt of lung cancer is combined with particularly h igh 
risk of local progression or c linical demonstration of pre
exis ting dis tant micrometastases . 

lt encouraged us to undertake clinical investigations to 
evaluate the influence of immunotherapy with P . KP-45 appl ied 
prior to surgery . In thi s  study patients are receiving 
intravenous infus ions of the bacteria 7 days before surgical 
intervention .  After surgery , an analysis of cel lular content 
of resected tumours is performed . 

The results obtained until now show that general immuno
therapy does not s ignificantly inf luence the cellular compo
si tion of the primary lung tumours and intens ity of their 
inflammatory infiltration (Fig . 4 ) . Thi s  agrees with the 
resul ts obtained by us in the treatment of advanced tumours 
and wi th the results of our experiments performed on trans
plantable lung tumour in animals (Roszkowski et al . , 1 9 8 l b ) . 

How propionibacterial inununotherapy influences cl inically 
undetectab le secondary tumours remains unclear as such a short 
time of observation does not enable us to establish the fre
quency of local recurrences or appearance of dis tant 
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against established line of hurran lung cancer ce l ls LC-1 . 
Cytotoxicity measured by inhibition of 3H-thymidine incorpora
tion in 48 h tumour ce l l  cultures . 

me tas tases . Likewise we cannot ye t evaluate ant i tumour 
ac tivi ty o f  P . KP-45 in cond i t ions of small tumour load . 

B .  Chemoi mmunotherapy of Breast Cancer 

The study was performed on 82 patients with advanced dissemi
nated breast cancer : The characteris tics  of this  group of 
pat ients are shown �n Table  5 : All patients were rece iving 
chemothe rapy according to regimen FAC ( f luorourac i l ,  

15 
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c:J M•croph•g�s 

� T Lymp/tocytu 

- Gr•nulocyt�s 

Contro/ pdtirnts (10) P. KP -1.5 trrc1.trd patirnts (11) 

F I G .  4 Ce l lu lar composition of resected lung tumours from 
patients treated with P. KP-45 and untreated contro ls .  
Resu l ts are expressed in  mean percentage ± S . D .  

adriablas tin ,  cyclophosphamide - Blumenschein e t  a l . , 1 9 7 4 ) . 
Forty_ of them were addi t ional ly treated wi th general immuno
therapy with P . KP-45 (once a week , intravenous infusions of 
1 0  mg of bacteria) . Tab les 6 and 7 present the resul t s  of 
this s tudy . A h ighe r  percentage of obj ec tive remis sions and 
the p rolonged mean t ime of the i r  duration was observed in the 
group of pati ents receiv ing chemoimmunotherapy . Prolonged 
survival was also noted in this  group of patients (Fig.  5 ) . 
The results  of this s tudy were analysed taking into cons idera
tion predominant me tastatic organs . S ignificant d i fferences 
between both groups of patients ( treated with eherne- and 
chemoimmunotherapy) were noticed . Patients wi th metas tases 
in lungs and l iver responded more frequently to chemoimmuno
therapy than o thers . These differences were not observed 
among patients with other localization of metas tases . In the 
case of metastases to the central nervous sys tem regressions 
were not seen . l t  mus t  be emphas ized that the ant i tumour 
effect of chemoimmunotherapy was mos t  pronounced in  organs 
( lungs ,  l iver )  possess ing a h ighly developed reticuloendo
the l ial sys tem.  We can rej ect  pos s ib le accidental d i fference 



TABLE 5 

Clinical characterist-ios of patients with 
metastatic breast cancer 

Group 

Number of patients 

Age 

Time froro de tection of 
metastases 

FAC 

42 

50 

6 

FAC 

40 

( 3 1  - 66 )  S4 

( 2 - 8) 7 

+ p 

( 39 

( 3 -

Karnofsky index 6 5  ( SO - 90) 70 (SO - 90) 

Previous treatroent 
VCMFP 
Radiotherapy 
Hormonal treatroent 
No therapy 

Predoroinant organs of 
roetastases 

Lung 
Osseus 
Li ver 
Mediastinal lyroph nodes 
Peripheral nodes 
Brain 

9 
1 0  
1 2  
1 1  

1 4  
1 7  
4 
3 
1 
3 

1 1  
4 
1 4  
1 1  

1 7 
1 3  
6 
1 
2 

FAC fluorouraci l ,  adriablastin, cyclophospharoide . 
P Propionibacteriwn granuloswn KP-4S 

in s1ze of roetastases aroong both analysed group s ,  as the s ize 
of roeasurab le tumour les ions was evaluated and both groups of 
patients were s imi lar in thi s  respect at the beginning of 
treatment .  

Attention should also be drawn to the fact that transient 
l iver enlargement was observed in patients receiving P . KP-45 
which may suggest s t imulation of the reticuloendothelial sys
tem in this organ. This observation corresponds to the 
results of experimental studies performed on animals showing 
increased weight  of l iver as well as its inf i ltration with 
monocytes or macrophages and lyrophocytes (Roszkowski e t  a l .  , 
1 9 80) . 
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TABLE 6 

Resul ts of FAC versus FAC + P. KP-45 treatment of 
patients with breast cancer 

Number of Duration of remission 
patients CR PR SD PD (months )  

FAC 42 4 2 3  7 8 1 1  (4 - 26) 

FAC + 40 6 26 3 5 1 6  ( 7  - 22) P . KP-45 

CR = complete response ; PR = part ial response ;  SD = s table 
diseas e ;  PD = progressive di sease ; FAC = fluorourac i l ,  adria
bas tin , cyclophosphamide . 

C .  Chemoimmunothe rapy o f  Mal i gnant Me l anoma 

The s tudy was performed on 34 patients of both sexes with 
disseminated malignant mel anoma . Characteristics of this 
group are shown in Table  8 .  All patients received chemo
theray with b leomycin, vincri s tine and cyclochloronitrosourea 
(De Wash , 1 9 7 6 )  and 1 8  of these pat ients were additiona l ly 
treated with P . KP-45 as intravenous infusions at weekly inter
vals . The resul ts of this s tudy are presented in Tables 9 
and 1 0 .  The patients undergoing chemoimmunotherapy showed 
h igher percentages of responses and longer duration of remis
s ion t ime as compared to those receiving only oncostatics . 
The ob servation of survival t ime has not been completed. 

The analysi s  of results in respect to localization of 
metastases has shown pronouncedly higher efficacy of chemo
immunotherapy in  the case of tumour lesions localized in lungs 
and l iver than in o ther organs . However ,  due to considerable 
dissemination of me lanoma , predominant metas tatic organs have 
not been defined and analys i s  was performed on ind ividual 
metastatic s i tes . 

D . Chemoimmunothe rapy o f  I n t e s t i n a l  C a rc inoma 

The s tudy was performed on 33 patients with metastas i z ing 
cancer of sigmoid or rectum. The patients were treated with 
chemotherapy according to regimen MACF (melphalan , adriamycin, 
CCNU , 5-f luorouraci l  - Ros zkowski et  a l . , 1 982) and 15 of 
these patients rece ived ,  add i t ional ly, general immunotherapy 
with P . KP-45 . 

Low percentage o f  responses not exceeding 22% was observed 
in both groups of patients receiving chemo- and chemoirranuno-

CANCER TREATMENT BY P. GRANULOSUM KP-45 345 

TABLE 7 

Resul ts of FAC versus FAC + P. KP-45 treatment 
of patients with breast cancer 

according to predominant metastatic organs 

Number of 
patients CR PR SD PD 

Lungs 
FAC 1 4  1 1 1  2 
FAC + P . KP-45 1 8  3 1 4  

Osseus 
FAC 1 7  2 8 5 2 
FAC + P . KP-45 1 3  8 4 

Li ver 
FAC 4 1 2 
FAC + P . KP-45 6 4 

Medias tinal lymph nodes 
FAC 3 1 2 
FAC + P . KP-45 

Periphera l lymph nodes 
FAC 1 
FAC + P .KP-45 

Brain 
FAC 3 3 
FAC + P . KP-45 

CR = comp lete response ; PR = partial response ;  SD = s table 
diseas e ;  PD = progress ive disease ; FAC = f luorouracil , adria
b lastin , cyclophosphamide . 

therapy . Nei ther did we observe any other objec t ive benefi
cial therapeutic effects of P . KP-45 appl i cation. However ,  i t  
has t o  b e  emphasi zed that the examined group cons is ted of 
patients with highly advanced malignant d iseas e .  
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TABLE 8 

Clinical character>istics of patients with malignant me lanoma 

Group BVC BVC + P . KP-45 

Number of patients 1 6  1 8  

Age 38  (23 - 52) 42 (34 - 56 )  

Karnof sky index 70 (50 - 90) 70 (SO - 90) 

Distribution of metastases 
l iver 6 8 
skin 1 2  9 
lung 3 6 
lymph nodes 7 4 
brain 1 
bone 3 2 

BVC = b leomycin , vincristine , cyc lochloronitrosourea. 

TABLE 9 

Results of BVC versus B VC + P. KP-45 treatment in 
malignant me lanoma patients 

BVC 

BVC + 

P . KP-45 

Number of 
patients 

1 6  

1 8  

CR PR SD PD 

5 9 

3 7 3 5 

Duration of remission 
(months) 

3 (2 - 6 )  

7 (4 - I I ) 

CR = complete response ; PR = partial response ;  SD = s table 
disease ; PD = progressive diseas e ;  BVC = b leomycin, vincris
tine , cyclochloronitrosourea . 

CANCER TREATMENT BY P. CRANULOSUM KP-45 

TABLE 10 

Results of BVC versus BVC + P. KP-45 treatment 
according to localization of metastatic si tes of 

malignant me lanoma 

CR + PR 

347 

Me tastatic organ BVC BVC + P .KP-45 

Li ver 2/6 

Skin 7 / 1 2  

Lung 1 / 3  

Lymph nodes 4 / 7  
Brain 
Bone 2 / 3  

CR = complete response ; PR = partial response ;  
mycin , vincris t ine , cyclochloronitrosourea . 

I I .  LOCAL IMMUNOTHERAPY 

BVC 

A .  Loc al Immunotherapy of Digest ive Tract Cancer 

6 /8  
6 /9 
4/6 
3/4 
0/ 1 
1 /2 

= b l eo-

The study was performed on 20 patients with advanced cancer 
of the. upper and lower part of the digest ive tract or with 
recurrences after surgical treatment (9 patients with s tomach 
cancer ,  1 patient wi th duodenal cancer ,  3 patients with s ig
moidal cancer and 7 pat ients with rec tal cancer) . Surgical 
treatment according to clinical indications and tumour advan
cement was performed in 8 cases of 1 0  patients with upper 
part of digestive tract cancer and in 8 cases of 1 0  patients 
with cancer of the lower part of the digestive trac t .  E ight 
patients were treated with chemotherapy (5-f luorouracil )  and 
in these cases local immunotherapy was applied at leas t 6 
weeks after completion of treatment . Characteris tics of this 
group of patients are presented in Table I I .  

The general cl inical state of patients was evaluated 
according to 5-range subjective scale . The criteria of the 
scale are summarized in Table  1 2 .  Control of tumour size was 
performed on the basis of photographic documentat ion of endo
scopic and X-ray examinations . 

Ten mg of lyophilized P . KP-45 microorganisms were suspen
ded in 1 ml of 1 %  lidocaine in saline and inj ected intra
tumourally with the help of drains introduced through the 
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TABLE 12 

Sca le for evaluation of general c linical s tate of 
patients with digestive tract cancer 

Grade Cri teria 

349 

0 Exce llent c linical cond i tion, no complaint s ,  normal 
body weight , no pain, normal b iochemical tes t resu l t s .  

Good condition, temporary local pain without need for 
analge t ics , body weight normal or s l igh t ly ( 1 0- 1 5% )  
subnormal , no difficulty 1n alimentation and passage , 
normal or s lightly changed resul ts of laboratory tests 

2 Weaknes s ,  frequent pain with temporary need for anal
get ic s ,  lowered ( 1 0- 1 5 % )  body weigh t ,  s l ight anaemia 
with increased (up to 40 mm) e�ythrosedirnentation rate 
(ESR) , abnormal resul ts of laboratory tes ts wi thout 
rnarked hypoprote inaemia .  

3 Marked weaknes s  with only temporary improvement ,  pro
gressive loss of weigh t ,  markedly lowered ( 25-30%) 
body we igh t ;  troub les with al imentation and/or passage; 
frequent pain with continuous need for analge t ic s ;  
anaemia with increased (40-90 mm) ESR, abnormal re
sul ts of biochemical tests with hypopro teinaemia and 
increased serum alkaline phosphatase . 

4 Cancerous cachexia, no appet ite , serious troub les with 
alimentation and/or pas sage up to occlusion , s trong 
and very frequent pain with cont inuous need for anal
get ics ; anaemia with high ESR, highly e levated serum 
alka line phosphatase (above 800 IU/ml ) , b lood protein 
and 1on abnorrnalities . 

biop tic canal of the endoscope (all  inj ections were done 
under visual control ) . Intratumoural inj ections o f  P . KP-45 
were applied on day 1 ,  2 ,  3 ,  10 and 1 7  of observation. The 
time of observation lasted from 2 to 1 2  months from the f irs t  
injection of P . KP-45 . During this period , 3 patient s ,  all o f  
them with very advanced d isease and large tumours , died from 
cancerous cachexia or inte s tinal occlusion after 3 ,  4 and 8 
months of observation . In the remaining 1 7  cases , irnprove
ment of general cl inical state and marked decrease of tumour 
size were observed . 
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I n  a l l  pat ients t reated wi th intratumoural inj ec t ions o f  
P . KP-45 endoscopic ob servat ions revealed increas ing swe l l ing 
and redne s s  of tumor.ous t is sue during the f i r s t  3 to 5 days 
after inj e c t i on .  After 7 to 1 0  days tumour s i ze re turned to 
i t s  initial value and this was f o l lowed by regres sion.  After 
2 months o f  ob se rvat ion the tumour s i ze d iminished markedly 
in 9 of 20 patients whi l e  after 3 months thi s  was observed in 
1 4  of 20 patien t s .  I n  addi t ion to the 3 pat ients who d id not 
react to the therapy and f inally d ied , in another 3 pat ient s 
des p i te improvement of general c l inical s tate only s l ight 
involut ion of tumour was ob served . I n  a l l  these cases , the 
tumour s i ze dimin ished af ter 4 months of ob servat ion and this  
was accompanied by further c l inical improvement .  The reduc
t ion of tumour s ize occurs during the f ir s t  3 to 4 months 
after a course of intratumoural inj e c t ions of P . KP-45 . Only 
s l ight changes were ob served late r .  However ,  af ter 6 ,  8 and 
1 2  months of ob se rvat ion no worsening of the cl inical condi
t ions of the pat ients  or enl argement of tumour s i ze were 
found . The mean tumour s i ze ( F i g .  6)  calculated for a l l  
treated p a t ients re f l ec t s  to some extent this  phenomenon , 
except for the e i gh th and twe l f  th months of observation 
because of only s ing le cases a t  that t ime . The mis leading 
dec rease in mean tumour s i ze was due to the death or shorter 
ob servat ion period of p a t ients ( cases 1 and 2 )  w i th large 
tumours . 

Improvement of the general c l inical s tate was accompanied 
by norma l i zat ion o f  b lood p i c ture and basic  immunological 
parameters ( F i g .  7 ) . 

B .  Local Immunotherapy o f  Digest ive Tract Cancer -
"Twin-Pairs" Study 

This s t udy was performed on 1 4  pat ient-pairs with advanced 
meta s t a t ic s t omach and colo-rectal adenocarcinoma . The d i ag
nos i s  was based on the same criteria as described above ( Sec
t ion A) . S ingle or mul tiple me tas tase s were found in a l l  sub
j ects . Surgical interven t i on according to indicat ions and 
advancement of the d isease was performed in 3 of 5 pat ient
pairs w i th s tomach cancer and in 6 of 9 pat ient-pairs w i th 
sigmoidal and rectal cancer (hemicolectomy ) . Intratumoural 
inj e c t ions of p ropion ibacter i a  were app l ied on days 1 , 7 , 1 4 , 
30 , and later once each mont h .  All the 1 4  pat ient s  treated wi 
P . KP-45 were matched w i th their cont rol  " twins"-pat ient s  suf 
fering f rom the s ame form o f  cance r , of as s imi l ar as pos s ib l 
parame ters l ike age , advancement o f  d i seas e ,  app l i cation o f  
surge r y ,  former h i s tory o f  t h e  disease and i t s  therapy . Duri 
observat ion the " twin" control s d id not rece ive anticancer 
therapy , except symp tomatic treatment and analge t i c s . This 
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OBSERVATION IN MON T H S  

No 0 2 3 4 6 8 12 
r ADENOCARCINOMA f--:-1-f;=�=--'1�s.j-IY)'t�' :...-:1;:,o �07--:16;,+"0;:---:;18"11"'./1!:---:;;18'!"';Ä-:z;:o>f-_oo_•--to _1 1 2 k:::::l6 U::::::G � � a 
' VENTRICULI 3��0:2L 

4 .2::::::�I�.2I� Z 
INFILTRANS 

ADENOCARCINOMA 6 � ::zfL � DIED 

VENTRICULI 7 /9��z 
SOLID UM 

ADENOCA•C. DUODENI S O L  10�� 11���� D I E D  

i 1 s�� y. ��U6:IT 
ADENOCARCINOMA 16�� ��L 

RECTI ( 7 ) 1 7����z 18�[)./;'���� 19U::::::::L Vs � /J � L_ 
NO OF CASES 

D I E D  
20 20 20 1 8  1 3  9 5 

1 1 1 
1 

TOT A l  MEAN TUMOUR S!�� 8,35 1_30 �35 5,44 5,31 �66 2_i_80 2,00 
MEAN GENERAL 
CLINICAl STATE 2, 90 2._70 2,25 1 ,83 1 ,61  J ,33 1 ,00 1 ,00 

FIG . 6 Loca i immunotherapy of digestive tract cancer. 

35 1 

Genera l c linica l s tate (upper left number in each compartment) 
and tumour size ( �ower right numbers) . 

allowed us to analyse s ta t i s t ic ally . the d i f ferences be tween 
the twin-pairs and to use Wi lcoxon ' s te s t  of pairs for analy
s i s  of d i f f e rences be tween the whole group s .  Evaluat ion of 
the genera l c linical s tate of patients was based on c r i teria 
presented in Table 1 2 .  The ob servat ion of p a t ients las ted up 
to 30 months f rom the f ir s t  inj ec t ion of P . KP-45 for the sub
j ec t s who survived this  period of t ime . In a l l  the observed 
cases the tumour s ize d imini shed after 4-5 months of therapy 
and only s l ight changes were observed l a te r .  Survival of the 
1 4  " twin"-pairs of cancer patients i s  presented in Table 1 3 . 
In al l cases the P . KP-45-treated patients survived longer 
than the i r  control " twins" and 4 of the patients are s t i l l  
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FIG . 7 Local immunotherapy of digestive tract cancer. B loodpictures and basic irrmuno logical 
pal'a11leters . 

TABLE 13 

Genera l clinical s tate and survival of patients treated with intratumoura l injections 
of P. KP-45 and their untreated "twin "-matched contro ls 

Diagnosis  

Adenocarcinoma 
ventr icul i 

Adenocarcinoma 
rec t i /  s igmae 

Pair 
N o .  

1 
2 
3 
4 
5 

6 
7 
8 
9 1 

1 0  
1 1  
1 2  
1 3  
1 4  

Sex 

M 
M 
M 
M 
M 

F 
F 
F 
F 
F 
M 
M 
M 
M 

General 
Age c l inical 

s tate 

3 7-4 1 2 . 5  
58-6 1 2 . 0  
6 2-64 4 . 0  
5 7-6 1 4 . 0  
4 7-50 2 . 5  

46-50 3 . 5  
65-67 3 . 0  
4 1 -44 2 . 0  
44-47 3 . 5  
4 7-50 2 . 0  
6 1 -6 4  2 . 5  
54-60 2 . 0  
54-57 3 . 0  
56-59 3 . 0  

Mean 

Survival (months) Diff erence in survival 
Control P . KP-45 (months) 

..., 4 25+ 2 1 +  
8 24+ 1 6+ 
2 5 3 1 4 . 0  ± 7 . 2  
3 1 4  1 1  
9 2 8  1 9  t = 1 .  3 

7 29+ 22+ p = N . S .  
7 1 6+ 9+ 
4 32 28 
2 1 2  1 0  

1 1  34 23 1 8 . 88 ±  6 . 1 1  
3 2 1  1 8  

1 3  3 3  2 0  
8 2 6  1 8  
9 3 1  22  

6 . 4 ± 3 . 4  23 . 5 ±  8 . 8  1 7 . 1 ± 6 .  7 

t = 9 . 5  
p < 0 . 0 1  
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al ive after 1 6-29 mon ths o f  therapy . 
o f  patients treated with P . KP-45 was 
months whi l e  that o f  " twin"- controls  
ence in survival t ime being abou t 1 7  

The mean survival t ime 
e s tab l i shed to be 23 . 5  
6 . 4  mon th s , the differ
month s . 

C .  Local Immunotherapy o f  P l eural Mal i g an t  E f fus i on 

Local immunotherapy in the form o f  intrap leural ins t i llation 
o f  1 0  mg o f  P . KP-45 was app l ied in 7 pat ients with advanced 
breas t cance r and with the p resence of p leural malignat 
e f fus ion combined with neop l as t i c  proces ses . All  patients 
rece ived chemothe rapy according to regimen VCMFP (vincr i s t ine , 
cyc lophosphamide , methotrexate , 5-f luorourac i l , predni son -
Ans f ield e t  a l . , 1 9 7 1 ) .  During the therapy recurrent p leural 
effus ions were ob s e rved in these patient s . The control group 
consi s ted of 8 patients receiv ing intrap leural l y  400 mg o f  
cyclophosphamide ins tead o f  P . KP -4 5 .  Dynamic s  o f  increase o f  
p leural e ff us ion before treatment was s imi l ar in b o th groups , 
this was evaluated by X-ray examination and by asp irat ion of 
pleural fluid . 

In 5 cases o f  7 patients treated wi th P . KP-45 increases 
p leural e f fu s i on were s t opped after only a s ingle intra
p leural ins t i l l a t ion o f  bacterial suspens ion.  Therapeut i c  
succe s s  was achieved o n l y  i n  2 patients o u t  o f  8 in the con
t r o l  group treated wi th cyclophosphamide . 

I I I .  S I DE-EFFECTS 

No comp l i ca t i ons and serious s ide-e f fe c ts were observed which 
would cause us to give up the app l i ca tion of immunotherapy 
with P . KP-45 . However , evaluat ion o f  P . KP-45 s ide-effects  
was rather d i f f icult  as a maj o r i ty of  patient s  rece ived s imul 
taneously a chemotherapy w i th a comb ined h igh r i sk of toxic 
symp toms such as nausea ,  vomi t ing , diarrhoea , mye losuppres
s ion , d i s turbances in b lood coagul a t ion and in the case o f  
FAC regimen the pos s ib i l i ty o f  cardiomyopathy . Therefore , 
we assumed that only those symptoms whi ch appeared during the 
f ir s t  24 hours af ter app l icat ion o f  the vaccine were s ide
effects  of P . KP-45 treatment . To as sess  possible late s ide
e f f ec t s or comp l ication s , a l l  pat ients underwent biochemical 
moni tor ing to f o l low up l iver and k idney func t ion . 

Feve r ,  i n  s ome cases ranging up t o  40°C was the mos t  com
mon s ide-e f fe c t  ob served in a lmo s t  a l l  patient s rece iving 
general immunotherapy ( in travenous infusions ) . The elevated 
body temperature d ropped to the normal value in a few hou:s 
after comp l e t ing P . KP-45 inj ec t ion . Chi l l s  also accompanied 
h igh feve r .  Moderate e levation of b l�od pr� ssur� ( about 20-
30 mm Hg) was no ted in 30% of a l l  patients 1mmed1ately after 
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TABLE 14 

Toxicity of chemo- and chemoirrununotherapy of advanced breas t, 
lung, co lorecta l cancer and malignant melanoma 

Side-effects and Chemo-
comp l i cat i ons Chemo therapy immunotherapy 

Alope t ia 8 2  ( 70 % )  7 3  ( 6 6 % )  

Nausea (vomi t ing) 5 6  (48%) 7 2  (65%)  

Diarrhoea 1 2  ( 1 0%)  1 6  ( 1 4%)  

Leukopaeni a  2000 45 (38%)  2 1  ( 1 9% )  

Trombocy t opaenia 1 0 0 , 000 20 ( 1 7% )  6 ( 5 % )  

Bone pain 4 ( 3 % )  7 ( 6 % )  

Headache 8 ( 7 % )  1 5  ( 1 3%)  

Infect ive comp l i ca t ions 1 8  ( 1 5% )  3 ( 3 % )  

Total number o f  patients 1 1 7 1 1 1  

inj ec t ion o f  P . KP- 4 5 .  Nausea and /or vom1 t 1 ng were observed 
in 9% of all cases short l y  after vaccine infu s ion s . 

We also no ticed sporadic headache and tran s ient pain in 
bones and j oints  in a few pat ient s .  Al l these symp toms passed 
after 24 hours . A comparison of the frequency o f  toxic symp
toms dur ing chemo- and chemoimmunotherapy i s  summarized in 
Tab l e  1 4 .  l t  i s  s i gn i f icant that myelosuppres s ion and infec
tive comp l ications were more seldom ob served in patients 
receiving chemo immunothe rapy than in those undergoing chemo
therapy alone . In the case of local immuno therapy wi th P . KP-
45 , genera l s i de-effects  were l imited to moderate e levation 
of body temperature in 8 o f  20 pa t ients receiving intra
tumoural inj e c t ions o f  P . KP-45 and in al l 7 patients after 
intrap leural ins t i l lat ion o f  bacterial suspens ion . Intra
tumoural inj ections of P . KP-45 a l s o  Iesul ted in local pain 
being rel ieved by suspending the bac teria in l idocaine s o lu
t ion . 

I V . CONCLUS I ON S  

Our resul t s  demons trate that the e f f ic iency o f  immunotherapy 
with P . KP-45 differs considerably , be ing dependent on factors 
such as type of tumour , the organ local ization,  the form of 
immunotherapy as we l l  as the accompany ing chemo therapy . 

In our c l inical materia l , mali gnant me l anoma and b reas t 
cancer seem to be the mos t  suscep tible tumours for general 
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innnunotherapy . I n  p a t ients w i th thes e  t umour s , undoub tedly 
a more p ronounced anti tumour e f fe c t  was ob t ained after chemo
innnunotherapy than in paral l e l  groups receiving only cyto
s tatics . 

D i rect an t i tumour effect expressed by tumour regre ss ion or 
inhib it ion of p leural malignant ef fus ion product ion was also 
observed in patients treated w i th local inj ections o f  P . KP-4 5 .  
Breas t cancer and malignant melanoma me tas tases in lungs were 
mos t  suscep tible to innnunotherapy whereas primary sma l l  ce l l  
lung carcinoma did not react t o  this treatment .  l t  i s  not 
clear whe the r this phenomenon i s  related to d i f ferent biol ogy 
of the tumours coming from the i r  histo logical s tructure or 
from d i fferences be tween p rimary and secondary or igin . I n  
add i t i on to the above ment ioned ant i tumour effects  o f  P . KP-45 
immunotherapy was undoub tedly bene f i c i a l  also i n  cases where 
these ant itumour e f fects  were not noticed . Mos t importan t  
seems t o  b e  the d iminishment o f  dangerous s ide-e f fects  of 
oncos t at ic treatment . Thi s  was expressed by dec reased f re
quency of mye losuppress ion in patients receiv i ng chemoinnnuno
therapy as compared to those treated only with oncos tatics . 
Thi s could b e  the reason for the rarely observed infective 
comp l icat ions in the former group of pat ient s . However ,  act i
vation o f  nonspecif i c  organ def  ence mechanisms may also b e  
respons ible f o r  this phenomenon . 

The resu l ts o f  the s e  s tudies point to the usefulnes s  o f  
further c l inical t r ials o n  t h e  app l i cation of P . KP-45 in o ther 
mal i gnant d iseases as we l l  as in comb ination w i th other forms 
o f  ant i tumour the rapy . 

At present we conclude that P . KP-45 can be e f f icient ly 
app lied as a routine adjuvant form o f  an t i tumour therapy w i th . 
part icularly low toxic i ty .  

REFERENCES 

Ansf ie l d , F . J . , Rami re z ,  G . , Korb i t z ,  B . C . and Davis , H . L .  
( 1 9 7 1 ) .  F ive drug therapy for advanced breas t cancer . A 
phase I s t udy . Cancer Chemother. Rep . 55 , 1 83- 1 9 0 .  

B l umenschei n ,  R . , Cardenas , J . , Fre i re i ch ,  E .  and Got t lieb , 
J .  ( 1 9 7 4 ) . FAC chemo therapy for b reas t cance r . Proc . Am. 
Soc. Clin . Onco l .  15 , 1 9 3- 1 9 7 . 

De Wasch , G .  ( 1 9 7 6 ) . Comb inat ion chemo t herapy with three 
marginally e f fe c t ive agent s . Cancer Treat .  Rep . 60 , 1 27 3-
1 2 76 . 

Halpern, B .N . ,  P revot ,  A . R . , Biozz i ,  G . , S t i f fe l ,  G . , Mouton , 
D . , Morar d ,  J . C . , Bouth i l l i e r ,  Y .  and Decreuse fond , C .  
( 1 964) . S t imulat ion de l ' ac t ivite  phagocy taire du systeme 
re t iculoendo the l i a l  provoquee par Corynebacterium parvum. 
Res .  J. Reticuloendothe l .  Soc. 1 ,  7 7-96 . 

CANCER TREATMENT BY P. GRANULOSUM KP-45 35 7 

Halp.ern , B . N . , Biozz i ,  G . , S t i f fe l ,  G .  and Mou ton , D .  ( 1 9 6 6 ) . 
Inh ib i t i on o f  tumour growth by adminis tration o f  ki l led 
Corynebacterium parvum. Nature (London) 212 , 853-854 . 

Karnof sky , D . A .  and Burchena l ,  J . H .  ( 1 9 49) . "The Cl inical 
Eval uation o f  Chemo therapeutic Agents" . (Ed . C . M .  MacLeod) 
pp . 1 9 1 -2 2 3 , Combia Unive r s i ty Press , New York . 

Roszkowski , K . , Gi l ,  J . , Roszkowski , W . , Szmig ielski , S . , 
Nowakowski ,  W . , Ko , H . L . , Pulverer , G .  and Je lj as zewicz ,  J .  
( 1 9 8 l a) . Immunos t imul at ion by sys temic admin i s tration o f  
Propionibacterium granu losum in pat ients with primary o r  
secondary lung tumours .  Eur. J .  Respir. Dis .  62 , 425-43 3 .  

Ros zkowski , K . , Krzakowski ,  M . , Nowakowsk i ,  W . , P ia tkowski ,  
Z .  and Ros zkowski , W .  ( 1 9 82) . Comb ination chemotherapy of 
advanced colorectal cance r .  In Chemiotherap ia Onco l o g i a .  
( In press ) .  

Ros zkowski , K . , Ros zkowski , W . , Ko , H . L . , Pulverer , G .  and 
Jelj aszewic z ,  J .  ( 1 9 8 l b ) . Macrophage and T lymphocyte 
content o f  tumours in mice treated with Propionibacterium. 
Onco logy 38 , 334-339 . 

Roszkowski , K . , Ros z kowski , W . , Ko , H . L . , Szmigie lski , S . ,  
Pulverer , G .  and J e l j as zewic z , J .  ( 1 980 ) . Changed murine 
lymphocyte trapping after treatment w i th Propionibacterium 
granulosum. Cancer Immuno l .  Immunother. 10 , 33- 3 7 . 

Woodruff ,  M . F . A .  and Boak , J . L .  ( 1 966) . Inhibi tory effect o f  
inj ect ion o f  Corynebacterium parvum o n  t h e  growth o f  tumour 
trans p l ants in isogeneic hos t s .  Br. J. Cancer 20 , 345-35 5 .  



BACTE R I AL PRODUCTS I N  THE I MMUNOTHE RAPY 
OF HUMAN TUMOURS 

Joseph G .  S inkovics 

Depa.rtment of Virology and Epidemio logy, 
Bay lor Co l l ege of Medicine, Texas Medical Centre, 

Houston, Texas 77030, USA 

1 .  INTRODUCT ION : SPE C I F I C  HUMAN TUMOUR ANTIGENS AND 

I MMUNOINCOMPETENCE OF THE HOST 

Many bas i c  que s tions concerning the immunological relation
ship between tumours and the human hos t remain unanswered . 
Some ideas have been forcefully presented but were not con
firmed .  The maj or ques t ions relate ( 1 )  to specific  antigen
ic i ty of malignant human neoplasms , and ( 2 )  to the dependence 
of tumour growth on the immunoincompetence of the hos t .  

Highly antigenic ( in  particular viral ly induced or arti
f icial ly "xenogenized") (Aus tin and Boone , 1 9  79 ; Kobayash i , 
1 9 79 ) animal tumours e l i c i t  s trong and specif ic  immune res
ponse and thus often are immunologically rejected .  Even 
though the l ike l ihood is s trong that some human tumours are 
virally induced and exert  a s trong ant igenic s t imulus on the 
host  (Burki t t ' s  lymphoma , nasopharyngeal carc inoma ; Kapos i ' s  
sarcoma ; mycos is  fungoides and T-ce l �  lymphomas and leukae
mias ) , in mos t  cases of human tumours , tumour-speci fic  ant i
gens and tumour-specific  immune responses could not so far 
be convincingly demons trated .  Analysis w i th monoclonal anti
bodies of human tumour-associated ant ieens so far failed to 
document strictly tumour-speci f i c  antigens (S inkovics , 1 983 ) .  

When lymphocyte-mediated cytotoxic i ty was f i r s t  tes ted 
agains t  human tumours in the colony inhib i t ion assay , the 
preoccupation with tumour specif ic i ty  was so overwhe lming 
that the activit ies  of natural k i l ler  ce l l s  were ignored (or 
e l iminated f rom the tabu lated resu l ts ) . S ince tumour-speci
fic lymphocyte-media ted cytotoxic i ty could not be documented 
in the case of human turnours by colony inhib i t ion or other 
cytotoxic i ty assays (Kay e t  a l . , 1 9 7 6 ) , a t tention has now 
been turned toward natural k i l ler ce l l s  which at tack targe t 
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ce l l s  with abnormal cel l  membrane compos i t ion , such as viral ly 
infec ted ce l l s  or tumour ce l l s  with the hope that s t imulation 
of these ce l l s  by bac terial products or interferon may lead 
to tumour rej e c t ion . The fact that human lymphocytes can 
lyse tumour ce l l s  in the autologous set t ing,  i . e .  ant igenici ty 
of tumour ce l l s  can be recognized and reacted to in  the human 
host ( S inkovics et a l . , 1 9 7 1 ) , provides the rationale for 
further current trials along these l ines . 

Another not ion has been the association of immunoincompe
tence and tumour growth , envis ioning that " correc tion" of this 
immuno incompetence wil l  enable  the tumour-bearing human hos t  
t o  survive longer o r  even t o  recover f rom i t s  mal i gnancy . 
However ,  in mos t  impartial ly conducted trials ,  defects of  
delayed hype rsens i t iv i ty as  tested with recall skin test  ant i
gens or wi th in vitPO as says of  lymphocyte b las togenesis  d id 
not reflect  prognos i s ,  except that pat ients extens ive ly 
treated for advanced tumours became anergic and had a poor 
prognos i s .  As a continua tion of this s imp l i s t i c  l ine of 
though t ,  the early resu l t s  of nonspec i f i c  immunos t imulation 
of patients with vari ous malignant tumours , in par ticular . 
with BCG , were gros s ly exaggerated and this a t t i tude s t i l l  
prevai l s  i n  the c l inical evaluation o f  interferon . Conse
quential to h ighly pub l ic ized but unconfirmed c laims , a pro
found disbe lief  permeates the f ie ld  of human tumour immunology 
at the present t ime .  

Agains t a background in turmo i l ,  this reviewer wi l l  en
deavour to present a cri t i cal but balanced view with the 
u t i l i za t ion of selected recent data ref lec t ing primari ly ,  but 
no t exclus ivel y ,  the effect of bacterial products on the 
human hos t-tumour relationship . Some important moda l i t ies of 
immuno therapy ( levamisol e ,  thymosin ,  interferon , t ransfer 
fac tor , immune RNA) wi l l  not b e  evaluated in this review ,  but 
were reviewed recently elsewhere ( S inkovics , 1 9 78) . 

I I .  I MMUNOLOG ICAL EFFECTS OF BACTE R I AL PRODUCTS 

The maj or effects of bacterial p roducts  on the immune system 
in animals and humans include the wel l  known act ivation of  
B- and T-lymphocytes , natural ki l ler ce l l s  and macrophages 
and the more recently documented induction of tumour necros is 
factor product ion (Kiger e t  a l . , 1 9 78 ;  Haranaki and Satomi , 
1 9 8 1 ) , abrogation of  suppressor ce l l  induc t ion (Pehambarger 
and Knapp , 1 9 8 1 ) ,  intensification of antibody-dependent cell
med iated cytotoxicity (Richman et  a l . , 1 9 8 1 ) ,  and induction 
of immune interferon in non-T lymphoid ce l l s  (Catalona et  
a l . , 1 9 8 1 ) .  All  these immune activities  are known to be 
direct ly or indirec t ly cytotoxic to tumour cel l s . However ,  
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a t.umour-bearing hos t ,  while disp laying many o f  these immune 
functions as tes ted in vitPo , may s t i l l  fail to  rej ect  i t s  
tumour . 

1 1 1 .  TUMOUR GROWTH I N  THE I MMUNOCOMPETENT ROST 

Generation o f  various subsets of suppressor ce l l s  (monocytes 
and T-lymphocyte s )  by bacterial p roducts (corynebac teria ,  
mycobac teria) (Druker et  a l . , 1 98 1 ; Wep s ic e t  a l . , 1 98 1 ; 
Koyama et  a l . , 1 9 8 1 ; L i ch tens tein e t  a l . , 1 98 1 )  can lead to 
subtle  to  profound immune defects e i ther general ized , or con
f ined to immune react ions to a specif ic  ant igen , thus al low
ing for the growth o f  ant igenic tumours . 

Ano ther mechanism of  tumour growth occurs against the 
background of decreased suppressor cel l  and increased helper 
cell activi ty .  In this s i tuation , excess ive ant ibody produc
t ion ensue s . A tumour shedding solub le subs tances (antigens ) 
may escape immune rej ec t ion by preemp ting the receptors of 
mononuclear cytotoxi c e ffec tor ce l l s  due to immune comp lex 
formation in b lood and t issue f luid s .  

Not only so lub l e  tumour ant igens shed into the microenvi
vironment but  molecular mediators of tumour cel l  origin may 
exert immunosuppressive effect  (Hudig et  a l . , 1 9 8 1 ; Renk e t  
al . , 1 9 8 1 ; S inkovi cs e t  a l . , 1 9 7 2a ,b ) . These molecular medi
ators are probab ly s imi lar to  those released by the foetus 
in order to escape maternal rejec tion directed to paternal 
ant igens . Among solub l e  sub stances of  foetal origin , chori
onic gonadotropin and a-fetoprote in are known to  be immuno
suppres sive (Gershwin , 1 9 80 ) . 

S t i l l  another mechanism of tumour growth in an immunocom
pe tent hos t woul d  b e  that of  ant igenic modulation ,  i . e .  
cessation o f  target  ant igen expression by tumour ce l l s  under 
immunologic attack ( S inkovics et  a l . , 1 9 7 6 ) . 

I V .  INFECT I OUS COMPL I CAT I ONS OF HUMAN CANCER 

Natura l ly occurring infections may be expec ted to inf luence 
the host-tumour relationship in favour of the hos t .  However ,  
this i s  usually not  the case . Patients with hairy ce l l  
leukaemia ( leukaemic ret iculoendo thel ios i s )  frequently suc
cumb to  infec t ion wi th mycobacter ia (M. kansasii ) , while  in 
experimental  systems rnycobacteria have been successful ly used 
to intensify immune react ions agains t tumours . Gram negative 
Seps is  and endotoxin shock is  a leading cause of death in the 
cancer hosp i ta l  ( S inkovics , 1 9 7 9 ) . Tumour necros i s  leading 
to remi ssion se ldom i f  ever happens during endotoxin shock . 
l t  i s  poss ib le that imnrunos t imulation wi th bac terial products  
may protect  agains t the infectious comp lications of  cancer 



362 SINKOVICS 

and pro longat ion o f  survival may be due to the reduced rate 
of infec t ious comp l i cat ions and not due to anti tumour effects  
(Hew i t t ,  1 9 80 ) . 

V .  CONTRADICTORY EXAMPLES OF IMMUNOTHERAPY OF H UMAN 
TUMOURS 

A. Acute Leukaemi a 

In 4 recent trials  for acute lymphob las t i c  leukaemia of chi ld
hood (Tab l e  1 ) , one sugge s t s  bene f i t s  from BCG vaccinati on 
(Eremeev , 1 9 8 1 ) ;  3 ,  in conformi ty wi th mos t  c l inical trials  
conducted in the pas t  1 0  year s ,  show no bene f i t  (Ekert e t  
a l . , 1 9 80 ;  Haghb in e t  a l . , 1 9 80 ;  Yu e t  a l . , 1 9 8 1 ) .  

TABLE 1 

Recent chemoimmunotherapy regimens 
for acute lymphoblas tic leukaemia 

Reference 

Aus tral i a  
Eker t  e t  a l .  , 
1 9 80 

MSKCC 
Haghbin  e t  a l . , 
1 9 80 

China 
Yu et a l .  , 
1 9 8 1  

Sovi e t  Union 
Eremeev e t  a l .  
1 9 8 1  

C l inical trial  and resul t s  

1 96 p t s  w i th 1 1 7 CR 
83 p t s  chemotherapy 
82 p ts chemo therapy 

3 y chemotherapy 
No maintenance 
BCG maintenance 

64 p t s  
Chemo therapy 
Chemoirnrnunotherapy 

BCG 

Remi ss i on 
durat ion 

50 p ts chemo- 1 3  mth therapy 
25 p t s  chemo- 36 mth therapy BCG 

No di fference in 
remi s s ion duration 
and survival 

No d i f  ference in 
relapse rate 

CR/Pt s  
1 3 / 1 6 
4 1 / 4 8  
54/64 

Survival 

2 3  mth 

45 mth 

% 
8 1  
85 

CR >6  

6 

y 

pt s  = patients ; MSKCC = Memorial S loan-Ke t tering Cancer 
Centre ; BCG = Bac i l l e  Calme t te-Guerin;  CR = comp le te remi s
s ion . 
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Reference 

England 
Su111Derfie ld e t  al. , 
1 9 79 

England 
Zuhrie e t  a Z . , 
1 980 

England 
Wh it taker et a l . , 
1 9 80 

England 
Lister et a l . , 
1 9 80 

Nether lands 
Storms et al. , 
1 9 80 

New York 
Bekesi and Holland, 
1 9 79 

Los Ange les 
Baehner e t  a l . , 
1 9 79 

China 
Yu et al. , 
1 9 8 1  

Ja9an 
Maekawa et a l . , 
1 9 79 

TABLE 2 
Recen t chemoimmunothePapy Pegünens 

foI' acute nonlymphobl.astic leukaemia 

Clinical trial and results 

I s t  CR Survival 
1 8  pts chemotherapy 7 

8 

2nd CR CNS relapse 
1 5 1 7 1  d 

388 d 32 pts  chemotherapy BCG 2 0 

S I  pts 

1 82 p t s  
8 1  CR 

No maintenance 
BCG allogen L cells 

chemotherapy 
chemotherapy BCG 
allog L cells 

1 8  wk remission 
35 wk duration 

survival 2nd remission 
prolonged 2 1 /34 62% 

86 p t s  At 3 y 
457. CR 5 pts  CR 

chemotherapy 
chemotherapy 
allog L ce l l s  
C R  

BCG 
Remission duration 8 mth 

8 mth 

No CR 
Remission 

19 mth 
2 mth 

2nd 
1 1 6 p t s  duration Survival remission 
45 CR 2 3  pts chemo therapy 5 mth 1 9  mth 

„ 

1 8  pts chemotherapy 
BCG allog L cells 6 mth 34 mth 1 0  

without 2nd CR 
with 2nd CR 

chemotherapy 
chemotherapy NL cells 
chemotherapy NL cells BCG HER 

4 mth 
1 3  mth 

Remi ssion duration 
243 d 
686 d 
336 d 

1 6 3  p t s  
-::;:-::::::-::;::-:-:::::::'.�����......::R=em�1�· s�s�i�o�n-d�u�r�a�t�i�o�n��R�e�l;a�ps�e�/�p�t�s 
chemotherapy 1 1  mth 25/4 '1 

1 57 p t s  

chemotherapy L cells BCG 1 0  mth 26/39 

ANLL chemotherapy 
chemoimmunotherapy 

AML chemotherapy BCG MV 
chemotherapy BCG 
chemotherapy MV 

CR/pts 
1 3/42 
6 2 /  1 1 5  

7. 
3 1  
54 

79 
45 
46 

31 p t s  Survival Duration of survival 
1 4  C R  

6 p t s  chemotherapy I 
8 pts  chemotherapy PS-K 4 

from from 
treatment 
240 d 
590 d 

re lapse CR 
90 d 1 1 5  d 

2 1 0  d 1 5 0  d 

N = neuraminidase-treated; L • leukaemi c ;  MV = measles vaccine· CNS = central nervous 
system; d • day; mth • month; MER • methanol extract residue : 

The balance of failure and succes s in the case of acute 
nonlymphocyt i c  ( acute mye lob l a s t ic and myelomonocy t ic )  
l e ukaemia favours immunotherapy (Table 2 ) .  Of  the 4 British  
trials  (Lis ter e t  a l . , 1 980 ; Summerfield  e t  a l . , 1 9 79 ; Whi t
taker et  a l . ,  1 980 ; Zuhrie et  a l . , 1 980) , 3 claim prolonged 
remis s ion durat ion and/or surviva l .  I n  one of  these trial s , 
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prolonged survival was attributed to the h igh incidence of 
second remi s s ion induct ion in relapsed patients who previously 
received chemoirrununotherapy (Wh i ttaker et a l . , 1 9 80 ) . The 
same principle eme rged in the Dutch trial ( S torms et a l .  , 
1 9 80 ) . In the New York trial , act ive tumour-spec if ic immuni
zat ion with neuraminidase-treated leukaemic cel l s  prolonged 
remi s sion duration but this effect was abrogated by BCG-MER 
appl icat ion (Bekesi  and Hol land , 1 9 79 ) . The Los Angeles  
trial failed to  demons trate bene f i t  f rom the use of leukaemic 
ce l l s  and BCG (Baehner et a l . , 1 9 7 9 ) . In the Chinese trial , 
the comb ined use of BCG and measles  vaccine was more effec
t ive than BCG or measles vacc ine used separately (Yu e t  a l .  , 
1 9 8 1 ) .  In the Japanese trial s ,  the use of  polysaccharide PS-K 
from Coriolus versicolor increased survival and remission 
duration in smal l numbers of pat ients t reated (Maekawa et  
al . , 1 9 79 ) . BCG ce l l  wal l  ske le ton and i rradiated autologous 
leukaemic ce l l s  added to  chemotherapy resulted in t emporary 
prolongat ion of survival ( Ohno and Kat o ,  1 980) . 

B .  Lymphoma 

Earl ier reports c laimed delayed progress ion of d i sease in  
patients receiving immunos t imulat ion w i th  bacterial p roduct s .  
More recently , BCG added t o  chemotherapy lengthened the sur
vival of pat ients wi th nodular lymphocy t i c  lymphomas (Jones ,  
1 9 79 ) . On the other hand , BCG-MER added to s tandard treat
ment regimens of Hodgk in ' s  d i sease was of no bene f i t  (Vinci
guerra e t  a l . , 1 9 8 1 ) , or i t  was considered to be toxic (fever) 
and unacceptab le (pain , ulcerations ) (Cooper et a l .  , 1 980) . 

C . Sarcoma 

Earlier trials  with Corynebacteriwn parvum or irradiated 
tumour ce l l s  and BCG were reviewed (Leventhal , 1 98 1 ; S inko
vics , 1 9 78) . More recent trials used sarcoma c e l l  viral 
oncolysates and BCG in pat ients wi th metas tatic tumours 
treated with comb ination chemotherapy . A delay in progression 
of me tastatic sarcomas was ob served in comparison with pati
ent s  receiving comb ination chemotherapy only (S inkovics  et  
a l . , 1 9 78)  and patients with circu lating lymphocytes cyto
toxic to sarcoma ce l l s  and/or unblocking serum fac tors exper
ienced the lange s t  tumour-free survival (S inkovic s ,  1 980 ) . 

D .  Me l anoma 

In Canada , 1 2  of 64 patients ( 1 9% )  receiving BCG after surgi
cal removal of  primary melanoma relap sed and 5 of  the re lap sed 
patients d ie d ;  2 of the 1 2  patients relapsed locally  and 1 0  
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developed d i s tan t  metas tas e s .  Of 74 patients treated with 
surgery onl y ,  20 re lapsed ( 26% )  and 9 of these d ied ; 1 2  re
lapsed local ly and 8 deve loped d i s tant metas tases (Paterson 
e t  a l . , 1 9 80) . The S loan-Ke t tering Cancer Centre recorded no 
bene f i t  f rom the use  of BCG , Corynebacterium parvwn or pseudo
monas vaccine in pos toperative adj uvant trials for patients 
with exci sed regional lymph node me tas tases (Pinsky et a l . , 
1 9 80 ; Hilal  e t  a l . , 1 9 8 1 ) .  At the Roswe l l  Park Memorial 
Ins t i tu te ,  recurrence rates of s tages I and II  postoperative 
pat ients were wi th surgery only 9 of 28 patients wi th 6 deaths; 
with surgery , dacarbazine and E s tracyt 8 of 27 patients with 
5 deaths ; with surgery and BCG 8 o f  29 patients with 4 deaths 
(Ho l termann, 1 980) (Tab l e  3) . An I tal ian trial with post
operative BCG c laims s i gnif icant prolongation of d isease-free 
interval (Canale t t i  e t  a l . , 1 9 8 1 ) .  

The SWOG treated pos toperatively s tage I I I  and IV (regional 
lymph node or sol i tary d i s tant metas tases exci sed) patients 
with e i ther carmus tine , hydroxyurea and dacarbazine or with 
the se  drugs and BCG w ithout s igni f ican t  difference in relapse 
rate or survival (Quagl iana et  a l . , 1 9 80) . In another trial 
treatment of  s tages II  and III patients wi th dacarbazine or 
with dacarbazine and BCG-:MER gave iden tical resul t s  ( S terchi  
et  a l . , 1 9 80 ) . S tage IV patients did no t bene f i t  from immuno
s t imulat ion with bacterial produc t s .  In England , vincristine ,  
dacarbazine and BCG gave a response rate of  38% w i th 8 . 5% CR 
rate and median survival of 6 .  7 months for responders 
(Thatcher et a l . , 1 9 8 1 ) .  In Aus tralia ,  response rates and 
survival were the same for patients treated with dacarbaz ine 
or with dacarbazine and Corynebacteriwn parvum (Clunie e t  a l . , 
1 9 80 ) . At Hershey , Pennsylvania ,  1 of 1 1  patients t reated 
wi th dacarbazine and BCG achieved CR and in 2 patients the 
disease s tabi l ized with median survival 1 0  month s .  Of 9 
patients treated wi th dacarbazine , BCG and Corynebacteriwn 
parvum , none entered CR, none had stab i l i zation of  disease 
and the median survival was 7 months (Wynert e t  a l . , 1 9 80) . 
(Table  3) . At M . D .  Anderson Hospi tal  dacarbaz ine , BCG and 
transfer fac tor were given to  35 patients with a 23% response 
rate and 7 months median survival ;  when me lphalan was added , 
the response rate of 29 patients dropped to 1 7 % and the sur
vival to 4 months ( Schwarz et a l . , 1 9 80 ) . Another c l inica
trial at M . D .  Anderson Hosp i tal comb ined viral oncolysates 
and BCG . Patients with excised regional lymph node me tas tases 
received chemotherapy (vincri s t ine , dacarbazine and actino
myc in D or dacarbazine and .semustine) and BCG ; or chemo
therapy , BCG and melanoma ce l l  lysates ("viral oncolysates")  
for 2 years . Relapse  rates were ident ical in the f i r s t  3 
years in bo th group s but in the 4th  and S th years no further 
re lapses with melanoma occurred in the group treated wi th 
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chemothe rapy , BCG and me l anoma ce l l  lysates , whereas re l apses 
with mel anoma cont inued to occur 1n the group treated with 
chemotherapy and BCG . Those patien t s  with s tage IV d i sease 
who rece ived chemotherapy , BCG and melanoma lysates experi
enced the lange s t  survival ( 1 2  months ) in comparison with 
pat ients receiving chemotherapy o r  chemotherapy and BCG ( 5-6 
months)  ( S inkovics ,  P lage r ,  Papadopoulos , in preparation ) . 

E .  Head and Neck Carci nomas 

Pat ients w i th s ome of the se tumours may express herpes virus
coded o r  associated ant i gens in their tumours and may respond 
immunological ly to these ant i gens . On the o ther hand , many 
o f  these patients undergo prof ound immunosuppr e s s i on .  

Chemoimmunothe rapy o r  radio immunotherapy o f  these tumours 
remain controve r s ial , s i nce ear ly repor ts f avouring BCG vac
cinat ion could no t be confirmed . Whi le BCG exer ted a weak 
effec t  in reduc ing relapse rate (54% 1n t reated and 76%  1n 
control group ) ,  neuraminidase- treated autologous tumour ce l l s  
and BCG toge the r had n o  bene f i c ia l  e f fect (Taylor e t  a l . , 
1 9 80) . Corynebacterium parvum added to rad i otherapy a l s o  
failed to improve d isease-free s t ate o r  survival ( Cheng et 
al . , 1 9 82 ) . Of 36 patients t reated af ter surgery and radio
therapy with Nocardia rubra ce l l  wal l  ske le ton p reparat ion , 
75% at 6 months ,  6 1 %  a t  1 2  months and 50% at 1 8  months re
mained tumour-fre e .  O f  3 5  control  patients wi thout immuno
s timulation ,  7 1 %  at 6 months , 4 1 %  at 1 2  months and 2 5 %  at 1 8  
months remained t umour-free ( I toh e t  a l . , 1 9 80) . More recen
t ly ,  h uman leukocyte interfe ron inj ected pe r i tumourally was 
claimed to have reduced tumour s 1ze and regional or d i s tant 
spread ( Ikic et a l . , 1 98 1 ) .  

F .  Breast Carc inoma 

The e f fec t s  o f  immunos t imulat ion w i th BCG remain controve rs ial 
in advanced diseas e .  As wi th acu te mye l ogenous leukaemia ,  
mel anoma, and colon carcinoma , a group a t  the M . D .  Anderson 
Hosp i t a l  claimed prolonged survival f o r  those s tage IV pati
ents who rece ived FAC chemotherapy (5-f luorourac i l , adr iamy
cin and cyclophosphami de) and BCG versus h i s torical control 
patients receiv ing FAC chemotherapy only (Hor tobagyi et a l .  , 
1 9 7 9 ) . Howeve r ,  the responder s  1n this h i s torical control  
group had an unusual ly short  survival o f  16  months versus 2 4  
months for  the group rece iving a l s o  BCG . In c l inical trials  
using adr i amycin-containing combina t ions wi thout immuno
therapy , median survival in exces s  o f  20 months 1 s  expected . 
In France , the comp ar i s on o f  vincri s tine and FAC with vin
cri s t ine , FAC and BCG gave 7 3  and 7 4 %  r esponse rates and 20 
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months median survivals wi thout any d i f f e rence in f avour of 
BCG (Pou i ll a r t  et  a l . , 1 97 9 ) . At the Mayo Cl inic BCG-MER 
added to cycl ophosphamide , 5-f luoroura c i l  and prednisone 
failed to improve remi s s ion rate or prolong t ime to progres
s 1on (Br i te l l  et a l . , 1 9 7 9 ) . In Nor th Caro l ina BCG-MER was 
added to cyc lophosphami de , adriamyc in,  v incr i s t ine , 5-f luoro
urac i l  and p rednisone or to cyc lophosphamide , adri amy c i n ,  
me thotrexate and 5-f luorourac i l  wi thout add i t ional bene f i t  
(Mu s s  et  a l . , 1 9 8 1 ) .  

In the adj uvant se t ting , the add i tion o f  t amoxifen to the 
CMF regimen ( cyc lophosphamide , me thotrexate and 5-f luoroura
c i l )  improved the response rate o f  women w i th e s t rogen recep
tor-pos i t ive tumou rs but fur ther addi t ion of BCG provided no 
more bene f i t  (Hubay et a l . , 1 980 ) . However in Montpe l l i e r ,  
France , pos toperative patients w i th T i - 3  No - 1 d i sease rece ived 
e i ther no further t reatmen t  or BCG .  Of 1 60 patien t s , relap s e  
rates were 5 8% versus 26% sugge s t ing b ene f i t s  derived from 
BCG vaccinat ion ( Se r rou et a l . , 1 9 8 1 )  (Tab l e  4 ) . 

G .  Gastroint e s t i nal Carc inomas 

Immunos t imul a t ion wi th b acteria l  products did not make a 
major impact on the natural course of gas tr i c  carc inoma . In 
Toront o ,  Canada (Makowka et  a l . , 1 9 80 )  and Vienn a ,  Aus tria 
(Di t t r ich e t  a l . , 1 9 8 1 ) ,  pos tope rat ive chemo therapy versus 
chemo inununo therapy resul ted in no improvement of survival . 
In Japan treatment with s treptococcal polysaccharide OK-432 
or with rnyce l ia l  extract PS-K lengthened survival frorn 7 
months in the untreated group and I I  months 1n the group 
receiving chemothe rapy (mi tomycin C ,  5-f l uorourac i l  and cyta
rabine)  to 1 4  rnonths f o r  those r eceiving mi tomycin C ,  f l uoro
urac i l  and OK-432 (Fuj irnoto e t  a l . , 1 9 79 ; Nio  e t  a l . , 1 980) . 
Imrnunos t imul ation with BCG or Corynebacterium parvum or 
imrnunorestorat ion with l evami sole was ine f f e c t ive in Dukes B 
and C colon carc inoma (Bancewicz et  a l . , 1 980 ; McPherson e t  
a l . , 1 9 80 ; Souter e t  a l . , 1 9 7 9 ) . Howeve r ,  one trial  c l aims 
median disease-free t ime of 35 and 34 months f o r  those pati
ents w i th resec ted Dukes C d i sease who rec e ived e i ther BCG or 
5-f luorourac i l  and BCG versus 2 1  months fot resec ted h i s tori
cal control s .  In the BCG and 5FU-BCG group relapse rates 
were 1 8  of 52 pat ients wi th 1 0  deaths and 30 o f  69 patients 
with 16  deaths , respe c t ively (Mav l i gi t ,  1 9 80) . BCG-MER was 
also effective in prolonging d i seas e-free t ime and survival 
(Rob inson et a l . , 1 9 80) . 
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H.  Bronchogeni c  Carcinomas 

Smal l ce l l  und i f fe rentiated (oat ce l l )  carcinoma of the lung 
is highly res pons ive to chemo- and radio therapy but irnmuno
s t imulation with BCG or BCG-MER provided no addi t i onal bene
f i t  (Aisner and Wiern i k ,  1 980 ; Holoye et a l . , 1 9 7 8 ;  McCracken 
et a l . , 1 9 80 ; Paschal et a l . , 1 9 80) . Howeve r ,  pat ients no t 
responding we l l  to cherno therapy survived s l igh t l y  langer when 
BCG was added to the treatment re gimen (Holoye et a l . , 1 97 8 )  
(Tab l e  5 ) . A t  M . D .  Ande rson Hosp ital  radio-cherno therapy 
(e topos ide , ifos farnide , vincr i s t ine and adr iamycin) p lus 
Corynebacterium parvum resulted in 1 1  CR o f  1 4  pat ients (79%)  
with l imi ted , and in 7 CR of 19  pat ients ( 37%)  with extens ive 
diseas e .  CNS relapse o f  those pat ients who d id o r  did no t 
receive prophylactic radiotherapy to the brain was 1 of 1 5  
and 5 of 1 7 ,  respective ly . Survival i n  weeks was 6 3  for a l l  
patients , 7 1  for  l irni ted and 5 6  for  extens ive diseas e ,  7 1  f o r  
those i n  comp l e te and 5 0  for those i n  p ar t i a l  remi s s ion , 1 0 1  
for those w i th , and 48 for those wi thout brain i rradiation.  
Corynebacterium parvum did not improve these res u l t s  (Valdi
vieso et a l . , 1 9 8 1 ) .  In Japan, the add i t ion of OK-432 to 
radio therapy and ifosfamide increased survival (Miyamoto et 
a l . , 1 9 80) (Tab le 5 ) .  

Non oat ce l l  bronchogenic carcinornas have been treated 
after resect ion o f  s tages I and II d i sease with intrap leural 
inj ect ion o f  BCG o r  Corynebacterium parvum . The trial in 
Albany , New York , continues to favour the treated patients : 
in 1 9 80 1 2  o f  30 BCG- treated (40%) and 24 of 36 control 
pat ients (66%) relapsed ( Benne t t  and McKne a l ly , 1 9 80) . In 
1 98 1 , of  1 69 p at ients entered , 33% in the BCG- treated and 62% 
in the nontreated group relapsed (McKneal ly et a l . , 1 98 1 ) .  
Sirni lar but not ident ical c l inical t r i a l s  tend to conf i rm 
(Edwards , 1 9 79 ;  Jansen et al. , 1 9 80 ; Per l in et a l . , 1 9 80 ) and 
refute ( Lowe e t  a l . , 1 9 80) these res u l t s  (Tab l e  6 ) . When BCG 
was given intrap leur al ly and levarni sole by mouth , the ten
dency of BCG to reduce recurrence rate was l o s t  and an in
creased recurrence rate occurred (Wri gh t  et a l . , 1 9 80) . Side
effec t s  o f  intrathoracic BCG inj ec t i on are hyperpyrexia and 
BCG pneurnonia ; these patients require i soniazid therapy for 
1 2  weeks (Ga i l  e t  a l . , 1 9 8 1 ) .  Patients with advanced squa
mous ce l l  carc inoma rece iving both BCG and levarni sole in 
addi tion to radiotherapy experienced l e s s  me tas tases and 
langer survival than pat ients rece iving no immunotherapy 
( P ines , 1 9 80 ) . In pat ients with s tage I I I  squamous c e l l  car
c inorna treated by radi otherapy and chemo therapy , intrapleural 
BCG shortened surviva l (Ruckdeschel et a l . , 1 980) . 

Kil led OJrynebacterium parvum vaccine was inj ected intra
p leurally in 7 patients after resec tion o f  s tage I tumour : 
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TABLE 6 

Recent immunothel"apy trials for bronchogenic carcinoma 

Reference 

Albany, N . Y .  
Benne t t  and 
McKnea l l y ,  1 980 ;  
McKneally e t  a l . , 
1 9 8 1  
Ruckdeschel 
et a l . , 1 980 

F. Hutchinson C C 
Seattle Wash .  
Wright e t  a l . , 
1 980 
England 
Pines , 1 980 

Fox et a l . , 1 980 

Mitcheson and 
Castro , 1 9 79 

Hollinshead, 1 9 8 1  
* high dose 

methotrexate 
leucovorin 
rescue 

** tumour-associ
ated antigen i n  
Freund ' s  adju
vant 

C l inical t r ial and resul t s  

1 6 9  p t s  S tage I Recurrence 1 980 At 3 y ( 1 9 8 1 )  
Control 
BCG 

S tage I I I  
XRt chemotherapy 
XRT chemotherapy BCG 

Stages I-II 

24/36 
1 2 / 30 

62% 
337. 

M e d .  survey (wk s )  
46 . 5  
2 3 . 3  

BCG intrapleurally, levami s o l e  p . o . : 
increased recurrence rate 

Stages I I I-IV 
BCG and levami s o l e  reduced rate of me tastases and 
improved survival 

Treatment Relapse 
Postop . Cp levamisole I / 1 7 
P o s t o p .  - 5/2 1 
Treatment Survival Deaths 
XRt - 1 0/22 1 2  3 . 3  mth 
XRt Cp 1 0 / 22 1 2  4 . 4  mth 

Treatment P t s  Died 4 � survival 
Surgery 1 6  8 } so 
Sur!l;ery chemotherapy* 8 4 
Surgery immunotherapy** 1 5  4 1 80 
Sur„ery chemo*inununotherapy** 1 3  4 

P t s  3 y survival 
Surgery 27  35 
Surgery immunotherapy** 24 85 
Surgery immunotherapy** 29 90  

C p  = Corynebacterium parvum. 

% 

% 

6 patients remained al ive tumour-free at 2 . 5  years ( S loan e t  
a l . , 1 9 80) . Pos t re sect ion adminis tration of  Corynebacterium 
parvwn resu l ted in 1 re lapse of 1 7  patients , whereas in the 
control group receiving no immunotherapy , 5 of  2 1  patients 
relapsed (Fox et a l . , 1 9 80 ) . Of 22  and 22  nonresectable 
patients receiving radiotherapy and radiotherapy and Coryne-

BACTERIAL PRODUCTS IN TUMOUR THERAPY 3 7 3  

bacterium parvum, respec t ive ly , 1 2  and 1 2  died at 1 2  to  1 4  
months , respec t ively (Mi tcheson and Cas tro , 1 9 7 9 )  (Tab le 6 ) . 

Intralesional BCG placed through f iberopt ic  bronchoscopy 
in nonresec tab le tumours , in add i ti on to chemotherapy , 
appeared to reduce tumour s i ze (Mil ler  et a l . , 1 980 ) . Per
cutaneous inj e c ti on o f  BCG into pulmonary tumours may result 
in increase in s ize o f  tumours as granulomas are formed .  
Nine of  2 1  patients deve loped pneumothorax during th i s  proce
dure (Fon et a l . , 1 9 8 1 ) .  The lymphocyte population of tumours 
inj ected with BCG cons i s ted o f  activated T- and natural k i l ler  
ce l ls  (Ni i tsuma et a l . , 1 9 8 1 ) .  

Japane se oncologis ts  claim that OK-432 when added to  chemo
therapy prolonged the survival of resected patients (Watanabe 
et al . , 1 9 80 ) . 

Newer deve lopments of a c l inical trial s tarted in  Canada 
by T .H .M .  Stewart , A . C .  Hol l inshead and J . E .  Harris  continue 
to show prolonged survival for those patients  who after resec
tion of s tages I-II tumours received immunotherapy with 
tumour-associated ant igen in  Freund ' s  adj uvant wi th or wi th
out methotrexate (Table 6 )  (Holl inshead , 1 98 1 ) .  

1 .  Gen i t ourinary Carcinomas 

Sma l l  superficial trans i t ional ce l l  carcinomas o f  the urinary 
b ladder may regress after repeated intraves ical ins t i l lations  
of BCG (Camacho et a l . , 1 9 80 ;  Lamm et a l . , 1 9 80 ;  Gunther e t  
al . , 1 9 79 ; Mora le s ,  1 9 8 0 ;  Morales and Ers i l ,  1 9 79 ; Rodr iguez
Netto  et al .  , 1 9 79 ) , but  not all of the c l inical trials  are 
confirmatory ( Stober and Pete r ,  1 980) (Tab l e  7 ) . 

Patients with carcinoma of  the prostate in all  s tages 
appear to have benefi ted from BCG vaccination added to  con
ventional treatment modal i t ies (Guinan et a l . , 1 9 7 9 )  (Table 
8 ) . 

The SWOG chemoimmunotherapy (adriamycin ,  cyclophosphamide 
and BCG) tr ial for advanced ovarian carcinoma resul ted in 
57%  and 4 3% response rates for chemoimmunotherapy and chemo
therapy , respect ive ly,  bu t  CR occurred at higher rate in the 
chemoinmunotherapy group and the 22 months median survival 
duration of this  group of patients was s ignifican t ly b e t ter  
than 1 4  months for the  chemotherapy group (Alberts ,  1 9 79 ) .  

Intraperitoneal Corynebacteriwn parvwn for the treatment 
of asci t i c  ovarian carcinoma resul ted in disappearance o f  
asci te s  in  3 of  8 pati ents  without reduc tion in s ize of  solid 
tumours . Patients  rece iving intraperitoneal Corynebacterium 
parvum did not show activat ion of macrophages or natural 
k i l ler cel l s  (Mantovani e t  a l . , 1 9 8 1 ) . At Roswel l  Park Memo
rial Ins t i tu te , cyclophosphamide with h igh <lose methot rexate 
and c i trovorum factor rescue (MECY regimen) resul ted in 
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TABLE 7 

Immunotherapy with BCG after s tandard treatment 
for carcinoma of urinary b ladder 

Refe rence 

San Antonio , Tx.  
Lamm e t  a l . , 1 980 

MSKCC N . Y .  
Camacho e t  a l . , 1 980 

Braz i l  
Rodriguez-Ne t t o  
e t  a L . , 1 9 79 

Germany 
S tobe r  and Pete r ,  
1 980 

Cl inical t r i al and results 

Treatment 

Controls  
BCG 

Control s  
BCG 

TUR 
TUR Thio TEPA 
TUR BCG 

Contro l s  
BCG 

Recurrence 

8/ 1 9  
3 / 1 8  

1 0 / 22 
4 / 2 2  

1 45 p ts 
20 p t s  
2 1  p t s  

36 p t s  
3 0  p t s  

42% 
1 7% 

4 5 %  
1 8% 

1 00% 
35% 

5 %  

6 1 %  
5 7 %  

TUR = transurethral resection ;  TEPA = t r i e thylene phosphora
mide ; MSKCC = Sloan Ket tering Cancer Centr e .  

TABLE 8 

Immunotherapy with s tandard treatment for prostatic carcinorrr:z 

Refe rence 

Guinan et a L .  , 
1 9 79 

C l inical trial and results 

9 2  p ts 

S tage Survival (mth) 
BCG Control 

A 3 8 . 4  2 4 . 4  
B 5 9  33 
c 2 2 . 7  1 3  . 5  
D 3 5  2 2 . 9  

Average 3 7 . 5  2 1  

BACTERIAL PRODUCTS IN TUMOUR THERAPY 

TABLE 9 

Newer microbial preparations for the immunostimulation 
of tumour-bearing patients 

Preparat ion Refe rence 

Mycobacter ium smegma t i s  Vos ika et a l . , 1 9 7 9  
oil-attached ce l l  w a l l  ske le t on 
with t rehalose d imycolate 

BCG cell wall skele ton 
wi th trehalose dimyco late 
at tached to o i l  microdrop l e t s  

Nocard i a  rubra ce l l  wall 
ske l e ton 

Pseudomonas vaccine 

C l 740 Kleb s ie l la pneumoniae 
glycopro te in 

OK-432 s trep tococcus 
polysaccharide (Picibani l )  

' PS-K (polysaccharide Kreskin) 
from Coriolus versicolor 

Be statin from Strep tomyces 
o l ivore t i cu l i  

Cyc lomunine (Fusar ium equ i s e t i )  

Schizophy l l an polysaccharide 
from Schizophy l lum commune 

Vos ika et a L . , 1 9 7 9 ; 
Richman et a l . , 1 9 8 1  

Azuma e t  a l . , 1 97 9 ;  
Ogura e t  a L .  , 1 97 9 ; 
I toh e t  a l . , 1 980 

Snyder et a l . , 1 9 8 1  

Lang e t  a l . , 1 9 80 

Watanabe et a l . , 1 9 80 ; 
Nio et a l . , 1 9 80 ; 
Miyamo to e t  a l . , 1 980 

Maekawa et a l . , 1 9 7 9 ;  
Mugi tani e t  a L . , 1 9 7 9 ;  
Kasamatsu e t  a l . , 1 980 

Serrou et a l . , 1 9 8 1  

Serrou e t  a l . , 1 9 8 1  

Takahashi e t  a l . , 1 9 7 9  
Kuramoto e t  a l . , 1 9 7 9  

375 

48-6 7 %  CR o f  s tages I II - IV ovarian carcinoma but add i tion o f  
Corynebacterium pal"Vum did n o t  improve the regimen ( Barlow 
et a L . , 1 98 0 ) . _ 

Carcinoma o f  the kidney i s  r e s i s t ant to radio- and chemo
therapy . Of I I  pat ients immunized w i th the i r  own tumour 
ce l l s , 2 " improved" (Prage r  et a l . , 1 980) . Of 1 4  patients 
immuni zed w i th au tologous irradiated tumour c e l l s  mixed with 
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Corynebacterium parvum , 4 showed "obj ect ive response" , but 
d i f fe rent me tas tatic  tumou rs in the same patient d i s p l ayed 
d ivergent responses (McCune et a l . , 1 9 8 1 ) .  

J .  New Microb i a l  Products 

Tab l e  9 summarizes those b iological response mod i f iers that 
are of microb ial origin and have already been given to pati
en t s . Because o f  the abuse s ome earl i e r  p rep arations ( BCG , 
interferon) have been subj ec ted to (gro s s  exaggeration of 
e f f i cacy ; reck l es s  pub l i c i ty ) , these newer , more ref i ned and 
promis ing p roduct s  w i l l  requi re decency and great care in 
the i r  c l inical evaluat ion . 

V I . ABBREVIAT I ONS 

CNS 
BCG 
CR 
CMF 
FAC 
MDAH 
MSKCC 
MER 
PR 
PS-K 
SWOG 
N 
L 
MV 
DTIC 
BCNU 
VCR 
CDVFP 

CDMF 

central nervous system 
Bac i l le Calme t te-Guerin 
compl e te remi s s ion 
cyc lophosphamide , methotrexate , 5-f luorourac i l  
5-f luorourac i l ,  adr i amycin,  cyclophosphamide 
M . D .  Anderson Hosp i ta l  
Memorial Sloan-Ke t ter ing Cancer Centre 
me thanol extract ion res idue 
par t i a l  remi s s ion 
polysaccharide Kreskin 
Sou thwes t  Oncology Group 
neuraminidase-treated 
leukaemic 
meas les  vaccine 
d acarbazine 
carmust ine 
vinc r i s t ine 
cyclophosphamide , doxorub i c i n ,  vincri s tine , 
5-fluorourac i l ,  prednisone 
cyclophosphamide , doxorub i c i n ,  me thotrexate , 
5 - fluorourac i l  

TXF t amoxif en 
CFP cyclophosphami de , 5-f luorourac i l ,  p redni sone 
XRt radiotherapy 
TUR t ransure thral resect ion 
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Dr PRAGER :  Dr Goldin,  d rug synergism i s  obvious ly an import
ant i s sue but there can be d i f f icul ty t ry ing t o  f ind such 
synergism. For example , i n i t ial s tudies showed that aspara
ginase blocked the the rapeut ic effect  o f  me tho t rexate (MTX) , 
but by careful schedul ing Dr . Cap izzi  showed that there was a 
t ime point f o l lowing asparaginase adminis tration when there 
was maximal sens i tivi ty to MTX. Do you have a reconnnendation 
regarding a sys tema t i c  approach to looking for drug synergi sm? 

Dr GOLDIN : At ten t i on can be focus sed on the mechanism o f  
act i on o f  the drugs i n  regard to kine t ic s  o f  tumour ce l l s  and 
other characteri s t ics . There have been several ins tances 
when a t temp ts have been made to synchronize the tumour cel l  
population arld t o  t reat with a second drug when the c e l l s  are 
travers ing a port ion of the cell  cycle and when they w i l l  be 
mos t  suscep t ib l e .  Overal l ,  i t  i s  impor tant to inve s tigate 
the inf luence o f  schedu l ing a drug comb ination activ i ty .  

Dr SEDLACEK : D r  Goldi n ,  do you see any d if f e rence between 
the SRC assay and the s . c .  xenograft of human tumours when 
you screen the various cytos tatics?  Do you know any sub
s tance which i s  e f f e c t ive on the se tumour s ,  bu t not e f fe c t ive 
in your mice tumour s creening sys tem, e specially in L l 2 1 0  
and P-388? 

Dr GOLDIN : In genera l , the drugs that are act ive in the 
human tumo ur xenograf t sys tems are active in the mice tumour 
systems .  Bu t there are a few drugs act ive in the xenogra f t  
sys tems but not i n  our animal screenings and w e  are interes
ted in them. We are also interes ted in drugs act ive in b o th 
animal tumour s creens and xenograf t screens as compared to 
drugs act ive only in the animal mode l s . 

Dr PULVE RE R :  D r  Goldin,  many sub st ances men t ioned b y  you are 
known to us bacteriologis t s  as act ive inducers of lysogeny 
and many of them are also  mutagenic .  
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Dr GOLDIN : The question of  mutagenic ity and carcinogenicity 
of anti tumour agents i s  receiving increasing attention , as 
therapy becomes more successful and new anti tumour agents are 
being tested in this regard . If an analogue of a human anti
tumour agent is less  mutagenic , this would  be considered as 
a pos i t ive feature . 
Dr M I TCHELL : The maj ority o f  s tudies on immunotherapy are 
uncontrolled and/or nonrandomized . This is why controversies 
remain, whereas definitive resu l ts could be  obtained with 
attention to appropriate numbers of  patients in each group , 
use of  randomized control (untr�ated where appropriate) and 
evaluat ion of  data statis tically .  Whi l e  th i s  may seem only 
too obvious a s tatemen t ,  remarkab ly few wel l-designed s tudies  
such as  Dr Roszkowski ' s  have been p erformed in immunotherapy . 
They are absolutely essent ia l ,  o therwise we remain in the 
present s tate of uncertainty inde f initely .  

Dr SEDLACEK : The analys i s  of  c linical s tudies often gives 
survival or regression curves after immunotherapy which have 
a smaller s lope compared to the respect ive control group . 
Any minor change of the various treatments may change the 
outcome so that the resul ts are no longer s igni fican t .  Dr 
Sinkov ic s ,  analysing the data you have reviewed ,  do you know 
of any s tudies where the survival curves after irrnnunotherapy 
have not j us t  a l inear slope but · show a p lateau? 

Dr S I NKOV I C S : Unfortunately , immunotherapy in patients i s  
marginally  effective at bes t .  Therefore very careful  analy
s is of data is needed .  A 1 0--20% difference is very diff i cu l t  
to prove . Therefore , righ t  now we mus t  proceed s tep by s tep 
w i th careful analysi s  of data . Even w i th the best  s tat is
tics  and analysi s  a 1 0--30%  difference may not be s igni fican t  
i n  the human s i tuati on .  

Dr MITCHELL : While· maj or differences could be  detected with
out s tatistics  or even controls , many of the studies made in  

chemotherapy were relat ively smal l  but s igni ficant . In acute 
lymphocytic leukaemia of chi ldren survival was improved s tep
wise with each advance in treatment and · now many children are 

cured . This may well  be  the si, tuation in  immunotherapy : 
minor but s ignificant changes i'n. survival that we can bui ld 
upon - but receiv ing careful an•lysis  to be  certain there 
really is a di fference . 
Dr SCHWAS : Several problems p revent a rational approach to 
immunotherapy : it  i s  d i f f icul t  to predict  whe ther an immuno
modulator w il l  have the net effect of enhancement or suppres
s ion of the immune response , even with purif ied , we l l  charac-
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teri�ed agents . Many vari�b les inc luding dose , t iming , 
phys1c� l s tate o f  agent ,  and host processing of  the agent , 
de term1ne whe ther the immunomodu lator wi ll  produce suppress ion 
or enhancement .  l t  i s  uncer tain, at any s tage o f  tumour 
growth , whe ther suppression or enhancement o f  the immune sys
tem is des irab l e .  For exakp l e ,  we know that C. parvwn can 
suppress many T-cel l  functions . BCG and measles vaccines can 
induce anergy , but these agents can be effective in some 
t:ial s .  The:efore � i t  i s  quest ionabl e  to proceed on the pre
m1se that s t1mulat1on of the immune system is desirable . 
Dr PULVERE R :  Because of  g_reat d i fferences in  immunomodulation 
act ivities  from bacterial s train to strain,  in  future one 
should take special care dn the propionibac terial s train used .  
The same seems to be necessary a s  concerns BCG . 

Dr S INKOVICS : Dr Pulverer i s  absolutely right . We should 
s tandardize to the best  of our abi l i ty  the bacterial product s  
we use for immunos t imulat ion . Thi s  we can do . What we cannot 
eas i ly do is to categorize our patients . Here there are tre
mendous individual d i f  ferences both patient-related and 
tumour-related . Dr Roszkowski and associates made a mos t  
remarkable  effort to subgroup and categori ze their  patients 
to reduce variables  and render their resul t s  comparable and 
con�rolled . This i s  a good example  to fol low. We prefer to 
reg1s ter our patients against estab l i shed protocols , such as 
protocols of the South Wes t  Oncology Group . We s t i l l  use 
BCG �round _ the e�c ised primary melanoma but seldom, i f  ever ,  
use  1 t  aga1nst v1sceral me tas tases . l t  appears worthwhi le  
to  u se  BCG in nodular lymphocyt ic lymphoma or  in  s tage I I I-IV 
ovarian carcinoma in addition to conventional chemotherapy . 
But one mus t  retain f lexib i l i ty and riskage . One should not 
be co�vinced t�at

. 
t�es e  modali t ies of immunotherapy truly 

const1 tute a s 1gn1 f1 cant ly  better modal ity than the best  con
ventional treatment metho.ds . 

Dr SCHNE I DE R :  To be  ab le:. t o  compare different bacterial vac
cines and result s  from different c l inical s tudies  i t  seems 
necessary to have commonly acceptable  standardi zation me thods 
Which methods can real ly  he proposed? Is the mouse spleen 

. 

weight test  really such ap acceptable one? 
Dr BREDE : From my point of  view the spleen weight test i s  
not an ideal one . l t  i s  'too wide and too vague . We should 
prefer biochemical standards , i f  possible , expressed in 
weight uni t s .  There should b e  standard-reference preparation 
prepared f rom a defined s train lyophi l i zed and handed out 

' 

from a reference l aboratory in  small amounts , to enable o ther 
researchers to create their own "internal standard" . 
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Dr ADLAM : As s tre ssed in my talk,  we do use a s t andard b at ch 
o f  C. parvwn in a l l  of our qua l i ty c ontrol  p rocedure s and we 
a l s o  work by means o f  the " s eed lot" sys tem, i . e .  we have 
laid down and reco rded the h i s tory of al l our s eeds for grow
ing C. paPVum batches . When one compares the C. paPVum used 
in c l inical s tudies throughout the wor l d ,  it is fortunate 
that they appear to be s imilar in the i r  a c t ivi ties . This 
cannot be said for BCG p reparat ions where there are great 
d i f ference s in viab i l i ty and method of p roduct ion . Final l y ,  
although the sp leen we igh t  increase assay may a t  f i r s t  s igh t 
look t o  be a s t range choice for te s t ing, in fact as s tres sed 
in both my t a lk and tha t of Dr Roszkowsk i ,  this  s imple and 
highly reproducible assay does para l l e l  ac tivity in several 
tumour models  and act ivi ty in many o ther assays of immuno
s t imula t ion , e . g . adj uvant activity and histamine sens i t i z ing 
act iv i t y .  

D r  BALDWIN : We have a ttemp ted t o  s tandardize BCG preparat i ons 
from mul t iple sources using a range of rodent tumours . The 
genera l conclus ion from the s e  s tudies was that c la s s i f icat ion 
of BCG by anti tumour properties would not be approp ri ate 
because of the wide number of variables . These include the 
comp o s i t ion of BCG p reparat ions particularly with respec t  to 
numbers o f  viable /nonviable o rganisms . At the s creening level 
the prob lem is even more comp l i cated s ince agents such as BCG 
influence a b road spectrum of has t  respons es , including speci
f i c  (T- and B-ce l l s ,  ant ibody) and nonspeci f i c  (NK-ce l l s , 
macrophages ) .  

Helen NAUTS : We mus t  not only s tress the need for s table 
p reparations but also the opt imum technique of administration 
of immunotherapeutic agents as regards s i t e , <los e ,  f requency 
and dura t i on of the s e  agents and to deve lop new ways of gett
ing them into the tumour prior t o  surgery . 

Dr BALDWIN : There i s  good evidence from many s tud ies in the 
animal tumour system that localiza t ion o f  agents including 
the who le b ac ter ial vacc ine ( BCG , C. paPVwn) and isolated 
p rodu c t s  (ce l l  wal l ,  cord fac to r , e tc . )  at tumour depo s i t  
(r.egional therapy) p roduces an improved therapeut ic respon s e .  
Th i s  has been carried o u t  by intrales ional inj e c tion of agents 
and s tudies are now b e ing reported in p a t ients . There i s , 
for  examp l e ,  one s tudy showing that inj e c t ion o f  BCG into 
lung tumours 2 4  h prior t o  resect ion increased the NK-cell 
ac t iv ity within the tumour . These approaches have much to 
commend them and one hopes tha t more c l inical work w i l l  be 
a ttemp ted . In the lang term, however ,  intrales ional injec
t ion w i l l  have l imited value and al ternative me thods of traf
f icking mus t  be sough t .  One approach be ing deve loped by Dr 
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Fiedler at the Frede rick Canc e r  Centre , USA, i s  to use l ipo
s omes as carrie rs for tumour loca l i z ing muramy l dipept ide . 
An al ternative approach that we are pursuing i s  to use mono
c lonal ant ibodies as carriers for immunomodu l a t ing agents . 
Ant ibody-coup led t o  inte rferon has a lready been used to gener
ate NK-c e l l s  and s imi l a r  approaches may be deve loped for o ther 
immunomodul ators .  

Dr K I RCHNER : A gene ral que s t ion to the peop le working with 
diffe rent immunos t imulants : what is the antibody s tatus as 
for examp l e  against C. paPVwn o r  BCG? 

Dr ROSZKOWSK I :  You men t ioned quite an important prob lem . As 
we know, prolonged immunotherapy with,  f o r  examp l e ,  C. parvwn , 
o f ten leads t o  humoral responses d irec ted agains t the immuno
s t imulant and with consequent dangerous s ide-e f f ec t s  (e . g . 
impai rment or kidney and/or l iver function) . In our s tudies 
we carefu l ly l ooked for such propionib ac terial s trains w i th 
weak immunogenic i ty .  F inal l y ,  we decided on a cornp romi se 
and s elec ted s t ra ins wh ich are mode rate ly ac tive (us ing sp leen 
te s t  as a c r i te rion) but w i th very low risk o f  the above
mentioned s i de-ef fect s .  

The only way to reduce s ide-e ffects to a minimum i s  to 
rnake an effort to i s o l ate and charac terize "act ive" cornpounds 
from whole bacteria and use them ins tead of vaccines . Dr 
Chedid ' s  work i s  a good examp le to fol low. 



BAC I LLUS CALMETTE - GUE R I N  AS A MODULATOR 
OF CELL-ME D I ATED I MMUN I TY 

Malcolm S .  Mitche l l  

University of Southern CaLifornia, 
Comprehensive Cancer Centre, 
Los Ange Les, CaLifornia, USA 

Baci l lus Calme t te-Guerin (BCG) has b een known for many years 
to be an immunological "adj uvant" and has received cons ider
able s tudy during that t ime . We have reviewed that !arge 
body of work recently (Mitche l l  and Murahat a ,  1 9 7 9 )  and wi l l  
concentrate here on some o f  the work done b y  my col leagues 
and myself  over the past  decade . We wil l  spec i f ical ly exam
ine the inf luence of BCG on the efferent (effector) arm of 
cel l-mediated immunity and on afferent functions , both helper 
and suppressor . Fina l ly ,  some recent unpub l i shed work bear
ing upon the effects  of  BCG on the ce l l  membrane of macro
phage s w i l l  be described . All  of these effects  exempl ify 
propert i es that might  be sough t  in future s tudies of potent ial 
biomodulators (biological response modi f iers ) .  Thus ,  regard
less  of i t s  own rol e ,  BCG can serve as a useful prototyp ical 
modulatory agent . 

1 .  ACTI VAT I ON OF NONADHERENT EFFECTOR CELLS 

In some of our ear l ie s t  experiment s  we showed that intra
venous BCG not only potentiated the effects o f  subop t imal 
<loses o f  al loan t igen on spleen cel l-mediated immuni ty (CMI ) 
but that BCG by i t se l f  evoked a high leve l of  CMI (Mi tche l l  
e t  a i . ,  1 9 7 3  (Fig . 1 ) .  Originally  we assumed that T-ce l l s  
were the effectors s t imulated by  BCG , s ince nonadherent cel l s  
were the only k i l ler  cells . Later we returned to  this i s sue , 
af ter the demons tration of  o ther types of  nonadherent effec
tor ce l l s  and mor€ particuarly the d is covery by Dr Richard 
Murahata that the effector cel l s  generated by BCG and allo
ant i gen ( 1 1 2 1 0  ce l l s  into C57Bl/6 mice ) were no t active in a 
4 h 5 1 cr release assay (Murahata and Mitche l l ,  1 9 76 ) .  The 
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F I G .  1 Effect of BCG on ce ll-medi�ted alloimmunity, expressed 
as percentage kil ling of P81 5 Y (H-2 ) target mas tocytomas ce l l  
in a 4 8  h growth-inhibition assay (referred to as "lysis " in 
this figure from an early paper) . Means ± standard errors 
are depicted, with nwnbers of mice in each group shown in 
parentheses. Statistical significance in the 2-tailed t-test, 
was demonstrab le for augmented immunity in both groups treated 
with BCG and L1210 compared with those controls given L12 1 0  
alone (p<0. 001 ) .  The reactivity resu lting from treatment 
with mycobacteria a lone, the doub le hatched bar, was onl� 
slight ly less than from optimal immunization with 5 x 1 0  
L1 210  ce lls .  (From Mitchel l  e t  al . ,  1973. ) 

effector cell s are nei ther class ical T-ce l l s  nor class i cal 
macrophages .  As summarized in Tab l e  1 ,  thei r  proper t ies sug
gest a myeloid ce l l ,  perhaps an immature macrophage or a 
granulocyte , with an atyp i ca l  lymphocy tic  ce l l  lea s t  likely . 
The ce l l s  have a spe c i f i c i ty and l ack o f  reac ti v i ty in 4 h 
cyto l y t i c  as says that make them certainly not natural k i l ler 
ce l l s . Spec i fi c i ty may be conferred by sens i t i zed T-ce l l s  
in the spleen,  s ince after removal of CMI activity b y  trea t
ment with carbonyl i ron and a magne t ,  ac t i v i ty could be re
placed by add ing normal per i toneal  macrophages or more accu
rately peri toneal ce l l s  treated w i th ant i -Thy 1 and comp le
men t  (Tab l e  2 ) . If the spleen ce l l s  were instead t reated 
with ant i-Thy 1 and complemen t ,  the ce l l--cel l  cooperation 
was abo l i s hed (Tab l e  3 ) . We have not b een succ e s s ful in 
ide n tifying s olub le arming factors or cytoph i l i c  ant ibodies 
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TABLE 1 

Effector ce lls induced by mycobacteria and a l loantigen 

1 .  Lack Thy- 1 ant igen . 

2 .  Nonadherent to glass or p l as t ic . Only l igh t ly adherent to 
nylon wool . 

3 .  Appear to b e  specific for the al loan t i gen used for immun1-
zation .  

4 .  May b e  immunoglobul in-bearing ce l l s . 

5 .  Re lative ly radior e s i s tan t :  resis tant to 1 000 rads but sen
s i t ive to 3000 . 

6 .  Reduced by carbonyl iron and magne t but not affected by 
s i l ica and s o  may not b e  truly phagocyt i c .  

7 .  Require sens i ti zed splenic T-c e l l s  for ac t iv i t y .  Perhaps 
"armed" by s ens i t i zed T-ce ll s .  

TABLE 2 

Restoration of activity to nonphagocytic ce lls by normal PEC 

BCG 

+ 

Percent inhib i tion of targe t ce l l  growth 
Mean ± S . E . M .  

Unfrac
t ionated 

2 7 . 2  ± 3 . 0  

40 . 9  ± 6 . 5  

Non
phagocy t i c  

2 . 4  ± 5 . 4 

6 . 5  ± 4 . 5  

Nonphagocy tic  
+ PEC 

5 9 . 8  ± 1 . 2 

66 . 9  ± 3 . 0  

Nonphagocyt i c  
+ k i l led PEC 

6 . 3  ± 2 . 8  

7 . 2  ± 2 . 9  

All mice rece ived the s t andard immunizing dos e of L 1 2 1 0  on 
day 0 .  Mice r eceiving BCG were inj ected i . v .  w i th 0 . 5  mg on 
day ( - 1 0 ) . Al l mice were sac r i f i ced on day 1 4 ,  and the 
spleens assayed for ac t ivity in the MCA before of after de
p l e tion of phagocyt ic ( and adheren t )  ce l l s  by treatment wi th 
carbonyl iron and magne t .  Five x 1 0 5 normal PEC were added 
to the indicated cultures . In s ome cases , the PEC were 
k i l led by heating to 56°C for 30 min before addi tion to the 
assay .  

PEC :  peri toneal exudate ce l l s .  
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TABLE 3 

Effect of ATS treatment of imrrrune sp leen ce l ls on their 
abi lity to cooperate with normal PEC 

P e rcen t inhib i ti on of target ce l l  growth 
Mean ± S . E .  

BCG ATS Sp leen Spleen + PEC 

4 3 . 9  ± 2 . 8  6 8 . 8  ± 2 .  7 

+ 5 2 . 2  ± 7 .  3 5 9 . 5  ± 6 . 3  

+ 5 1 . 4 ± 4 . 8  65 . 1 ± 2 . 0  

+ + 73 . 7  ± 3 . 2  6 1 . 7 ± 9 . 7  

Al l mice received 2 x 1 0 7 irradiated 1 1 2 1 0  ce l l s  on day 0 .  
They were sacri f iced on day 1 4 ,  and the i r  spleens were as sayed 
for act ivi ty in the microcytotoxic i ty assay before or after 
treatment with ATS and c omp lement . F ive x 1 05 normal PEC 
wer e  added to the indi cated c u l tu res . The effector c e l l s  
were ATS-re s i s tant , b u t  ATS treatmen t  abo l i shed cooperation 
with normal PEC . AT S :  Ant ithymocyte se rum; PEC : P e r i toneal 
exudate ce l l s . 

TABLE 4 

Effec tor ce l ls induced by mycobacteria a lone 

1 .  Lack Thy- 1 ant igen . P roduced in thymec t omi zed , i r radiated 
bone marrow-recon s t i tu ted mi ce . Therefore are not T-ce l l s  
and do not r equ i re T-cel l s  f o r  induction.  

2 .  Nonadherent to glass or p las t i c . Only l i gh t l y  adherent to 
ny lon woo l .  

3 .  Nonspecific . K i l l  seve ral a l l ogene i c  targe t s  (but not 
f ib roblas t s ) . 

4 .  Exi s t  concomi tan tly w i th BCG-induced suppressor ce l l s .  

that might exp l a in how the c e l l s  interacted , l eaving a more 
direct ce l l-ce l l  interac t i on as mos t  l ikely . 

Dr Barbara Kinder (unpub l i shed data) h as also inve s t igated 
the nonadherent ce l l s  e l i c i ted by BCG alone , and has f ound 
great s imi l ar i t ie s , with the notab l e  except ion that those 
ce l l s  l acked spec i f i c i ty for the a l loan t i gens (Tab le 4 ) . 
These c e l l s  were not only non-T-ce l l s , b u t  a l so could b e  
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TABLE 5 

BCG antagonizes immunosuppression caused by Cytarabine 
(ara-C) measured by 48 h growth inhibi tion assay 
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Treatment % spec i f ic growth inh i b i t i on 

BCG 

+ 

+ 

Ara-C 

+ 

+ 

1 9 . 75 ± 3 . 7  

7 0 . 2  ± 3 . 6  

60 . 0  ± 2 . 5  

50 . 4  ± 1 0 . 1 

All groups o f  mice rece ived 20 x 1 06 k i l led 1 1 2 1 0  ce l l s  i . p .  
on day 0 .  Thos e  receiving BCG were given 2 x 1 07 viab l e  
uni t s  o n  day ( - 1 0) . Ara-C was inj ected i . p .  at 20 mg/kg/day ,  
days 'J.-7 . All mice were sac r i f i ced and the i r  spleen cel l s  
assayed on day 1 4  for cel l-mediated immuni ty t o  H-2d allo
ant igens . Values shown are the means o f  at leas t 5 determina
t ions and the s t andard e rrors o f  the mean s .  Effector : targe t 
rat i o , 1 00 : 1 .  

generated in thymec t omi zed,  i rradiated mice recons t i tuted 
with ant i-Thy 1 treated hone marrow . In other words , they 
were ne i ther T-ce l l s  nor dependent upon T-ce l l s  for the i r  
gene ra t ion . 

l t  i s  worth noting, for i ts p os s ib l e  therapeut ic imp l ica
tion s ,  that BCG can antagonize the immunosuppressive effects  
o f  the  antime tab o l i te cytarabine ( ara-C)  i f  one  measures 
k i l le r  c e l l s  active in a 48 h growth inh ib i t ion (mic rocyto
toxic i ty) assay (Tab l e  5 )  (Murahata and Mitchel l ,  submi t ted 
for pub l icat ion , 1 98 2 ) . BCG pre treatment 1 0  days before 
a l loantigen comp l e t e ly abrogated the suppress ive effect  of 
sub sequent cyto toxic therapy with ara-C given a t  the moderate 
<lose o f  20 mg/kg/day for 5 days (p< 0 . 00 1 ) .  Ther e  was no 
sign i fi cant dif ference in the CMI of mice given the comb ined 
therapy f rom that of normal controls r eceiving s al ine with 
the immuni z a t i on .  BCG was part i a l ly protect ive against 
immunosuppre s s i on by ara-C even a t  a h ighe r  dose o f  40 mg/kg 
/day , with CMI greater than that of the ara-C treated group 
(p<0 . 05 )  bu t l e s s  Ehan that of the immuni zed controls  (data 
not shown) . Reve rsal o f  innnunos uppress ion by BCG given on 
days 1 0  and 1 3  a f t e r  a l l oant igen , w i th ara-C again on days 
'J.-7 at 20 mg/kg/day , was ach ievab le trans ient l y  bu t was much 
less  succes sful than antagonism by pretreatment . Doses in 
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the range o f  1 to 4 x 1 0 7 viable uni ts of BCG (Tice) were 
protective and the relative imrnun i ty among the 4 experimental  
groups remained cons i s tent over effector : target cell  ratios 
of 25 : 1 to 250 : 1 .  BCG thus appears to augment the number or 
potent iate the activ i ty of  these p redominantly non-T effec tor 
cel l s .  Yet ,  in direct contras t ,  when cytoly t ic T-ce l l s  are 
measured as an indicator o f  imrnuni ty ,  BCG ac t s  with cytarabine 
to furthe r diminish the ac tivity of such cel l s .  The l ikely 
involvement of suppressor macrophage s e l ic i ted by BCG in 
depre s s ing the generation of  cy tolytic T ce l l s  w i l l  be con
s idered in detai l shortly .  

The precise  nature  o f  the ce l l s  e l i c i ted by BCG and al l o
ant igen or by BCG alone has not b een determined but is under 
inve s t i gat ion , through ce l l  dep letions and c e l l  sorting with  
monoclonal ant ibodie s to macrophage antigens in  a collabora
t ion between our group and Dr T imothy Springer at  Harvard .  The 
intriguing pos s ib i l i ty that the cel l s  may be granulocytes  has 
also been entertained , particu lar ly s ince large numbers of 
thos e ce l l s  enter the spleen after intravenous inj ect ion o f  
BCG . 

I I .  STI MULAT I ON OF INTERLEUKIN I 
When Gery and Waksman described " lymphocyte activating factor 
(LAF) as a s t imulant of  in vitro T-ce l l  b lastogenes i s  (Gery 
and Waksman , 1 9 7 2 ) , it was uncertain whe ther this mediator 
had a rol e  in vivo . S ince BCG given i . v .  to mice had aug
mented the cytotoxic activ i ty of their nonadherent sp leen 
cel l s ,  which were thought to be T-cel l s  at  that t ime , it 
seemed appropriate to  inve s t igate whether LAF produc tion was 
increas ed in those mice . As shown in Table  6 ,  this mediator , 
now known as interleukin I ( IL-I )  was produced in  amount s  
2-3-fold highe r  in BCG- treated spleens than in normal spleens 
(Mitche l l  e t  a l. , 1 9 7 '3 ) . Splenic adherent c e l l s  were the 
source of the interleukin , and the p roduct ion of IL-I was 
approximate ly proport ional to the i ncreased percent of macro
phages in the BCG-treated spleen . BCG-treated spleens con
tained approximate ly 2 5%  macrophages ,  as opposed to 5 to 1 0% 
in normal spleen s ,  as e s t imated f rom Wrigh t ' s  s tained cyto
logical p reparation s .  Yet when BCG was added in vitro to 
cul tures of unfract ionated or adherent splenic cel l s ,  the 
amount of IL-I per cel l  was increased (Mokyr and Mi tche l l ,  
1 9 75 ) . Approximately 20-fold more IL-I was produced per 
cul ture compared with the base l ine output of that mediator 
(Fig . 2 ) . The presence of T-cel l s  increased the output of 
IL- I ,  fur ther indicating that while  T-ce l l s  were not neces
sary for the production of  IL- I ,  the ir presence and presum
ab ly inte ract ion wi th macrophages through lymphokines 
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TABLE 6 

Effect of BCG on Interleukin I ( lyrrrphocyte-activating 
factor) production . ( Fr>om Mitche l l  e t  al . ,  1 9 7 3 . ) 
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Vo lume of  supernatant 
Fluid added 

Source of spleen ce l l s  y ielding 
supe rnatant f luid* 

Normal mice BCG- treated mice 

A. Unfractionated spleen ce l l  populat ion as source of super
natan t  f lu i d  

0 . 5  ml 

0 .  1 ml 
1 585 + ± 1 2 3 
5 24  ± 1 1  

3227  ± 66 

623 ± 96 

B .  Pur ified adherent spleen ce l l s  ("macrophages" )  as s ource 
of supernatant f luid 

0. 5 ml 

0 . 1  ml 
2073 ± 84 
403 ± 36 

7 1 8 1 ± 299 

1 283 ± 65 

"'Cul tures used for p roduction of  supernatant f luids were com
posed of  1 2  x 1 06 unfractionated spleen ce l l s  (A) or the 
monolayers of adherent  ce l l s  ob tained from 2 x 1 07 spleen 
ce l l s  (B) in 4 ml o f  minimal essential medium . 
+ Mean values ( ±  range ) of  CPM o f  3H-thymidine incorporated 
into 5 x 1 06 thymocytes in vitro after incubation with super
natant f luid . 0 .  1 ml of a 1 / 200 dilution of  PHA was added 
to a l l  thymocyte cul ture s .  Control cul tures without any 
supernatan t  fluid incorporated 29 1 ± 1 CPM .  

improved the p roduction .  Thi s  i s  only one of  several exam
ples of  the interdependence of lymphocytes and macrophages 
in which each ce l l  is equally importan t .  For BCG to a c t  as 
a mi togen for T-ce l l s  ( thymocytes )  in v i tro , a small  admix
ture o f  macrophages is an absolute requirement ,  probab ly 
through IL-I or a s imilar macrophage-made mediator . As few 
as 0 . 25 %  to 0 . 5% macrophage s ,  which is the percentage ordi
nari ly  present in the thymus , are suff icient whereas their 
" comp le te" removal ( to less than 0 . 2 5% )  by adherence to p las
t ic completely prevented the mitogenic effect  of BCG ( Table  
7 ) . There was no effect on the viab i l i ty of the T-ce l l s  as 
measured by the response to  Concanaval in A, which was e ssen
t ially unchanged . Rep lacement of purifi ed peritoneal macro
phages ( to 0 . 5% )  completely res tored the response t o  BCG . 
BCG was more potent in s t imulating IL-I than any subc e llular 
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FIG - 2 Activity of Interleukin I (Lymphocy te-activing Fac
tor LAF) in supernatant fluids from unfractionated spleen 
cells and splenic adherent c e l ls treated with BCG in v i t ro .  
(From Mokyr and Mitche l l� 1 9 75 . ) 

fract ion derived f rom i t ,  including me thanol extrac tion resi-
due (MER) (Fig.  3 )  (Mi t che l l  e t  a l. , 1 9 7 5 ) . 

_ 

IL-I i s  e l ic i ted by a wide var iety o f  subs tances ,  and in 
f ac t  i s  now known to be ident ical with the "endogenous pyro
gen" describ ed by Bee son many years before the s tudies of 
Gery and Waksman . There is evidence that IL-I is also  impor
tant in regulat ing B�ce l l s  and probab ly o ther types of ce l l  
including perhaps haematopoie t ic ce l l s . Cert a inly mac70-
phage s make a f ami ly of med iators , including colony- s t i�ulat
ing f ac tor augmenting whi te b lood cell  p 7ecur�ors . . r t  i s  not 
inconce ivab l e  that IL-I may prove to be i dentical w i th o ther 
med iators now de scribed only by the i r  funct ions in very dif
ferent , o ften nonimmuno logical , sys tems . 

I I I .  ACTIVITY ON NATURAL SUPPRESSOR CELLS 

What seems to us a particular l y  good example o f  how " appl ied 

science" with a b i omodu lator can lead to a fairly fundamental 

ob s ervat ion in immuno logy i s  the f inding that BCG can acti

vate " natural" suppre s sor ce l l s .  These experiment s  were 
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TABLE 7 

Effect of remova l of macrophages from thymus ce l ls 
on the mitogenic response to BCG in vi tro 

(From Nokyr and Uitche l l ,  1 9 7 5 . ) 

BCG Index of s t imu lation* 
(viab le uni ts X 1 0- S ) (Mean ± S . E . )  

399 

Thymus cel l s  Nonadhe rent thymus ce l l s  

250 . 0  0 . 6 7 ± o .  1 6  1 . 03 ± 0 . 2 3 

83 . 3  1 2 . 87 ± 2 . 45 1 . 80 ± 0 . 33 

2 7 . 8  24 . 58 ± 3 .  1 5  2 . 2 1  ± 0 . 56 

9 . 3  24 . 1 9  ± 4 . 25 1 .  3 7  ± 0 .  1 9  

3 .  1 8 . 66 ± 1 .  48 0 . 70 ± 0 . 0 7  

1 . o  2 .  1 1  ± 0 . 38 0 _ 87 ± 0 .  1 3  

0 . 3  1 .  1 1  ± 0 . 24 0 . 87 ± o .  1 7  

0 .  1 0 . 96 ± 0 . 09 0 . 92 ± 0 .  1 1  

* Index o f  s t imulat ion = ratio o f  the up t ake o f  3H-TdR in 
p rese nce o f  BCG in vitro to the uptake in the absence of BCG.  
Means o f  3 experiments are shown . 

performed by Dr James A .  Bennet t  coincidentally w i th very 
s imi lar work by Kl impe l and Henney ( Bennet t  et a l . , 1 9 7 8 ;  
Klimpel and Henne y ,  1 9 7 8) . 

Whi l e  a ttemp t ing to improve the immune response to H-2d 

al loan t i gens generated by t he in vitro immunizat ion o f  C57  
B l / 6  (H-2b ) spleen cell s ,  we found paradoxical ly tha t cells  
from BCG treated mice could not be immuni ze d  at a l l .  Only 
relat ive l y  large <lose s o f  i n travenously admi n i s tered BCG 
e l i c i ted suppressor macrophages in numbers suffic ient to 
inhib i t  the iumun i z a t ion of spleen cell s .  As shown in 
Table 8 ,  1 x 1 0 7 viab l e  uni ts o f  Tice s train BCG or more 
caused inh ib i t ion of the ab i l i ty of sp leen ce l l s  to be allo
immunized in vitro , as measured by the genera t ion o f  cyto
lytic T-ce ll s ,  and the genera t ion of both T and non-T ce l l s  
ref lected b y  a 4 8  � growth inh ib i t ion assay .  Be low 1 x 1 07 

viab l e  uni t s  there was no discernible e f fect  of BCG pret r eat
men t on immuni t y .  A <lose o f  5 x 1 07 viable uni t s  was l e thal 
to the mice . The exi s tence o f  suppres sor ce l l s  w i thin the 
sp leen was indicated by mixing exper iment s , which have shown 
a c lear dose-response re l at ionship between the number of BCG 
t r ea ted c e l l s  added and the suppre s s ion achieved (Fig . 4 ) . 
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F I G . 3 Effect of who le BCG and its fractions in v i t ro on the 
production of interleukin I (LAF) . DMC = "de lipidated" ( lipid
free) mycobacterial cel ls; MER = methano l extraction residue 
of BCG. See Mitche l l  et a l . ,  1975  for detai ls . 

Exp lorat ion of this  phenomenon further revealed that i t  was 
the nyl on woo l-adherent c e l l s  from the BCG treated spleen 
that p revented the dev e lopment of normal sp l een c e l l s  into 
s�ecif i c a l ly a l l osens i t ized T-ce l l s  as i de n t if ied i n  a 4 h 
5 Cr release assay (Benne t t  e t  a l . , 1 9 7 8 )  (Tabl e  9 ) .  The 
s p l enic adherent ce l l s  appear to be fairly class ical  macro
phage s ,  from their charact e r i z a t ion by us and o thers (Tabl e  
1 0 ) . In particular , the i r  suppressor a c t ivity i s  very sen
s i t ive to indome thac i n ,  ind icat ing a pros taglandin-mediated 
effec t ,  which we w i l l  shortly d iscus s .  Suppressor adherent 
c e l l s  had in fact  been sugges ted in our ear l i e s t  work 
(Mitche l l  et al . , 1 9 7 3 ) . Whereas the rni togenic responses to 
phyt ohemagglutinin (PHA) , Gon A and l i popo lysacchar ide (LP S )  
were markedly reduced with sp leen c e l l s  f r om BCG- treated 
rni ce , the response t o  the 2 T-ce l l  mi togens was cons ide rab l y  
irnproved when glas s-adherent c e l l s  wcre removed . 

Of perhap s mo s t  intere s t  b i o logically i s  that the suppres
sor ce l l s ,  o r  the i r  r e l a t ive s ,  antedate BCG adminis tration,  
and are in fact "natural" suppre ssor ce l l s  f ound in normal 

BCG AND CELL-MEDIATED IMMUNITY 40 1 

TABLE 8 

Effect of intravenous BCG on the abi lity of spleen ce l ls 
to be a l loimrrrunized in vitro . (From Bennett e t  al . ,  1981a. ) 

N o .  o f  BCG Spleen weigh t  i. spec i fic i. speci f i c  growth 
organi sms ( gm) 5 1 Cr release inh ib i tion 

None 0 . 08 ± 0 . 0 1  65 80 
X 1 06 0 . 07 ± 0 . 0 1  6 6  7 5  

5 X 1 06 0 . 08 ± 0 . 0 1  6 3  7 6  

X 1 0 7 o .  1 9  ± 0 . 05 1 5  2 6  

2 X 1 0 7 0 . 3 1  ± 0 . 04 5 0 
5 X 1 0 7 le thal dose 

20 x 1 06 C57B l / 6  (H-2b ) sp l een ce l l s  were cul tured w i th 
2 x 1 0 5 irrad iated ( 4000 r )  P8 1 5  mas t ocyt orna c e l l s  (H-2d ) 
for 4 day s .  B o th 4 h 5 1 cr release from l abelled P8 1 5  targe t s  
and 48 h growth inh i b i t ion o f  unlab e l led targe t s  were used 
to determine immunization.  E f f ec tor target ratios were 1 00 : 1 
for the former and 1 0 : 1 for the l a t t e r .  

50 

40 

% SPECIFIC 30 

51cr RELEASE 20 

10 

0 

% NOR.'1AL SPLEEN CELLS 100 90 80 50 20 10 0 

% BCG SPLEEN CELLS 0 10 20 50 80 90 100 

F IG . 4 Cytot1lficit y  of C57Bl/6 spleen
_
ce lls  (cytolytic T 

ce l ls )  to H-2 al loant�gens generated in v i tr o :  suppressor 
influence of spleen ce l ls from BCG-treated mice . 2 x 1 07 

norrra l spleen ce l ls and various numbers of mycobacteria
treated spleen ce l ls were mixed, and cul tivated with a l lo
antigenic P815Y tumour ce l l s  for 4 days . 
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TABLE 9 

Splenie suppressor ee l ls from BCC-treated m�ee are adherent 
(From Bennett and Mitehe l l, 1980 . ) 

% specific % spec i f  ic 48 h 
Ce l l  populat ion s 1 cr release growth inh ib i t ion 

Normal unfractionated spleen 69 ± 2 83 ± 8 

BCG unfract ionated sp leen 4 ± 4 0 

Normal Nonadh + Normal Adh 6 2  ± 5 80 ± 1 1  

Normal Nonadh + BCG Adh 9 ± 3 1 2  ± 7 

BCG Nonadh + BCG Adh 5 ± 4 0 

BCG Nonadh + Normal Adh 5 4  ± 4 7 0  ± 8 

Ce l l s der ived from sp leens of C 5 7 B l /6 mice treated with 2 x 
1 0 7 viable uni t s  of Tice BCG i . v .  8 days earl ier , f ract ionated 
ove r nylon woo l .  In vitro a l l o immuni z a t ion of 2 x 1 07 total 
spleen c e l l s  against  H-2d was a t t empt e d .  Mixtures of 30% 
nonadherent and 70% adhe rent ce l l s  ( op t imal for normal 
sp leens ) were made with ce l l s  of e ach type indi cate d .  Mean 
± S . E .  shown . 

TABLE 10 

Splenie suppressor ce l l s  stimulated by myeobaeteria 

1 . Nonspec i f i cally suppre s s  the in vitro generation by spleen 
c e l l s  of al logenic and syngene ic ant i tumour cytotoxicity . 

2 .  Adherent to glas s ,  p l as t i c  and nylon woo l . 

3 .  Lack Thy- 1 ant igen .  Produced in thymectomized , l e thal ly 
irradiated mice r�con s t i tuted with ant i-Thy 1 -treated bone 
marrow ce l l s . Therefore , are not T-ce l l s  and do not  re
quire T-ce l l s  for induction . 

4 .  Res i s tant to 1 000 rads X-irradiat ion . 

5 .  Removed by carbonyl iron and magnet treatment and are sen
s i t ive to s i l i c a .  Therefore , are truly phagocytic ce l l s .  

6 .  Sens i t ive t o  indomethacin and o ther prostaglandin inhibi
tor s . 

7 .  Exi s t  in the sp leen concomi tan t ly with mycobac teria-in
duced effec tor ce l l s .  

( 2  
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TABLE 1 1  

Effeet of various types of ee l l  on immunization : 
influenee of BCG. (From Bennet t  and Mitche l l, 1980 . ) 

% specific  5 1 cr release with spleen 
Days after BCG c e l l s  immun i zed in the pre sence o f :  

X 1 0 7 viab le uni t s )  Thymocytes Bone marrow Spleen 
c e l l s  ce l l s  

No BCG 6 2  38 66 

2 6 6  9 6 4  

7 5 9  5 4 5  

1 1  6 7  7 3 3  

1 6  6 4  3 3 1  

C 5 7 B l /6 mice were given BCG and a t  the t imes i ndicated vari
ous ce l ls were tested for suppressor act i v i ty by admixture 
of 6 x 1 06 ce l l s  with 2 0  x 1 0 ° normal spleen c e l l s .  Al lo
immunizat ion to H-2d tumour ce l l s  was attemp ted and on day 4 
cytolyt i c  T-ce l l s  were assayed by a 4 h 5 1 cr re l ease t e s t  a t  
1 00 : 1 ,  e f f e c t  target c e l l s .  Mean values indicated . 

bone marrow (Tab l e  I I ) .  Mixture of 6 x 1 06 norma l bone mar
row ce l l s  w i th 20 x 1 06 normal spleen c e l l s  inh i b i ted the 
deve lopme n t  of cytotoxic T c e l l s  by 30% ( re lative to normal 
contro l s ) . Norma l spleen c e l l s  or thymocy tes at this <lose 
never suppressed a l l o irmnuni zation . Bone marrow ce l l s  f rom 
BCG- t reated mice were 2 to 4-fo l d  more a c t ive as the same 
numb e r  o f  normal bone marrow c e l l s .  That i s ,  a t  a l l  concen
trat ions of bone marrow ce l l s  added ,  BCG therapy of the mice 
at least doub l ed the degree of suppress ion ach ieved (Benne t t  
et a l. , 1 98 1 a) . Sp leen c e l l s  derived f rom thymectomized , 
irradiated mice recon s t i tued w i ch normal bone marrow ce l l s  
had s i gn i f i cant s uppressor act iv i ty .  Moreover ,  when BCG was 
adminis tered to the s e  recons t i tu ted mice , the suppres sor 
activity of the spleen cel l s  was increased s t i l l  further 
(Tab le 1 2  ( Benne t t  and M i t che l l ,  1 980) . These exper iments 
also proved that T-ce l l s  were no t required for the induct ion 
of suppres sor macroEhage s by BCG , nor did the presence of 
T-ce l l s  l ead to enhanced e f fe c t s  of BCG h ere . Comp a r i sons 
of the a c t iv i ty o f  adherent c e l l s  i s o l a ted _ from e i ther the 
recon s t i tuted spleen or the bone marrow, from unt reated or 
BCG treated mice , have f a il ed to e s tab l ish conclus iv e l y  
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TABLE 12 

Effect of ny lon-adherent ce l ls from T-ce l l  deficient 
( "B") mice on immunization : influence of BCG 

(From Bennet t  and Mitche l l ,  1980 . ) 

% spec i f ic % spec i f ic growth 
Adherent ce l l s  added 5 1 Cr release inhib i tion 

( E : T  = 1 0 0 : 1 )  (E : T  = 1 0 :  i )  

None 6 4  ± 2 84 ± 6 

Normal spleen ( 1 X 1 0 7 ) 6 3  ± 2 80 ± 5 

"B" spleen ( 6  X 1 06 ) 6 7  ± 3 78 ± 4 

"B" sp leen ( 1 X 1 0  7 ) 5 1  ± 3 60 ± 8 

BCG t reated "B" sp leen 1 5  3 30 (6  1 06 ) ± ± 5 
X 

BCG treated "B" sp leen 7 ± 2 0 ( 1 X 1 07 ) 

Thymectomi zed , l ethal ly i r radiated mice were recon s t i tuted 
w i th normal bone marrow ce l l s  t reated w i th anti-Thy 1 + com
p lement . These were cal led "B" mice . 2 x 1 07 viable uni t s  
of BCG was inj ected 1 0  days p revious ly into the groups ind i
cated . Means ± s tandard deviat ions f r om 2 expe riments are 
ind icated . 

whe the r the BCG augments the act i v i ty per ce l l ,  or creates 
add itional suppres sors . Howeve r ,  we favour the former exp l a
nat i on of 1 1 act ivation11 , rather than the recrui tment of addi
t i onal suppressor ce l l s  from p recursors . 

Circumstantial  evidence suggests  that the natural suppres
sor ce l l s  in the bone marrow are induced by intravenous BCG 
to migrate to the spleen,  where they p r o l i fe rate (Fi g .  5 ) . 
The numb er of ce l l s  in the bone marrow decreas es wi thin 2 to 
3 days after intravenous BCG, remaining low for several week s .  
During the f i r s t  week after BCG th ere i s  a s teady increase in 
the number of spleen ce l l s ,  with a large increase in the 2nd 
and 3rd week s . The l at ter can be inhib i ted by antiproli fera
t ive agents such as cyc lophosphamide or cytarabine ( Benne t t  
and Mitche l l ,  1 9 7 9 ) . An interest ing b u t  unexp l ained decrease 
in thymocy tes a l so occurs soon af ter BCG adminis tration . 
There i s  a f a l l  of 90% in the number o f  thymocyte s ,  with a 
re turn t o  normal i n  3 weeks . Where the s e  thymocytes migrate , 
why they go there , and mos t  importan t l y ,  whether there i s  
any relat ionship t o  the ce l lular changes occurring a t  the 
o ther s i tes are a l l  tantali zingly unce r t ain . 
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F I G . 6 Effect of indomethacin on splenic suppressor ce l ls .  
(From Bennett et a l . ,  1981b . )  

Suppressor ce l l s  s t imul ated by BCG in the spleen are very 
sensit ive to indomethac in , at concentrations of 1 0-7 M or 
greater in vitro (Benne t t  et a l . , 1 9 8 1 b )  ( F i g .  6 ) . In con
trast the bone marrow s uppressor ce l l s  are a heterogeneous 
population consi s t ing no t onl y  of indome thacin- sens i t ive and 
-insen s i t ive ce l l s ,  b u t  o f  b o th adherent and nonadherent 
ce l l s  too (Dorshkind et a l. , 1 980 ; Bennet t  et a l . , 1 9 8 1 a ,b ) . 
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TABLE 1 3  

Effect of indomethacin on suppressor ce l ls from the  bone 
marrOUJ . (From Bennet t  e t  a l . �  1981b. J 

Treatment o f  
bone marrow 
donors 

Un treated 

BCG 

Populat ion o f  
c e l l s  

Unfract ionated 
Nonadherent 
Adherent 

Unf ractionated 
Nonadherent 
Adherent 

% suppress ion of 
immunization 

Indome thacin ( 1 0-6M) 
+ 

36 2 3  
3 0  1 8  
3 8  20 

46 . 5  35 . 5  
3 1  34 
5 1  2 8 . 5  

6 x 1 06 putative suppre ssor ce l l s  and 20 x 1 06 normal sp leen 
ce l l s  we re mixed and immuni zation was at temp ted against H-2d 

a l l oant i genic tumour ce l l s . % suppress ion was calculated as 
the d ifference between spleen ce l l s  immuni zed in the absence 
or presence of putat ive suppres sor ce l ls .  Data shown are 
means from 2 exp e riments . 

Indome thacin ( I 0-6 M) s igni f icantly but incomp l etely inh ibi
ted the activity o f  nylon wool adherent bone marrow natural 
suppressor ce l l s  from normal or BCG- t reated mi ce (Tab le 1 3) .  
Nonadherent suppressor ce l l s  from normal bone marrow, which 
may be lymphocytes , were also par t ia l ly inhibi ted b y  indo
me thac in. However ,  the nonadherent ce l l s  f r om BCG treated 
bone marrow were unaffec te d  by 1 0-6 M indome thacin or h i gher .  
BCG may thus have induced an indome thac in r e s i s tant ( i . e .  
non-pros taglandin-med iated) suppressor mechanism in the same 
nonadherent c e l l s , o r  evoked a d i f fe rent populat ion of indo
methacin-res i s tant nonadheren t ce l l s .  A f inal , nonexc lus ive , 
pos s i b i l i ty ,  i s  that BCG caused the emigrat ion from the bone 
marrow of a l l  indome thac in-sens i t ive nonadherent suppressor 
ce l l s .  

BCG s t imul ates mye loid (macrophage-granul ocyte) colony 
forming uni ts in the bone marrow and s p leen of the same mice 
in which suppressor ce l l s  are gene rated ( Benne t t  and Marsh ,  
1 980 ; Benne t t  e t  a l . , 1 98 1 a) .  As suppressor c e l l  activity 
in the marrow and sp leen increased , colony f orming units  
inc reased in parallel  ( F i g .  7 ) , and was l ikewise c oncent rated 
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F I G . 7 Generation of colony-forming units and suppressor 
ce l ls in the sp leen and bone marrow o_f' mice gi ven BCG. ( From 
Bennet t  e t  al .� 1981a.  J 

TABLE 14 

Density gradient centrifugation of ce l ls in the 
BCG-treated spleen 

Unfract ionated sp leen 
ce l l s  

" l i ght" f ract ion 
"med ium" fract ion 
"heavy" frac t ion 

% Suppress ion of 
inunun i z a t ion 

5 1  

8 
5 2  
6 3  

Colony-forming uni ts 
/ 2 . 5  x 1 04 ce l l s  

38 . 3  ± 4 . 8  

5 . 5  ± 0 . 5  
3 1  . 8  ± 4 . 8  
34 . 5  ± 6 . 8  

Ficol l-400 discont inttous dens i ty grad ient ( 1 2% ,  1 6 % ,  2 1 % ,  
25%) centrifuged at 2 0 ,000 x g for 6 0  min . See Benne tt e t  
a l . , 1 9 8 l a for furthe r detail s .  Spleen ce l l s  were obtained 
2 weeks after 2 x 1 07 v iab le uni t s  of BCG . 
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in the ny lon wool-adherent sp leen ce l l  f raction . Colony-form
ing uni t s  were also found in the same medium and heavy frac
t ions of a Fico l l  d i s cont inuous dens i ty gradient as were sup
pres sor ce l l s  (Tab l e  1 4 ) . l t  thus appears that the colony
forming un i t  and the macrophage- l ik e  suppressor ce l l  are in a 
very s imi lar subpopulation,  i f  not identica l  with each othe r .  
Widely d i scordant resul t s  ob ta ined b y  a group o f  inve s t igators 
a t  the Uni ve rs i ty of I l l inois working with in vitro immuniza
t ion to the s yngeneic p lasmacytoma MOPC-3 1 5  and our group , 
s tudy ing a l loimmun i z a t ion , led to an exchange of materials in 
a co l l aborative trial . The resul ts indi cated that the dis
crepancies were due to the BCG and not to the test sys tem. 
In that s tudy we found that d if ferent s train s  of BCG and even 
dif ferent lots  of the same s t rain behaved d i f feren t ly in the ir 
ab i l ity to i nduce suppressor ce l l s  (Mokyr e t  a l . , 1 980) . 
T ice BCG con s i s tently abrogated the abi l i ty of suppressor 
ce l l s  to b e  immuni zed whereas sever a l  l ot s  of the Phipps 
s t rain,  espec ially NC-724 and NC-734 , con s i s tently led to 
augmented in vitro reac t iv i t y .  A third lot of the Phipps 
s train , batch A-8 ,  con s i s tently caused s t r ong induc t i on of 
suppre s s ion (Table 1 5 ) . lntravenous or intr aperi toneal admi
n i s tration b o th led to suppres s i on of ab i li ty of s uppressor 
c e l l s  to be immune in our experimen t s , but the demons trat ion 
of suppressor macrophages by adminis tration was more cons i s 
tent b y  the i . v .  route . Suppres sion of immuni ty was uni
formly noted at interva l s  1 0-1 4 days or l onger after BCG , 
whereas augmentation was frequen tly noted 2-7 days after the 
same suppress ive BCG s t rain.  Wh ich component of the BCG 
organism i s  respons ib l e  for induct ion of suppressor cel l  is 
unce rtain but could be approached d i re c t ly by f ra c tionat ion 
into l ipids , c e l l  wal l s , and c e l l  wal l  ske letons , or perhaps 
by the chemical cons truc tion of var ious muramyl dipep t ides . 

l t  should be empha s i zed for perspective that the splenic 
macrophage- l ike suppressor ce l l s  exi s t  concomi tantly w i th the 
nonadherent sp leni c k i l l e r  ce l l s  describ ed above , approxi
mately 1 4  to 30 days after BCG . l t  is unclear whe ther the 
suppressor funct ion we have measured in vitro is in fact only 
one manifestation of the ac t ivati on s tate of splenic macro
phage s .  O ther propert ie s  of these activated macrophages such 
as nonspec i f i c  cy totox i c i ty migh t  we l l  be helpful to the hos t 
against foreign ce l l s .  Howeve r ,  equally plaus ib ly , there may 
wel l  be separate subpopulations o f  macrophages , with d i ffer
ent regulatory effects  on immun i t y ,  akin to the various sub
classes of T-ce l l s .  We have no t yet noted deleterious con
sequences in vivo ascribable to the presence of suppressor 
macrophages in the sp leen or marrow of BCG-treated mice . As 
a work ing hypothe s i s  i t  seems reasonable to con s i der that the 
overall effect  of BCG on the immune response at a particu lar 
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TABLE 1 5  

Effect of different strains and batches of BCG on in v i t ro 
immunization of BALB/c spleen ce lls  to MOPC-3 1 5 

Exp t .  BCG s train 

None 

Phipps 
(5 X 1 07 ) 

Tice 
( 5  X 1 0  7 ) 

2 None 

Phipps 
( 1 X 1 0  7 ) 

Phipps 
( 1 X 1 07 ) 

Phipps 
( 1  X 1 0 7 ) 

Phipps 
( 1 X 1 0 7 ) 

Batch N o .  

NC- 734 

NC- 7 34 

NC-724 

+ 
SC-NC-7 2 4  

A - 8 

% spec i f i c  5 1 cr release* 
a t  E/T rat i o  of : 

1 00/ 1 1 0 / 1  

5 6  2 J 

84 37 

J J 3 

23 1 J 

88 34 

83 4 7  

6 0  32 

9 3 

*Mean values are shown ; +subcul ture of NC-7 2 4 . 

route and schedule i s  always the vector sum of the posi t ive 
and negative (" he lpe r" and " suppressor" )  influences it exerts . 
That i n  fact i s  why " immunomodu lat ion" rather than " adj uvan
tici ty" best  describes  BCG ' s  act ions . 

I V .  RING ( " DOUGHNUT" ) POLYMORPHONUCLEAR LEUKOCYTES 

A recent set of morphological observa t i ons may bear upon the 
k i l ler and suppre ssor activ i ties  of BCG s p l een ce l l s .  Dr 
James Hengst has found tha t a s i gn i f icant increase of spleen 
ce l l s  with a r ing nucleu s , which we have te rmed " r i ng" or 
"doughnut" ce l l s , occurs after intravenous BCG ( F i g .  8 ) . 
Pels and h i s  col leagues ( 1 980) found s im i l ar c e l l s  in the 
per i t onea l exudate of C 5 7 B l / 6  mice alloimmuni zed 1 0  days p re
v ious ly with SL-2 (H-2d ) tumour ce l l s . Cytochemical s taining 
has revealed that some of the c e l l s  are macrophages while 
others are po lymorphonuc lear leukocy te s .  The funct ion of 
these c e l l s  i s  unce rtain bu t through sorting based on surface 
markers , l ight scatte ring and phys iochemical properties  we 
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FIG. 8 Macrophage- and granuLocyte-like ce lls with a ring
shaped nucleus ( "doughnut" ce l ls) in the spleen of mice that 
received BCG 2 weeks previous ly .  

intend to compare the activities  o f  doughnut c e l l s  with the 
funct ions d e t e c ted in BCG treated spleen s ,  to see i f  any 
mi gh t  be subs erved by morphologi cally homogeneous ce l l s .  

V .  EFFECTS ON MACROPHAGE MEMBRANE PROTE INS 

Thus f ar we have d i scus sed the modul ation of immune responses 
where macrophage-made mediators o r  macrophage mediated reac
t ions were measured . A more fundamen t a l  ques t ion of how BCG 
affec t s  the macrophage might be addressed in part through a 
b iochemical approach such as one being explored by Dr June 
Kan-M i t chel l .  Thi s  con s i s t s  of rad iolabel l ing o f  externally 
di sposed memb rane prote ins with a nonenzymat ic , solid phase 
iodinat ing agent , Iodogen, solub i l i z ing the memb rane se l e c
t ive ly w i th a nonionic detergent ,  NP-4 0 ,  and subsequent ly 
performing polyacryl amide gel elec trophoresis  and autoradio
graphy (Kan-Mi tche l l  et a l . , 1 980 ) . As i l lus trated in F i g .  
9 ,  the "prof i les" o f  var ious types o f  macrophage d i f fer from 
one another and appear to fall  into 3 broad c l as se s .  Normal 
res i dent p e r i t oneal macrophages and those e l ic i ted by pro
teose-peptone have s imi l ar membrane prote in p a t t e rns . These 
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F I G . 9 Au toradiographie profi les of solubilized macrophage memb_ranes whose surface proteins were labe lled with 1 2 S r and subJe�ted to SDS-polyacry lamide ge l e lectrophoresis .  Note the d�fferences among th� norma l and proteose-peptone groups (co lums a and b) , the th�oglyco l late-stimulated macrophages (co lumn �) and the "activated" macrophages from mice receiv�ng the �1171TlUnomodu lators BCG (d) , Corynebacterium arvum (e) or pyran (f) . P 
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d i ff e r  f r om the profi l e  of thioglyco l l a te-s t imulated macro
phage s ,  which in turn are d i f ferent f r om that of the activated 
macrophages induced by BCG, Corynebacterium parvum or pyran . 
Three charac ter i s t i c  add i t i onal memb rane p ro t e ins are f ound 
on thioelycollate s t imulated macrophages ,  and b o th deletions 
and add i t ions are f o und wi th act ivated macrophage s .  Re so lu
t ion o f  which spec i f i c  membrane p ro teins  are added or deleted , 
particularly i f  they are recep tors o r  ectoenzymes , may afford 
new ins igh t s  into the immunological funct ions of these macro
phages .  This b iological inv e s t i ga t ion goes we l l  beyond s imply 
helping to explain the mechanisms by which such microbes as 
BCG act ivate those ce l l s .  

V I . CONCLU S I ON 

I f  there is any p r incip l e  that our work w i th BCG has ind icated 
t o  us , it is that intrins ic regulat ion of immune responses 
can be e lucidated thro ugh the i r  pe r turbation by extrins ic 
modulators . Such s tudies mus t necessarily begin as "phenomen
o logy" bu t can l ead t o  intere s t ing examinat ions o f  immuno
l ogically active ce l l s  and the i r  inte rre lationship s , through 
d i rect interact ions o r  mediator s .  We may y e t  ob t ain s ome 
unders tanding of how t o  modify immuni ty i n  the ho s t  predic
tably , t o  achieve s igni f i cant therapeut i c  advance s .  When 
t umour-associated ant igens isol ated by monoclonal ant ibodies 
are comb ined with p red i c tab ly s t imu latory doses of immuno
modu l ators such as BCG , or i t s  component s ,  rat ional active 
immunotherapy o f  cancer wi l l  then have repl aced the wel l 
intent ioned bu t somewha t  misguided earl ier e f f or t s . This 
aspect of b iomodu l ation will then truly h ave reached i t s  
matur i ty .  
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1 .  H I STORY 

In 1 9 6 8  Busch reported a case o f  a 1 9-year old fema l e  w i th 
sarcoma i n  the face and neck , whose t urnour disappeared when 
she acc identa l l y  suffered f rorn erys ipe las dur ing her hosp i tal
ization.  S ince then , accurnu l a t ing evidence has shown that 
erysipe l as seerned to have an ant i turnour e f f e c t  in man. 

Fehle i sen ( 1 882)  dernonstrated that erysipelas is caused by 
the inoculat ion with pure cul ture of the Streptococcus erysi
pelatis.  He inocul ated 7 patients  with inoperab l e  rnal i gnant 
d i s e ases , and of these 6 reacted to the new t r i al . In one 
case in part icu l a r ,  the turnour d i s appeared with in one week 
after the inocu l a t i on of s tr ep tococc i .  

Bruns ( 1 888)  de scribed 1 4  cases of rnalignant d i seases in 
which erysipelas occurred e i ther accidentally or by inocula
tion.  Of the 5 cas e s  of sar corna , 3 cases were ful ly and 
permanently cured , and the r e s t  showed reduc t i on in s i ze of 
the i r  turnours . 

Coley ( 1 89 1 )  adäed 9 cases of mali gnant disease s ,  and 
inoculation o f  erys ipe l as had a s ignif icant e f f e c t  upon the 
d i s appearance or redu c t i on of turnours . He speculated that 
the effect  of erysipelas on rnal ignant t urnour rnight be due to : 

1 )  direct  des truct ion of turnour by s trep tococc i ;  

2 )  the h igh ternp erature due to erys ipe l as caused degeneration 
of the t urnours ; and 

3) s trep tococci had a d i re c t  antagoni s t i c  e f f e c t  upon the 
cance r bacil lus . 



Coley ' s  toxin was then wide ly used and favourab le  anticancer 
effects have been reported (Nauts et a l . , 1 9 53 ) . 

I I .  STREPTOCOCCAL PREPARAT I ON OK-432 ( P I C I BAN I L
R

) 
In 1 940 ,  Okamoto  reported that s trep tolysin S i s  produced by haemolytic  s t7eptococci .  Koshimura e t  al.  ( 1 955 , 1 958 )  found that degra�ation and loss of Ehrlich carcinoma cel l s  occurred toge the r wi th s trep to lysin S production when a suspended mixture ?f tumour ce l l s  and l iving StPeptococcus hemolyticus were incubated at �7oc for 90 min. Okamoto et a l .  ( 1 966 , 1 9 67 )  further s tudied the corre lation between the anticancer effect and s t reptolysin S product ion of the s trep tococcal c: 1 1  suspens i ?n ,  and reported that ce l l  suspens ion of a low vi7ule�t s train,  Su, of StI'eptococcus hemolyticus in Bernhei�e7 s

. basal medium (BBM) , at tenuated by the add i t ion of �en:c: l l in G and by the heating to 45°c, exhibited a s trong inh ib i to7y e f fe c� on the growth o f  Ehr l i ch carcinoma t ransplant�d intraper� toneal ly  into mice . The ant i tumour effect of thi� �reparat ion was enhanced about 20-fold from that of the original s trep tococcal ce l l  suspension .  It  was also found that th� at tenuated . p reparation was comp lete ly devoid o� s treptolysin S product ion and no s ign of systemic infecti?n occurred when the preparation was g iven to experimental anima�s .  However � the s e  s treptococci s t i l l  p rovide glycogenesis  and certain o ther enzyrnatic activ i t ies therefore they are not necessarily a dead b ac terial prep�rat ion . s �reptococcal cel l  suspension in phyio logical saline ins tead of B�M showed
. a s light ant i tumour e f fect ,  and an active preparat ion lost i t s  ant i turnour effect when heated to 1 oooc The lyophi l ized p reparation is  des ignated "OK-432 ;, (P · · _ b · 1 R · i c i  ani , Chugai Pharrn. Co . ,  Tokyo) , and i t s  c l inical unit i s  expressed b y  �E (Kl inische E inhei t ) . 1 KE corresponds t o  0 .  1 mg dry weight o f  baci l l i .  S ince the preparation contains a trace amount of peni c i l l in ,  it cannot be used for patients al lergic to peni c i l l in .  

I I I .  ANTI TUMOUR EFFECT OF OK-432 

OK-432 e�erts an
. ant i tumour effect  against transplantab le tumours in experimental animals by i t se l f  ( Sakurai e t  a l .  1 9 72 )  or in comb ination with chemotherapeutic  agents (Mashiba e t  a l . , 1 9 7 9 ) , and i t  suppresses the development of some mouse leuka�mias ( Suzuki e t  a l . , 1 9 75 ; Aoki et a l . , 1 9 76) . The cytotoxic effect of  this preparation is  s t i l l  obscure but i t  may be explained by :  ' 

1 )  the direct act ion of OK-432 to tumour ce l ls ;  and 

-
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2 )  the potentiation o f  host-innnune responses . 

A .  Direct Ac t ion o f  OK-432 

OK-432 has b een shown to have ant i tumour effect agains t 
Yoshida sarcoma , ascites hepatoma AH l 3  and Ehrl i ch asc� te� . tumour in v itI'o (Sakurai et  a l . , 1 97 2 ) . S ince OK-432 inhibi
ted DNA and RNA synthesis of certain tumour ce l l s  in p ropor
tion to the dose o f  p reparat ion appl ied in vitI'o ( Ono et  a l . , 
1 9 7 3 )  OK-432 seemed to  have a direc t  action against mal ig
nant �umour in vivo when i t  is systemat ical ly admini stered . 

B .  Host-Mediated I n d i rect Act ion o f  OK-432 

Peritoneal exudate c e l l s  activated wi th intraperitoneal inj ec
t ion o f  OK-432 had e i ther cytostatic or cytocidal act ivity  
against Ehr lich ascites  tumour ce l l s � and t�i s  :ffec� was 
more prominent when OK-432 was used in comb ination �:th a 
chemotherapeutic agent (Mash iba e t  a l . , 1 97 9 ) . Ishii  et  a l .  
( 1 9 76 )  showed that peritoneal macrophages from rats treat:d 
with intraper itoneal OK-432 inhib i t  the growth of  syn�eneic  
tumours . I t  i s  interes t ing that macrophages thus activated 
by OK-432 deve loped a cytotoxic effect against o ther tumour 
ce l l s , indicating that OK-432 activates macrophages non
specifical ly .  

Act ivation of  T-lymphocytes by OK-432 was demons trated by  
Kai et  a l .  ( 1 9 7 9 ) . He demonstrated that pretreatment of mice 
wi th OK-432 resul ted in the increase of cytotoxic i ty of 
spleen c e l l s  again s t  primed target cel l s .  He a l so showed 
that OK-432 enhanced the hapten-spec i f ic  antibody response , 
w i th which hapten-specific  B-c e l l  and carrier-specif ic  helper 
T-ce l l  are known to cooperate . 

Adj uvant effect  of  OK-432 was reported by Ryoyama e t  a l .  
( 1 9 7 9 ) . L- 1 2 1 0 leukaemic cel l s  are l e s s  affected by OK-432 
when compared w i th Yoshida sarcoma or Ehrl i ch ascites  tumour 
ce l l s .  When mice were irnrnunized with mitomyc in C-treated 
L- 1 2 1 0  cel l s  and then inj ected wi th OK-432 , the l i fe span of  
the mice after  transp lantation of  L- 1 2 1 0  was markedly pro
longed . Act ivation o f  T-cel l  in peritoneal exudate ce l l s  by 
OK-432 confirmed that the ant i tumour effects decreased when 
the ce l l s  were p re treated by ant i-T-ce l l  ant ibody , and not 
by  anti-B-ce l l  antibody (Natsu-ume Sakai et  a l . , 1 9 76 ) . 
Aoki e t  a l . ( 1 9 7 5 )  showed that OK-432 enhanced the synthesis  
of natural ant ibodie s  to  speci f i c  cel l-surface antigens . 

OK-432 also activates natural ki l ler (NK) c e l l s  in peri
toneal exudate cel l s  in mice (Oshimi et a l . , 1 980a) . Al though 
the mechanism by which OK-432 enhances NK ce l l  ac tivity is  
not  known , i t  seems l ikely that  OK-432-ac t ivated macrophages 



produce interfe ron wh i ch subsequently ac t ivates NK cel l s . 
The p roduct ion o f  inte rf e ron in OK-4 32-inoculated mice was 
suppre ssed by pretreatment with the macrophage-inh ib i tor 
carageenan (Matsubara et a l . , 1 97 9 )  . 

. 
P r? te� t ion o f  infe c t ions by OK-432 was demons trated by 

Sh1ra1sh1 ( 1 9 7 9 )  who reported that inf e c t ion o f  Candida albi
cans was inhibi ted probably by activat ing macrophages ,  and 
Yokota ( 1 9 78 )  showed that bacterial infe c t ions were p rotected 
by act ivated phagocy t o s i s  o f  macrophages and polymorphonuclear 
leukocytes . 

Besides the act ivati on o f  c e l l u l ar elements by OK-432 , i t  
was demons trated that OK-432 provided act ivat ion o f  the com
p lement sys tem mainly through i t s  al ternat ive pathway (Kondo 
et a l . , 1 9 75 ; Nat su-ume Sakai et a l . , 1 9 76 ) . l t  should a l so 
be noted that serum complemen t leve l CHS O ,  measured by the 
lys i s  of sens i t i zed sheep RBC , as wel l  as ACHSO , measured by 
the l y s i s  of rabb i t  RBC which represents the al ternat ive 
pathway ac t iv i t y ,  were increased by subcutaneous inj e c t ions 
of OK-432 in guinea p i gs (Kato et a l . , 1 9 79 ) . Al though i t  
i s  d i f f i cu l t  t o  exp l ai n  whe the r the anticancer effect  of OK-
432 in vivo is partly due to the complement sys tem, the evi
dence that se rum comp lement leve l is elevated by the use of 
OK-432 migh t  be of importance in c larifying the role of the 
comp lemen t in tumour destruc t ion . 

I V .  APPLICATION OF OK-432 TO AGED IMMUNE-DE F I C I ENT 

SUBJECTS 

Based on var ious expe r imen ta l data in animal s ,  it was sug
ges ted that OK-432 might be useful in the treatment o f  human 
patients w i th mal i gnant tumou rs . Howeve r ,  s ince the host
immune response in pat ients w i th mal ignancy i s  modi f  ied by 
the d i sease or by var ious forms o f  anticanc e r  therapy , the 
potent iating e f f e c t  o f  t he immune response by OK-432 was f i r s t  
examined i n  aged individuals wi thout mal ignancy who have 
shown de creased c e l l u l ar immuni ty as determined by PPD ( tuber
cul in)  and PHA (phy tohemagglut inin) skin tes t as wel l  as by 
blastoid transformat ion of lymphocy tes agai n s t  PHA (Kondo e t  
al . , 1 9 7 7 ) . Ten aged individual s  with decreased cel lu lar 
immuni ty were selec ted from 290 subj ec t s  wi thout mal i gnancy , 
and they were trea ted by OK-432 for 6 months . Daily intra
mus cular inj ect ion o f  1 KE of OK-432 for an ini t ial 3 month 
period fol lowed by 2 KE weekly for 3 months enhanced the skin 
responses and b las toid trans format ion of lymphocy tes during 
the therapy except for one case.  In the o ther 9 cases the ir 

. ' 
res tored 1rranune responses gradual ly decreased to the ori ginal 
leve l s  when OK-432 was d iscont inued ( F ig . 1 ) . 
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F I G .  1 Effec t  of OK-432 on PHA skin test in aged immune
deficient subjects without malignancy . 

Thu s ,  OK-43 2  was found t o  enhance the previous ly irnp aired 

immune response in aged subj ects  when it was adrninis tered in 

doses l e s s  than 1 KE daily . Al though it is not known whether 

the amount used in aged individuals is suf f i c ient to res tore 

immune responses in p a t ients w i th mal i gnancy , i t  i s  sugges ted 

that OK-432 rnight b e  useful as an immunopoten tiator t o  treat 

cancer p a t i en t s . 

V .  ROUTE FOR ADMIN I STRAT I ON OF OK-432 IN PATIENTS 

WITH MAL I GNANCY 

A .  I n t ramus c ular I n j e c t ion 

Thi s  is the mo s t  conmon route for adminis tering OK-432 to 
t re a t  p a t ient s with mal i gnancy . In general 1 to 5 KE i s  
given daily o r  several t imes a week a s  rnain�enance dose s ,  
but  no e s t ab l i shed s chedul e  has been deterrn1ned . At present , 
i t  i s  d i f f icul t to analyse the therapeutic e f f e c t  of OK-432 
alone on rnalignant d i seases s ince it had only a s l ight effect  
in  c linical trials  o f  s ing le adminis trat ion in advanc�d 
cancer .  Mos t  inve s t i gators have tried to treat pat ients in 
comb in a t ion with chemotherapy or i rradiation.  

Kimura et al.  ( 1 9 76 )  demons trated the prolongat ion o f  
survival as wel l  as init ia t ion o f  T-ce l l  ac t iv i ty in stages 
III and IV lung cancer patients , when OK-432 was adrni n i stered 
at ma intenance l evel s  with conventional indu c t ive cherno-



therapeut i c  agen t s .  Oshirni e t  a l .  ( 1 980b ) reported that OK-
432 augrnen ted the cytotoxic activity of natural k i l le r  (NK) 
ce l l s  in pat ients with rnal i gnanc y ,  and the rnaxirnurn leve l of 
cytotoxic i t y  was evoked in a l l  the pat ients on the third day 
after the beginning of in trarnuscular OK-4 3 2 . 

Inte re s t ingl y ,  adrninistrat ion o f  repeated int rarnuscular 
OK-432 resul ted in the e levat ion of s e rurn cornp l ernent l eve l s  
in mal i gnant diseas e s , and i n  add i t ion , comp l ement components 
C 4 ,  C3 and Factor B appeared in the gas tric carcinorna t i s sue 
and on the leukaemic c e l l  su rface as determined by the f luor
es cent antib ody technique (Kondo et a l . , 1 9 7 8 )  (Fig .  2 ) . 

F I G . 2 Loca lization of complement component factoP B on CML 
ce lls  appeaPed afteP OK-432 thePapy . 

Re s u l t s  o f  the comb inat ion o f  OK-432 and chemothe rapy upon 
advanced l ung cance r patients receiving curat ive relat ive
cura t ive or non-curat ive re sect ion are shown in Fi g .  3 .  

B .  Int radermal I n j ect ion 

Uchida and Hoshino ( 1 980) reported da i l y  intradermal inj ec
t i ons of OK-432 rang ing from 1 to 1 0  KE to the forearm of 40 
pat ients w i th advanced gas tric  cancer for over a period of 4 
weeks i n  comb inat ion w i th 5-fluorouraci l .  Survival rates 
were s i gnif i c an t l y  l ange r  in the OK-432 group than those of 
the ma�ched �ontrol patients trea ted by chemotherapy alone . 
The se inve s t igators showed that the improvement o f  in vivo 
and in vitpo T-ce l l  funct ion tests achieved by the intrade rmal 
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F I G . 3 SuPviva l o f  lung caneer patients tPeated by the com
bination of OK-43 2  and chemothePapy (Watanabe, 1 980) . 

inj ect ion of OK-432 was more s ignif icant than the improvements 
in patients given OK-432 by other routes such as intramus cu
l ar o r  intravenous inj e c t ion . They a l s o  showed that intra
dermal inj ection of OK-432 was effec t ive in reducing suppres
sor T-c e l l  function .  

Intradermal inj ect ion o f  OK-432 permi t ted much higher 
<loses of the p reparat ion with minimal s ide-e ffec ts than o ther 
routes , al though it is s t i l l  unc lear whe ther the larger 
amoun t o f  OK-432 results in a more s ignif icant p o tent iat ion 
of has t- immune responses . 



C .  I nt ravenous Inject ion 

Because o f  severe s i de-effects  such as fever and chi l l ,  this 
route for adminis t rat ion o f  OK-432 i s  l imi ted to only when 
intramuscular or intradermal inj ection produces adverse reac
t ion such as local b leeding or ulceration. 

D .  Intrat umoural I n j e c t ion 

Intratumoura l inj ec t ion of OK-432 has been reported in pati
ents with b ladder carcinoma (Kagawa e t  a l . , 1 9 7 9 )  and malig
nant brain tumour (Tanaka et a l . , 1 980) . In b ladder tumour , 
5 to 1 0 KE o f  OK-432 was f ir s t  inj ec ted into the tumour and 
then intramuscular inj ect ion o f  maintenance <loses fo l l owed .  
In brain tumour , patients received 3 to 9 KE of  intramuscular 
OK-432 as p re immunization, and the� 0 . 25 to 1 KE o f  intra
tumoural inj ect ion and sys temic maintenance <loses of intra
muscular inj ect ion followed . Cl inical effec t s  of  intra
tumoural inj ect ion were  evaluated by endoscopic examination 
in the former ,  and by computerized tomography in the latter , 
and a regression o f  tumour was observed in some cases . In 
most of the cases receiving intratumoural inj ection of  OK-432 
h i s to logical examination revealed s ignificant inflammatory 
responses of mononuclear ce l l  inf i l trations and necrosis  of  
the tumour t i s sues . 

Thi s  intratumoural inj ect ion o f  OK-432 seems to have ad
vantages over other routes of admini s tration . One pos s ib i l i ty 
is  the d irect ant i tumour effect of OK-432 . A more important 
mechanism to be cons idered is that OK-432 might play a role 
in inducing specif  ic immune responses against the tumour
specific antigen by i t s  adj uvant effec t ,  in addi t ion to a non
specific potentiation o f  host-immuni ty achieved by sys temic 
administrat ion . 

E . Int raperi toneal and Int rap l eural I n j e c t ion 

Administrat ion of OK-432 to the intraperi toneal cavity or 
p leural cavity is a relative ly new therapeut ic p rocedure for 
patients with cancer ascites or cancer p leuri sy , that has 
never been u t i l ized for other bacterial preparations . Be
s ides  s igni f i cant c l inica l  resu l ts such as d isappearance of  
peri toneal or p leural f luid and tumour ce l l s ,  this  method 
was helpful in c lar i fying the mode of action of OK-432 to 
potentiate anti tumour effect of the hos t .  

Asc i t ic f luids from 9 9  cases o f  advanced gas tric cancer 
were obtained by paracentes i s  for cyto logical examination 
prior to OK-432 therapy . S ix cel l  types were usually  clas s i
f ied by  Giemsa and Papanicolaou stains into : tumour ce l l s , 

TABLE 1 

V J.  V1."'- "'T -' '-

Survival of malignant ascites patients after 
intraperitoneal injection of OK-432 

Treatment 

OK-432 

No . of  
patients 

Response group 
Non-response group 

63 
36 

99 
40 

Total 

Pall iative group 

Survival t ime 
(month) 1 

3 . 1-29 . 5 ( 1 3 . 4 ±  1 . 7 ) 2 

0 . 3- 7 . 8 (  2 . 7 ± 0 . 5 )  
0 . 3-29 . 5 (  8 . 7 ± 1 . 2 ) 3 

0 . 3- 7 . 2 (  2 . 6 ± 0 . 4 )  

50% 
Survival 

t ime 
(month) 

1 1 .  4 
2 . 2  

5 . 6  
2 . 1  

lMean ± SEM; 2p<0 . 00 1  (unpaired Student ' s  t-test ) :  compared 
with that of pal l iative therapy . 3P<0 . 005 (unpaired Studen t ' s  
t-tes t ) : compared with that of  pal l i at ive therapy . 

neutrophi les , l ymphocytes , macrophages '. eos�nophile� and 

meso thel ial  cel l s .  Patients then received intraperitoneal 

inj ections of 5 to 20 KE of OK-432 onc: or twice a week . B� 
this method asci t i c  f luid disappeared in 59 . 9 %  and reduced in 

4 . 1 % ,  whi l e  36 . 0% of  the pat ients did not respond . t? the . 
therapy . To obtain comp lete disappearance of asc itic  f luid 

in the response group , 6 to 37 days (mean 22 . � ± 7 . 1  days)  

were required . Mean survival t ime o f  the patients af ter 

intraperi toneal OK-432 therapy was s ignif icantly prolon�ed ,  

from 2 .  1 months in  the pal l iative group to 1 1 . 4 months in the 

response group , while  that in the non-resp?nse g:oup was : · 2  

months (Tab l e  1 ) .  Survival rate o f  the patients i s  shown in 

Fig .  4 .  
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24 

F I G . 4 Effect of intr�perito�eal injec�ion of OK-432 on 
survival of patients w�th mal�gnant asc�tes . 
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F I G . 5 At tachment of lymphocytes and macrophages to the 
tumour ce l ls in ascitic fluid after intraperitonea l injection 
of OK-432. 

By th e intraper i toneal inj e c t ion of OK-432 , neutrophi les 
appeared ini tially in the asc i t ic f luid wi thin a few hours , 
and the increas e o f  rnacrophages and lyrnphocytes f o l lowed . 
Turnour cel l s  showed a gradual decrease with an a t tachrnent of 
these c e l l s  t o  the turnour ce ll surface (Fig. 5 ) . 

Usual l y ,  ant i t urnour e ffect evoked by the use o f  OK-432 was 
thought to b e  due to lyrnphocytes and rnacrophage s .  Subpopul a
tion of lyrnpho cytes in asc i t ic f luid and i n  circulat ing b l ood 
was cornpared before and after the intraperitoneal OK-432 
(Tab le 2 ) . Although there was no change in peripheral b lood, 
E-rose t t e  and s tab le E-rose t te forrning c e l l s  were s ignif i
cantly increased in as c i t i c  f luid 5 to 1 0  days after OK-432 
inj ection .  Subpopulat ion of lyrnphocytes attached to turnour 
ce l l s  in asci t i c  f luid was fu rther inve s t igated , and rno s t  of 
the ce l l s  appearing af ter OK-432 inj ect ion were rnainly E
rose ttes and s tab le E-rose tte forrning cel l s , narne ly T-ce l l s  
(Fig.  6 ,  Tab l e  3) . 

In addit ion , rnacrophages and neutrophiles were also found 
to at tach to the turnour ce l l s  in asc i t i c  f luid after int ra
peri toneal OK-432 (Tab l e  4 ) . Among thern, i t  shou l d  be noted 
that neutrophiles seerned to be associated w i th the disappear
ance of the t urnour ce l l s .  

In a case o f  a 7 7-year old man with advanced gas tric can
ce r ,  intraper i t oneal inj ec t ion of 1 0  KE of OK-432 resulted in 
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an increase of neutroph iles  in the asc i t ic f luid . In 1 2  h 
they surrounded the tumour cel l s ,  and after  48 h mos t  of the 
tumour c e l l s  disappeared . A few tumour c e l l s  remained and 
revealed bulging and/or degene ration (Fig . 7 ) . At tha t mom
ent ,  neutroph iles , lymphocy tes and macrophages in th i s  asci
t i c  f lu id accoun ted for about 9 5 % ,  2 %  and 2 %  resp e c t ive ly . 
When the pat ient was readmi t ted 3 months later because o f  
accumulat ion o f  a s c i te s ,  h e  rece ived t h e  same schedule o f  
OK-432 the rapy . l t  was confirmed that the increase o f  c e l lu
lar e l ements in h i s  a s c i t ic f lu id after  the intraper itoneal 
OK-432 was mainly neu troph i le s , and tumou r c e l l s  d isappeared 
sho r t ly after OK-432 as ascites  leve l s  subs ided . In vitro 
cytotoxic i ty tes t of t he neutroph iles  to his own tumour c e l l s  
and tumour ce l l s  from other gas tric cancer patients showed 
that his  neutroph i l e s  had a cyto toxic e f f e c t  only on h i s  own 
tumour ce l l s ,  i ndica t ing that h i s  neu troph i l e s  ob tained a 
spe c i f i c  anticance r  ac tivity when OK-432 was given (Katano 
and Tor i s u ,  1 9 82 ) .  lt is not known whe ther the d e s t ruct i on 
of the tumour c e l l s  i s  antibody-dependent ce l lular cytotoxi
c i ty (ADCC ) . 

l t  i s  also unc lear why these c e l lu lar e lement s  appear in 
asc i t i c  f luid after  in traperitoneal OK-43 2 . Rapid increase 
of neutroph i l e s  in asc i t i c  f luid may be exp lained by the fact 
that OK-432 p rovides chemotac t ic ac tivity to neu troph i l e s  
(Tab l e  5 ) . This chemotactic  fac tor may b e  derived f rom a 
comp lement sys tem since OK-432 a c t ivates the a l t e rnat ive 
comp lement pathway (Kondo et a l . , 1 9 75 ; Natsu-ume Sakai et 
al . , 1 9 7 6 ) . 

Pos s i b le mechanism of ant icancer e f f e c t  of OK-432 in the 
pe r i toneal cavi ty is shown in F i g .  8 .  

TABLE 5 

Chemotactic activity of OK-432 to neutrophi les 

OK-432 (KE /ml) 

0 

0 . 00 1 

0 . 0 1  

0 .  1 

Chemotactic 

26  ± 
48 ± 

2 6 2  ± 

220 ± 

activity 1 

2 

3 

5 0  

2 1  

1 Chemo t ac t ic act1v1ty i s  expressed as number o f  migrated 
c e l l s  in 5 high power f i e ld . Mean ± SEM of 2 experiment s .  
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OK-432 
r:=:: 

F I G . 8 Proposed antitumour meclianism of OK-432 in the peri
toneal cavity achieved after intraperitonea l injection. 

V I . S I DE-EFFECTS 

Mos t of the p a t ients comp lained of fever on the day when OK-
432 was admini s te red , but  the grade o f  f ever gradual ly de
creas ed as the inj e c t i ons were repeated . Local redne ss and 
pain with indurat ion were o ften noticed when the preparation 
was inj ected intramuscular ly , and l i docaine was sometimes 
used with OK-432 to r e l ieve the pai n .  Leukocytosis  was ob
served in mos t  of the case s .  Loss of appe t i te , nausea and 
vomi t ing , l iver dysfunct ion , anaemia and j oint pain have been 
ob served . However , their degrees were mild , and no fatal 
s ide-effects  have been reported . The s ide-effects  observed 
by the intraperi tonea-1 inj ect ion of OK-432 are summarized in 
Tab l e  6 .  

V I I .  ACKNOWLEDGEMENT 

The authors express thanks to Mr O .  Setoy ama for h i s  he lp . 

V I I I .  REFERENCES 

Aok i ,  T . , Kvede r ,  J . P . , Kudo , T . , P late , E . , Send o , F .  and 
Hol l i s , V . W .  J r .  ( 1 9 7 5 ) .  Enhancement o f  host  immune res
ponse t o  cell surface ant i gens by a preparat ion of Strep
tococcus hemo lyticus . In "Comparat ive Leukaemic Re search " . 
(Eds Y .  Ito  and R . M .  Dutche r ) , pp . 2 7 7-280 , Unive r s i ty 
Tokyo Pres s ,  Tokyo/Karger ,  Bas e l .  

STREPTOCOCCAL PREPARATION OF OK-432 43 1 

TABLE 6 
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Bac terial infe c t i ons in cancer patients are a common cause of 
morb i d i ty and mor tal i ty .  S everal of the new bac terial orga
ni sms can cause infect ion in these patient popu lat ions . Th is 
chapter wi l l  only try to summarize some o f  the general con
cep t s  of infec t ion in canc e r  patients and wi l l  pr imari ly 
focus on the s e  new o rgani sms , the i r  role in infe c t ion and the 
changing patterns of bacterial infec t ions . l t  wi l l  f inal ize 
with a brief presentat ion o f  antibiotic therapy and several 
o f  the current procedures u t i l i zed for prophy laxis  o f  b ac
te rial infec t ion . 

I .  GENERAL REMARKS 

Mul t iple factors may increase the cancer patient ' s  suscep
t ib i l i ty to infec t i on . Same of thes e  factors are dis
cus s ed in o ther chap ters of this book . Cel lular defec ts , 
such as neutropenia or monocytopen i a ,  may be a consequence 
of the disease proce s s  i t se l f . Impaired antibody production 
and gas trointe s t inal ulce ration rnay deve lop as s ide-effects  
of treatment . A comp l ex inte rre l a tionship of lymphocyte s ,  
neutroph i l s ,  macrophage s ,  imrnunoglobu l ins , complement , along 
with phys ical barriers provide p rotect ion against infect ing 
organisms . Any qua l i tative or quan t i tat ive defec t in one o f  
thes e  factors may pred i spose to infec tion,  al though many 
patients frequently suffer f rom mu l t iple defects s imul t ane
ous ly.  

Neutropenia i s  probably one o f  the rno st important factors 
respons ib l e  for the increas ed frequency of infec tion.  Both 
quan t i tat ive and qual itat ive defects have been recogni z e d .  
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An inve rse corre lation exi s t s  be tween the number of c irculat
ing neu trophi l s  and lymphocy tes and the frequency o f  infec
tion.  For exarnp l e , in a s tudy o f  5 2  patients with acute 
leukaemia , there were 43 episodes of maj or inf e c t i on per 1 00 0  
days spent with a neu trophi l  count < 1 00 /rnrn3 b u t  only 4 epi
sodes per 1 000 days spent w i th a neutrophi l  count > 1 000/rnrn3 

( Bodey et al . , 1 96 6 ) . The longer the durat ion o f  neutropen i a ,  
the greater the r i sk o f  infec t ion . A l s o  t h e  f a t a l i t y  rate 
from infect ion i s  dependent upon the trend in neutrophi l  
count . Arnong pat ients with a neutroph i l  count < 1 000/rnrn3 the 
fata l i ty rate was 59% i f  the count decreased during the infec
tion whereas i t  was 32% if the count increased . 

The malignant process i t s e l f  may also b e  responsib l e  for 
increased suscep t ib i l i ty to infe c t ion . Of ten this is  a con
sequence of tumour growth which causes obs truct i on or u l cera
t ion . Many infe c t ious comp l ications are a consequence o f  
therape u tic  measure s . Cance r  chemo therapeu t ic agents have 
mul t iple s i de-effe ct s , such as gas troint e s t inal ulcerat ion 
and mye losuppress ion .  Obs truc t ion to natural drainage may 
res u l t  from tumour growth and may predispose t o  local infec
t ion . For exarnp l e ,  ne arly 45% of patients w i th bronchogenic 
carcinoma die o f  infe c t i ous comp l ications , and 80% of these 
infecti ons are pneumonias . Mos t o f  these infe c t i ons are 
caused by bronchial obstruction and atelectas i s .  Antib iotic 
therapy is often ineffec t ive agains t  the se pneumonias even 
though the inf e c t ing organism is not r e s i s tant to the an ti
biotic u sed . Ob s t ruc t i on t o  urinary drainage commonly re
sul t s  in infec t ion . The insert ion of a catheter may re l ieve 
the obs truc t i on ,  but chronic ur inary tract infec tion is an 
inevi table consequence . Initial ly , the infect ing organism 
is usua lly s uscep t ib l e  to mul tiple ant ib i o t ic s ,  but eventu
a l l y ,  fol lowing several courses of ant ib io t i c  therapy , super
infect ion with a resis tant organism occurs . 

Gas trointes t inal ulcera t ion may resu l t  from a varie ty of 
factors . Perhaps the mo s t  frequent cause o f  the s e  ulcera
t ions is the use  o f  ant i tumour agents which des troy the pro
l i ferating epi the lial  ce l l s  of the gas t ro inte s t inal mucosa.  
Tumours of the gas trointe s t inal t ract may undergo necro s i s  
and u l cerat ions , serving a s  a portal f o r  infect ion b y  enteric 
organi sms . Infe c t i on is the proximate cau se o f  death in 
about 50% of p at ients with gas trointe s t inal tumours . Septi
caemia occurs during 45% of the se fatal infe ctions . In 70% 
of infe c t ions , the t umour i t s e l f  is  the maj or predispos ing 
facto r .  Patients  w i th gas tro inte s t inal tumours are among 
those cancer patients who have a greater su scept ib i l i ty t o  
clos tridial infec t ions . 

The skin and mucous membranes are the f i r s t  l ine of de fence 
against bacter ial and fungal infec t i ons and are of ten b reached 
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i n  cancer b y  repeated venipunctures and f inger s t icks , infu
s ion of drugs which may extravasate and cause phleb i t i s , 
the presence o f  decubi tus ulcers and the use  o f  intravenous 
cathe ters , needle s ,  and hype ral imentat ion . 

Microbial colonizat ion i s  a spec ial conce rn because rnany 
o f  the organi sms acquire d  from the hosp ital environment are 
resis tant to mul t iple ant ib i o t ic s .  The admini s tration o f  
o ra l  absorbable ant ib i o t i c s  is  associated with fungal coloni
zat ion of the gas tro inte s t inal trac t .  Both the proport ion of 
pat ient s  colonized and the concentra t i on of organisms in 
previous ly colonized patients increase during therapy . Colo
nizat ion o f  the oropharynx by gram-negat ive bacteria during 
hosp i ta l izat ion occurs in a sub s t antial proport ion of pati
ent s , even wi thou t ant ib iotic  admini s tration.  Maj or infec
tions have been found t o  occur f o l l owing marked increases in 
the concen trat ion o f  gram-negative bac i l l i  in the oropharynx . 
The respiratory trac t s  o f  patients with tracheos tomie s  are 
usually colonized by gram-negative bac i l l i  which o ften subse
quent ly cau s e  trache i ti s  and pneumonia . 

A thorough understanding o f  a l l  these underlying factors 
is  ne ces sary t o  identify l ike ly s ou rces of infec t ion and 
permi t more e f f e c t ive therapy . Bac terial infe c t i ons are s t i l l  
the mos t  cornrnon type o f  infec t ion i n  cancer patients . While 
gram-pos i tive infe c t i ons , particular ly with staphy lococc i , 
occur with increased frequency in patients with skin cancers 
and ob s t ructing tumou rs , the gram-negat ive aerob ic bac i l l i  
(part icularly E .  coli, K lebsie l la, and Pseudomonas sp . ) ,  are 
by far the mos t  cornrnon bac terial i solates from patients with 
haematologi c  neoplasia and o the r s o l id turnours . Gram-nega
t ive bac i l l i  account for we l l  over half of a l l  documented 
infect ions in these patient s , and occur about 1 0  t imes more 
o f ten than fungal organisms . l t  i s  c ornrnon for febri le 
neu t ropenic patients t o  have gram-negat ive septicaemia w i th 
no c l inically obvious source . In many o f  the s e  cases , gastro
inte s tinal u lcerat ions secondary t o  chemotherapy may be im
p l icated as the source for opportun i s t i c  infect ion . 

I I .  NEW ORGAN ISMS AND CHANGING PATTERNS OF INFECT I ON 

The pas t decade has witne s sed the discovery o f  new bacterial 
causes of infe c t ion and comp l icat ions in the compromi sed 
hos t .  Addi t i onal ly , the spec trum of infec t ing organisms i s  
changing . The introduc t i on o f  the s emisynthe t i c  ant i s taphylo
coccal pen i c i l l ins had v i r tually e l iminated Staph. aureus as 
a maj or cause o f  infe c t ion in l e ukaemia ,  bu t recently i t  has 
reappeared as an imp ortant p a thoge n .  Staph. epidermidis in
f e c t ions , s e l dom a prob lem in the pas t ,  are now an important 
cause o f  morb i d i ty and mortal i ty due to the ubiqui tous use o f  
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TABLE 1 

FPequent and newly Pecognized bactePia causing 
inf ection in cancer pat ients 

Staphy lococcus auPeus 
Staphylococcus epidePmidis 
Enterococcus 

JK bacteria 
Baci l lus cePeus 
ListePia monocy togenes 
AePomonas hydPophi la 
Capnocy tophaga sp . 
Eikene l la coPPodens 

Pseudomonas aeruginosa 
E. co li  
K lebsie l la s p .  
SePPatia maPcescens 

Legione l la pneumophila 
Legionel la-l ike organisms 
ClostPidium septicum 
Clos tPidium pePfPinges 
Clostridium difficile 
Acine tobacter sp . 

intravenous cathe ters . Hence , the approach to management of 
these patients and the choice of ant ib iotic  regimens needs  to 
b e  constantly  reeva luated . Table  1 l i s t s  many of  the bac
terial organisms which have been identif  i ed as common causes 
of  infect ion in  cancer patients . Some of  the new organi sms 
recently  d i scovered and the role they p lay in these patients 
wi l l  b e  d i scussed . 

A .  Legion e l la pneumophi la and Related Organisms 

Legione l losis  is now recognized as a cause of epidemic and 
sporadic  pneumoni a .  The d isease was f i r s t  described in 1 9 76 
after an outbreak of pneumonia (Fraser e t  a l . , 1 9 7 7 ) . When 
the bacterium was isolated i t  was found to be c losely related 
to  p revious outbreaks (Chandler et a l . , 1 9 7 7 ) . In the las t 
5 years , more than a thousand cases have been conf irmed , 
many of  them affecting compromised patients who have under
gone renal t ransplantation or who have cancer and are severe ly 
immunosuppressed , sometimes as nosocomial outbreaks . After 
extens ive and detailed microb iological and serological work , 
more sero types of Legione l la  pneumoph i la as well  as o ther 
species have been discovered . Thus far , 5 spe��es (pneumo
phi la, micdadei, bozemanii, dumoff, and goPman�� ) are recog
nized . Also 6 serotypes of  pneumophila  have been wel l  charac
terized . Person to  person spread has not been documented 
and cases o f  pneumonia due to  this organi sm have been repor
ted from countries . lt is a severe mul t i systemic d isease 
characterized by fever and pneumonia . C l inica l ly ,  the pneu
monia proce ss is difficul t to d i s t inguish

_
fro� other a�ypical 

pneumonias . l t  b egins as an influenza - 1 1ke 1 l lness w1th 
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malaise , myalgias and headache accompanied by fever : Early 
in the course a dry cough begins . About 30% of  pat1ents 
have ehes t  pain and dyspnoea is a common f inding later in  the 
course of  the diseas e .  Abdominal pain and vomit ing are pre
sent in  20% of  affected patients , and diarrhoea has been re
ported to occur in up to 40% of the cases . The spectrum of  
the  d i sease ranges from a mil d  pneumon i t is to  a mul t i l obar 
pneumonia wi th death from respiratory fai lure . Same i nv�s t i
gators have isolated the organism f rom transt racheal asp1ra
tes and b lood ( Rodgers , 1 9 7 9 ) . Howeve r ,  this  i s  unusual and 
the d iagnos i s  i s  s t i l l  made by the demons tration of organisms 
in clinical  specimens or by speci f ic seroconvers ion .  

Several epidemics o f  the d i sease have been reported and 
they usual ly tend to occur i n  the summert ime . Transmis s ion 
appears to be  airborne or by aerosol ,  and in several out
b reaks there was some evidence for spread by heat exchange 
uni t s  such as cooling towers or s tream condensers . However ,  
the organism has also b een isolated f rom s treams , lakes , soi l  
and cool i ng towers not involved in disease transmission .  
E s t imates o f  the propor t ion of undiagnosed pneumonias that 
are caused by this o rgan i sm have ranged from 0 . 3% to 4 . 5% ,  
some o f  these f igures app lying dire c t ly to  the compromised 
patien t .  

Legione l la pneumophi la is  a fas t id ious gram-negative baci
l lus which grows on Mue ller-Hinten agar base supp lemented 
with 1 %  haemoglobin and 2% Isovitalex or wi th 0 . 025%  ferric 
pyrophosphate and 0 . 04% L-cys te ine HCL , when incubated up to 
7 days at  35°c in  atmosphere containing 5% C02 . l t  is cata
lase-posi t ive and grows wel l  in  the yolk sac of  embryonated 
eggs and when inoculated intraperi t onea l ly into guinea p igs . 
The diagnos is  i s  usually  made when lung t issue , b ronchial 
washings or trans tracheal aspirates are s tained wi th d irect  
f luorescent antibody, or by cu l turing the organi sm from lung 
t issue , b lood or p leural f luid (Watts  et a l . , 1 9 80 ) . S ince 
the diagnosis  usually requires obtain ing t issue by invas ive 
procedures , o ther techniques are being developed . Kahler e t  
a l .  have developed a radioimmunoassay to  detect Legione l la 
pneumophila serogroup 1 in the urine (Kahler e t  a l . , 1 9 8 1 ) .  
The demonstration o f  a 4-fol d  r i se  in  ant ibody t i tre from 
acute phase to convalescent  phase a l so conf irms the d iagno
sis . Thi s  t i ter  may rise  as early as 7-S days after onset 
of  symptoms but it usua l ly reaches i t s  maximum after 3 to 4 
weeks . S ince the serological tests  for antibodies are not 
useful for the rapid d iagnos i s  of  this d i sease and the cul
ture of the organi sm is very diff icul t  because it i s  �o fas
tidious , the diagnosis  usually requires h i s t o logic examina
tion . Al l s trains have been sens i t ive to erythromycin which 
is  the drug of choice (Edel s te in  and Meyer , 1 9 80 ) . Rifamp in 
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is  also effective but  experience with this  drug is  l imited . 
However ,  some authors recommend adding r ifamp in i f  the diag
nos is  has been confirmed and i f  erythromycin therapy is  not 
successful . 

B .  Coryneb acteria 

JK bacteria and Corynebacterium s p .  are skin organisms which 
if  i so lated f rom b lood cul tures are usually regarded as con
taminant s .  However ,  they can cause sept i caemia and pneumoni a  
in  compromised pa t ient s .  Several species , including C. haemo
lyticum, C. xerosis, C. pyogenes and C. pseudodiphteriticum 
have been iden t i f ied as infect ing organi sm .  JK bacteria are 
a group of aerobi c ,  p leomorphic , non-mo t i le ,  non-sporulating ,  
gram-pos i t ive rods related t o  Corynebacter i a .  They can 
cause sept icaemia and prosthe t ic valve endocard i t i s  (Gil l  e t  
a l . , 1 9 8 1 ; Riley e t  a l . , 1 9 79 ) . Infect ions caused by this  
organi sm have been described in  patients with haematological 
mal ignancies who have been hospitalized for prolonged periods, 
are receiving antib iotics  and remain neutropenic . A break 
in  the mucocutaneous sur face has been iden t i f ied in  the 
maj ority of the infected patien t s .  Characteri s t i cal ly , the 
organi sms are res i s tant to the maj ority of conventional anti
b io t ics . They are suscept ib l e  to vancomycin and somet imes 
also to erythromycin and rifampin .  Young e t  al . have shown 
that this organ i sm can be  acquired from the hosp i tal  environ
ment and they can be cultured f rom the groin ,  rectum and 
cathe ters (Young e t  a l. , 1 98 1 ) .  Thirty of  35 patients i n  
one series were colonized with JK b ac teria while  in  the hos
p i ta l  and some pa t ients were a lready colonized on admission 
( G i l l  e t  a l . , 1 9 8 1 ) . About 80% of  untreated patients have 
died from these infections , as wel l  as 3 of 1 3  who were 
t reated appropriate ly (Lang e t  a l . , 1 9 80) . In order to 
inst i tute appropriate �herapy promp t ly ,  recogn i t ion of  these 
resis tan t  bacteria is  e ssent ial . 

C .  Clostridium diffi ci l e  and Capnocytophage ochracae 

C. difficile i s  a gram-posi tive obl i ga te anaerobi c  rod , whi ch 
has b een d i f f icult  to i so late in  the pas t .  Described in  
1 935 , i t  was cons i dered non-pathogeni c  for humans unt i l  
recently (Bar t l e t t  e t  a l . , 1 97 8 ) . Epidemiological s tudies 
on healthy individuals have shown that i t  can be  i solated 
f rom s tools in 2-3% of adul t s  (Bar t le t t ,  1 9 7 9 ) .  P seudomem
branous col i t i s  caused by C. difficile i s  a severe form of  
diarrhoea usually related to  ant imicrob ial therapy . In  98% 
of the cases a toxin can be detected in  the faeces . Like
wise ,  1 5 %  of patients with diarrhoea related to ant imicrob ial 
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agents wi l l  have the toxin present even without s igns of 
col i t i s .  The d iagnos is of this ent i ty is made by culturing 
the organi sm in Special media  containing cefoxi t in ,  cyc lo
serine and egg yolk and de tecting the presence of the toxin 
by a cytopath ic  effect on t i s sue cul ture ce l ls (Chang e t  a l . , 
1 9 7 9 )  or by counter immunoelectrophoresis . S ince necroti zing 
col i t i s  is a recognized comp l i cation of cancer chemotherapy , 
the role that this organism p lays in  the disease has recent ly 
been evaluated (Fains tein e t  a l . , 1 9 80 ) . C. difficile can 
produce col i t i s  in cancer patients when they are treated only 
with anti tumour agents  (Fains tein e t  a l . , 1 9 8 1 ) .  The organ
ism can colonize patients who are receiving prophylactic  
ant ibiotics  and predispose them to  the development of  diarr
hoea and col i t i s .  

Capnocytophaga ochracea formerly cal led Bacteroides ochra
ceus , i s  a p igment-producing gram-negative , non-sporeforming 
capnophil ic  bac i l lus , which is part of the normal oropharyn
geal f lora .  However ,  recent ly i t  has been identif ied as a 
cause of infection in  patients  with leukaemia and severe 
immunosuppression (Florlenza et a l . , 1 9 80 ; Gi l l igan et a l . , 
1 9 8 1 ) .  In t he majority  of  the reported cases , this  organi sm 
has invaded the b loodstream through disrup tions of  the epi
thel ial surface of  the gum and oropharyngeal cav i ty .  The 
organism is very sen s i t ive to erythromycin,  c l indamycin ,  
chloramphenicol and cephalosporins . I t s  abi l i ty t o  cause 
sep t icaemia in leukaemia patients and its role in  periodontal 
disease require further inves tigation. 

D . Ch anging Spect rum o f  Infect ion 

Several organisms have become importan t  causes of i nfection 
in  compromised hos ts .  The gram-pos i t ive aerobi c  cocci which 
has become infrequent and eas i ly managed cause of  infection 
have again emerged as a maj or cause of nosocomically acquired 
infec t ions in leukaemia patients (Kil ton et a l . , 1 9 7 9 ) . The 
frequency of Staph . aureus infect ions has increased in many 
leukaemia unit s  and in  some ins t i tu t ions about 1 0  to  20% of  
s trains are res i s tant to methici l l in and o ther ant i-s taphylo
coccal antib iotics . Unt i l  recent ly ,  the i so lat ion of  Staph . 
epidermidis from b l ood cul ture specimens indicated skin con
tamination , s ince i t  was seldom a cause of infection .  How
ever ,  this  organism can no longer be ignored because i t  has 
become an increas ingly common cause of sept icaemia in  leukae
mia patients and bone marrow recipients . Infection with this 
organism i s  usual ly related to intravenous catherization. or 
interrup tion o f  the integument (Bender and Hughes , 1 980 ) . 

Many o ther organisms considered in the pas t as uncommon 
or non-pathogenic have become important pathogens in  
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leukaernia patients . Aeromonas hydrophi la is an organism 
usual ly found in water which may cause septicaernia and cellu
l i t i s .  Intere s t ingly , sorne l eukaemia patients have developed 
infec tion wi th this  o rganisrn when they have returned to nor
mal act ivities  such as swirnming and f i sh ing af ter achieving 
cornple te rerni ss ion (Fains tein et a l . , 1 9 8 1 b ;  Wol f f  et a l . , 
1 980) . The organism i s  generally resis tant to penici l l in ,  
ampici l l in ,  and carbenicil l in but suscept ib le  to  cephalo
sporine and arninoglycosides . Eikene l la corrodens is a gram
nega t ive aerobic  bacterium which i s  par t of the mouth and 
throat f lora . l t  has been recognized as a human pathogen 
causing endocard i t i s , meningit i s ,  and sept ic  arthri t i s  (Fain
s tein e t  a l . , 1 9 8 1 c ;  Ruberstein et  a l . , 1 9 7 6 ) . Bac i l lus sp . 
is a skin contaminant which has b een considered essent ia l ly 
non-pathogenic . Infect i ons caused by these organisms have 
been reported in leukaemic patients , usual ly related to intra
venous catheters and hyperalimentation .  Infec t i on may be 
manifested as sept i caemia ,  ce l lu l i t i s ,  conj unc t iv it i s ,  o t i t is 
or pneumonia  ( Ihde and Arms trong, 1 9 7 3 ) . 

I I I .  ANTIMICROBIAL THERAPY AND PROPHYLAXIS 

Nurnerous s tudies of  antimicrobial therapy have been conducted 
in cancer patients , the maj or i ty of  them leukaemic ,  during 
recent years . Several important concepts  have been examined 
such as the role of  ant ibody synergy and the impact of ant i
biot ic  s chedule on outcome . Several new ant ibiotics  have 
b een introduced and new cornb inations have been developed . 
De tailed discussion of those s tudies i s  beyond the scope of  
this  review and the reader can f ind excel lent art icles on 
this  subj ect  (Bodey et a l . , 1 9 7 2 ,  1 97 9 ; Keat ing et al . , 1 9 7 9 ; 
Klas tersky,  1 9 8 1  ; Schimpff  e t  a l .  , 1 97 1 )  . 

A .  New Ant ib i o t i c s  

Dur ing the past several years , rnany new broad-spectrum peni
c i l l ins and cephalosporins have been synthes ized . Mez lo
c i l l in ,  azlocil l in and p iperac i l lin are new penic i l l ins of  
interest  (Sch impff  et  a l . , 1 9 7 1 ;  Fu and Nev , 1 9 7 8 ;  I sse l l  
and Bodey , 1 980 ;  S tewart and Bodey , 1 9 7 7 ) . P iperac i l l in and 
rnez locil l in have a b roader spectrum of activ i ty against gram
negative bacil l i  than earlier penic i l lins . Azloc i l l in is  an 
antipseudornonal p enic i l l in with substantial ly greater act iv i ty 
than carbenici l l in or t icarc i l l in  agains t P. aeruginosa in 
vitro . A new class of  cephalosporins , the " th ird generation 
cephalosporins" are undergoing cl inical evaluation at present .  
These antibiotics  generally are rnore active than o lder 
cephalosporins against cephalosporin-suscept ib le  gram-nega-
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t ive bac i l l i  (Bolivar e t  a l . , 1 9 8 1 ; Hinkle  and Bodey, 1 9 80 ) . 
Addi t ional ly ,  they are also act ive against organisrns which 
are usual ly res i s tant to other cephalosporins , such as 
Serratia marcescens and P. aeruginosa . One of  these agents , 
cefsulodin, i s  a cephalosporin wi th selec t ive ac t iv i ty only 
against P. aeruginosa (King et a l . , 1 9 80) . Add i t ionally , 
several new classes of  ß-lactarn ant ibiot ics  have been .ii s
covered including thienamycins and monobactams and ß-lac ta
mase inhib i t ions such as c lavulanic  acid (Neu and Fu ,  1 9 7 8 ;  
Weaver e t  a l . , 1 9 7 9 ; Fainstein e t  a l . , 1 9 8 1 d) . A l l  of  these 
agents are inve s t igational at p resent and thei r  role in the 
t reatrnent of infe c tions in neutropenic patients rernains to 
be ascertained . 

The high frequency of  infec tion mainly in leukaemia pati
ents during periods of  neutropenia l ed to  the developrnent of 
prophylactic programmes . For many years , phys icians have 
placed neu tropenic patients on reverse isolat ion in an 
attempt to protect them from acquiring infect ion . Recent ly ,  
a group of  leukaemia patients  were randomly assigned to  
reverse i solation or no  i so lation during periods o f  neutro
penia (Nauseef and Maki , 1 98 1 ) . There were 27 infec tions 
during 23  s tudies  of no i solat ion ( 4 . 4  per 1 00 days )  com
pared to 28 infections during 20 s tudies ( 6 . 4  per 1 00 days )  
of reverse isolat ion , hence , this  prac t ice is  of  no  value . 
Many o ther techniques have been u t i l i zed for p rophylaxis  of  
bac terial infect ions . 

More than a decade ago , techniques u t i l i zed wi th germ-free 
animals were modi fied for cl inical appl ication, init ial ly 
with t he introduct ion of  the p las t ic tent i solate r ,  and 
subsequently wi th the laminar air f l ow uni t  (Bodey , 1 969 ; 
Schwartz and Perry , 1 966 ) .  Most of the early s tudies attem
p ted to  provide maximum reduct i on in microbial contarnination 
of the patient and his environment by the use of  f i l tered 
air ,  special ly p repared food , oral non-absorbab le ant i
b io t i cs and skin c leans ing agen t s .  I n  the maj ority of these 
s tudie s ,  the proportion of  patients developing severe and 
fatal infections was subs tantially lower among PEPA patients , 
and mos t  of these d i f fe rences were s ta t i s t ically s ignif ican t .  
Patients o n  the PEPA progranme wer,e b� t ter  able to  tolerate 
higher <loses of chemotherapy that did . 1ot increase the com
plete remi s sion and surviva l .  The 11trA progranune definitely 
reduces the r isk of  infection during remi ss ion induct ion 
chemotherapy , bu t  i t s  long-term bm1ef�ts  remain to  be deter
mined . 

The importance o f  attemp t ing to  comp letely s te r i l ize •the 
gastrointe s t inal t ract h as b een quest ioned by van der Waaij , 
who has p roposed that the anaerob i c  f lora conveys "coloniza
t ion res i s tance" which protec t s  against colonization by  
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aerob i c  pathogens . His  associates conducted a s tudy in which 
patients were randomi zed to rece ive an antib iotic re gimen 
which did not affe c t  the anae robic f lora or to rece ive no 
prophylaxis ( S leij fer e t  a l . , 1 9 80 ) . E i ghteen gram-negative 
infec tions or fungal infect ions occurre d in 1 2  of 55 control 
patients compared to only 2 inf e c t ions in 2 of 58 patients on 
the prophylactic regimen (p <0 . 0 1 ) .  Nine control patients 
died of infect ion compared to none on the prophylactic regi
men . Ano ther s tudy has shown that the f requency of infe c t ion 
in patients receiving ant ibiotic regimens cho s en to se lec
t ively e l iminate the aerobic f l ora,  i s  related to the ef fi
cacy of the regimen in e l iminating this f l ora (Henri et al .  , 
1 98 1 ) .  Three infect ions occurred in 2 3  patients who became 
free of potentially pathogenic organisms whereas 1 0  infec
t ions occurred in 1 6  patients in whom potential pathogens 
persis ted in the gas trointe s t inal trac t .  In a randomized 
t rial , cotrimoxazole p lus nys tatin which has a lesser impact 
on the gas trointes tinal flora than gentamicin p lus nys ta t i n ,  
was a s  e ff e c t ive in protecting again s t  acqu i s i t ion of new 
organisms (Wade et a l . , 1 9 8 1 ) .  Thi rty-f ive infec tions 
occurred in the 27 patients on the former regimen compared to 
3 1  infections in the 26 patien t s  on the l atter regimen. 
Hence the data indicate that a variety of regimens , inc lud-, 

. 
ing parenterally adminis tered antibiotics , are e ffective for 
protecting leukaemic patients  from infect ion during periods 
of severe neutropenia . 

The risk o f  infec t ion can be reduced by us ing antib iotic 
regimens that do not fully suppress the microb ial f l ora of 
the gas trointe s t inal tract . Chi ldren wi th leukaemia in 
remi s s ion were prosp e c t ively randomi zed to rece ive cotrimox
azole or p lacebo for prevention of pneumocy s t i s  pneumonia 
(Hughes et al . , 1 9 76 ) . Pneumocys t i s  pneumonia occurred in 
2 1 %  of the control patients  but in none of those who received 
cotrimoxazole . In add i t ion , bacterial septicaemia , pneumoni a ,  
o t i t i s  med i a ,  upper resp iratory infections , s inu s i t i s  and 
cel l ul i t i s  occurred less often in the treated group (p <0 . 0 1 ) .  
In ano the r  s tudy , patients were randomized to rece ive cotri
moxazole or no prophylaxis during pe riod of neutropenia 
(Herzig et a l . , 1 9 7 7a) . The patients who received prophyl
axi s  spent s igni f i cantly l e s s  time w i th fever than the con� 
trol pat ient s .  None of thes e  pat ients deve loped bac teraemia 
compared to 1 7% of the contro l s  (p = 0 . 00 1 ) , and they also  
experienced fewer soft  t i s sue and urinary tract  infections . 

Other techniques l ike granulocyte trans fus ions ( Gaines and 
Remington, 1 9 7 3 ;  Herzig e t  a l . , 1 9 77b) , l i thium carbonate 
( S te in et a l . , 1 9 7 9 ) , and immunotherapy have been e valuated 
for pro t e c t ing pat ients from infectiou s  comp l ications . Since 
passive immunotherapy does no t depend upon the patient s ' 
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abi l i ty t o  respond to ant igeni c  s timu l i , hence , this approach 
might be more e ffec t ive in cancer patient s . S tudies have 
been conducted with Pseudomonas antise rum, hyperimmune globu
l ins and antiserum to core glyco lipid of gram-ne gat ive bac
teria ( 1 -5 ant i se rum) . S ince Pseudomonas infect ions are 
common in cancer patients , the possib i l i ty of prevent ing this 
infection has e l i c i ted great intere s t .  Unt i l  recently , the 
only availab l e  vaccine was a heptavalent vaccine which was 
te s ted extens ively . When the vaccine was adminis tered to 
patients wi th burn wounds , it reduced the frequency of P seudo
monas septicaemia f rom 1 8  to 8% (Alexander et a l . , 1 9 7 1 ) .  A 
randomized s tudy of this vacc ine was conducted in cancer 
pat ients (Young et a l . , 1 9 7 3 ) . Those w i th acute leukaemia 
and solid  tumours responded as we l l  as normal individual s ,  
but patients with chronic lymphocytic l eukaemia did not ,  as 
measured by hemagglutinating antibod ies . The frequency of 
P seudomonas infect ion was 1 6% among the vaccinated patients 
compared to 24% among the con trol pat ients . Mortal i ty due to 
P s eudomonas infect ion occurred in 7% and 1 7% of patient s , 
respective ly . 

Recen t ly , a new polyvalent Pseudomonas vaccine has been 
deve loped (Miller  et a l. , 1 9 7 7 ) . This vaccine i s  made from 
s urface component s  of 1 6  s e l e c ted s trains of P. aeruginosa. 
A controlled c l inical trial of this vaccine was conducted in 
chi l dren and adul t s  with bums (Jones e t  a l . , 1 9 7 9 ) . Thi rteen 
of 3 5  ( 4 3%) b lood cul tures from unvaccinated patients con
tained gram-negative bacteria (P. aeruginosa, K. aerogenes, 
E. co li ) and one of 1 6  b lood cultures ob tained from vaccin
ated patients contained gram-negative bac teria . 

B .  Ant i sera to Gram-negat i ve Bac teria 

Measures to reduce the high frequency of gram-negative bac i l
lary infe c t ions espe cially in leukaemic patients would b e  
bene f icial . Braude e t  al .  prepared a vaccine f rom a rough 
mutant of E. coli 0 1 1 1 ,  known as J-5 (Braude et a l . , 1 98 1 ) .  
The ant iserum obtained after imrnunization with this vaccine 
is des ignated as J-5 ant is erum. S tudies in immunosuppressed 
animals have shown that this antiserum has ant i toxic proper
ties  which can pro tect against l e thal bacteraemi a .  The 
re sults w i th this anti se rum have been encouraging in patients 
with gram-negative bac teraemia . The mort a l i ty rate in 37  
bacteraemic patients given antibiotics p lu s  J-5 antiserum was 
1 4% but i t  was 26% in 46 patients given antibiotics  p lus non
inunune serum (McGuthan et a l . , 1 9 7 9 ) .  Among patients •w i th 
endotoxin shock , the recovery rate was 82% in the former 
group and 29% in the latter group . The anti s e rum has been 
evaluated therapeutically and also prophylac tically . Neutro-
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penic patients w i th leukaemia and lymphoma were randomly 
ass igned to rece ive e i ther J-5 ant i serum or pre-immune con
trol serum as prophy l axis . P a t ients rece ived serum intra
venous ly every 2 1  days while neutropenic .  The frequency o f  
febrile  days was 4 4 %  i n  controls compared to 1 8% i n  those 
given the ant i s erum. 

C .  Pneumococcal Polysaccharide Vaccine 

Although mos t  infe c tions in patients  wi th leukaemia are due 

to gram-negative bac i l l i ,  infecti ons wi th pneumococci occur 

occas ionally . Thir teen ( 2 1 %) of 60 patients wi th pneumococ

cal b acte raemia in one series had leukaemia (Fol l and et a l . , 

1 9 7 4 ) . Pat ients with chronic lymphocyt i c  leukaemia had a 

higher mort a l i ty from this  infecti on than o ther patient s . 

P at ients wi th hairy c e l l  leukaemia frequently undergo splenec

tomy as p ar t  of the ir therapy . Pneumococcal infect ions rep

resent a s er ious threa t  to splenec tomized patients because 

infection may be overwhe lming and rapidly lead to death , 

des p i te ant ib i o t i c  therapy . Trials conducted in patients 

with mul t ip l e  mye loma have shown that approximately 30% of 

p a t ients demons trated a s i gnif icant antibody response to 

immunization (Lazarus et a l . , 1 980) . IgG and IgM antibody 

responses of sp lenectomized patients to pneumococcal vaccine 

was markedly impaired when compared to control patients 

(Hosea e t  a l . , 1 98 1 ) . Unfor tunately , several splenec tomi zed 

p a t ients who were vacci nated subsequent l y  died of overwhe lm

ing pneumococcal infect ion , sugge s t ing that peni c i l l in pro

phylaxis may be neces sary in these pat ient s .  

D .  Pas s i ve I mmunotherapy 

Pass ive immunotherapy has been evaluated , us ing immune serum 

g lobu l in and hyperiminune gammaglobulin preparat ions agains t 

viruses and b ac te r i a .  Immune s erum globu l in was not found 

to be an e f fe c t ive adj uvant to antib i o t i c  therapy in a ran

domized t r i a l  of inf e c t i on in p a t ients wi th acute leukaemia .  

The eure rate in p a t ients receiving gammaglobulin was 5 7 %  

compared t o  5 6 %  for pat ients  receiving antibiotic  therapy 

only ( Bodey et a l . , 1 96 4 ) . The l ack of spec i f i c i ty probably 

accounted for the lack o f  e f f i cacy in this  s tudy . Hyper

immune globu l in directed against specif ic infe c t i ou s  agents 

may prove to be more usefu l . 
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D I S CUS S I ON V I  
CHAPTERS 1 8 - 2 0  

Dr SEDLACEK : Dr Mitche l l ,  a provocative que s tion : what do 
you think about the possib i l i ty that the induction of  sup
pressor cel l s  by BCG might j us t  be the mechanism of the ant i
tumoural effect  of BCG? l think this possib i l i ty  h as also 
been t aken into account if you look at the active role of  the 
cel lular and humoral immune response on s t imulating tumour 
growth and me tastases . 

Dr MITCHELL : l t  i s  certainly pos s ib l e  that suppressor macro
phages or T-ce l l s  ass i s t  the host  - if you accep t the theory 
that a smal l  amount of immuni ty is "bad" for the hos t .  How
eve r ,  my b ias has been that ant i tumour immune responses 
generally aid the ho·s t by at tacking the tumour . T-suppressor 
ce l l s  are generated by comp l exes of soluble  tumour antigens 
and host  ant ibody and are , l think , the way in whi ch a tumour 
specif ically escapes des truction by the hos t .  Macrophage 
suppressors depress skin t e s t  reac t iv i ty nonspecif ical ly .  
Whether they p lay a maj or rol e  i n  the  rej ection of  tumours ,  
as you sugges t ,  or i n  the avoidance o f  rej e c t ion , are both 
totally unknown . Your que s t ion expresses our i gnorance of 
the in vivo role of suppressor c e l l s  only too wel l .  
Dr PRAGE R :  When the macrophages f rom the BCG- treated animals 
inhibited  formation o f  cytotoxic c e l l s ,  were these  cytotoxic 
T-ce l l s  being generated or induced by some o ther kind of 
e f fector? 
D r  MITCHELL : Classical T-cel l s  are generated in  the in vitro 
immunization sys tem with a l loant igens as immunogens . Non-T
k i l le r  c e l l s  are also generated but  we have not characterized 
them. l t  i s  poss ib l e  that they may resemb l e  those e l i c i ted 
in vivo by BCG and al loan tigen , but we real ly do not have 
suff icient  evi dence about that . 
Dr BREDE : Allow me an addi t ional remark on the modi f ication 
of  immune response by BCG. A very good example for the modu
lation of  immune responses i s  the ob l igatory BCG vaccination 
of newly borns in  endemic leprosy areas as in  Africa ,  where 
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BCG shifts  the cel lular immuni ty to  the active s ide and in
f luences the c l inical p ic ture of leprosy in f avouring 
tuberculoid leprosy . 

Dr BAS I C : Dr Kondo , bes ides plura l i ty of  explanations for 
the mode of anti tumour activi ty of  OK-432  you have shown that 
OK-432 causes granulocytosis  and that these ce l l s  could p l ay 
a certain role in antitumour activity o f  this b i omodif ier . 
Now we come t o  the que s t ion about the role  of  granu locytes in 
defence against  cancer :  I t hink this  i s  a very impor tant ques
t ion because these ce l l s  and their role in anti tumour actions 
have been almo s t  neglected . Would you comment a l i t t le b i t  
more about their eventual p lace i n  anti tumour defence . The 
que s t ion is also  addressed to Dr Mi tche l l ;  he has also found 
granulocyte- l ike cel l s  in the spleen of mice treated with BCG . 
Dr KONDO : Ant i tumour effect  of granulocytes of  a patient was 
ob served only against h i s  own tumour ce l l s .  Usua l ly granulo
cytes rapidly appear in the peri toneal cav i ty and have been 
frequent l y  overlooked . I woul d  l ike to  emphas ize that we 
should focus our at tent ion on the behaviour of  neutrophils . 

Dr ROSZKOWSK I :  Have you t ried to  show neutrophil cytotoxic 
effect in funct ional tes t s  ( 5 1 cr release or inhib i tion of 3H-thymidine incorporat ion) ? 
Dr KONDO : No ,  we have not dorre t hat yet . 
Dr S INKOV I C S : About granulocytic  response ,  i n  the 1 960s we 
experimented wi th AKR mice which  developed lymphatic leukae
mia as a rule in 80% of the animal s  by 1 year of age . When 
we treated newborn or suckl ing AKR mice w i th kil led B. per
tussis vaccine , we e l i c i ted granu locytosis  ( instead of 
lymphocyto s i s  as we expected) . The granu locytes showed 
rounded (doughnut-shaped ) nuclei  very much l ike the ce l l s  Dr 
Mitche l l  j us t  showed . These pertuss i s  vaccine-treated AKR 
mice with early granu locytos i s  later h ad a much reduced inci
dence of their " spontaneous" leukaemia . 
Dr MI TCHELL : Granulocytes are very much a part of the innnune 
sys tem, as Me tchnikoff  would s trongly remind us , but we don ' t  
know what they do against tumours .  As I mentioned in my 
talk , granulocytes might be the unusual k i l ler cel l s  we e l i
c i ted wi th BCG or even the suppressor mye loid ce l l  - although 
the lat ter appears to be a fairly classical macrophage . I 
suppose they migh t  s imply be responding to  BCG , but  we would  
l ike t o  exp lore the role o f  granulocytes in rejection through 
sorting them by l ight-scattering microscopy . 
Dr PRAGER : S ince granu locytes have Fe recep tor s ,  I wonder if 
an antibody i s  involved in the tumour targe t k i l l ing by the 
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neutrophi l  in Dr Kondo ' s  sys tem or in the k i l ler cell des
cribed by Dr Mi tche l l .  
Dr KONDO : I t  seems reasonab le to expl ain that the ant i tumour 
effect of neutrophils  i s  due to ADCC . But at present we 
don ' t have any dat a ,  and i t  should be further inve s t igated . 

Dr MITCHELL : We looked for cytoph i l ic antibodies in the serum 
but coul d no t f ind them. Thi s  does not rule out the involve
ment of ano ther sort  of "as suring" principle  in the specif ic 
k i l ling noted with BCG and a lloantigen-el i c i ted k i l ler cel l s .  
Dr BREDE : Dr Kondo , did you inves t igate for rheumatic factor 
in your cancer patients after treatment with OK-432?  

D r  KONDO : We real ly were worried about producing immune com
p lexes in pat ients when OK-432 was repeatedly inj ected .  In 
some cases rheumatic  factor turned to pos i t ive , but  there was 
no evidence of arthralgia nor nephri t i s .  

Helen NAUTS : Did you ge t good febri le  react ions every t ime 
you inj ected OK-432? Did you use ant ipyret ics? 
D r  KONDO : Unt i l  now we have used them s ince patients  com
p lained of  fever and i t  often made i t  d i f f icu l t  for us to 
continue the therapy . However ,  we shall not use antipyre ti cs 
later on , fol lowing your idea that fever i s  important as an 
ant itumour factor . 
Dr BREDE : Dr Kondo , would  you p l ease characteri ze your 
haemo lytic  s treptococcus a l i t t le  b i t  more? To which Lance
f ie ld group does i t  belong ,  why d id you name the s t rain OK? 

Dr KON DO : The preparat i on is a mutant of group A S t repto
coccus haemolyticus , Su . The name OK came f rom the init ials  
of Drs Okamoto and Koshimura . 

Dr PULVERER : How does the OK preparation inhib i t  DNA/RNA 
syn thes is?  
D r  KONDO : I t  has  been shown by Dr Okamoto ,  and I ,  myself , 
don ' t know precisely .  I t  i s  said that the inhibit ion can be 
observed when the bac i l l i  are suspended in Bernheimer ' s basal 
medium. 

H e l en NAUTS : Did you have any 5-year surviva l s ?  How of ten 
and how long did you cont inue inj ections? Are any of the 
s trep tococcal enzymes p resent in your product?  
D r  KONDO : We do  not have any 5-year survival observations 
ye t .  Patients usually  received 1 to 5 KE of OK-432 every 
day or several t imes a week as long as poss ib l e ,  preferab ly 
as long as they are al ive . Concerning the s trep tococcal 
enzymes , I don ' t know about i t .  
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Dr SEDLACEK : Do you know anything about the reproduc tion o f  
your very impress ive data o n  the e f fect o f  P i c iban i l  in lung 
and gas tric cancer patients for ins tance in Vienna by Uchida 
et al .  

D r  KONDO : Survival o f  pat ients w i th lung cancer shown here 
was done by Dr Watanabe . I am not f ami l iar with the resul t s  
ob tained by Uchida e t  al .  
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1 96 , 1 9 7 , 1 9 9 , 22 3 , 245 , 2 9 8 , 403 , 
404 , 406 , 40 7 , 44 1  

Borde te l la pertusis , 1 8 2 , 1 8 7 ,  
1 88 , 454 

Bru-Pe l l  (extract o f  Bruae l la 
strain) , 3 1 7  

Cancer,  3 , 5 , 6 , 9 , 1 0 , 3 7 , 3 8 , 4 0 , 5 4 ,  
59 , 60 , 1 7 3 , 1 7 4 , 33 1 -356 , 435 , 
445 (see also Carcinoma) 

b l adde r ,  40-4 2 , 32 2  
breas t ,  1 , 2 , 5 , 8 , 39 , 40 , 2 7 7 , 2 7 8 ,  

280 , 322 , 340 , 342-345 , 354-356 , 
369 

cervix , 4 2 , 4 3  
colon , 40 , 280 
colorectal , 8 , 36 , 1 09 , 355 
dige s t ive trac t ,  347-352 
duodenal , 347 

endome trium, 39 , 40 
gastric , 3 7 , 38 , 1 7 3 , 2 7 7 , 2 7 8 , 3 2 2 ,  

422 , 4 24 , 42 7 , 456 
kidney , 43 , 5 0 , 32 2  
lung, 3 , 1 09 , 240 , 332-339 , 35 5 ,  

42 1 , 456 
ovarium, 8 
penis , 5 
pros tate , 5 , 2 78-280 , 32 2  
rectum, 344 , 3 4 7 , 35 1  
regression (see Regression) 
remission (see Remi ssion) 
rena l ,  8 
skin, 5 
stomach , 37 , 280 , 3 47 , 350 
sygmoid,  344 , 34 7 , 350 
test i s ,  5 , 8  
therapy , 4 , 3 1 0-324 (see also 

Chemo therapy, Inmuno therapy) 
uterine , 4 

Candida albicans , 49 , 5 5 , 73 , 7 4 , 7 6 ,  
7 7  , 4 1 7  

Candidias i s ,  335 
Caproic acid , 1 7 1  
Carbohydra te , 1 3 1 , 1 8 2 , 29 3 , 300 
Carcinogene s i s ,  35 , 4 1 -43 , 1 1 3 , 1 9 8  
Carcinogenic effec t ,  33-35 ,39 
Carcinoge n i c i ty ,  3 20 
Carcinogens , 3 1 , 3 4 , 39 , 4 1 , 43 , 2 1 3  
Carc inoma , 4 , 37 , 1 5 1  , 1 69 , 1 7 7 , 27 0 ,  

3 1 4  (see also Cancer) 
adenocarc inoma , 1 5 , 1 6 , 239 , 27 0 ,  

3 1 1 , 3 1 9 , 350 
adrenal cor t i cal , 239 
anap las t i c , 1 5 1 , 1 5 8 ,  1 6 2 ,  1 83 ,  

1 84 
b l adde r ,  373 , 37 4 , 42 2  
breas t , 4 , 6 , 7 , 1 6 , 2 39 , 266 , 2 79 ,  

367 
bronchu s ,  239 , 26 6 , 3 70 , 3 7 2 , 436 
cervical , 8 
colon, 1 6 , 1 1 3 , 2 6 6 , 278-280 , 3 1 2 ,  

3 1 4 , 36 7 , 368 
colorectal , 
Ehr l ich , 4 1 6  
gas tr i c ,  1 1 3 , 266 , 368 
head , 7 , 367 
hepatoce lul lar , 4 7 , 5 7 
kidney , 7 , 37 5  
intestinal , 344 
Lew i s ,  266 , 2 70 , 27 1 , 2 73 , 3 1 2 ,  

3 1 4-3 1 6 , 3 1 9  (see also 
Carc inoma , lung) 

liver , 239 
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lung, 2 1 4 , 266 , 2 7 0 , 2 7 1 , 2 73 , 3 1 2 ,  
3 1 4-3 1 7 , 3 1 9 , 356 , 3 70 

Madison (see Carcinoma, lung) 
manmary ,  1 , 1 6 ,  1 34 ,  1 35 ,  1 83 ,  205-

208 , 2 1 0 , 2 1 2 ,  2 1 3 ,  258 , 2 7 0 , 2 7 1 ,  
3 1 4 , 3 1 9  

metas tatic , 7 , 1 5  
metastases (see Me tastases)  
neck , 367 
nasopharynge a l ,  359 
ovary , 7 , 37 3 , 37 5  
renal , 299 , 3 00 
prostate , 2 7 7 , 2 79 , 3 73 , 3 74 
rectum, 266 
stomach , 279 
urinary trac t ,  373 , 374 
uterus , 7 
Walke r ,  294 

Carcinosarcoma , 1 3 4 , 294 
Chemoi1I11In.1notherapy , 332-356 
Chemo tactic activ i t y ,  70 , 4 2 9  
Chemotherapy, 6 , 9 - 1 1 , 1 7 , 5 3 , 5 6 ,  

59 , 1 4 1 , 1 50 , 1 6 3 , 259 , 26 2 , 26 3 ,  
272 , 274-2 78 , 280 , 3 1 7 , 3 1 9 , 3 3 2 , 
3 3 3 , 387 , 44 1  

Cholera toxin (CT) , 1 88 
Chromomycin , 3 1 1 , 3 1 3  
Clostridiwn , 29 , 30 , 34 

butyricwn, 1 1 3 , 2 3 1 , 2 32 , 234 , 
2 37-239 , 2 4 2 , 24 3 , 246-249 , 2 6 2  

difficile, 1 1 3 , 438 
histoly tiawn, 2 3 1 , 23 2  
indo lis, 1 1 3 
onao lyticwn, 23 1 -249 
paraputrifficwn, 1 1 3 
perfringens, 438 
septicwn, 438 
taraium, 1 1 3 
tetani, 2 3 1 , 2 32 

Cobra venom factor (CVF) , 1 90 
Coley , Will iam B . , 6 , 9 , 1 0 , 1 00 
Coley ' s vaccine MBV, 7 - 1 1 , 1 4 , 1 8 ,  

1 09 '  1 8 1  • 4 1 6  
Comp lement activation, 1 5 , 7 1 ,  

1 7 8 , 1 8 7 , 1 9 0 , 1 9 1 , 1 9 8 , 242 , 25 5 , 
268 , 39 2 , 4 1 8 , 435 

Concanaval in A (Gon A) , 1 96 , 1 9 7 , 
225 , 26 8 , 29 8 , 299 , 39 7 , 400 

Corynebaateriwn 
aane s ,  2 2 5  
anaerobiaum, 1 1 5 
haemo lyticwn , 440 
parvwn , 3 , 4 9 , 1 1 5 , 1 1 9 , 1 2 1- 1 2 7 , 

1 29 ,  1 5 0 ,  1 5 2 ,  1 6 0 ,  1 6 2 ,  1 70 ,  1 8 1 ' 

1 82 , 1 89 , 1 9 8 , 205-208 , 2 1 9-22 6 ,  
260 , 26 1 , 2 63 , 3 1 7 , 3 1 9 , 3 3 1 , 365-
368 , 3 70 , 3 7 2 , 3 7 3 , 3 76 , 387-389 , 
4 1 1  , 4 1 2  

pseudodiphteritiaum, 440 
pyogenes ,  440 
xerosis , 440 

Cyclochloroni trosoure a ,  344 , 346 , 
347 

Cyclophosphamide , 5 1 -5 3 , 7 7 , 78 ,  
1 1 1 , 1 4 1 , 243 , 2 44 , 3 1 8 , 3 1 9 , 33 3 ,  
335 , 3 36 , 34 2 , 3 45 , 354 , 367-369 , 
3 7 1 , 37 3 , 404 

. 

Cytarabine , 368 , 39 6 , 40 4  
Cytosine arabinoside , 3 1 8  
Cytoly tic activ i t y ,  1 37 
Cytostatic act iv i ty ,  1 1 1 , 1 37 , 24 4 ,  

26 5 , 35 6 , 385 , 4 1 7  
Cytotoxic i t y ,  1 6 , 5 1 , 1 82 , 22 5 , 2 7 3  

Dacarbaz ine , 365 , 366 
Daunomycin, 3 1 0 , 3 1 2-3 1 4 , 3 2 2  
Deoxycho lic aci d ,  3 5  
2 ' -Deoxycoformycin , 3 1 6  
Deoxy-nuc leo tide transferase 

(TdT ) , 5 3  
D imethy ldioctadecylanmonium bro

mide (DDA) , 1 1 2  
Doxorub icin,  3 2 1 , 369 
Dysplas ia , 3 7 , 38 

Eikene l la aorrodens , 438 , 4 4 2  
Endorph ins , 1 1  
Endotoxi n ,  1 7 , 1 24 , 1 6 7 , 1 7 0 , 1 7 2 ,  

1 74- 1 76 , 1 85 
Erys ipe las , 3 , 6 , 1 0 , 4 1 5  
Esaheriahia ao l i ,  1 8 , 30 , 32 , 4 1 , 

43 , 55 , 7 3-7 7 , 9 1  , 1 67 , 1 69 , 1 7 3 ,  
1 75 , 2 69 , 2 9 1 , 29 3 , 295 , 3 1 5 , 437 , 
438 , 445 

Ferr i t i n ,  1 2  
Fibrosarcoma , 5 1 , 86 , 1 1 9 , 1 2 1 , 1 22 ,  

1 3  7 .  1 6  7 .  1 68 .  1 8 2 .  2 39 ' 240 . 26 7 '  
270 , 2 7 1  (see also Sarcoma) 

5-Fluorodeoxyurid ine (FUDR.) , 
2 4 3 , 244 

5-Fluorourac i l ,  2 43 , 3 1 8 , 3 4 0 , 3 4 2 ,  
344 , 35 4 , 367-369 , 420 

Forphen icine , 3 1 7  
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Gangrene , 1 , 2 

Glucoronides ,  33 , 42 

Glutaminase act ivity , 293 , 3 1 7  

Glutamine , 2 9 2  

Granulocyte , 2 4 7 , 3 9 2 , 40 6 , 4 5 4  

Granu locyto s i s , 245 , 4 54 

Granu loma , 49 , 79 , 1 1 2 , 3 7 3  

Granulopoe s i s ,  1 4 1 , 2 3 2 , 24 7 , 248 

Haemopoe s i s ,  1 1 , 1 30 , 2 3 1 , 2 32 , 24 5 , 

2 4 7 , 248 

Hepatocarc inoma, 5 0 , 1  I I  (see 
also Carcinoma) 

Hepatoma , 5 1 , 87 , 88 

Hepatoxic property , 3 3  

Hepatomegaly , 1 30 , 2 4 5  

Hepat i t i s  B virus (HBV) (see 
Virus ) 

Herpes zoster virus (see Virus) 
Hodgkin' s disease , 3 , 8 , 1 3 , 56 

Hypersens i t ivi ty 
cellular, 1 33 , 2 1 3 , 2 58 , 29 6 , 29 7 ,  

308 

de layed type (DTH) , 9 , 1 5 , 7 8 ,  

7 9 ' 1 1 3 ,  1 33 ,  1 9 1 , 20 6 , 2 1 1 , 269 ' 

2 7 2 , 3 35 

Hyperthermia,  9 ,  1 4 ,  1 5 ,  1 7 ,  1 1 0 ,  

232 , 24 4 , 249 

Hypothalmic factor (LH-RH) , 58 

Ifosfamide , 3 7 0  

Immun i ty ,  68 , 72 , 7 8 , 1 3 7 , 1 85 , 1 86 ,  

1 99 , 2 2 0 , 2 69 , 2 7 2 , 386 , 3 8 7 , 4 1 7 ,  

42 1 

cellular, 7 8 , 80 , 1 34 , 1 89 , 1 9 8 ,  

39 1 -4 1 2 , 4 1 8  

humoral , 6 8 , 7 2 , 7 8 , 2 2 0 , 265 , 29 6 , 

4 5 3  

Immunogenic prope rty , 5 8 , 1 33 

Immunogenic i t y ,  2 64 , 30 7  

Immunogens , 5 7 , 1 50 , 4 5 3  

Immunomodu lators , 49 , 58 , 1 39 , 1 4 1 , 

1 80 , 263 , 3 86 , 4 1 2  

Inmunomodulatory activity , 6 0 , 

1 2 9 '  1 30 '  1 3 1  ' 1 33 ' 1 49 '  1 6 2  ' 24 5 ' 

2 6 3  
Immunoprophylaxis ,  1 34 , 1 4 1  

Immunoregulation, 1 85 , 1 86 , 209-

2 1 5  

Immunostimulation, 59 , 7 1 , 79 , 80 ,  

93 , 1 1 1  , 1 1 9 , 1 20 , 1 2 7 , 1 4 1 , 1 50 ,  

2 1 4 , 2 1 9 , 2 20 , 226 , 24 5 , 26 3 , 36 0 ,  

36 1 , 364 , 365 , 36 7  , 36 8 , 37 5 , 38 7  

Immunosuppression, 5 4 , 55 , 1 1 0 , 1 39 ,  

1 5 0 , 1 8 1 , 1 85 - 1 99 , 2 1 9 , 2 9 6-2 9 8 ,  

3 4 1 , 36 7 , 395 

Immunosuppre s s ive activ i ty , 1 4 ,  

55 , 73 , 1 9 1 , 25 5 , 25 6 , 296 , 299 , 

3 0 1 , 30 8 , 320 , 36 1  

Immunotherapy , 1 , 3 , 7 3 , 86 , 1 34 ,  1 35 ,  

1 3 7 '  1 4 1 , 1 4 2 ,  1 49 ,  1 5 1 , 1 6 3 , 205-

2 1 5 , 255 , 2 5 8 , 263-28 1 , 32 0 , 3 3 2 ,  

359-37 6 , 386 , 389 , 444 

local , 347-354 

s ide-effec t ,  354-356 , 3 5 9 , 430 

Indome thacin , 5 4 , 40 2 , 405 , 406 

Inf ection,  1 0 , 1 2 , 1 7 , 1 8 , 3 1 , 39 , 43 , 

55 , 56 , 5 9 , 86 ,  1 1 3 ,  1 4 1  

bacterial , 1 -3 , 5 , 6 , 9 , I 0 , 1 2 , 1 4 ,  

4 1 , 5 4 , 5 5 , 6 8 ,  73-7 7 , 8 8 , 93 , 1 1 0 ,  

1 86 , 1 88 , 1 89 , 1 9 8 , 240 , 335 , 4 1 8 ,  

435-446 

b i lharzial , 4 1 , 4 2  

chronic , 3 0  

chronic ,  444 

paras i t i c , 55 

nosocomia l ,  55 

protozoal , 2 

viral , 2 , 55 , 5 7 , 22 1 , 3 3 5  

Interculin I,  5 3 , 1 8 7 , 396-39 8 , 400 

Interferon, 1 1 , 1 7 , 5 4 , 5 8 , 1 39- 1 4 1 , 

2 05 , 2 1 3 , 2 1 5 , 2 1 9-226 , 25 6 , 25 8 -

2 6 1 , 36 0 , 3 6 7 , 3 89 , 4 1 8  

Iron , 1 1 - 1 3 , 1 1 3 

Intra lipid , 7 9 , 80 , 82 , 9 3 , 9 4  

Klebsie l 'la aerogenes , 1 1 1 , 445 

pnewnoniae , 55 , 73 , 74 , 1 90 , 37 5 ,  

4 3 7 , 43 8  

L- 1 8  MDP , 7 3- 7 8 , 88- 9 2  (see Mura
myl dipep t ide) 

Lactobac i l l i , 2 8 , 3 1 , 3 4 , 1 1 3 

Lactobacillus bulgaricus, 1 8  

p lantarwn , 9 1 , 9 2  

Lactoferrin , 1 2  

Legione l la pnewnophilia, 438 , 

439 

spp. , 30 
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Leukocy tes , 7 1 , 9 3 , 1 7 6 , 22 3 , 2 2 5 ,  

2 2 6 , 335 , 33 7 , 36 7 , 409 

Leukaemi a ,  6 , 5 5 , 1 3 8 , 2 39 , 265-26 7 ,  

2 70-2 7 2 , 2 7 4 , 2 7 5 , 2 7 8 , 2 80 , 292-

2 9 4 , 2 9 7 , 300 , 30 1 , 3 1 1 -3 1 9 , 35 9 ,  

362 , 36 4 , 36 7 , 4 1 6-4 1 8 , 4 36 , 44 1 , 

442 , 44 5 , 44 6 , 454 

Levami s o l e ,  1 50 , 1 5 2 , 360 , 37 0  

Lipopolysaccharide (LPS ) , 54-56 , 

9 1 , 1 6 7- 1 6 9 , 1 7 1 - 1 7 3 , 1 75 - 1 7 7 ,  

1 8 7 , 1 88 , 1 90- 1 9 2 , 1 9 7 , 22 3 , 226 , 

256 , 26 0 , 40 0  

Lipoph i l i c  derivatives , 9 4 , 9 5  

Liposomes , 50 , 5 7 , 79 , 84 , 85 

Listeria monocytogenes ,  55 , 1 1 2 ,  

1 1 3 ,  1 90 

Lymphocy te s ,  1 2 ,  1 3 ,  1 5 , 5 1 , 70 ,  1 1 0 ,  

1 30 '  1 34 '  1 38 '  1 40 '  1 50 '  1 7 6 '  1 7 8 '  

1 9 0 ,  1 9 7 '  1 99 , 20 7  , 2 1 3 , 2 1 4 , 22 2 ,  

225 , 24 7 , 2 56 , 2 5 7 , 2 6 1 , 26 5 , 26 7 , 

269 , 295 , 2 9 6 , 2 9 9 , 3 3 3 , 334 , 360 , 

3 7 3 , 39 1 , 406 , 4 1 7 , 4 23-425 , 4 2 7 , 

435 

activating factor (LAF) , 5 3 ,  

396-398 

Lymphocytosi s ,  245 

promoting factor (LPF) , 1 88 

Lymphokinines , 396 

Lymphoma , 7 , 5 9 , 2 7 1  , 2 9 1 , 2 9 2 , 3 0 8 ,  

3 1 1 , 32 2 , 3 2 3 , 3 6 4 , 446 

Burki t t ' s ,  4 , 359 

Lymphoreticular system, 1 1 5 , 1 1 6 ,  

1 1 8 , 224-226 , 26 1  

Lymphosarcoma, 8 , 1 7 , 2 39 (see 
also Sarcoma) 

Lysosomal enzymes ,  1 3 1 , 1 5 2 

Malari a ,  3 , 4  

Macromycin , 3 1 6 ,  

Macrophages , 1 2 , 50 , 53 , 70 , 1 1 0 -

1 1 3 , 1 30 , 1 3 1 , 1 3 3 , 1 34 , 1 37 , 1 6 0 ,  

1 8 1  ' 1 82 '  1 8  7 '  1 9 0  ' 20 6 ' 209 ' 2 1  3 '  

22 3 , 224 , 2 3 5 , 2 4 1  , 24 7  , 256-25 8 ,  

260 , 265 , 2 6 8 , 336 , 33 7 , 339 , 342 , 

3 88 , 39 2 , 39 7 , 39 9 , 40 0 , 406 , 408 , 

4 1 0 , 4 1 1 , 4 2 3 , 42 4 , 42 7  , 43 5 , 4 5 3 ,  

454 

activating factor (MAF) , 50, 

69,  1 37 

activat ion , 1 1 , 5 3 , 58 , 1 82 ,  1 8 7 ,  

205 , 2 1 3 , 2 26 , 2 4 2 , 245 , 2 7 3 , 4 1 2 ,  

4 1 7 , 4 1 8  

suppresso r ,  5 4 , 1 86 - 1 8 8 , 22 5 , 

39 6 , 39 9 , 40 3 , 45 3  

Malignancy , 3 8 , 5 1  , 5 5 , 5 6 , 58 , 1 2 7 ,  

4 1 9 , 4 20 

Mastocytoma, 1 34 , 40 1  

MDP-Lys (L- 1 8 ) , 5 0 , 9 4 , 9 5 , 1 1 1 , 1 1 2 

(see also Muramy l dipeptide) 
Me lanoma , 2 7 3 , 2 76 , 2 7 8 , 2 79 , 3 1 4 ,  

3 1 5 , 34 4 , 3 64-36 7 

B l 6 ,  2 6 7  , 2 70 , 2 7 1 , 2 75 , 3 1 1 , 3 1 2 ,  

3 1 4 , 3 1 6 , 3 1 8  

Hardey Passey , 239 , 244 

mal:i,gnant , 5 , 8 , 33 2 „346 , 34 7 , 35 5 ,  

356 

melano ti c ,  239 , 243 

metas tatic , 50 

skin,  7 , 346 

Metap las i a ,  3 7 , 38 

Melphalan, 3 1 8 , 344 

Metastase s , 5 , 9 , 1 1 , 1 5  , 86 , 16 3, 2 56 , 

2 6 3 , 265 , 2 7 3 , 2 7 7 , 32 0 , 3 3 5 , 33 9 ,  

340 , 342 , 346 , 356 , 365 , 37 0 , 45 3 ,  

brain, 342 , 346 

hematogenous ,  1 84 

liver , 3 4 1 , 346 

lung , 1 5 1 , 1 55 , 1 5 6 , 1 5 8 , 1 83 , 3 1 9 ,  

3 4 2 , 3 46 

lymph node , 1 5 1 , 34 2 , 346 , 365 

osseus , 3 4 2  

pulmonary , 1 55 . 2 1 5  

skin, 346 

Methotrexate , 3 1 7 , 3 1 8 , 333 , 3 35 ,  

354 , 36 8 , 3 7 3 , 38 5  

Methylcho lanthrene , 1 6 7  , 2 35 

Micrococc i ,  2 8 , 43 

Mi thramycin , 309-3 1 3  

Mi togenic response , 1 9 2 , 1 9 7 , 1 9 8  

effec t ,  1 1 2 , 22 2 , 3 9 7  

Mi togens , 1 1 2 ,  1 3 4 , 1 40 , 1 88 , 1 9 8 ,  

2 2 5 , 26 5 , 26 8 , 3 9 7  

Mitomycin C ,  209 , 2 7 3 , 30 7 , 309 , 

3 1 0 , 3 1 2-3 1 4 , 3 1 7 , 3 1 8 , 368 , 4 1 7  

Monoclonal antibody , 1 2 , 2 09 , 2 1 4 ,  

2 1 5 , 25 6 , 2 59 , 396 

Monocy te s ,  7 0 , 1 1 1 ,  1 30 ,  1 3 3 ,  1 3 4 ,  

1 40 , 1 4 1 , 235 , 24 1 , 2 42 

Monocytosis , 6 8 , 1 1 2  

Monokines ,  5 8  

Muramic acid , 49 , 88 

Muramy l dipeptides (MDP) 49-60 

7 0 - 7 4 , 7 8 , 86 , 89 , 9 0 , 1 87 , 1 88 ,  

' 

205 , 2 1 5 , 3 89 

lipoph i l ic derivatives , 5 0 , 67-

95 



462 SUBJECT INDEX 

Mu tagenic effe c t ,  34 , 35 , 385 , 386 
Mutagens , 3 1 , 35 , 43 
Myaobaater>iwn, 90 , 9 2 , 9 3 , 36 1 , 393 

avium, 1 88 
bovis , 7 3 , 9 1 , 1 88 
kansasii , 3 6 1  
tuberaulosis , 9 1 , 2 1 1 , 29 8  

Mye loma mu ltiple , 7 , 8  

Natural kil lers (NK-c e l l s ) , 5 4 ,  
5 8 , 69 , 1 1 2 ,  1 3 3 ,  1 39 ,  1 8 1 , 205 , 
206 , 209 , 2 1 3 , 2 1 4 , 2 1 9 -226 , 256-
269 , 35 9 , 3 7 3 , 38 8 , 389 , 39 2 , 4 1 7 ,  
4 1 8 , 42 0 , 454 , 455 

Necros i s ,  1 5 1 , 1 67 , 1 7 2- 1 74 ,436 
(see also Tumour necros is)  

Neocarc inostatin, 3 1 3 , 3 1 6 , 3 23 
Neoplasia,  3 8 , 58 , 3 1 0 , 3 1 5 , 32 3 ,  

4 3 7  
Neoplasma s ,  5 , l l , S l , 23 7 , 24 3 , 359 
Neop lastic disease,  1 , 2 , 1 7 , 2 3 1 , 

236 ,24 1 , 242 , 333 
Neuraminidas e ,  80 , 30 8 , 36 7  
Neurob lastoma, 7 , 8  
Neutropenia, 443 , 444 
Neutrophi le s ,  4 2 7-429 , 435 , 455 
N-nitroso-compounds , 4 1 -43 
Noaardia aorynebaateroides, 9 1  

rubra , 3 1 7  ,36  7 
D-0-Nor leucine , 3 1 6  

Olivomycin A ,  3 1 1 
Oncogenic even t ,  1 98 

virus , 1 1 0 , 2 1 3 , 320 (see also 
Virus oncogenic) 

Oncolysis , 232 , 236 , 239 , 2 4 1 , 2 43-
245 , 2 6 1  1 1 

Oncostatic treatment , 3 33 , 335 , 
356 

Oxazolone , 1 33 

Peptidoglycan, 6 7 , 73 , 8 8 , 89 , 9 3 ,  
l l 0 , 1 3 1 , 1 4 1 , 1 82 , 1 86 , 1 8 7 , 1 89 ,  
1 9 1 ,  1 9 8 , 255 , 256 

Peri toneal exudate cells (PEC ) , 
224 ,393 , 39 4  

Phagocytos is , 5 3 , 70 , 1 3 1  , 1 33 , 1 82 ,  
220 , 2 35 , 24 1 , 26 4 , 268 , 336 , 4 1 8  

Phytohemaglutinin (PHA) , 1 95 , 1 9 7 ,  
225 , 29 6 , 29 7 , 299 , 39 7 , 400 , 4 1 8 ,  
4 1 9  

P i c ibanil ( OK-4 32) , 1 50 , 1 52 , 1 5 7 ,  
1 68 , 1 69 , 1 83 , 36 8 , 37 3 , 37 5 , 4 1 5-
43 1 , 454-456 

Pirimidine , 243 
P lasmocytoma, 5 2 , 1 34 , 408 
Plasmodium fa laiparwn , 80 , 8 4 , 85 
Polyarthr i t i s , 9 3 , 9 4  
Polysaccharide , 56 , 1 89 , 1 9 1  , 1 9 8 ,  

255 , 364 , 36 8 , 375 , 446 
Porfiromycin,  323 
Prednison , 354 , 368 , 3 6 9  
Procarbaz ine , 3 1 8  
Prophylax i s ,  244 , 443 
Propionibaateriwn, 1 33 , 1 34 , 1 3 7 ,  

1 39 , 1 4 1 , 25 5 , 26 2 , 3 3 1 -356 
aanes, 1 1 6 , 1 1 8 
avidwn , 1 1 6 ,  1 1 8  
granulosum (KP-45) , 1 1 6 , 1 1 8 ,  

1 29- 1 3 1 , 1 36 , 1 38-1 40 , 1 82 , 332-
356 

lymphophilum, 1 1 6 , 1 1 8  
Pros tacyc l ine , 1 2 , 1 5  
Prostaglandin , 5 3 , 5 4 , 1 86 , 1 8 7 , 1 79 ,  

402 , 406 
Proteus sp. , 30 , 4 1  

vu lgaris , 296 
Pseudomonas sp. , 9 , 56 , 29 3 , 39 5 ,  

437 , 445 
aeruginosa ,  6 ,  5 5 , 56 , 7 3 , 74 , 76 , 

438 , 442 , 443 , 445 
Pyrogenicity , 5 3 , 69 , 7 1  , 7 8 , 88 
Pyrazofur ine , 323 

Quinomycin, 3 1 6  
Quinonyl-MDP-66 , 86-88 (see also 

Muramy l dipeptide) 

Radiation, I O , l l , 1 7 , 5 6 , 206 , 3 1 9 ,  
320 

Radiotherapy , 1 4 1 , 1 50 , 1 6 3 , 24 4 ,  
262 , 263 , 342 , 36 7 , 370-372 

Regres sion, I 0 , 1 1 , 1 7 , 69 , 8 6 , 87 , 
245 , 3 3 1 -3 32 , 33 7 , 3 50 , 386 , 4 2 2  

Remis s ion, I 0 , 1 6 , 3 0 1 , 3 32 , 33 3 , 34 1 , 
344 , 36 1 , 363-365 , 368-370 , 443 , 
444 
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Re t iculoendothe l ial system ,  I I ,  
1 5 , 1 29 , 1 3 1 , 1 33 , 1 40 , 2 1 9 , 235 , 
236 , 2 40 , 33 1 , 3 4 1  

depression, 4 
s timulat ion, 6 8 , 86 , 342 

Salmone l2a typh i ,  3 1 , 5 5 , 269 
Sangiramycin, 3 1 3  
Sarcoma , 6 ,  1 7 ,  1 1 0 ,  1 7 3 , 1 7 4 ,  1 9  1 , 

206 , 209 , 2 1 4 , 244 , 3 1 4 , 3 1 9 , 3 2 2 , 
364 , 4 1 5  

abdomina l ,  6 
b ladder ,  6 
bone , 7 , 9  
Ewing ' s , 7 ,  8 
Jensen, 2 4 3 , 244 
Kapos is , 322 , 359 
lymphosarcoma , 1 37 , 1 38 , 239 , 30 1 , 

3 1 1 , 3 1 4 , 3 1 5  
neck , 6 ,  7 
os teogenic , 6 , 8- 1 0 , 1 35 , 2 1 5 ,  

259 , 3 1 1 , 3 1 9 , 370 
ovary , 8 , 32 2  
pelvi s ,  7 
reticulum, 8 , 9 , 3 1 1  
soft tissue , 7 , 8 , 1 0 , 1 6 , 322 
Walker ,  239 , 3 1 4 , 32 2  
Yoshida, 1 7 3 , 1 75 , 239 , 270 , 309 , 

3 1 4 , 4 1 7  
1 8 0 ,  243 , 3 1 0 , 3 1 1 , 3 1 4  

Sarcomyc in, 3 1 0  
Serratia maraesaens , 6 , 1 0 , 1 6 7 ,  

438 , 443 
Schwartzman react ion , 1 70 , 1 73-

1 76 , 1 78 
Splee n ,  1 3 ,  1 1 9 ,  1 22 ,  1 2 1  , 1 29 ,  1 3 1 , 

1 4 1 , 1 82 , 224 , 225 , 39 2 ,  
cell s ,  1 6 8 ,  1 9 2 ,  1 9 4 ,  1 9 6 ,  1 9 7 ,  

204 , 2 1 4 , 2 2 1 -2 2 3 , 296 , 29 8 , 39 2 , 
394 , 39 7 , 39 8 , 40 1 , 403 , 409 , 4 1 7  

Splenomegal y ,  1 30 , 1 82 
Spontaneous regress ion , 2 , 1 0 
Staphylococci , 2 , 9 , 2 8 , 1 3 1 , 1 33 ,  

26 1 , 4 3 7  
protein A, 1 5 - 1 8  

Staphy Zoaoaaus 
aureus , 7 , 1 5- 1 7 , 5 5 , 7 3 , 74 , 7 6 ,  
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307 , 35 9 , 45 3  

asci t ic ,  1 68 , 1 76 



464 SUBJECT INDEX 

bladde r ,  3 0 , 4 2 2  
bone , 7 
brain, 4 2 2  
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malignan t ,  I S0 ,  1 6 2 ,  1 6 7 , 1 72 ,  1 73 ,  

1 75- 1 7 8 , 360 , 4 1 7  
mammary , 1 84 , 2 65 , 2 70 , 2 7 1 , 2 7 3 ,  

30 8 , 3 1 1 
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neuraminidase (VCN) , 262-28 1 
succinogenes ,  29 2 , 29 3 , 296-298 

Vei llone l lae , 2 8 , 30 
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