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The anti tumor action of the substance blastolysin,  the main components of which are  glyco-  
peptide fragments f rom the cell wall of Lactobacillus butgaricus,  was studied. Blastolysin 
exhibits a specific anti tumor effect against s a rcoma  S-180, leukemia P-388,  p lasmacytoma 
MOPC-315, adenocarcinoma AKATOL, melanosarcoma B-16, carcinoma LLC, and spon- 
taneous tumors of mice. It has low toxicity, does not depress hematopoiesis, and in the 
character of its action on tumor tissue it differs essentially from known chemotherapeutic 

preparations. 
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The ant i tumor action of substances contained in lysates of Lactobacillus bulgaricus was discovered in 
1959 [1]. The present  wri ters  recent ly  showed that this action is due to the presence  of glycopeptide fragments  
of the cell wall in the lysates and determined their  s t ruc ture  [3]. 

It was subsequently found that analogous fragments of the cell wall of other Lactobacill i  and of more 
remote  species of Gram-pos i t ive  bacter ia  possess  a s imi lar  anti tumor action. A more  detailed study was 
undertaken of the anti tumor action of glycopeptides f rom cell walls of L. bulgaricus.  

In the present  investigation the antitumor action of the substance blastolysin,  obtained from L. bulgaricus,  
was studied; the main components of this substance are  glycopeptide fragments of the cell  wall. 

E X P E R I M E N T A L  M E T H O D  

Noninbred albino mice (from the Central  nursery ,  Academy of Medical Sciences of the USSR), mice of 
s t rains  C57BL and BALB/c, and BDF 1 hybrids (from the "Stolbovaya ~ nursery)  were used. The strains of 
t ransplantable tumors  (the solid type of C rocke r ' s  s a rcoma  S-180, adenocarcinoma of the large intestine 
AKATOL, adenocarcinoma of the mamm ary  gland KA-755, squamous-cel l  ca rc inoma of the lung Lewis-LLC,  
p lasmacytoma MOPC-315, melanosarcoma B-16, lymphatic leukemia P-388, and hemocytoblastosis  La) were 
obtained f rom the Oncologic Scientific Center,  Academy of Medical Sciences of the USSR. The tumors  were 
inoculated into mice of both sexes weighing 18-20 g by the method adopted in the Oncologic Scientific Center,  
Academy of Medical Sciences of the USSR [2]. 

Blastolysin was injected intravenously and intraperi toneally,  in physiological saline, by single and repeated 
injections at intervals of 24, 48, and 72 h in a dose of 25-100 mg/kg.  The anti tumor effect of the substance was 
assessed  in the leukemias by the increase  in the period of survival ,  and in the solid tumors  by inhibition of 
growth of the tumor  determined as the mean weight at the end of the therapeutic experiment.  In the course  of 
t rea tment  the blood of the experimental  animals and histological changes in the normal  and tumor  t issues were 
studied. 

E X P E R I M E N T A L  R E S U L T S  

Blastolysin has low toxicity. For intravenous injection into intact mice its LDs0 was over  2000 mg/kg,  
and for the animals with s a r coma  S-180 it was about 300 mg/kg.  
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Fig. 1. Act ion of b l a s to ly s in  on s a r c o m a  S-180: a) t umor  on 9th 
day a f te r  subcutaneous inoculat ion;  b) n e c r o s i s  of whole su r face  
of t umor  on 4th day a f te r  s ingle  in t ravenous  in jec t ion  of b l a s t o l y -  
sin,  50 mg/kg ;  c) de tachment  of necro t ic  scab  and ep i the l iza t ion  
on seventh day. 

Tumor  S-180 was found to be most  sens i t ive  to b las to lys in .  The ant i tumor  effect of b l a s to lys in  on this  
t umor  was mani fes ted  as e a r l y  as during the f i r s t  hours  af ter  a s ingle  in t ravenous inject ion.  An extens ive  a r e a  
of cen t r a l  n e c r o s i s  appeared  a f te r  24 h in the indurat ing and shr inking  tumors .  On the second to th i rd  day, in 
the overwhelming  m a j o r i t y  of an imals  r ece iv ing  b l a s to ly s in  in doses  of 50 and 100 mg/kg ,  nec ros i s  extended 
over  the whole su r face  of the tumor  (Fig.  1). On the seventh to ninth day to ta l  n e c r o s i s  with detachment  of the 
nec ro t i c  scab had taken p lace  in 30% of these  an ima l s .  Observa t ion  of the t r e a t e d  an imals  for 1 y e a r  r evea led  
no r e c u r r e n c e  of the tumor .  In the r ema in ing  70% of an ima l s  a focus of growth was found at  the p e r i p h e r y  of 
the necro t ic  a r e a  on the fifth to seventh day a f te r  a s ingle  in jec t ion  of b l a s to lys in  and the tumor  continued to 
grow, although much more  s lowly than in the cont ro l  an imals  (Fig.  2). 

It is  i n t e r e s t i ng  to note that  this  effect of b l a s to lys in  was observed  constant ly  only in c a s e s  when t r e a t -  
ment began when the tumors  were  a l r e a d y  welt developed (seventh to ninth day af ter  t ransplanta t ion) .  If given 
e a r l i e r  ( l s t - 3 r d  day), no inhibit ion of t u m o r  growth was obse rved  (Fig.  2), as was a lso  the ca se  when tumor  

t i s s u e  p rev ious ly  t r e a t e d  with b l a s to ly s in  for  24 h was implanted  in the an imals .  

Reinocula t ion  of s a r c o m a  S-180 was c a r r i e d  out in t0 of the cured  an imals  1 month a f t e r  in jec t ion  of 
b l a s to lys in ,  but no tumor  developed in any of t he se  an imals .  

His to log ica l  examinat ion  of sec t ions  and squash p r e p a r a t i o n s  of the tumor  t i s s u e  showed that c l e a r  
des t ruc t ive  changes in the S-180 ce l l s  began to take place  4-6 h a f t e r  in jec t ion  of b las to lys in .  Meanwhile 
no rma l  t i s s u e s ,  including those  with high p r o l i f e r a t i v e  ac t iv i ty  (epi thel ium of the s m a l l  in tes t ine ,  lymph nodes,  
spleen,  bone mar row) ,  showed no v i s ib le  pa thologica l  changes throughout the per iod  of obse rva t ion  (14 days).  

The spec i f ic  an t i tumor  act ion of b l a s to lys in  was exhibited not only agains t  C r o c k e r ' s  s a r c o m a ,  but a l so  
aga ins t  s e v e r a l  o ther  t r ansp l an t ab l e  and spontaneous mouse tumors .  As Table 1 shows, b l a s to lys in  caused  
s igni f icant  lengthening of the su rv iva l  pe r iod  of mice  with l eukemia  P-388 and sha rp ly  inhibited growth of 
p l a s m a c y t o m a  MOPC-315 and adenoca rc inoma  AKATOL. Significant inhibit ion of growth of m e l a n o s a r c o m a  
B-16 and c a r c i n o m a  LLC a lso  was obse rved .  Of a l l  the t umors  s tudied,  b l a s t o l y s i n  had no inhibi tory  ac t ion 
only on adenoca rc inoma  AK-755 and leukemia  La, but it may be that  the condit ions in these  c a s e s  were  not 
op t imal  for  mani fes ta t ion  of an t i tumor  action.  The g r e a t e s t  an t i tumor  effect aga ins t  s t r a i n s  MOPC-315 and 
AKATOL, inc identa l ly ,  jus t  as in the ca se  of S-180, was obtained When t r e a t m e n t  began in the l a t e r  s tages  a f te r  
implanta t ion  of the tumor  (Fig. 2). 

Spontaneous mouse  tumors  a lso  we re  sens i t ive  to b las to lys in .  Of the 10 e xpe r i m e n t a l  mice  r ece iv ing  the 
subs tance  over  a pe r iod  of 2 weeks in a dose of 50 mg /kg  with i n t e rva l s  of 48 h be tween in jec t ions ,  the tumor  
was g r ea t l y  reduced  in s i ze  in 8, and in 3 of these  mice  comple te  n e c r o s i s  and r e j ec t ion  of the tumor  took p l a c e  
a f t e r  12 in jec t ions .  
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T A B L E  1. A c t i o n  of  B l a s t o t y s i n s  on T r a n s p l a n t a b l e  Mouse  T u m o r s  

Strain of 
tumor 

S-180 

A KA TOL 
AN-755 
LLC 
MOPC-315 
B .16 
P-388 
La 

Dose, m~/kg[, b ro ] Recipient hntervaI', in ~yurn e ~ Day of 1st 
~, shown in linj ecti~ injection 

mice ~arentheses) | 

Noninbred 

BALB/c 
C57BL 
C57BL 
BALB/c 
C57BL 
B DF r 

I00 
50 (72) 
5O (72) 

50 
5O 

50 (48) 
50 (48) 
25 (48) 

50 

Method of . InhibiEion of tumor 
injection* growth 

i . V .  

w 

i.'p. 

% p 

58 0,001 
64 O,OOi 
70 0,01 
I6 0,05 
42 O,O1 
78 0,001 
37 0,03 
40 0,01 
.0  

*i.v.)  I n t r a v e n o u s ;  i .p.)  i n t r a p e r i t o n e a l .  

Percent of 
animals 
cured 

30 
30 

8-180 
I 

K 

2 

3 

i I i I t 

7 10 12 1~ 10 12 14 

C 

*I04. "I 
3 

2 
! 

1 2 3 4 5 

F ig .  2 F ig .  3 

F ig .  2. D y n a m i c s  o f  g rowth  of  S-180 and A K A T O L  t u m o r s  a f t e r  i n j ec t i on  of  b l a s t o l y s i n  (a 
s i n g l e  dose  of  50 mg /kg )  at  d i f f e r e n t  t i m e s  a f t e r  t r a n s p l a n t a t i o n .  C) C o n t r o l ;  1-5) i n j e c t i o n  
of b l a s t o l y s i n  1, 3, 7, 3, and 9 days  r e s p e c t i v e l y .  A b s c i s s a ,  days  a f t e r  t r a n s p l a n t a t i o n  of 
t u m o r ;  o r d i n a t e ,  m e a n  vo lume  of  t u m o r  (in m m 3 x  103). 

F ig .  3. T o t a l  l e u k o c y t e  count  in a n i m a l s  with t u m o r s  on 4th day a f t e r  s i ng l e  i n j e c t i o n  of 
b l a s t o l y s i n ,  50 m g / k g .  1) S-180;  2) A K - 7 5 5 ;  3) L L C ;  4) P - 3 8 8 ;  5) B-16 .  U n s h a d e d  c o lumns  
r e p r e s e n t  m e a n  l eukocy t e  count  in c o n t r o l  a n i m a l s ;  shaded  c o l u m n s  the s a m e  in a n i m a l s  
with t u m o r s .  

B l a s t o l y s i n ,  i t  should  be men t ioned ,  i nh ib i t s  n e i t h e r  e r y t h r o p o i e s i s  n o r  l e u k o p o i e s i s .  M o r e o v e r ,  in the  
a n i m a l s  with t u m o r s  an i n c r e a s e  in the t o t a l  l eukocy te  count  was found 24 h a f t e r  i n j e c t i o n  of th is  s u b s t a n c e  
(F ig .  3). Th is  i n c r e a s e  took p l a c e  m a i n l y  on accoun t  of m o n o c y t e s ,  s t ab  c e l l s ,  and p o l y m o r p h s .  An i n c r e a s e  
in the  p e r i p h e r a l  b lood  l e u k o c y t e  count  a f t e r  i n j e c t i o n  of b l a s t o l y s i n  a l so  took p l a c e  in the  i n t ac t  a n i m a l s ,  but  by 
a much  l e s s e r  d e g r e e  and a f t e r  much  l a r g e r  d o s e s .  

By the character of its action on tumor tissue and the absence of any inhibitory effect on hematopoiesis, 

blastolysin thus differs substantially from most of the known chemotherapeutic agents. Meanwhile, in some of 

the features of its antitumor effect (rapid necrosis of the tumor, maximal effect on tumors already developed) 

blastolysin resembles the endotoxins of Gram-negative bacteria [5] and the so-called tissue necrosis factor 
(TNF) [4]. It should be pointed out, however, that blastolysin has low toxicity and does not cause reactions of 

the recipient to its injection such as are characteristic of the endotoxins. 

The  fac t  tha t  b l a s t o l y s i n  has  no ac t ion  on t u m o r s  in v i t r o ,  the  l e u k e m o i d  r e a c t i o n  which i t  i n d u c e s ,  and 
a l so  the  d e v e l o p m e n t  of l a s t i n g  i m m u n i t y  in the  t r e a t e d  a n i m a l s  a l l  i n d i c a t e  tha t  a c t i v a t i o n  of  the  i m m u n o l o g i c a l  
m e c h a n i s m s  of the  r e c i p i e n t  p l a y s  an i m p o r t a n t  r o l e  in the  a n t i t u m o r  ac t i on  of b l a s t o l y s i n .  

i. I. G. Bogdanov, in: 
p. 198. 
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MIGRATING ABILITY OF TUMOR CELLS 
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The act ion of an t i tumor  s e r a  (ATS) on the adhesive  p r o p e r t i e s  of L ce i l s  and of Eh r l i ch ' s  
a sc i t e s  c a r c i n o m a  ce l l s  was s tudied.  The abi l i ty  of the tumor  ce l l s  to adhere  to p la s t i c  and 
g lass  and to fo rm r o s e t t e s  with sheep ' s  red blood ce i l s  was reduced a f te r  t r e a t m e n t  with 
immune s e r u m  and, when in jec ted  into mice ,  fewer of these  ce l l s  were  held up in the lungs,  
spleen,  and l ive r .  The r e su l t s  show that  ant ibodies  may play an e s sen t i a l  ro le  in the 
m e t a s t a s i z a t i o n  of t umor  ce l l s .  

KEY WORDS: adhesion; migration of cells; tumor cells; metastasization of tumors; 

antibodies 

The action of ant ibodies  on the p ro l i f e r a t i on  and v iab i l i ty  of tumor  ce l l s  is well  known [7]. However,  the 
p r o b l e m  of whether  ant ibodies  can a l t e r  the mig ra t ion  of tumor  ce l l s  in vivo r e m a i n s  unsolved.  However,  such 
an effect is poss ib l e ,  for ant ibodies a r e  known to be able to affect the d i s t r ibu t ion  of lymphocytes  in the body 
[4]. The impor tance  of the solut ion to this p rob lem is de te rmined  by the fact that  m e t a s t a s i z a t i o n  of tumors  is 
an act ivi ty  which l a rge ly  depends on the mig ra t ing  abi l i ty  of the neoplas t ic  ce l l s  [1]. 

In the inves t iga t ion  desc r ibed  below the d is t r ibu t ion  of tumor  ce l l s  t r e a t e d  with an t i tumor  s e r a  (ATS) and 
changes in the i r  adhesive  p r o p e r t i e s  in an in v i t ro  s y s t e m  w e r e  studied.  

EXPERIMENTAL METHOD 

In the experiments L cells and Ehrlich's ascites carcinoma cells were used. The ATS were obtained by 

immunizing rabbits with these cells [7]. The cytotoxic titer of the sera for L cells was 1 : 512 and for Ehrlich's 

carcinoma cells 1 : 256. The cells were incubated for 30 rain at 37~ in Hanks' solution without Ca and Mg 

ions (to reduce aggregation of the cells), and with 20% ATS or with normal rabbit serum, after which they were 

washed or diluted with medium 199 to a certain concentration. The distribution of SICr-labeled tumor cells in 
the body was studied by the method described previously [3, 6]. CBA mice and (CBA • C57BL)F I hybrids were 

used. The reaction of spontaneous rosette formation of the cells with sheep's red blood cells was carried out 

by the method described previously [5]. To obtain adhesion, tumor cells in medium 199 with the addition of 

20% bovine serum were placed in sterile plastic dishes (obtained from Coming) and in tubes with glass wool 
and incubated for 90 rain at 37~ in an atmosphere of air with 5% CO 2 [2]. 

EXPERIMENTAL RESULTS 

In the expe r imen t s  of s e r i e s  I the d i s t r ibu t ion  of tumor  ce l l s  in the mice was studied (Table 1). As a 
r e su l t  of t r e a t m e n t  of these  ce l l s  with ATS the i r  d i s t r ibu t ion  among the organs  was d i s tu rbed ,  as r e f l ec ted  in 
an i n c r e a s e  in r ad ioac t iv i ty  in the blood and a d e c r e a s e  in the lungs,  spleen,  and l ive r ,  and with no s ignif icant  
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