
alone, and the degree to which this information is linked with the biological features of this virus, still re- 

main unexplained. 
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ACTIVATION OF MACROPHAGES BY BLASTOLYSIN 

I. B. Sorokina, E. L. Khasman, 
N. P. Gor'kova, and I. Ya. Uchitel' 
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In recent  years  adjuvants, par t icu lar ly  BCG, Corynebacter ium ,parvum, and l ipopolysaecharides,  have 
begun to be used for the t rea tment  of cer tain tumors.  It is suggested that macrophages ,  activated by these ad- 
juvants, ei ther  become capable of causing lysis of tumor cells or they begin to secre te  mediators  which s t im-  
Ulate prol i ferat ion of p r e c u r s o r s  of cytotoxic T-ce l l s  [2, 3]. 

It was shown previously that blastolysin,  the main components of which are  glycopeptide f ragments  of 
the cell wall of Lactobaeillus bulgaricus,  exhibits anti tumor activity against various transplantable and spon- 
taneous tumors  of animals [ 1]. 

The object of this investigation was to determine whether blastolysin possesses  adjuvant activity and 
whether it can activate cells of the mononuelear phagocytic sys tem and, in par t icular ,  macrophages.  For  this 
purpose the effect of blastolysin on antibody production, on the ability of macrophages to phagocytose various 
antigens~ and on its ability to exert a cytotoxic action on syngeneic target cells with disturbed growth parame- 
ters was studied. 

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

Experiments  were ca r r i ed  out on BALB/c and C57BL/6 mice. 

Blastolysin was used in different doses:  1 nag per  mouse (a dose causing up to 76% inhibition of growth 
of s a r coma  S-180 and completely curing 30-40% of mice), and 4 and 20 mg per  mouse. Sheep's red blood 
cells (SRBC) in a dose of 5 • 106 were used as the antigen. 

M. M. Shemyakin Institute of Bioorganic Chemistry ,  Academy of Sciences of the USSR. N. F. Gamaleya 
Institute of Epidemiology and Microbiology, Academy of Medical Sciences of the USSR, Moscow. (Presented 
by Academician of the Academy of Sciences of the USSR M. N. Kolesov.) Translated f rom Byulleten'  Eksper i -  
mental 'noi  Biologii i Meditsiny, Vol. 89, No. 4, pp. 449-452, April,  1980. Original ar t ic le  submitted June 15, 
1979. 
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Fig. 1. Effect of blastolysin on production 
of hemagglutinins and plaque-forming cells 
(PFC) in the spleen to SRBC. Abscissa, 
time of observation (in days); ordinate, 
titer of antibodies (1) and number of PFC 
(II); I) control; II) blastolysin (1 rag/ 
mouse) ;  III) 4 rag/mouse; IV) 20 rag/ 
r~ouse. 

The objects of phagocytosis were 51Cr-labeled SRBC (0.1 ml of a 20% suspension, 1.5 x 106 cpm) and 
l~C-labeled typhoid vaccine, which was injected in a dose of 250 million bacter ia l  cells (3 x 105 cpm).  Blasto-  
lysin and the antigens were injected intraperitoneally.  Living BCG vaccine in a dose of 500 #g per  mouse was 
injected both intravenously and intraperitoneally.  Per i toneal  exudate cel ls  (PEC) were collected on the 4th 
day after  intraperi toneal  injection of 2 ml nutrient broth (NB) into mice. 

The intensity of antibody formation was judged f rom the t i ters  of hemolysins and hemagglutinins in the 
blood serum and the number  of ant ibody-forming cells in the spleen, determined by J e rne ' s  method of local 
hemolysis  in gel. 

The rate of phagocytosis and digestion was judged f rom the level of radioactivity in PEC thoroughly 
washed to remove free radioactivity,  30 min and 18 h after  injection of labeled antigen. 

The target  cells consisted of a line of f ibroblasts ,  isolated f rom C57BL mouse embryos  and maintained 
for 1 yea r  by O. S. Gudima, who generously  donated the cells. Cell cultures were grown on medium No. 199 
with 10% bovine serum and 100 units/ml penicillin. On tile 4th day the cells were removed f rom the flasks with 
0.1~0 trypsin, their viability was determined by means of trepan blue, and they were then labeled by adding 
1/~Ci of 51Cr (in the form Na251CrO4) to 2 • 10 G cells in 3 ml medium. Incubation continued for 30 rain at 37~ 

A monolayer  of macrophages was obtained by adding (2-3) • l0 G PEC in 0.5 ml to flasks containing 1.5 
ml medium NO. 199. After  incubation for 1 h at 37~ the medium was poured off and the adherent  cells were 
washed twice with fresh medium. 

Labeled target  cells, washed to remove free radioactivity,  were added to the monolayer  of macrophages.  
The cell mixture was incubated for 18 h at 37~ in 2 ml of the above-mentioned medium. 

The cytotoxicity of the macrophages was determined f rom the percentage of chromium liberated f rom 
the labeled target  cells into the culture medium, by the usual formula [3]. 
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Fig. 2. Action of blastolysin on ingestion and 
and digestion of 51Cr-SRBC (A) and t4C- 
labeled typhoid vaccine (B) by PE'C. Abscissa, 
time of observation; ordinate, ingestion of an- 
tigen (in cpm/mg protein). A: I) control, II) 
1 rag/mouse, III) 4 rag/mouse; B: I) control, 
II) 4 rag/mouse, III) 20 rag/mouse. 

TABLE I. Cytotoxicity of PEC Macrophages of 

C57BL Mice after Injection of Biastolysin 

Target cells Macrophages 

, ] Cytotoxi- If + c.y 

L-- ceils 

After freezing and 
thawing 5 times 

Intact 

2 h after injection of 
blastolysin 

2 weeks after injection 
of BCG 

10 78--+ 1,0 
10 27-+0,8 

lO 46-+0,9 

10 72-+0,6 

C57BL embryonic 
fibroblasts After freezing and 

thawing 5 times 
Intact 

2 h after injection of 
blastotysi n 

2 weeks after injection 
of BCG 

86• 
14-+0,9' 

55_+ t,0' 

70_+0,6, 

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

To s tudy the ad juvan t  p r o p e r t i e s  of b l a s t o l y s i n  it  was in j ec t ed  i n t r a p e r i t o n e a l l y  in the a b o v e - m e n t i o n e d  
doses  s i m u l t a n e o u s l y  with a s m a l l  dose of SRBC into BALB/c mice .  

As the r e s u l t s  g iven  in Fig.  1 show, p r a c t i c a l l y  a l l  doses  of b l a s t o l y s i n  t e s t ed  s t i m u l a t e d  ant ibody f o r -  
mat ion .  I n t r a p e r i t o n e a l  i n j e c t i o n  of 1 mg b l a s t o l y s i n  into mice  s i m u l t a n e o u s l y  with 5 z 105 SRBC i n c r e a s e d  
the f o r m a t i o n  of p laques  of h e m o l y s i s  ( ca lcu la t ed  p e r  I x 10 ~ sp leen  ce l l s )  f ivefold.  In these  e x p e r i m e n t s  
b l a s t o l y s i n  in  a dose  of 1 mg p e r  m o u s e  s t i m u l a t e d  ant ibody f o r m a t i o n  by a g r e a t e r  deg ree  than a dose  of 4 
nag p e r  mouse ,  i n j ec t i on  of which c a u s e d  a th reefo ld  i n c r e a s e  in  the n u m b e r  of h e m o l y s i s  p laques .  These  ex -  
p e r i m e n t s  showed that  b l a s t o l y s i n  p o s s e s s e s  ad juvan t  p r o p e r t i e s .  

In the next  s e r i e s  of e x p e r i m e n t s  the ac t ion  of b l a s t o l y s i n  was s tud ied  on the phagocyt ic  and d iges t ive  
power  of the m a c r o p h a g e s .  In g roups  of a n i m a l s  in which the effect  of b l a s t o l y s i n  on the inges t ion  and d i g e s -  
t ion of S lCr - l abe led  SRBC was inves t iga t ed ,  PEC w e r e  co l l ec ted  30 ra in  and 18 h a f t e r  i n t r a p e r i t o n e a l  i n j ec t i on  
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Fig. 3. Trend of appearance of cytotoxicity of 
macrophages after injection of blastolysin (1) 
and BCG (II) into C57BL mice. Abscissa, 
time of observation; ordinate, cytoxicity (in %). 

of different doses of blastolysin simultaneously with the labeled SRBC. Phagocytosis of 14C-typhoid vaccine by 
macrophages was investigated once only, 30 rain after injection. Animals into which antigens were injected 
without blastolysin served as the control (Fig. 2). 

The results showed that blastolysin, in a dose of 1 rag, increased phagocytosis of both typhoid vaccine 
and SRBC by I~EC. Meanwhile, anincrease in the dose of blastolysin (4 mg per mouse in experiments with 
SRBC and 20 mg per mouse in the experiments with typhoid vaccine) did not lead to increased ingestion of 
antigens by PEC, and indeed, in a dose of 20 rag, led to marked inhibition of phagocytosis. 

Injection of blastolysin in a dose of Img per mouse not only increased ingestion of antigens, but also 
slightly accelerated digestion of SRBC, for the quantity of radioactive material in the PEC of animals receiv- 
ing blastolysin fell more rapidly than in the control. 

These results indicate that blastolysin, in certain doses, activates cells of the mononuelear phagocytic 
system, but in order to establish whether they can be effector cells for the lyric action of blastolysin of 
tumors in vivo, in the next series of experiments the aim was to discover whether macrophages of animals 
receiving blastolysin acquired the property of destroying ceils with disturbed growth parameters in allogeneic 
and syngeneic systems in vitro. 

PEC were obtained. 1) 2 h after injection of blastolysin, 2) 2 weeks after injection of BCG into the 
animals, and 3) from groups of intact animals. The results of these experiments are given in Table I. 

Macrophages obtained from the animals 2 h after injection of blastolysin caused considerable lysis of 
the labeled target ceils not only in aUogeneic, but also in syngeneic systems. The cytotoxicity, in per cent, 
was a little lower than that of macrophages from animals receiving BCG 2 weeks before the experiment, al- 

though it significantly exceeded the control. 

In the next experiments the dynamics of acquisition and length of preservation of cytotoxicity by macro- 
phages of animals receiving a single injection of BCG or blastolysin was compared. The results of these ex- 
periments (Fig. 3) indicate that the trend of appearanee of eytotoxieity differed after injection of blastolysin 
and BCG. Only 2 h after injection of blastolysin the PEC of the mice had a cytotoxic action on syngeneie tar- 
get cells, after 4 h, their eytotoxieity was sharply reduced, but it reappeared after 2 weeks, to reach a maxi- 
mum by the 5th week of the investigation. Cytotoxicity of the macrophages began to appear not earlier than 4 h 
after injection of BCG. It remained at this level for the first week, reached a maximum after 2 weeks, and 
still remained high after 5 weeks. 

There is insufficient evidence at present to judge whether cells of the same type are activated by blasto- 
lysin and by BCG at different times after their administration. At the same time, there is no doubt that the 
trend of appearance of cytotoxicity of peritoneal exudate macrophages after injection of blastolysin is biphasic 
in character: The firstphase is short but sufficiently clearly defined (from 21 to 55~ cytotoxicity in different 
experiments). After a rapid decline in cytotoxicity, it begins to reappear after 2 weeks and remains at about 
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the same level for a long time. These results suggest activation of different types of cells. However, it 
should be pointed out that several workers have shown that besides macrophages, the so-called natural killer 
cells, which were described previously in the spleens and lymph nodes of unstimulated mice [5], may also 
have a cytotoxie action in peritoneal cells in the early stages after injection of BCG vaccine. However, this 
suggestion requires special verification. 

The present investigations suggest that blastolysin, which possesses considerable antitumor activity, is 
a highly promising preparation, for its mechanism of action is based not on its toxic effect on cells, but on the 
ability of blastolysin to cause nonspecific stimulation of immunogenesis and to activate cells of the mononu- 
clear phagocytic system, which plays an important role in the maintenance of cellular homeostasis of the 
body. 
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