
little at this period. The view is held [3] that the appearance of immunoglobulins on T-lymphocytes may re-  
flect a certain stage of their maturation and activation. 

Formation of the B-lymphocyte population in man thus begins in early prenatal ontogeny; ]g-positive 
cells with surface IgG-receptors are  present both in the thymus and in the spleen, but the density of hnmuno- 
globulin receptors on their  surface and the ability of the lymphocytes to form "caps ~ of fluorescence in the 
presence of antigens are  evidence of the degree of differentiation of the lymphocyte. 
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C O O P E R A T I O N  OF A N T I G E N S ,  I M M U N O G L O B U L I N S ,  C O M P L E M E N T ,  

AND A N T I M I C R O B I A L  E N Z Y M E S  IN R E G U L A T I O N  OF M O B I L I T Y  

OF B L O O D  G R A N U L O C Y T E S  

R.  D. B a r a b a s h ,  T .  A, E r m a k o v a ,  
V. S. B o n d a r e n k o ,  E .  I .  B o n d a r e n k o ,  
a n d  L .  V. V a k u l e n k o  

UDC 612/1/014/398.14 

Cooperation between specific and nonspecific factors of humoral immunity in the regulation of 
granulocyte mobility was studied. Bacterial antigens of dental plaque, immunoglobulins, lyso- 
zyme, peroxidase, ribonuclease, and trypsin, each separately, were shown to produce moderate 
stimulation of chemotaxis and chemokinesis of granulocytes. The strongest chemotaxic effect 
was given by ribonuclease and the strongest chemokinetic effect by lysozyme. The strongest 
chemotaxie stimulus was generated on activation by complement in the classical way. Lysozyme 
sharply enhanced whereas ribonuclease and trypsin depressed the formation of the chemotaxis 
factor of complement in the classical way. Treatment of granulocytes with antimicrobial en- 
zymes lowered their sensitivity to this factor. 

KEY WORDS: chemotaxis and chemokinesis of granulocytes; bacterial antigens; immunoglobu- 
lins; complement; anthnicrobial enzymes. 

In the intact organism complement activation takes place parallel with an increase in the activity of anti- 
microbial enzymes in a focus of inflammation [1, 2, 6]. Because of the absence of data in the l i terature on 
relations between these two manifestations of humoral immunity in the generation of the chemotaxic stimulus, 
their  separate and combined effect on ~oTanulocyte chemotaxis and chemokinesis was studied. 

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

Mobility of granulocytes isolated from 30 blood samples from clinically healthy donors was studied. The 
granulocytes were isolated from whole blood, diluted 1 : 2, by centrifugation in a two-step density gradient of 
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TABLE 1. Effect  of An t imic rob ia l  Enz ymes  on Chemotax is  of Human Blood Granulocytes  and 
on Genera t ion  of C hemotaxic  St imulus 

Contents of open 
compartment 

Density of granutocyce 
front 

Statistical 
index 

M 
-4-/7t 
P< 
P~ < 

Contents of closed 
compartment 

Legend.  H e r e  and in Table  2: 
P1 r e l a t i ve  to pos i t ive  contro l .  

Granutocytes in Eagle's medium 

22 45 l [ 30 163 235 123 574 387 121 206 
1,8 32 47 78 52 4i 35 30 8 9 

0,01 0,03 0,08 0,01 0,0 0,01 0,04 0,0t 0,0l 
0,0i O,Oi 0,01 0,01 0,0 0,01 0, I4 0,0l 0,01 

PS SP L P R T Ig Ig Ig lg 

1) index of s ignif icance P ca lcu la ted  r e l a t i ve  to negat ive  control ,  

2) PS) Phys io logica l  sal ine;  DP) dental plaque; !.g) immunoglobul ins;  BP) blood p lasma;  L) 
l y s o z y m e s ;  P) peroxidase ;  R) r ibonuclease ;  T) t ryps in .  

TABLE 2. Effect  of Ant imic rob ia l  E n z y m e s  on Chemokines i s  and Sensi t ivi ty  of Granulocytes  
to S tandard  Chemotax ie  St imulus 

Contents of open 
compartment 

Density of granulocyte 
front 

Contents of closedcom- 
partment 

Statistical 
index 

M 
___m 
P 
Px 

434 
73 

0,01 
0,84 

PS 

337 
54 

0,01 
0,08 

PS 

Granulocytes in Eagle's medium 

231 
57 

0,01 
0,01 

168 
22 

0,01 
0,01 

255 
88 

0,01 
0,0t 

167 
62 

0,03 
0,01 

PS PS BP 

DP 
Ig 
BP 

201 
68 

0,01 
0,01 

g 
BP 

323 
43 

0,01 
0,02 

DP 
lg 
BP 

1.077/1.097 g / m l ,  m a d e  up f r o m  a m i x t u r e  of  9% Fico l l -400  solution ( f rom P h a r m a e i a ,  Sweden) and 60% v e r o -  
g ra f in  solution ( f rom Spoi l ,  Czechos lovakia) .  A suspens ion  of  250,000 g ranu locy tes  in 0.5 rat E a g l e ' s  med ium 
was used.  Granulocyte  mobi l i ty  was  studied in blind c h a m b e r s  of b rand  200-312 ( f rom Neuro  P robe ,  USA), 
which a r e  an up - to -da t e  modif ica t ion of Boyden ' s  c h a m b e r s  [5]. The  in tens i ty  of  chemotaz i s  and chemokines i s  
was e s t ima ted  f r o m  the deg ree  of fil l ing p o r e s ,  3 p in d i ame te r ,  in M a r k  11302 f i l t e r s  ( f rom Sar to r ins  M e m -  
b ranf f l t e r ,  West Germany) ,  A suspens ion  of  denial  plaque,  s t e r i l i z ed  by u l t rasound (44 kHz, 25 W / c m  2, 30 
mill), in a final concent ra t ion  of 5 m g / m l  was  used  as  bac t e r i a l  antigen.  Immunoglobul ins  i so la ted  f r o m  mixed  
human  sa l iva  by ge l - f i l t r a t ion  on Sepbadex G-200 were  u sed  in a final concent ra t ion  of 0.17 m g / m l ,  of which 
7470 cons i s ted  of  s e c r e t o r y  IgA and 26% of IgG, fixing the  complemen t  contained in the immune  complex  m o s t  
ac t ive ly  [3]. Autogenous blood p l a s m a ,  a l t e r  r e m o v a l  of  ce l l s ,  was used  as  the sou rce  of complement .  Other  
r e agen t s  we re  used  in the following final concent ra t ions :  egg albumin l y s o z y m e  ( f rom Reakhim,  USSR) 20 
u n i t s / m l ;  p e r o x i d a s e  ( f rom Realml,  Hungary) 50 u n i t s / m l ;  a lkal ine  r ibonuc lease ,  i so la ted  by the  w r i t e r s  t h e m -  
s e l v e s  f r o m  rabb i t  sa l iva  [4] 0.5 unit /m1; t r y p s i n  ( f rom Spofa, C zechoslovalda)  0.5 unit ml .  

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

Act ivat ion of  c o m p l e m e n t  on the immune  complex  was shown to s t imula te  or ien ted  movemen t  of  leuko-  
eytes  agains t  the concent ra t ion  grad ien t  of  the chemotaxic  f ac to r  sharply ,  so that  it was 20 t imes  g r e a t e r  than 
the  index of  spontaneous migra t ion  of the ce l l s  through a mi l l i po re  f i l t e r  (Table 1). Mixed human sal iva ,  in 
which act ivat ion of complemen t  on the complex  bac t e r i a l  ant igens of  dental plaque with s a l i va ry  immunoglobu-  
l ins  is  continuously maintained,  had a r a t h e r  weake r  chemotaxie  act ion (279 �9 68; P < 0.001). Bac te r i a l  antigens 
and immunogIobul ins  t h e m s e l v e s  gave  even weaker  s t imula t ion  of chemotaxis ,  namely  147 + 27 (P < 0.001) and 
45 • 9.6 (P < 0.03) r e spec t ive ly .  

T h e  study of the  effect  of an t ibac te r ia l  enzymes  on chemotax i s  of  g ranu locy tes  showed fo r  the f i r s t  t i m e  
that  each one has  a m a r k e d  pos i t ive  chemotax ic  effect,  which is e spec ia l ly  s t rong  in the  c a s e  of  r ibonuc lease  
(Table 1). The  chemotax ic  act ion of  t r y p s i n  i n c r e a s e d  sharp ly  during incubation with blood p l a s m a  (409 • 79; 
P < 0.01) through the  fo rma t ion  of chemotax ic  f a c to r s  following the  spli t t ing of complemen t  and kininogen by 
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this enzyme [7, 8]. The study of the effect of antimicrobial enzymes on formation of the chemotaxic factors 
in the immune complex-complement  system yielded important facts (Table 1). Lysozymes sharply stimulated 
this process ,  peroxidase had virtually no effect on its activity, and ribonuclease and trypsin significantly in- 
hibited it. The reason for this phenomenon will evidently be explained by a study of the modification of the 
surface receptors  of the granulocytes and of the anIigen, antibody, and complement molecules under the in- 
fluence of these enzymes. 

The addition of the enzymes directly to the granulocyte suspensions sharply increased their  chaotic 
mobility (Table 2). This property was part icularly marked in the case of lysozyme, possible evidence of the 
important ro le  of polysaccharide s t ructures  on the surface of the granulocytes in the regulation of chemo- 
kinesis. However, the response of the granulocytes to an additional chemotaxic stimulus arising from the 
lower compartment of the chamber in response to activation of complement of the immune complex, was 
sharply reduced under these conditions. This phenomenon may be due either to hydrolysis of the chemotaxic 
factor  in the upper compartment of the chamber o r  to prel iminary modification of the reactivity of the granulo- 
cytes by the enzymes. The resul ts  of this last  experiment, it should be noted, agree with data in the l i te ra-  
ture  on the inhibitory effect of t rypsin on chemotaxic reactivity of leukocytes, although they do not confirm 
data showing that egg lysozyme does not affect this process  [9]. 

The resul ts  of the present  experiment thus points to close interaction between antigens, immunogiobulins, 
and antimicrobial enzymes both in generation of the chemotaxic stimulus and in modification of cellular r e -  
activity of granulocytes. 
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