
R O L E  O F  M A C R O P H A G E S  A N D  N E U T R O P H I L S  O F  

IN P H A G O C Y T O S I S  O F  V I R U S - I N F E C T E D  C E L L S  

A.  A.  K y a z i m o v a ,  G.  I .  I I ' i n ,  
L .  V.  S o l i l o v a ,  T .  I .  F o m i n a ,  
a n d  A.  A.  S m o r o d i n t s e v  

I M M U N E  M I C E  

UDC 612.112.3-06:612.017.12 

Macrophages of the peri toneal  exudate of immune mice  posses increased phagocytic activity 
against v i rus- infec ted  cell part icles .  The react ion is charac te r ized  by s t r ic t  specificity. 

Recently during the study of  virus  infections much attention has been paid to the macrophages .  A 
close connection has been found between the susceptibil i ty of animals and that of their  macrophages  to c e r -  
tain v i ruses ,  which is t ransmi t ted  as an inherited charac te r i s t i c  [5, 6]. The view has been expressed that 
the cha rac te r  of interaction between maerophages  and v i ruses  may  even determined the outcome of an in- 
fectious disease  [8]. 

The important  role of macrophages  in the absorption of incompatible t i ssues  and tumors  has also 
been demonst ra ted  [4, 7]. 

It may be assumed that macrophages  play an equally active role in the phagocytosis of re jected cells 
and their  f ragments ,  infected with v i ruses .  The present  investigation was ca r r i ed  out to examine the problem. 

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

Vesicular  stomati t is  vi rus  (VSV) was used as the culture fluid of an infected p r imary  culture of chick 
f ibroblasts .  Newcastle disease  virus (NDV) was used as the allantoic fluid of infected 10-day chick em-  
bryos  fed f rom hen t issue components.  Fo r  this purpose the virus  was adsorbed on formal in - t rea ted  hen 
e ry throcytes ,  which were washed with cold physiological saline, and the virus was then eluted in 5% sodium 
chloride solution (l-10th part  of the original volume of virus).  

The mice were  immunized by intraperi toneal  injection: three t imes with VSV virus,  9 t imes with 
NDV virus (at intervals  of 3 days). The t i ter  of v i rus-neut ra l iz ing  antibodies in the blood of the exper i -  
mental  immune animals was 1 : 1024 or  more .  

Par t i c les  of check f ibroblasts  infected with VSV and NDV vi ruses  were  used as the object of phago- 
cytosis .  Cell part icles  freed f rom culture fluid were  stained for  18 h with f luorochrome (fluorescein i so-  
thiocyanate), washed careful ly to remove dye, and then suspended in bovine serum in a concentrat ion of 12 
million ce l l s /ml .  

An intraper i toneal  injection of 6 million cell part icles,  infected with virus,  was given to the mice 24 
h after  intraperi toneal  injection of 3 ml of 2% s tarch solution. One hour later,  at the height of development 
of the phagocytic reaction,  the animals were  killed and the exudate aspirated.  The percentage of peritoneal 
cells  engaged in phagocytosis was calculated for  200 cells examined in a moist  chamber  under the ML-4 
luminescence microscope .  The mean intensity of luminescence of each cell  in mV was determined for 50 
luminescent  cells by means of a special  attachment on the ML-4 microscope .  The resul ts  obtained were  
subjected to s tat is t ical  analysis by Strelkov 's  method [3]. 

The total number  of cells in the peri toneal  exudate was counted in a Goryaev ' s  chamber and their  
composit ion was determined in fi lms fixed in methanol and stained by the R o m a n o v s k y -  Giemsa method. 
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TABLE 1. Mean Number of Cells and Relative Percentages of Macrophages and Neutrophils in Peritoneal 

Exudate of Mice 1 h after Injection of Hen Fibroblasts 

Contents of phagocytes in ~eritoneal exudate after in ection of hen fibroblasts 

G r o u p  of m i c e  

I m m u n i z e d  with BBC 
I m m u n i z e d  w i t h  NDV 

Control 

u n i n f e c t e d  

~ % 

76 44 

57 31 

70 28 47 

i n f e c t e d  w i t h  VSV 

:2. 

% 

25 46 

39 43 

30 40 

i n f e c t e d  w i t h  NDV 

% 

39 48 

37 43 

34 49 

TABLE 2. Activity of Phagocytic Macrophages and Neutrophils 

of Peritoneal Exudate from Mice 

)bj_ect qf] 
phago- Group 
cy~osis of 
(celt mice 
particles) 

Hen fibro- 
blasts 

Hen fibro- 
blasts in- 
fected 
withVSV 

Hen fibro- 
blasts in- 
fected 
with NDV 

Control 

'Immunized 
with VSV 
Immunized 
with NDV 

Control 

Immunized 
with VSV 
'Immunized 
with NDV 

C ontrol 

Immunized 
with VSV 

Immunized 
with NDV 

Percentage of cells 
engaged in phagocytosis 
macrophages neutrophils 

M_+ m P M• m P 

H_+ 

18_+ 

~i + _ 

21_+ 

36_+ 

18--- 
15_+ 

16_+ 

16_+ 

1 

2 >0,0~ 

l > 0 , 0 ~  

5 

4 >0,0~ 

0,8 >0,0~ 
2 

3 >0,0~ 

5 >0,0~ 

Mean intensity of lumi- 
I nescence of phagocyte (in mV 

macrophages neutrophils 

' I 
M+m P M :t: rn i P 

10-+2 

17---0,8 

15_+2 

9_+ 2,5 

21_+0,3 

17_+2 
17_+2 

15_+6 

46-- + 6 

i>0,05 

>0,05 

 Oo,Oo  
>0,05 

1<0,05 

40_+5 [ 20_+4 

33_+4 >,005 20_+4 

29_+3 >0,05 I0_+8 ! 

29___6 15_+4 

83_+8 <0,05 27_+8 

45_+4 >0,05 11_+3 
33-'- 5 15_+ 2 

38_+2 >0,05 12-+1 

171-+27 <0,05 19-+4i 

>0,05 

>0,05 

>0,05 

>0,05 

>0,05 

>0,05 

EXPERIMENTAL RESULTS 

A series of preliminary experiments gave the total number of phagocytic cells present in the peri- 
toneal exudate and the percentage content of macrophages and neutrophils in the exudate from mice re- 
ceiving starch. One hour after intraperitoneal injection of uninfected particles of fibroblasts and fibro- 
blasts and fibroblasts infected with VSV and NDV, the cell reaction of the control mice and the mice im- 
munized with the two viruses was indistinguishable both quantitatively and qualitatively (Table 1). 

A comparative study of the phagocytic exudate of the mice showed that particles of hen fibroblasts, 
whether uninfected or infected with VSV and NDV, can be ingested by macrophages and neutrophils. How- 
ever, increased phagocytosis was visible only by macrophages of the immunized mice in respect to par- 
ticles of hen fibroblasts infected with homologous virus (Table 2). 
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In connection with the iner t ia  of the phagocytes  as r ega rds  the ingestion of f r ee  v i rus  par t ic les  in the 
p resence  of specif ic  antibodies,  the question of poss ible  changes in the intensity of phagocytosis  re la t ive  
to ce l l s  and cel l  pa r t i c les  infected by different  v i ru se s  mus t  be cons idered  [1, 2, 9]. To invest igate  this 
p roblem,  in terac t ion  between phagocytic f ac to r s  and ce l l s  was studied in immunized animals  using as a 
model  the phagocytic exudate f o rm ed  in the per i toneal  cavi ty  of mice  af ter  injection of s ta rch .  P a r t i c l e s  
of hen f ib rob las t s  infected with v i rus ,  homologous or heterologous  re la t ive  to the immuni ty  produced, we re  
injected into mice  p r e l i m i na r i l y  immunized  against  VSV and NDV. 

The invest igat ions desc r ibed  above demons t ra ted  a ma rked  inc rea se  in the intensi ty of ingestion of 
the injected cel ls  by m a c r o p h a g e s  of the per i tonea l  exudate, if a specif ic  re la t ionship  exis ted between the 
immuni ty  of the mice  and the v i rus  p resen t  in the hen f ibroblas t  pa r t i c les .  The r e su l t s  obtained provide 
evidence of an i nc r ea s e  in the phagocytic act ivi ty  of mac rophages  re la t ive  to cell  pa r t i c les  infected with 
v i ru ses  if the ant iv i ra l  immuni ty  is specif ic  for  the v i rus  infecting the cell.  This  indicates that phago- 
cytic f ac to r s  play a ro le  in ant iv i ra l  immunity ,  when the object of phagocytosis  is r ep re sen t ed  by la rge  
f r agmen t s  of infected cel ls  or  the cel ls  t hemse lves .  

These  fac t s  m a y  help to explain the m e c h a n i s m  of in teract ion between immunity  to an oncogenic v i rus  
and suppress ion  of act ivi ty  of the cance r  cel ls  containing specif ic  antigen. 
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