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In te rac t ion  of noncellular  and bac t e r i a l  antigens with mac rophages  is genera l ly  accepted as an obl igatory 
t r i gge r  stage of the immune p roce s s  [12]. The functional role  of mac rophages  in the development  of an t iv i ra l  
immunity in connection with the g r ea t  d ive rs i ty  of possible  va r ian t s  of r e sponse  of these  cel ls  with different  
v i ru ses  has rece ived  much less  study [6]. Macrophages  sensi t ive  to v i ruses  promote  the i r  act ive reproduct ion  
[10]; in other  cases  v i ru ses  penet ra te  pass ive ly  into the cy toplasm of mac rophages  during pinocytosis  of v i rus  
pa r t i c les  or  phagocytosis  of v i rus - in fec ted  cel ls  [3, 5]. V i ruses  can be se lec t ive ly  adsorbed on the outer  m e m -  
b rane  of mac rophages  [15]. In al l  these  cases  a different  effect  is produced on the functional s tate  of the 
mac rophages  and on the i r  role  in the p e r m i s s i b l e  p repa ra t ion  of v i rus  supernatants  or  in induction of specif ic  
information rece ived  on an an t igen- reac t ive  clone of T - lymphocy te s .  

The object  of this investigation was to study the role  of macrophages  in the s t imulat ion of ant i - inf luenzal  
humora l  immunity,  taking into account the functional s tate of the cel ls  and the abil i ty of the vi rus  to r ea l i ze  its 
own genetic informat ion  in them.  

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

Allantois  influenza A/Leningrad/538/74 (H3 N2) v i rus  was used. Aggregated f o r m s  of the v i rus  were  
obtained by adsorpt ion  of 105 EIDs0 of v i rus  on hen ' s  e ry th rocy t e s  (3.5 �9 l0  T cells)  and by adsorpt ion  of v i rus  in 
a homogenate  of chorioal lantoic  m e m b r a n e s  of 12-day chick embryos ,  r emoved  16 h a f te r  infection with 103 
EID~0 of v i rus ,  on subeel lu lar  s t ruc tu re s .  

The infectious act ivi ty  of the v i rus  was de te rmined  by t i t ra t ion on developing chick embryos .  

Pinocytes  and monolayer  cul tures  of per i toneal  mac rophages  of Wis ta r  r a t s  and CBA mice  were  grown 
in an a tmosphe re  with 5% CO 2 in medium No. 199 with 5% neonatal calf s e rum or  1% bovine albumin and 5 
uni ts /ml  of hepar in  [4]. 

The reproduc t ive  act ivi ty of the v i rus  in mac rophages  was studied in high and low mult ipl ic i ty  of infec- 
tion (1-10 and 0.01-0.005 EIDs0 per  cell ,  r espec t ive ly) .  Af te r  contact  for  1 h the v i rus  which had not been ad- 
sorbed  and had not penetra ted  into the cy toplasm was removed  with type-spec i f i c  s e r u m  and washed repea ted ly  
with maintenance medium No. 199. The cel ls  were  d is in tegra ted  at var ious  t imes  a f t e r  infection and infectious 
v i rus  de te rmined  in the homogenate .  

Detect ion of synthes is  of v i ru s - s pec i f i c  R N P - s t r u c t u r e s  in the mac rophages  was studied at a high mul t i -  
plicity of infection. Af ter  r e m o v a l  of l ionpenetrating v i rus  the cel ls  were  incubated at 37~ for  1 h and t r a n s -  
f e r r e d  to E a g l e ' s  medium with 3H-uridine (10 pCi/ml) as radioact ive  RNA p r e c u r s o r .  Af te r  incubation for  5 h 
at 37~ the unincorporated label was carefu l ly  washed out with cold buffered physiological  sal ine.  The RNP-  
s t r u c t u r e s  were  isolated by a sedimenta t ion  method [7], using the SW27 ro to r  of a l~eekman L-75 centr i fuge.  
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Fig.  1. Dependence of antibody format ion  on 
degree  of d i spe r s ion  of native influenza A 
virus  p repa ra t ion  used as antigen. Virus in 
doses  of 3 log EIDb0 (a), 5 log EIDb0 (b), and 
7 log EIDb0 (c) was injected in t raper i tonea l ly  
into r a t s  (arrow).  All an imals  rece ived  a 
second (two a r rows)  in t raper i tonea l  injection 
of 7 log EIDb0 of v i rus .  Absc i s sa ,  days; o rd i -  
nate, t i t e r  of s e r u m  (in log2); values given a re  
r e c i p r o c a l s .  1) Allantoic v i rus ;  2) v i rus  ad-  
sorbed  on e ry th rocy tes ;  3) v i rus  adsorbed on 
s t r u c t u r e s  of sens i t ive  cel ls  of chorioal lantoic  
m e m b r a n e s .  

Rats  were  immunized with intact  o r  aggrega ted  v i rus  by a single in t raper i tonea l  injection in a volume of 
2 ml .  Serum antibodies were  de te rmined  in the neutra l iza t ion of infectious act ivi ty of the vi rus  for  chick 
e m b r y o s  tes t ,  using one dose of v i rus  and success ive  two-fold dilutions of s e r u m .  

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

In previous  invest igat ions in the w r i t e r s '  l abora to ry  [3, 5] act ivat ion of phagocytosis  of mac rophages  was 
found on contact  with aggregated  f o r m s  of influenza v i rus ,  with the detect ion of cons iderably  higher  concen t ra -  
tion of infectious ac t iv i ty  in the cel ls .  To study the re la t ionships  between the act ivi ty of phagoeytosis  and inten- 
s i ty of the immune r e sponse  the an imals  were  immunized with different  var ian ts  of native virus; r e la t ive ly  
monod i spe r sed  al lantoic v i rus  or  v i rus  aggrega ted  on cel ls .  Compar i son  of the dynamics  of synthes is  of s e rum 
antibodies 7 and 14 days  a f te r  single immunizat ion showed that the intensity of immunity depended on the dose 
of v i rus  injected (Fig. 1). The quanti tat ive indices of the ant ibodies  and the dynamics  of the i r  accumulat ion did 
not depend on the degree  of d i spe r s ion  of the p repara t ion .  The format ion  of immunologic  m e m o r y ,  studied 
re la t ive  to the intensi ty of antibody synthes is  a f te r  repea ted  in t raper i tonea l  injection of al lantoic influenza v i rus  
3 weeks a f t e r  p r i m a r y  immunizat ion a lso  was comparab le  when different  f o r m s  of v i rus  antigen were  admin-  
i s t e red .  These  r e su l t s  r evea led  d i f fe rences  in the c h a r a c t e r  of the antigenic s t imulus in native or  inacti{zated 
virus ;  according  to avai lable  evidence [1], the la t te r  in the aggrega ted  s ta te  p o s s e s s e d  s t ronge r  immunogenic 
p rope r t i e s .  One poss ib le  cause  of the absence  of co r r e l a t i on  between the intensity of the immunologic  reac t ion  
and the physical  f o rm of the native v i rus  used could be functional he te rogenei ty  of the mac rophages  [14], in the 
p resence  of which different  clones of macrophaga l  cel ls  r espond-dur ing  the p r o c e s s  of induction of antibody 
fo rmat ion  and during phagocytosis  of ce l l s  infected with v i rus .  Meanwhile,  the possibi l i ty  mus t  not be o v e r -  
looked of reproduct ion  of native v i rus  in the mac rophages ,  which would lead to synthes is  of v i rus  polypeptides 
possess ing  antigenic speci f ic i ty  and would inc rease  the antigenic s t imulus .  This hypothesis  ought to be tes ted,  
because  there  is evidence of v i ru s - s pec i f i c  synthes is  in the m a c r o p h a g e s  of mice  infected with influenza virus  
[2, 9, 13]. 

On the ba s i s  of these  obse rva t ions  a ro le  of m a c r o p h a g e s  in the induction of antibody synthes is  in 
r e s p o n s e  to injection of native influenza v i rus  can be postulatod (Table 1). In expe r imen t s  with adoptive t r a n s -  
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TABLE 1. Role of Maerophages  of CI?A 
Mice in F o r m a t i o n  of Humora l  Immunity  
against  Influenza 

Cells injected into 
irradiated mice 

B-Iympho- 
cytes+ T- macro- 
Iympho- phages 
cytes 

Number ] 
of posi- | Total 
tively reqnumber 
acting ]of sera 
sera [ 

i 15 1 15 
I1 

Mean IPositive 
gee- ~serocon- 
metric Iversion, 
antibody ~70 
titers ~ /  

<2 0 
110,3 800 

Legend. In exper iments ,  native influenza 
v i rus  was injected in t raper i tonea l ly  into 

sublethally i r rad ia ted  mice  in a dose of 
108"5EID50 and T- lymphocy tes  +B- lympho-  
cytes  or  the total  pool of spleen cel ls  were  
injected in a dose of 35 x 106 cel ls  taken 
f rom intact syngeneic mice .  
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Fig.  2. Influenza A vi rus  elution curves  in nutrient medium and ra t  mac rophages .  Absc i s sa ,  
hours  a f te r  infection; ordinate ,  infectious act ivi ty (in log EID50 ). 1) Ex t r ace l l u l a r  virus;  2) 
v i rus  in mac rophages .  

Fig.  3. Detect ion of R N P - s t r u c t u r e s  of influenza v i rus  in sens i t ive  MDSK cel ls  and ra t  m a c r o -  
phages.  Cel ls  infected with 1-5 EIDs0 per  cel l .  R N P - s t r u c t u r e s  detected 5 h l a te r  by sed i -  
mentat ion in sucrose  densi ty gradient  (15-30%) with 1 M urea ,  SW27 ro to r  of Beckman  L-75 
centr ifuge (23,000 rpm,  17 h). Absc i s sa ,  Nos. of fraction; ordinate,  rad ioac t iv i ty  of 3H-uridine 
(in CPM +103); 1) intact MDSK cells; 2) infected MDSK cells;  3) intact  maerophages ;  4) infected 
mac rophages .  

f e r  of a pool of splenocytes  f rom intact syngeneic an imals  into sublethally i r radia ted  (500 R ones), synthes is  of 
antibodies was detected only inthe case  of s imul taneous injection of v i rus  and spleen cel ls .  If the mac rophages  
were  r emoved  f rom the pool, no immunologic r e sponse  developed wha tsoever .  

Reproduct ion of influenza v i rus  was analyzed on a monolayer  cul ture of r a t  mac rophages .  The ability of 
the native v i rus  to penetra te  into unst imulated per i toneal  mac rophages  was judged f r o m  the r e su l t s  of t i t ra t ion 
of in t race l lu la r  v i rus  at dif ferent  t imes  a f t e r  infection. At different  d is tances  a f te r  infection with a m a s s i v e  
dose of v i rus  or  a low dose of v i rus ,  3.5 and 1 log EIDs0 of v i rus  r e spec t ive ly  was found in the homogenate  
(Fig. 2). Af ter  cul ture  for  72 h not only had no accumulat ion of v i rus  taken place,  but a dec r ea se  in its t i t e r  
was observed ,  cor responding  to the t he rma l  inact ivat ion curve  of ex t r ace l lu l a r  v i rus .  This is in ag reemen t  
with r e su l t s  obtained by other  w o r k e r s  who have studied interact ion between influenza v i ru ses  and mouse  
mac rophages  [3, 15]. In connection with a r epo r t  of a significant inc rease  in the accumulat ion of parainf luenza 
v i rus  with a fal l  in the t e m p e r a t u r e  of cul ture of mae rophages  [8], it was decided to study the possibi l i ty  of 
m o r e  act ive reproduct ion of influenza v i rus  in r a t  m a c r o p h a g e s  between t e m p e r a t u r e s  of 28 and 40~ The 
r e su l t s  showed that under these conditions also no reproduct ion  of the v i rus  took place,  and in t race l lu la r  death 
took place in full ag reemen t  with the ra te  of this p rocess  outside the cel ls ,  at each of the chosen t e m p e r a t u r e s .  

The r e su l t s  of the vi rologic  invest igat ion thus showed that mac rophages  of Wis ta r  r a t s  do not support  
reproduct ion  of influenza A virus  and that they are  nonpermiss ib le  for  synthesis  of the v i rus  by the cell  sy s -  
t em.  
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To clar i fy  the events taking place in macrophages  infected with influenza virus ,  a s e r i e s  of exper iments  
was ca r r i ed  out using molecular -b io logica l  methods of detect ion of v i rus -spec i f ic  syntheses  of RN P -s t ruc tu r e s .  
It was found that 5 h af ter  infection of macrophages  with influenza virus,  s t ruc tu res  analogous in ch a r ac t e r i s -  
t ics  of RNP detectable in a highly sensi t ive culture of t ransplantable MDSK cells (Fig. 3), appeared in them. 
Consequently, par t ia l  rea l iza t ion  of the genome, leading to RNP synthesis ,  took place in the macrophages  in 
the absence of synthesis  of infectious virus .  F u r th e r  analysis  of t4C-labeled amino acids of v i rus -spec i f i c  
po!ypeptides,  undertaken in paral le l  exper iments  in infected sensi t ive cells  and macrophages  by e l ec t rophore -  
sis in polyacrylamide gel [11], revea led  a dis turbance of t rans la t ion  in the synthesis  of virus polypeptides. 

An analysis  of the cha rac te r i s t i c s  of in teract ion of native influenza A virus with ra t  and mouse mac ro -  
phages thus showed that macrophages  take part  in the induction of synthesis  of ant i- influenzal  antibodies. The 
magnitude of the antigenic stimulus cor re la ted  with the concentrat ion of virus injected~ but was independent of 
the degree  of d ispers ion  of the antigen f rom native virus .  This indicated that the inductive phase of the immune 
response  was independent of the phagocytic activity of the maerophages .  The resu l t s  of the virologic and 
molecular -b io logica l  analysis  showed res i s t ance  of ra t  macrophages  to virus reproduct ion,  although synthesis  
of v i rus - spec i f i c  RNP-s t ruc tu r e s  with dis turbance of the p rocess  of t rans la t ion of v i rus - spec i f i c  polypeptides 
was d iscovered  in them. Consequently, the absence of any dif ference in the intensity of the immunologic r e -  
action when aggregated or  monodispersed  forms  of virus were  used was not due to additional accumulation of 
virus antigen. The resu l t s  indirect ly support  the view [141 that the process  of active phagocytosis and function 
of specific process ing  of the antigen for  st imulation of specific lymphocyte prol i fera t ion belong to different  
c lasses  of macrophages  or  they are  spatially separate  f rom each other  in the same cell.  
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