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Summary. - Spleen cells from mice infected with human adenovirus 
type 6 (Ad6) showed defective interleukin 2 (IL2) production 3-5 
days after the infection. T h e  response of spleen cells to exogenous 
IL 2 was also deficient. T h e  impaired capacity of concanavalin A-
(Con A)-activated spleen cells f rom Ad6-infected mice to utilize IL 
2 seemed to b e  related to the depressed capacity of  the infected sple-
nocytes to express  IL 2 receptors. T h e  immunologic dysfunction 
following infection with A d 6  may b e  a consequence of  deficiencies 
in both the elaboration of  and response to IL 2. 
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Introduction 

W e  earlier described a s t rong inhibition of  humora l  immuni ty  by h u m a n  
Ad6  in mice. T h e  mechanism of  th is  immunosuppress ion  is no t  clear, b u t  t h e  
macrophages s e e m  t o  be  o n e  o f  t he  direct targets fo r  virus action (Berencsi  et 
al., 1982; Berencsi  et al., 1985). T h e  macrophages play an  important  role in t h e  
regulation of  lymphocyte responses,  both  by direct cellular interactions and  by 
t h e  product ion of soluble factors (Allison, 1978). A s  t h e  Ad6-induced i m m u n o ­
suppression was only slightly reversed in mice  t reated with indomethacin  
(Berencsi  et al., 1987), it s e e m e d  very likely that  o the r  mechanisms  than  t h e  
enhanced  prostaglandin synthesis  are  also involved in t he  immunosuppress ion  
observed.  T h e  present  paper deals with exper iments  in which suppressed IL  2 
product ion together  with a defective expression of  t h e  IL  2 receptor have  b e e n  
f o u n d  in adenovirus-infected mice.  

Materials and Methods 
Mice. Eight to twelve-week old male CBA mice were used. 
Virus. Ad6 (kindly provided by Dr. R. Wigand, Homburg/Saar) was grown in HEp-2 cells, puri­

fied by CsCI gradient centrifugation and stored at - 7 0  nC. Mice were inoculated intraperitoneal^ 
with 109 TCIID50 o f  virus diluted in physiological saline. 

Generation ojlymphokine supernatants. Spleen cell suspensions from control and virus-infected 
mice were prepared in RPMI 1640 medium supplemented with 10 °/o foetal calf serum. T o  generate 
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IL 2 supernatants, cultures o f  107 spleen cells were prepared in 2 ml in 24-well cluster dishes 
(Costar). These cells were exposed to  Con A (Calbiochem) at 3 / /g /ml .  Supernatants were 
harvested usually after a 24-hr incubation and were stored frozen at - 2 0  °C until used. 

Assay for IL 2. The  thymus o f  4 to 6-week old CBA mice was removed and thymocyte cultures 
were prepared in RPMI 1640 medium supplemented with 10 % foetal calf serum, phytohaemag-
glutinin M (Difco) at a dilution o f  1:1000, and 2-mercaptoethanol at a concentration o f  2 x 1 0 - 5  M. 
The cells were cultured in 96-well microtitre plates; the cell concentration was 106/well. The  50 fJ. 1 
aliquots o f  the Con A supernatants were added to  the different wells in triplicate and were 
cultured for 2 days. After 48 hr, 37 kBq 3H-thymidine (Amersham) was added to  each well. Incuba­
tion proceeded for another 26 hr. Cells were harvested o n  an automatic cell harvester and counted 
in a Packard liquid scintillation counter. 

Spleen cell response to exogenous IL 2 preparation. Spleens were collected 1 day after Ad6 infec­
tion, and spleen cells (2.5 x 106/ml) were cultured for 3 days in the presence o f  3 / /g /ml  Con A .  The  
cells were then washed twice and incubated (105/0.1 ml) for 24 hr with 0.1 ml o f  human IL 2 prepa­
ration (kindly provided by Dr. I. Rostóczy). Six hours  before  harvesting, t h e  cells were  pu lsed  w i th  
37 kBq  3 H-thymidine  according to the  m e t h o d  o f  Colonna R o m a n o  a n d  coworkers (1986). 

Interleukin absorption by Ad6-infected cells. T h e  m e t h o d  described b y  Gill is  et al. (1982) was  
used. Briefly, spleen cells either f r o m  untreated mice  or f r o m  m i c e  infected w i th  A d 6  were  
cultured for 3 days w i th  C o n  A at a concentration o f  3 ug/ml,  then washed  twice a n d  incubated 
(108 cells/ml) wi th  h u m a n  IL 2 preparation f o r  1 hr  at 4 C a n d  1 hr at 37 °C. At the end o f  incuba­
tion, the supernatants were tested for IL 2 activity. 

Effect of Ad6 on in vitro IL 2 production 
Spleen cells f r o m  control  a n d  Ad6-infected mice  were  s t imulated  in vitro 

with C o n  A fo r  24 h r  a n d  t h e  superna tan ts  were  tes ted  f o r  I L  2 activity. Fig. 1 
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The spleen cells were stimulated with 
Con A and the supernatants were tested 
for IL 2 activity. The  data represent the 
3H-thymidine incorporation o f  mouse 
thymocytes in the presence o f  Con A 
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obtained from 3 m i c e ± S D  is indicated. 
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Fig. 2 
Kinetics o f  IL 2 production b y  spleen cells 
o f  control and  Ad6-infected mice  3 days 

after infection 
T h e  spleen cells were st imulated with  
C o n  A and  the  supernatants were  tested 
for  IL 2 activity at d i f ferent  intervals. T h e  
data represent the  3 H-thymidine  incorpo­
ration o f  mouse thymocytes in the 
presence o f  Con A supernatants. The  
mean value from 4 cultures±SD is indi­
cated. 
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shows  that  t h e  spleen cells of un t rea ted  mice produced a higher  a m o u n t  of  IL  2 
than  t h e  spleen cells of mice  4 days af ter  virus injection. A depressed IL  2 
product ion was f o u n d  1-7 days af ter  A d 6  inoculation (data no t  shown).  T h e  
kinetics o f  t h e  in vitro IL  2 product ion was also studied.  Fig. 2 shows that  in cell 
cul tures  f r o m  t h e  spleens of  t h e  control  mice  t h e  m a x i m u m  level of  IL  2 was 
foi ind 19 h r  af ter  t he  initiation of  cultures,  af ter  which t h e  IL  2 level decreased.  
T h e  kinetics of  IL 2 product ion of  t h e  spleen cells f r o m  t h e  Ad6-infected mice  
was similar, b u t  t h e  level o f  IL 2 activity was constantly lower during t h e  whole  
course  of  t h e  48-hr incubation,  indicating that  A d 6  infection depresses t h e  
ability of spleen cells t o  elaborated IL  2. 

Effect of Ad6 infection on the proliferative response of spleen cells to IL 2 
T h e  effect  of  A d 6  o n  IL  2 responsiveness was analysed by measur ing t h e  

D N A  synthesis  of  spleen cells f r o m  Ad6-infected mice  in t h e  presence of 
h u m a n  I L  2 preparation.  Fig. 3 shows that  C o n  A-activated spleen cells f r o m  
t h e  Ad6-infected mice  4 days af ter  infection proliferate w h e n  cul tured with 
exogenous  IL  2, b u t  this  response is significantly lower t h a n  t h e  proliferative 
response of  t h e  control  cells. T h e  difference be tween  t h e  D N A  syntheses  of  
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Fig. 3 
Response o f  Con A-stimulated spleen 
cells taken from control and Ad6-infected 

mice to exogenous IL 2 
The spleen were taken 4 days after the 
infection. The data represent the  3H-
thymidine incorporation o f  spleen cells in 
the presence o f  human IL 2 preparation. 
The mean value o f  data obtained from 3 
mice±SD is indicated. 
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3 H-thymidine  incorporation o f  thymo ­
cytes in the presence o f  serial dilutions o f  
human IL 2 preparation previously 
absorbed on Con A-stimulated spleen 
cells o f  Ad6-infected mice: •, and  o f  
control mice: o, unabsorbed I L 2  prepara­
tion: •. 

IL 2 absorption by spleen cells o f  control 
a n d  Ad6-infected mice  24 hr after infec-

Fig. 4 

t ion 

o 5 75 

% IL2 

cells taken from the control and infected animals was  similar when different 
numbers  o f  IL 2-stimulated cells were  tested. 

Effect of Ad6 on the binding of IL 2 
T h e  failure of  exogenous IL 2 to induce a similar proliferative response in the 

spleen cells f r o m  the Ad6-infected mice to that of  the control mice may b e  
a consequence o f  a perturbation in the capacity of the lymphocytes to express  
IL 2 receptors. This  possibility was  examined in the next experiment. Con A -
activated spleen cells were  incubated with human IL 2 preparation. T h e  super-
natants were  then tested for  residual IL 2 activity. Fig. 4 shows that the absorp­
t ion of  I L  2 by C o n  A-st imulated spleen cells f r o m  t h e  control  mice  resul ted in 
a p ronounced  loss of  IL  2 activity. I n  contrast ,  t h e  absorpt ion o f  I L  2 by  t h e  
s ame  n u m b e r  of  spleen cells f r o m  t h e  Ad6-infected mice  resulted in only a f ew  
per  cen t  loss o f  IL  2 activity. T h e  effect  of  unabsorbed  I L  2 o n  t h e  3 H-thymidine  
incorporation o f  t h y m u s  cells f r o m  C B A  mice  is also shown in Fig. 4. T h e  data 
obta ined indicate tha t  t h e  C o n  A-st imulated spleen cells of  t h e  Ad6-infected 
mice express a lower a m o u n t  of  I L  2 receptors.  

Many  viruses bring about  a s ta te  of  immunosuppress ion  in t h e  hos t  and  th is  
may  b e  caused by direct o r  indirect effects  u p o n  o n e  o r  m o r e  cell types of  t h e  
i m m u n e  system.  T h e  immunosuppress ive  effect  of  h u m a n  adenoviruses  has  
been  demonst ra ted  in various exper imental  systems.  W e  earlier reported tha t  
t h e  adenovirus  infection of  chickens resulted in a t ransient  suppression of  t h e  
humora l  i m m u n e  response  t o  sheep  red  blood cells (SRBC) (Béládi et al., 
1973). T h e  natural cytotoxicity reaction is also suppressed 2 days after adeno­
virus inoculation in chickens (Mándi  et al., 1987). A transient suppression of  
the antibody response to unrelated antigens was  found in hamsters (Hamburg 
et al., 1970). W e  have previously shown that A d 6  also has the ability to induce 

Discussion 
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immunosuppression in mice. T h e  number  of  anti-SRBC antibody-forming 
cells in the spleen of infected mice was less  than in controls 3-11 days after 
virus inoculation. Our observation that silica, an agent known to b e  toxic for 
macrophages, almost completely reversed the immunosuppressive effect  of  
Ad6, indicates that in our experimental system macrophages mediate the 
suppressor activity of  A d 6  (Berencsi et al., 1985). Macrophages are able to 
produce prostaglandins, which are known to be important mediators of  the 
suppressive activity of macrophages (Metzger  et al., 1980; Nathan et al., 1980). 
Treatment of  mice with the prostaglandin synthetase inhibitor indomethacin 
did not result in a pronounced reversal of  immunosuppresion, suggesting that 
other factors might also be involved (Berencsi etal., 1987). T h e  intention of  our 
present study was  to extend our knowledge about the role of  the regulatory 
iymphokines in the immunosuppression induced by Ad6.  IL 2 was chosen for  
study due  to its pivotal role in the immune response. Our results provide 
evidence of  a deficiency in IL 2 production. Another  defect found in Ad6-
infected mice was  the failure to respond to IL 2. A s  IL 2 exerts its multiple 
biological activities upon binding to its specific cell surface receptors, the unre­
sponsiveness  t o  IL  2 could b e  a result  of t h e  lack of  IL  2 receptors. O u r  data 
show that  t h e  spleen cells f r o m  t h e  Ad6-infected mice af ter  in vitro s t imulation 
with C o n  A have an impaired capacity t o  develop receptors  for  IL 2, as their  
capacity to  bind exogenous  IL 2 was markedly decreased.  It is no t  known,  
however ,  whe the r  this  is a direct effect  of  Ad6  o n  t h e  elaboration of  IL  2 recep­
tors  o r  it is secondary to  t h e  depressed IL 2 product ion,  as IL  2 st imulates its 
own receptors (Smith and  Cantrell ,  1985). T h e  impaired IL 2 production and  IL  
2 receptor expression are  c o m m o n  p h e n o m e n a  observed in protozoal 
(Sileghem  et al., 1987; H o  et al., 1988; Tar le ton,  1988; Cillari et al., 1988) and  
bacterial (Turcot te ,  1987; Makonkawkeyoon and  Kasinkerk, 1989; Deschenes  
e t  al., 1986) infections.  Immunosuppress ive  viruses have also b e e n  f o u n d  t o  
inf luence  IL  2 product ion.  Immunologic  dysfunct ion secondary t o  infection 
with malignant  rabbit f ibroma virus reflects deficiencies in bo th  t h e  elabora­
t ion of  and  response t o  IL 2 (Strayer  et al., 1986). Spleen cells f r o m  Newcastle 
disease virus-infected mice failed t o  produce  detectable a m o u n t s  of  IL 2 (Colo-
n n a  R o m a n o  et al., 1986). Blackett and M i m s  (1988) demonst ra ted  a notable  
reduction in C o n  A-induced IL 2 product ion by spleen cells f r o m  mice infected 
with m u r i n e  cytomegalovirus. It is no t  clear how t h e  various pathogens  inhibit 
IL  2 product ion and  response.  T h e r e  are several possible explanations fo r  t h e  
failure of  IL 2 production.  T h e  product ion of  IL 2 is enhanced  by t h e  interac­
tion be tween  IL 1 and  sensitized T lymphocytes.  W e  can n o t  exclude this  possi­
bility in Ad6-infected mice,  as macrophages,  t h e  main  source of  IL 1, are 
involved in t h e  Ad6-induced immunosuppress ion  in mice (Berencsi  et al., 
1985). T h e  role of prostaglandin E2, a known inhibitor of IL 2 production 
(Rappaport  and Dodge,  1982), is very probably exluded by t he  failure of indo­
methacin t o  reverse t h e  immunosuppress ion  d u e  t o  Ad6  in mice (Berencsi  et 
al., 1987). On  t h e  basis of  o u r  previous observation that  macrophages are  
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important targets of  Ad6-induced immunosuppression, w e  assume that adeno­
virus dis turbs various macrophage func t ions ,  which may  result  in incomplete  
IL  2 product ion and  responsiveness.  
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