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Summary. — Several prostaglandins are continuously produced 
in every cell. They activate protein kinases b y  regulating cyclic 
nucleotide synthesis. Modifications of the phosphorylation of 
virus polypeptides and alterations in the microtubular system 
of host cells can result in the reactivation of latent viruses. 
Prostaglandins have a very  important role in directing cell cycle. 
Abnormal tyrosine kinase activities during viral cell transfor­
mation are responsible for t he  malignant changes and  consequently 
severe al terations are observed in t h e  endogenous prostaglandin 
production. Exte rna l  modification of th is  cascade can revert  
malignant signs t o  normal.  Fur thermore,  virus infection or  cell 
t ransformation could be promoted b y  t h e  immunosuppressive 
effects of overproduced prostaglandings. They  damage interferon 
release and  co-operation between t h e  different cell types  of t h e  
immune  system. Enzyme  inhibitors of t h e  prostaglandin cascade 
or  prostaglandin analogues m a y  exert  influence on all of these 
phenomenon,  providing fu tu re  therapeut ic  agents.  

Key words: prostaglandins', protein kinases', latency, transfor­
mation', interferons 

Among several endogenous and na tura l  substances, prostaglandins are 
regarded as  general modulators  of cell metabolism. They  have  a well do­
cumented direct and  indirect effect on cell-virus interaction, virus replication, 
and on reactivation process from latent  s t a t e  of viruses. Moreover, t hey  can 
play a role in viral t ransformat ion as  well. 

The cascade of prostaglandins — cyclic nucleotides — protein kinases 
Prostaglandins (PG) belong to the family of eicosanoids. They are synthe­

sized f rom arachidonic acid b y  cyclooxygenase and  peroxidase, while lipoxy­
genase convert  leukotrienes (LT) from the  same precursor. Arachidonic acid 
itself is derived from t h e  cell membrane  b y  phospholipase A (Berkow, 1977; 
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Nelson a n d  Johnson,  1982; Honn a n d  Sloane, 1985). B o t h  PGs a n d  L T s  
f o r m  m a n y  f u r t h e r  der ivates  which are  designed b y  let ters  a n d  a numerical  
index representing t h e  n u m b e r  of double  bonds  in their  s ide chains (Martin 
et al., 1983). PGs a r e  produced in n g  quanti t ies  in e v e r y  cell continuously, 
b u t  t h e y  a r e  n o t  stored.  Minor modifications in their  s t ructure  a r e  responsible 
for  t h e  di f ferent  biological activit ies.  T h e y  t a k e  p a r t  in several  physiological 
functions, t h e y  b e h a v e  a s  intracellular messengers (Ferreira  et al., 1971;  
Fitzpatr ick  and  Stringfellow, 1980; Švec  et al., 1982). The  most  important  
fact,  however,  is t h a t  P G E  increases t h e  production of cyclic adenosine 3', 
^'-monophosphate (cAMP), PGF — a n d  in smaller  degree PGA, PGG, P G H  
— elevate  t h e  intracellular level  of  cyclic guanosine 3', 5 '-monophosphate 
(cGMP) b y  t h e  act ivat ion of adenyla te  cyclase or g u a n y l a t e  cyclase, respect­
ively ( H a r b o u r  et al., 1983; L o r d  et al., 1989). T h e  t w o  t y p e s  of cyclic nucleo­
t ides  (CN) a r e  of  an tagon i s t i c  effects ,  a n d  t h e y  a c t i v a t e  cer ta in  p ro t e in  k inases  
(PK) ,  t h e  so  called c A M P - d e p e n d e n t  o r  cGMP-dependen t  P K s  (McClung 
a n d  Kle tz ien ,  1984; Rober t -Ga l l io t  et al., 1985; Beushausen  et al., 1987). 
I n  t h e  cells, t h e  g r e a t e r  p a r t  of n o r m a l  p ro te in  phosphory l a t i on  is  car r ied  
o u t  b y  these  C N - d e p e n d e n t  p ro t e in  kinases ,  b u t  t h e r e  a r e  m o r e  t y p e s  of o t h e r  
P K s  (Fo reman ,  1981). T h e  s u b s t r a t e  specifici ty of CN-dependen t  P K s  is 
re la t ively wide,  t he re fo re  t h e y  a r e  ab le  t o  uti l ize severa l  s t r u c t u r a l  a n d  non ­
s t ruc tu r a l  po lypep t ides  of  v i ra l  or igin (Willis, 1984). Phospho ry l a t i on  of 
p ro te ins  is  a re la t ive ly  s imple  w a y  of r egu la t ing  t h e i r  e n z y m a t i c  a n d  o t h e r  
act ivi t ies,  f u n c t i o n s  (Abell a n d  M o n a h a n ,  1973; L e a d e r  a n d  K a t a n ,  1983; 
Clinton a n d  Roskoski ,  1984; Michell, 1989). 

Possible molecular mechanisms between the prostaglandin cascade and viral 
infections of cells 

T h e  effects  of P G - C N - P K  cascade  h a v e  t o  d o  w i t h  t h e  d i f fe ren t  f o r m s  of 
v i rus  infec t ions  t h r o u g h  a f e w  molecular  mechan i sms  on ly .  
1. I n  eukaryo tes ,  c A M P  a c t i v a t e s  a h i s tone  k inase  which  phosphory l a t e s  
basic h is tones  r ich in  lysine,  while  c G M P  increases  t h e  phosphory l a t i on  of 
acidic nuc lea r  p ro t e in s  o n  t h e i r  serine o r  t h r eon ine  residues.  These  modi ­
fications r e v e r t  t h e  nonspecif ic  inh ib i t ion  of t r ansc r ip t i on  of  ce r t a in  g e n o m e  
sections m a i n t a i n e d  b y  his tones .  T h e  s u b s e q u e n t  i nduc t i on  of cellular e n z y m e s  
is essent ia l  in  t h e  v i ru s  repl ica t ion a n d  v i ra l  t r a n s f o r m a t i o n  ( P a n t a z i s  et al., 
1984; Willis, 1984). 
2. P G s  m a y  t a k e  p a r t  in  t h e  pos t t r ans l a t iona l  modif ica t ion  of v i ra l  p ro te ins  
(Benaven te  et al., 1984; S teve ly  et al., 1985). T h i s  process  a l t e r s  n o t  on ly  t h e  
phosphory la t ion  b u t  g lycosyla t ion,  t oo .  N a m e l y ,  P G A j  in vitro s t rong ly  
suppressed t h e  syn thes i s  of ves icular  s t o m a t i t i s  v i ru s  (VSV) g lycoprote in  G 
(Santoro  et al., 19836). P G J 2  pa r t i a l l y  inh ib i ted  a n d  caused  a n  a l t e ra t ion  i n  
t h e  synthes is  of Senda i  v i ru s  g lycoprote ins  b y  t h e  s a m e  w a y  (San to ro  et al., 
1987). In te res t ing ly ,  b o t h  P G s  caused  a s imilar  decrease  of t h e  molecular  
weights of t h e  special  g lycoprote ins  a s  c o m p a r e d  w i t h  t h e i r  cont ro ls  i n  t h e s e  
n o t  r e la ted  viruses .  
3. T h e  phosphory l a t i ng  ef fec t  of t h e  C N - P K  s y s t e m  p l a y s  a n  i m p o r t a n t  role 
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Table  1 .  Tl ie  effect of proslaylai idins  ÍIIIII cyclic nucleotides o n  viruses 

Compound Viruses  

PGAI Suppression of glycosylat ion of VSV polypeptide G 
P G A 2  Suppression of replication of vaccinia-, encephalo­

myel i t is - ,  Sendai  v i rus ,  a n d  VSV  in vitro 
E n h a n c e m e n t  of M u M T V  repl ica t ion  in cell cu l tu re s  

P G B i  E n h a n c e m e n t  of M u M T V  repl ica t ion  in  cell c u l t u r e s  
PGL>2 Ant ihe rpe t i c  a c t i v i t y  in vitro a n d  in vivo 

E n h a n c e m e n t  of H I V  p roduc t ion  b y  M O L T - 4  cells 
P G E j  R e a c t i v a t i o n  of l a t e n t  HSV-1  a n d  2 in vivo o r  f r o m  
P G E 2  e x p l a n t e d  gangl ia  
c A M P  Increased spread  of H S V - 1  a n d  2 f r o m  cell t o  cell 

Increased a d h e r e n c e  of HSV-1  infec ted  cells t o  un in fec ted  
cells 
Increased size of p l aques  b y  H S V - 1  a n d  2 
Inh ib i ton  of D N A  syn thes i s  b y  oncogenic h u m a n  adeno­
vi rus  t y p e  12 

Inh ib i t ion  of prol i fera t ion  of 3 T 3  cells t r a n s f o r m e d  b y  po lyoma  
v i rus  
Normal iza t ion  of f u n c t i o n s  of mac rophages  t r a n s f o r m e d  
b y  SV-40  
Suppress ion  of repl icat ion of para in f luenza  v i r u s  
t y p e  J H M vi rus  a n d  measles  v i r u s  
E n h a n c e m e n t  of H I V  produc t ion  b y  M O L T - 4  cells in vitro 
E n h a n c e m e n t  of M u M T V  repl icat ion in cell cu l tu re s  
Suppress ion of cell t r a n s f o r m a t i o n  b y  R o u s  a n d  K i r s t e n  
s a r c o m a  viruses  
immunological effects: 
Allowing HSV-1  p roduc t ion  b y  d a m a g i n g  A D C C  a n d  N K C  
Inh ib i t ion  of 11,-4 p roduc t ion  t o  p r even t  E p s t e i n - B a r r  
v i r u s  induced  B cell prol i fera t ion a n d  IgM p roduc t ion  
Suppress ion  of IgM produc t ion  t o  Dengue-2 v i r u s  
Inh ib i t ion  of an t i -VSV cy to tox ic  l y m p h o c y t e s  
Inhib i t ion  of I F N  release f r o m  N D V  infec ted  m o u s e  
\J cells 

R e d u c t i o n  of yield of polio-, enccpha lomyocard i t i s  
v i rus  a n d  VSV 

P G F 2  S t i m u l a t i o n  of H S V - 1  a n d  2 repl icat ion in case  of 
infec t ion  wi th  low mul t ip l i c i ty  

c G M P  S t imula t ion  of h u m a n  a d e n o v i r u s  t y p e  5 t s l 8  m u t a n t  
repl icat ion  in vitro 
S t i m u l a t i o n  of MuMTV repl ica t ion  in cell cu l tu re s  
E n h a n c e m e n t  of SV-40  t r a n s f o r m i n g  effect 

PGJ2 Synergis t ic  e f fec t  wi th  I F N  aga in s t  vacc in ia  v i r u s  
P G J 2  Inhib i t ion  a n d  a l t e ra t ion  in t h e  glycosylat ion o f  

Sendai  v i r u s  g lycoprote in  

in t h e  p r o t e i n  condi t ion  of  m i c r o t u b u l a r  s y s t e m  of  cells: t h e  c y t o s k e l e t o n  
is s tabi l ized b y  c A M P  ( H a r b o u r  et al., 1983; P u c k ,  1984; S c h u l m a n ,  1984). 
M e m b r a n e  p r o t e i n s  a r e  a lso  s tab i l ized  in t h i s  m a n n e r ,  a n d  c A M P  s t i m u l a t e s  
t h e  g r a n u l a r  cell secre t ion  a n d  t h e  p e r m e a b i l i t y  o f  t h e  cell m e m b r a n e  (Nelson 
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a n d  Johnson,  1982; Mart in  et al., 1983; W e b e r  a n d  Osborn,  1985). T h e  cGMP 
h a s  a n  opposi te  e f fect .  Po lypept ides  w i t h  a b n o r m a l  P K  act ivi t ies,  a s  R o u s  
sarcoma v i r u s  (RSV)  p p 6 0 s r c  t r a n s f o r m i n g  protein,  can b e  b o u n d  t o  micro­
f i l amen t s  a n d  t a k e  p a r t  i n  t h e  morpho log ica l  c h a n g e s  of  cells ( H e n d e r s o n  a n d  
Rohr schne ide r ,  1987). T h e s e  c h a n g e s  c a n  also h a v e  g r e a t  i m p o r t a n c e  i n  v i r u s  
rep l ica t ion :  i n  t h e i r  a d s o r p t i o n  t o  m e m b r a n e  r e c e p t o r s  a n d  m a i n t e n a n c e  o f  
cell c o m p a r t m e n t s ,  w h i c h  a r e  neces sa ry  f o r  v i r u s  p r o d u c t i o n .  T h e  d a m a g e d  
cy toske le ton  c a n  c a u s e  u n e q u a l  d i s t r i b u t i o n  of  c h r o m o s o m e s  t o  d a u g h t e r  
cells, r e su l t i ng  i n  k a r y o t y p e  d e a r a n g e m e n t  a n d  g e n e t i c  d r i f t ,  w h i c h  c a n  con­
t r i b u t e  t o  t h e  inc reas ing  m a l i g n a n c y  a n d  r e s i s t ency  t o  t h e r a p y  d u r i n g  carci ­
nogenesis  ( P u c k ,  1984). F u r t h e r m o r e ,  t h e  l a t e n c y  of  v i ruses ,  w h i c h  is o n e  o f  
t h e  leas t  c leared u p  a r e a s  of  virolog}7, will b e  e x p l a i n e d  b j '  c h a n g e s  i n  cel lular  
c o m p a r t m e n t s  a n d  s u r f a c e  r ecep to r s .  R e c e n t  w o r k s  h a v e  d e m o n s t r a t e d  t h a t  
P G s  a l t e r  b o t h  m o b i l i t y  a n d  express ion  of s u r f a c e  r e c e p t o r s  o n  l y m p h o c y t e s ,  
so t h e y  c a n  t a k e  p a r t  i n  v i r u s  i n d u c e d  i m m u n e  m o d u l a t i o n  (Lewis  et al., 
1985; Vei l le t te  et al.. 1989). 
4. P a r t l y  t h e s e  m e c h a n i s m s ,  p a r t l y  t h e  e f fcc t s  of  o t h e r  c o m p o u n d s  of  eico-
sanoid  f a m i l y  e l u c i d a t e d  severa l  f u n c t i o n s  of  l y m p h o c y t e s  h a v i n g  a n t i v i r a l  
a c t i v i t y  ( D o r c - D u f f y  et al., 1981), a s  well  a s  t h e  i n d u c t i o n  a n d  p a t h o m e c h -
a n i s m  of  l y m p h o k i n e s  a n d  i n t e r f e r o n s  ( I F N )  ( H e r z  a n d  Sen ,  1983; S t r i n g -
fellow a n d  B r i d e a u ,  1984). P G s  inf luence  t h e  a n t i b o d y  p r o d u c t i o n  a n d  t h e i r  
biological a c t i v i t y ,  a n d  t h e y  m o d i f y  t h e  nonspeci f ic  de fence  m e c h a n i s m s  of  
t h e  o rgan i sm (Goodwin  a n d  W e b b ,  1980). 

None the less ,  in  sp i t e  of  t hese ,  t h e  e f fec t  of  P G s  s h o u l d  n o t  b e  t a k e n  o v e r -
s t a t ing ly ,  b u t  t h e y  m u s t  b e  cons idered  a s  s ign i f icant  f a c t o r s  w h i c h  h a v e  
effect  in m a n y  c h a n g e s  ( L a n c e t  E d i t o r i a l ,  1988). P G  d e r i v a t e s  a r e  ava i l ab l e  
in m a n y  f o r m s  s y n t h e s i z e d  in vitro, a n d  t h e s e  can  b e  app l i cab le  too l s  f o r  
m o d i f y i n g  p o l y p e p t i d e s  of  cells a n d  v i ruses  (Abell a n d  M o n a h a n ,  1973; 
Collet t et al.. 1979). 

U n f o r t u n a t e l y ,  t h e  a l t e r a t i o n s  of  t h e  e n d o g e n o u s  P G  s y s t e m  d u e  t o  v i r u s  
infec t ions  a r e  less k n o w n .  Ava i l ab l e  d a t a  a r e  r e f e r r ed  t o  in a p p r o p r i a t e  
c h a p t e r s  (Tab le s  1 a n d  2). 

Influence on latency and replication of viruses by prostaglandins and cyclic 
n ucleotides 

Metabo l i t e s  w h i c h  a f f e c t  P K s  t h r o u g h  modi f i ca t ion  of  t h e  i n t r a c e l l u l a r  
level of C N s  s h o w  p r o f o u n d  ef fec t  o n  v i r u s  r ep l i ca t ion  i n  v a r i o u s  cell t y p e s .  
Th i s  in f luence  m a y  b e  o n  e i t h e r  t h e  a c t i v a t i o n  of  i n fec t ious  p r o g e n y  f o r m a t i o n  
f r o m  a v i r u s  f o r m e r l y  i n  a l a t e n t  s t a t e  o r  t h e  suppress ion  of  r ep l i ca t ion .  
These  processes  a r e  f r e q u e n t l y  b o u n d  t o  m e t a b o l i c  e v e n t s  l ead ing  t o w a r d  
cellular d i f f e r en t i a t i on  ( B e u s h a u s e n  et al., 1987). 

Ea r l i e r ,  l a t e n c y  of  h e r p e s  s i m p l e x  v i ruses  ( H S V )  in t h e  Gasse r i an  a n d  
sacral  gang l i a  ( t y p e  1 a n d  2) h a s  b e e n  t h o u g h t  t o  b e  cont ro l led  b y  i m m u n o ­
globulins,  a n d  t h a t  s t imu l i  a f f ec t ing  t h e  gang l ion  r e su l t ed  in  H S V  a c t i v a t i o n .  
T h e  exc lus iveness  of  t h i s  "gang l ion  t r i gge r  t h e o r y "  c a n  b e  d o u b t e d .  I t  i s  
m u c h  m o r e  l ikely t h a t  in fec t ious  pa r t i c l e s  w h i c h  g e t  f r o m  t h e  gang l ion  t o  
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t h e  skin or  mucosa  a l o n g  t h e  n e r v e s  would  const i tute  infectious microfoci; 
These,  in t u r n ,  a r e  constant ly  e l iminated b y  t h e  i m m u n e  response (Hill a n d  
B l y t h ,  1970; H a r b o u r  et al., 1983; K u r a n e  ft al., 1984). On t h e  other  hand,  if  
t h e  skin or t h e  mucous  m e m b r a n e  a r e  af fected b y  other  s t imuli ,  such a s  t r a u ­
m a ,  U V - r a d i a t i o n ,  ce r t a in  g r o u p s  of  chemicals ,  bac te r i a l  o r  o t h e r  microbia l  
i n fec t ion ,  h e a t ,  f eve r ,  t h e i r  c A M P  c o n t e n t  r ises locally,  a n d  t h i s  can  lead  t o  
inc reased  v i ru s  rep l ica t ion  a n d  i t s  insuff ic ient  e l imina t ion  resu l t ing  in a 
cl inically d i agnosab le  h e r p e t i c  lesion,  T h i s  process  is r e f e r r ed  t o  a s  " s k i n  
t r igge r  t h e o r y " .  A s  a r e su l t  of  s o m e  s t imu l i  t o  t h e  n e r v o u s  s y s t e m  b y  s t ress ,  
P G E 2  is re leased  a t  t h e  n e r v e  e n d i n g s ,  w h i c h  s e e m s  t o  s u p p o r t  t h i s  t h e o r v  
( K u r a n e  et al., 1984). H e r p e t i c  lesions could  also b e  i n d u c e d  b y  P G E 2  in­
j ec t ion  i n t o  t h e  e a r  o f  mice  i n f ec t ed  l a t e n t l y  w i t h  HSV-1 ,  s imi lar ly  a s  t h e s e  
lesions h a d  b e e n  induced  b y  mechan i ca l  a n d  chemica l  s t imul i  (Hill  a n d  
B l y t h ,  1976). H e r p e s  r ecu r rence  w a s  r e d u c e d  b y  inh ib i to r s  of  P G  s y n t h e s i s  
l ike asp i r in  a n d  ch lo rp romaz in  in pe r sons  t r e a t e d  f o r  o t h e r  r easons  w i t h  t h e s e  
d r u g s .  A b o u t  9 0  pe rcen t  of  t h e  g a n g l i a  f r o m  in fec ted  a n i m a l s  release t h e  
v i rus  d u r i n g  e x p l a n t a t i o n  a n d / o r  cocu l t iva t ion  in c u l t u r e .  T h i s  c a n  b e  in­
h ib i t ed  b y  10 4 M i n d o m e t h a c i n .  T h e  e f f ec t  is revers ible  a n d  a f t e r  r e m o v a l  
o f  i n d o m e t h a c i n  H S V  rep l ica t ion  s t a r t s  in c u l t u r e .  H S V  rep l ica t ion  i n  m o u s e  
L-cells a n d  in o t h e r  conven t iona l  cell c u l t u r e s  is i n h i b i t e d  b y  phospho l ipase  
i n h i b i t o r s  l ike t e t r a c a i n ,  m e p a c r i n e  o r  b y  s o m e  cyc looxygenase  i n h i b i t o r s  
( m e f a m i c  ac id) .  T h e  s y n t h e s i s  of  v i ra l  D N A  w a s  s igni f icant ly  r e d u c e d  b y  
1 0 ~ 5 — 1 0  3 M indomethacin g i v e n  within one hour  a f t e r  infection, b u t  t h e  
cell DNA s y n t h e s i s  a n d  cell divis ion remained  unaf fected.  T h e  ef fect  seemed 
virus-specif ic  ac t ing  on t h e  level of  v i ra l  D N A  s y n t h e s i s  and/or gene  t r a n ­
sc r ip t ion .  T h i s  is i m p o r t a n t ,  b e c a u s e  a b lock  in v i r u s  g e n e  t r ansc r ip t i on  could  
b e  o n e  of  t h e  m a i n  m e c h a n i s m s  o f  l a t e n c y  ( K u r a n e  et al., 1984). U p  t o  r ecen t  
knowledge ,  i t  is l ikely t h a t  t h e s e  P G  a n t a g o n i s t s  m i g h t  b e  u s e d  in t h e  t h e r a p y  
o f  o t h e r  d iseases  c a u s e d  b y  v i ruses  be long ing  t o  t h e  g e r m s  Herpesviridae, 
l ike var ice l la -zos ter  v i r u s  (Hill a n d  B l y t h ,  1976; S t e inbe rg ,  1984). I n  a p l a q u e  
a s s a y  V E R O  cells w e r e  i n f ec t ed  w i t h  H S V - 1  a n d  s u b s e q u e n t l y  t r e a t e d  w i t h  
P G E .  T h e  size o f  p l a q u e s  b e c a m e  s igni f icant ly  l a rge r  c o m p a r e d  t o  conven ­
t iona l ly  i n f ec t ed  cells. O t h e r  cells t r e a t e d  w i t h  P G E 2  t h e n  in fec t ed  w i t h  
t in;  syn m u t a n t  of  H S V - 1  a d h e r e d  t o  u n i n f e c t e d  V E R O  cells in a l a rger  
p r o p o r t i o n  t h a n  f h e  in fec ted  b u t  P G - u n t r e a t e d  cells. T h i s  a d h e r e n c e  w a s  
r e d u c e d  b y  P G  inh ib i to r s  ( H a r b o u r  et al., 1983; K u r a n e  et al.. 1984). Modif iers  
of  C N  c a t a b o l i s m  such  a s  P G A i ,  P G B i ,  d i b u t i r y l - c A M P ,  i soproterenol ,  
imidazole  a n d  ca rba iny lcho l ine  h a d  110 e f f ec t  ( D i a n z a n i  et al.. 1972; Abell  
a n d  M o n a h a n ,  1973). T h e  conclus ion is t h a t  P G s  of E t y p e  i n d e p e n d e n t l y  
o f  C N s  f ac i l i t a t e  t h e  cell t o  cell s p r e a d  of  H S V .  I t  is a l so  possible  t h a t  t h e  
g r e a t e r  f lu id i ty  o f  cell m e m b r a n e  s u p p o r t s  t h e  increased  s p r e a d  of  t h e  v i r u s  
( H a r b o u r  et al., 1983). In c o n t r a s t ,  t h e  s p r e a d  of  H S V  w a s  dec reased  b y  
t h e o p h y l l i n e  ( inh ib i to r  o f  c A M P  d e g r a d a t i o n ) ,  buf n o t  b y  inh ib i t i on  of  
a d s o r p t i o n  o r  p e n e t r a t i o n  ( T r o f a t t e r  a n d  Daniels ,  1980; H a r b o u r  et al., 
1983). T h e  s p r e a d  of  H S V - 2  f r o m  cell t o  CÍC 11 w a s  promoted b y  PGE2, while  
Cortisol and progesterone acted  synerg ica l ly  w i t h  this  class o f  PGs.  Ibuprofen,  
a non-steroidal ant i- inf lammatory  d r u g  and inhibi tor  o f  cyclooxygenase,  
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Table 2. The effect of viruses on the endogenous PG-CN-PK 
activities of cells 

Virus  Effect  

HSV-1 and 2 Induction of phospholipase A2 in cell membranes 
Elevation of P G E 2  synthesis  during v i rus  replication 

Human adenovirus No alteration in the endogenous cAMP level during 
t y p e  12 transformation of 3Y1 cells. t y p e  12 

Stimulation of PGE2 synthesis  in synovial  cell cultures 
during replication 
Alterations in the phosphorylation of cellular proteins 
during replication 

SV 40 and poly­ Eleva t ion  of cGMP level 
o m a  v i rus  R e d u c t i o n  of synthesis  of cAMP,  adeny la te  cyclase, 

PGE2 d u r i n g  t r ans fo rmat ion  in vitro 
Inf luenza v i rus  Changes in t h e  phosphoryla t ion p a t t e r n  of prote ins  
and  V S V  in  infected cells 
Measles, rubeola St imula t ion  of P G E 2  p roduc t ion  in synovia l  cell 
and  N D V  cul tures  dur ing  v i rus  replicat ion 
Dengue-2 v i rus  S t imula t ion  of PGE2  product ion  in infected T lymphocytes  
Sendai  v i rus  R a p i d  s t imula t ion  of c A M P  product ion ,  t h e n  suppression 

of c A M P  product ion  in infected f ibroblast  

Parainf luenza Suppression of cAMP synthesis  du r ing  replication 
virus  3 
R o u s  sarcoma Reduced  adenyla te  cyclase ac t iv i ty  a n d  P G E 2  p roduct ion  

in t ransformed N R K  o r  chicken e m b r y o  fibroblast 
cells 
Al tera t ion  i n  t h e  cellular d is t rubi t ion  of adeny la te  
cyclase a n d  phosphodiesterase dur ing  cell t rans form­
a t ion  
E leva t ed  c A M P  level dur ing  v i rus  replication 
Suppression of t h e  ac t iv i ty  of cellular c A M P  dependent  
P K s  a n d  cAMP independent  P K s  
Increase  in cellular phosphotyrosine con ten t  dur ing  
t rans format ion  

Ki rs ten  sarcoma Reduc t ion  in PGE2  synthesis  of t ransformed N R K  cells 
virus 
Ha rvey  sa rcoma Reduc t ion  in P G E 2  synthesis  of t ransformed MDCK cells 
virus 
Moloney sa rcoma Reduc t ion  of c A M P  synthesis  in vivo du r ing  tumour i -
virus genesis 

significantly decreased t h e  mul t ip l ica t ion a n d  sp read  of t h i s  v i rus ,  while  
P G s  w i t h  one  doub le  b o n d  (Ai.  B i ,  E i )  h a d  n o  effect  (Baker  et al., 1982). 
In teres t ingly ,  P G D 2  h a s  a n  an t ihe rpe t i c  a c t i v i t y  b o t h  in vitro i n  a m n i o n  cells 
a n d  in vivo ( T a n a k a  et al., 1986). PG F 2 a i pha  wh ich  is an t agon i s t  t o  P G E 2  i n  
o the r  aspects ,  also s t i m u l a t e d  H S V - 2  repl ica t ion i n  case of infec t ion w i t h  low 
mult ipl ic i ty .  E v e n  s e r u m  a d d e d  rou t ine ly  t o  t h e  cu l tu re  m e d i u m  of cells 
s t imula ted  H S V  repl icat ion b y  rais ing t h e  c G M P  level ( H a r b o u r  et al., 1983). 
I t  ha s  been  shown l a t e r  t h a t  b o t h  t y p e s  of H S V  can  i nduce  phosphol ipase  A2 
on t h e  sur face  of infec ted  cells, a n d  i t s  a c t i v i t y  con t r ibu te s  t o  t h e  e l eva ted  
P G E o  synthes is  a n d  sp read  of v i ruses  (Leht inen  et al., 1988). 
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On the  interaction of other DNA vi ruses  with  t h e  PG s y s t e m  it  is k n o w n  
t h a t  replication of vaccinia v i r u s  in cell cultures w a s  decreased b y  9 5 . 3 %  in 
t h e  presence of  4 |.ig/ml P G A j  (Santoro  c.t al., 1982; Santoro  et al., 1983a; 
Benavente  et al., 1984). PGAa had t h e  s a m e  ef fect  (Ankel  et al., 1985). B o t h  
d r u g s  acted in a dose-dependent manner,  neither of them affected t h e  DNA-, 
RNA-, a n d  protein-synthesis in uninfected cells, nor inhibited v i rus  adsorp ­
t i o n  a n d  pene t r a t i on .  Appl ied in t h e  ea r ly  phase  of  repl icat ion,  t h e y  de ­
creased t h e  vira l  D N A - ,  R N A - ,  a n d  polypept ide-synthes is  s ignif icant ly .  
Phosphory la t ion  of  several  v i ru s  prote ins ,  however ,  w a s  a l tered b y  P G A s ,  
a s  i t  could b e  concluded f r o m  t h e i r  e lec t rophore t ic  mobi l i ty .  P r o t e i n s  of t h e  
u n t r e a t e d  cells r emained  unc ha nge d .  S o m e  v i r u s  po lypep t ides  d i d  n o t  a p p e a r  
o r  t h e y  appea red  la te r ,  while t h e  syn thes i s  of o t h e r s  w a s  n o t  modif ied,  p rov ing  > 
t h a t  t hese  changes  d id  n o t  t a k e  p lace  a s  a resu l t  c f  t ox ic  effect ,  b u t  d u e  t o  
b lock ing  of  m a t u r a t i o n  specific s t e p s  of  some  v i rus  po lypep t ides  o r  a t  t h e  level 
of  v i rus  m R N A  t ransc r ip t ion  o r  t r ans l a t ion .  T h e  presence of P G A  m u s t  b e  
con t inuous  d u r i n g  v i ru s  repl icat ion t o  achieve these  ef fects  (T u rne r  et al., 
1981). 

P G A i  a n d  PGA2 in a dose  d e p e n d e n t  m a n n e r  also inh ib i t  in vitro repl icat ion 
of  encephalomyel i t i s  v i rus ,  Senda i  v i rus ,  a n d  V S V  (Santoro  et al., 1981; 
S a n t o r o  et al., 1983a; M u k h e r j e e  a n d  S impson ,  1984). T h e  resul ts  were  s u p ­
por t ed  b y  t h e  s a m e  molecular  p h e n o m e n a  men t ioned  a b o v e .  P G A i  w a s  e v e n  
su i t ab l e  in  p r e v e n t i n g  l a t e n t  infect ions.  I n  green  m o n k e y  k i dney  cells n e i t h e r  
P G E 2  n o r  PGFzaipha influenced vaccinia  o r  t h e  a b o v e  men t ioned  R N A  
vi ruses  (San to ro  et al., 1982; Ankel  et al., 1985). I t  is in t e res t ing  t h a t  p roduc­
t ion  of measles a n d  Coxsackie  B l  v i ruses  w a s  n o t  m o d u l a t e d  b y  P G E i ,  > 
while g r o w t h  of  pa ra in f luenza  v i ru s  3 in W I S H  cells decreased in t h e  presence 
of P G E .  T h e  reason f o r  t h i s  w a s  f o u n d  in d iminished  cellular c A M P  syn thes i s  
(Luczak  et al., 1975). Repl ica t ion  of a coronavi rus ,  t h e  J H M  virus ,  is f o u n d  
t o  b e  suppressed  in p r i m a r y  r a t  o l igodendrocytes  a s  a consequence  of pre-
t r e a t m e n t  w i th  metabo l i t e s  t h a t  s t i m u l a t e  o r  m i mi c  increased inctracel lular  
c A M P  level. Inh ib i t ion  of t r ansc r ip t ion  a n d  t rans la t ion  w i t h o u t  a f fec t ing  
e i t he r  a t t a c h m e n t  o r  s eques t r a t ion  of  t h e  inoculum w a s  observed ,  ind ica t ing  
t h a t  a block occurs  a t  some  s t a g e  a f t e r  u p t a k e  b u t  before  express ion of  
genomic  func t ions .  T h i s  d r a w s  a t t e n t i o n  t o  t h e  possibil i ty t h a t  uncoa t ing  w a s  
t h e  cri t ical  e v e n t .  Similar ly  t o  inf luenza a n d  s o m e  re t rovi ruses ,  dephospho-
ry la t ion  of t h e  nucleic ac id  b ind ing  pro te in  (N) m i g h t  b e  a prerequis i te  f o r  
comple te  uncoa t i ng .  Bccause  t h i s  process  is repressed in  d i f fe ren t ia ted  oligo- ^ 
dend rocy t e s  ( t h e  v i rus  c a n  es tabl ish  l a t e n t  infect ion in such  cells), t h e  a u t h o r s  
emphas i ze  a n  a p p a r e n t  l inkage be tween  increased in t racel lu lar  c A M P  level, 
d i f fe ren t ia t ion  a n d  suppress ion of  coronavi rus  repl icat ion.  Howeve r ,  in pr i ­
m a r y  r a t  o l igodendrocytes  p r e t r e a t e d  w i th  d ibu t i ry l -eAMP,  V S V  a n d  measles 
v i rus  were  r epo r t ed  b y  t h e  s a m e  a u t h o r s  t o  rep l ica te  normal ly ,  d e m o n ­
s t r a t i n g  t h a t  t h i s  t y p e  of cont ro l  o v e r  v i r u s  expression is s o m e w h a t  specific 
f o r  each  v i ru s  g r o u p  a n d  t h e  p a r t i c u l a r  h o s t  cell (Beushausen  et al., 1987). 
A n o t h e r  s t ra in  of  coronaviruses ,  m u r i n e  hepa t i t i s  v i ru s  t y p e  3 (MHV-3)  c a n  
cause  a f u l m i n a n t  illness. F u l l y  suscept ible  Ba lb / c J  mice in fec ted  w i t h  
100 LDfio developed histologic a n d  biochemical  ev idence  of  t h e  disease.  I n  



R E V I E W  387 

contrast,  animals  t reated  either before  or a f t e r  infection (up t o  48 hours) 
w i t h  16, 16-dimethyl-PGE2, a k n o w n  cytoprotect ive  agent,  demonstrated  a 
m a r k e d  reduction in these  s igns  of l iver  d a m a g e  (Falk  et al., 1987). Moreover, 
others  proved  t h a t  t h e  e f fect  of P G E  or cAMP on certain R N A  viruses,  
namely  on t h e  measles v i r u s  replication i s  dependent  on t h e  t i m e  of P G  
application. During absorption these  compounds enhance t h e  infectious 
titre,  while in  t h e  la te  phase  t h e y  h a v e  a n  opposite ef fect .  This  information 
suggests  t h a t  measles v i rus ,  s imilarly t o  other viruses,  m a y  require  P G  a t  
specific t imes  dur ing  t h e  replicative cycle (Dore-Duffy, 1982). A similar  
conclusion h a s  been d r a w n  f r o m  another experiment,  a s  la te ly  g u a n y l a t e  
cyclase ac t iv i ty  h a s  been assigned t o  Sendai v i rus .  This  can only b e  observed  
in vitro, i f  disruption of particles  h a s  a l ready been carried o u t  b y  detergents  
such a s  Tri ton X-100 or Nonidet P-40. T r y p s i n  or chymotryps in  are  n o t  ab le  
t o  eliminate th i s  ac t iv i ty ,  whi l s t  antibodies  aga ins t  t h e  nucleocapsid l iquidate  
this  funct ion (Kimura  et al., 1981). I t  i s  of interest  t h a t  t h e  level  of  cAMP 
in K B ,  MRC-5, or a d u l t  fibroblast cells i s  higher dur ing  t h e  f i r s t  hour  a f t e r  
infection w i t h  th i s  v i rus ,  t h e n  i t  becomes depressed dur ing  t h e  t w o  subse ­
q u e n t  d a y s  cont inuous ly  (Vallier  et al., 1981). 

V S V  p r o v e d  t o  b e  one  of t h e  b e s t  mode l s  f o r  s imi lar  inves t iga t ions ,  because  
i n  H E p - 2  cell cu l tu re s  t h e  v i ru s  p roduc t i on  is comple te ly  a b a n d o n a b l e  b y  
previous  i n d o m e t h a c i n  t r e a t m e n t ,  t h e  cells be c ome  prac t ica l ly  non-pe r ­
missive.  O n e  molecule of  i n d o m e t h a c i n  p e r  cell is e n o u g h  t o  s t o p  v i r u s  repl i­
ca t ion .  Because  phosphory l a t i on  of  severa l  v i ra l  po lypep t ides  is  r equ i red  
f o r  comple te  repl ica t ion,  inh ib i t ion  of  a n y  of t hese  c a n  exp la in  t h e  p h e n o ­
menon .  P h o s p h o r y l a t i o n  of severa l  cell p ro t e in s  is  a l t e red  i n  in fec ted  cu l tu r e s  
b y  V S V  a n d  also b y  o t h e r  v i ruses ,  l ike in f luenza  o r  adenovi ruses ,  wh ich  i s  
p a r t l y  a p recondi t ion ,  p a r t l y  t h e  consequence  of v i ru s  repl ica t ion,  a n d  t h e i r  
b lockade  c a n  c o n t r i b u t e  t o  t h e  inh ib i to ry  ef fec t  of i n d o m e t h a c i n  (Mukher j ee  
a n d  S impson ,  1982; M u k h e r j e e  a n d  S impson ,  1984). 

Recen t ly ,  i t  h a s  b e e n  f o u n d  t h a t  P G E 2  a n d  P G D 2  a d d e d  t o  t h e  c u l t u r e  
m e d i u m  of t h e  h u m a n  immunodef ic iency  v i ru s  ( H I V )  con t inuous -producer  
cell l ine ( M O L T - 4 / H T L V - I I I )  increases  t h e  release of v i ru s  in  dose  d e p e n d e n t  
fash ion .  O t h e r  P G s  s u c h  a s  PGF2aipiia o r  13, 14-d ihydro-15-ke to-PGE 2  d i d  
n o t  a f f ec t  v i ru s  p roduc t ion .  W h i l e  P G E 2  i s  o n e  of t h e  i mmunosupp re s s i ve  
c o m p o u n d s  p r e s e n t  in  h u m a n  s e m e n  i t  m i g h t  d i rec t ly  fac i l i t a te  t h e  ef f ic ient  
t r ansmiss ion  of  infec t ion  d u r i n g  sexua l  in te rcourse  ( K u n o  et al., 1986). 

P r o t e i n  k inase  ( P K )  ac t iv i t ies  a r e  associa ted  w i t h  severa l  v i ra l  par t ic les .  
P K  ac t iv i t ies  c a n  b e  of  d i f fe ren t  t y p e  be ing  p r e s e n t  i n  t h e  enve lope  of t h e  
s ame  par t ic le  ( R o u s  sa rcoma ,  a v i a n  myeloblastosis ,  Semliki  fo res t ,  Senda i ,  
Sindbis ,  vaccinia ,  r ab ie s  v i rus ,  VSV) a n d  c a n  ut i l ize  d i s t i nc t  s u b s t r a t e s .  
H e r p e s  s implex  v i r u s  a n d  t u p a i a  he rpesv i rus  p h o s p h o r y l a t e  p r e d o m i n a n t l y  
sí-ructural polypept ides  b u t  equine herpesvirus  utilizes protamine  a n d  histones 
as  well.  I n  t h e  v i r u s  envelope certain kinase  act iv i t ies  can b e  of cellular origin. 
Such cAMP-dependent P K s  convert  certain m a j o r  a n d  minor s t ructura l  
polypeptides of HSV-1 (Stevely  et al., 1985). A m o n g  unenveloped viruses,  
adenoviruses possess  more CN-independent P K  activit ies,  which phospho­
ry l a t e  ser ine o r  t h r eon ine  res idues  of e i t he r  m i n o r  s t r u c t u r a l  po lypep t ides  
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(I l l/a,  VI,  X )  (Blair and Russel,  1978), or core polypeptides  (V. VII)  and 
t h e  72kD single DNA binding polypeptide (Cajean-Feroldi  et al., 1981). b u t  
these enzymes  are  unable t o  utilize histones. On the  other hand, all t h e  struc­
t u r a l  po lypep t ides  of  adenovi ruses  con ta in  res idues  which  can b e  phospho-
ry la t ed  b y  c A M P  d e p e n d e n t  P K s  ob ta ined  f r o m  r a b b i t  re t iculocytes  o r  K B  
cells. T h e  s u b s t r a t e  specificity of these  e n z y m e s  is wide,  t h e y  util ize his tones .  
casein,  p r o t a m i n e  (Blair  a n d  Russel ,  1978). Cer ta in  po lypep t ides  in t empe ra ­
ture-sens i t ive  m u t a n t s  ( t s l 8 ,  t s l 9 )  of h u m a n  adenov i ru s  t y p e  ô h a v e  altered 
confiuguration. These polypeptides  can be phosphorylated b y  cAMP de­
p e n d e n t  P K s  o f  t h e  infec ted  cells a t  semiperrnissive t e m p e r a t u r e  (37  GC), 
b u t  t h e  vira l  P K s  seem t o  b e  m o r e  specific t h a n  cellular ones  (Taródi  et al.. 
1979). Using PGs for  in vitro s t imulation of the  same mutants ,  moderate 
replication of t s l 8  mutant  could be  achieved a t  restrictive temperature  (39 
°C), showing  f u r t h e r  differences in t h e  phosphory la t ion  p a t t e r n  be tween  
po lypep t ides  VJ a n d  X (Ongrádi  et al., 1986). Phosphorylation of v i r u s  
polypeptides  a t  dif ferent  sites and modes sugges t s  their polvfunctional  
feature .  T h e  s a m e  phenomenon can be  responsible for  reactivat ion of latency 
in parallel mechanisms. 

Cell transformation by viruses and the prostaglandin cascade 

Both in normal a n d  t rans formed cell-cycle, several  changes of the  PG-CN-
P K  cascade can b e  observed.  The  phosphorylation of  acidic nuclear proteins 
t a k e s  place in the  Gi a n d  S phases  of  normal cells. This  process, however,  
t a k e s  h a r d l y  place in the  Go phase and  mitosis (McClung a n d  Kletzien, 1984: 
Willis, 1984). The  cAMP level rises in the  Gi phase,  while it decreases in G2 
p h a s e  and  it is lowest  dur ing  mitosis (Abell and  Monahan, 1973: McClung 
and Kletzien, 1984). The  changes of cGMP are  of opposite direction. PGF 
2aipha, PGG2, and PGHo increase the  level of cGMP and through this  t h e  
a c t i v i t y  of  a PKphosphory la t ing  the  serine residues (Menyhárt and  Mináro-
v i t s ,  1977); I n  general.  PGs faci l i tate  the transition into S phase  f rom  Gi 
phass ,  b u t  when DNA synthes is  s tar t s ,  the  q u a n t i t y  of cGMP decreases, a s  
i t  w a s  shown in t u m o u r  cells: dur ing  transformation wi th  S V  40 and polyoma 
viruses,  cAMP level w a s  reduced t o  its  hal f  in 3T3  cells. A d o g  k idney  cell 
line (MDCK) t ransformed with Harvey  murine sarcoma v i r u s  showed marked ­
ly r educed  P G E 2  p roduc ing  ab i l i ty  c o m p a r e d  t o  t h e  p a r e n t a l  line (Lin  et al.. 
1982), a n d  P G E 2  p roduc t ion  w a s  also reduced  in r a t  k i d n e y  f ibroblast  cells 
( N R K )  a f t e r  t r a n s f o r m a t i o n  b y  e i t h e r  R S V  o r  Ki r s ten  n u r i n e  v i rus  (L in  
et al., 1980). A lar^c q u a n t i t y  of  c A MP,  like P G E i  a n d  cort ison synerg ic  
wi th  t h e  l a t t e r ,  e x e r t s  a n  inh ib i to ry  ef fec t  on cell g r o w t h ,  Theophyl l ine  h a s  
t h e  s a m e  p r o p e r t y  (Abell a n d  M o n a h a n ,  1973; T u r n e r  et al., 1981). Cell 
t r a n s f o r m a t i o n  w i th  vi ruses  men t ioned  a b o v e  could b e  d imin i shed  in a sig­
nificant. degree  b y  a pp ly ing  P G E i ,  a n d  a d d i n g  d i bu t i r y l - cAMP  t o  B H K - 2 I  
colls in vitro, s t ops  t h e  D N A  syn thes i s  of oncogenic  adenov i ru s  t y p e  12 
(Menyhá r t  and Minárovits, 1977). On t h e  other hand in 3Y1 cells t ransformed 
with  t h e  wild t y p e  adenovirus  12 a t  permissive  and restr ict ive temperatures  
and  with its m u t a n t  ts401 defect ive  at higher temperature,  the  endogenous 
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cAMP level  does  not  s h o w  a n y  al terat ion neither  in presence or  in t h e  absence  
of t r a n s f o r m a t i o n  (Ledinko  et al., 1979). T h e  phenotypica l  s igns  of  m a l i g n a n c y  
on cells can temporar i ly  b e  concealed b y  extracel lu lar  application of PGE],  
theophyl l ine a n d  dibut i ry l-cAMP (Abell  a n d  Monahan,  1973). Macrophages  
t r a n s f o r m e d  w i t h  SV-40 regained their  p h a g o c y t i c  a c t i v i t y  ( T a n i g a w a  et al., 
1982). T h e  a b o v e  mentioned MDCK cells los t  the i r  a b i l i t y  t o  e x p r e s s  funct ion ­
al  g lucagon  r e c e p t o r s  u p o n  t r a n s f o r m a t i o n .  P G E s  r e s t o r e d  t h e  d i f f e r en t i a t i on  
of t h e s e  cells a n d  c o n s e q u e n t l y  i n d u c e d  t h e  a p p e a r a n c e  of  n o r m a l  r e c e p t o r s  
o n  t h e  cell s u r f a c e  (Lin  et al., 1982). T h e r e f o r e ,  i t  s e ems  conce ivab le  t h a t  f o r  
ce r t a in  t u m o u r s ,  t r a n s f o r m a t i o n  r e su l t s  i n  dec reased  P G  p r o d u c t i o n  a l lowing  
a se lect ive  a d v a n t a g e  f o t  t h o s e  cells t o  e scape  f r o m  a n o r m a l  P G  i n d u c e d  
s t a t e  of  d i f f e ren t i a t ion  (Lin  et al., 1986). T h e s e  p h e n o m e n a  m a y  b e  r e l a t e d  t o  
t h e  f a c t  t h a t  t h e  s t a b i l i t y  of  t h e  t u b u l a r  cell s t r u c t u r e s  a n d  i t s  m e m b r a n e s  
is s t r e n g t h e n e d  b y  c A M P  ( P u c k ,  1984). Fe l ine  l e u k a e m i a  v i r u s  ( F e L V )  a n d  
o t h e r  r e t rov i ru se s  could  dec rease  t h e  m o b i l i t y  of  a c o n c a n a v a l i n  A (Con-A) 
r e c e p t o r  o n  t h e  s u r f a c e  o f  l y m p h o c y t e s  a s  a p a r t  of  l eukaemogenes i s  a n d  
i m m u n o s u p p r e s s i o n .  Ch icken  e m b r y o  f ib rob la s t  cells t r a n s f o r m e d  w i t h  t e m ­
p e r a t u r e  sens i t ive  R S V  m u t a n t  a t  pe rmiss ive  t e m p e r a t u r e ,  s h o w  dec rea sed  
c A M P  level  w i t h i n  10 m i n u t e s  a f t e r  in fec t ion .  I n f e c t i n g  a t  r e s t r i c t i ve  t e m ­
p e r a t u r e ,  t h e  c A M P  level  r e m a i n s  t h e  s a m e  a n d  t r a n s f o r m a t i o n  d o e s  n o t  t a k e  
p lace .  V i r u s  r ep l i ca t ion ,  howeve r ,  o c c u r s  i n  b o t h  cases.  I n  m i c e  i n f ec t ed  w i t h  
Moloney  s a r c o m a  v i rus ,  t h e  d e v e l o p m e n t  o f  s a r c o m a  w a s  d e l a y e d  b y  i n d o -
m e t h a c i n .  I n  a n o t h e r  e x p e r i m e n t ,  c r e a t i n g  i m m u n o s u p p r e s s i o n  w i t h  a n t i -
l y m p h o c y t e  s e r u m  i n  a n i m a l s ,  t h e  s a m e  v i r u s  w a s  s u b s e q u e n t l y  i n o c u l a t e d .  
T h e  m i c e  al l  d i ed  w i t h i n  14 d a y s .  B u t  i n  a n i m a l s  s imi la r ly  i m m u n o s u p p r e s s e d  
a n d  v i rus - in fec ted ,  a s igni f icant  i nh ib i t i on  of  t u m o u r  g r o w t h  cou ld  b e  o b t a i n ­
e d  b y  i n d o m e t h a c i n  t r e a t m e n t  ( M e n y h á r t  a n d  Minárovits,  1977). T h u s ,  
t rans format ion  w a s  accompanied b y  decrease of  t h e  cAMP level  (Izui  et al., 
1980; Wil l is ,  1984). A m o n g  some conflicting resu l t s  i t  i s  r e m a r k a b l e  t h a t  
k i d n e y  cells could b e  t r a n s f o r m e d  a t  res t r ic t ive  t e m p e r a t u r e  b y  cold-sensitive 
mouse  sarcoma v i r u s  only  i f  t h e  endogenous  c A M P  level  w a s  ra i sed  b y  P G E i .  
T h e  e f fec t  w a s ,  however ,  only  t rans i tory ,  a n d  t h e  morphological  s igns  ceased 
quickly  (Somers, 1981). I t  w a s  also repor ted  t h a t  P G E 2  in 3 T 3  cells w a s  
e levated  b y  p o l y o m a v i r u s  (Roos  et al., 1980), whi le  others  publ i shed  t h a t  
increased cAMP level t o t a l l y  b locked prol i ferat ion of  p o l y o m a v i r u s  t r a n s -
f o r m a n t s  der ived  f r o m  3 T 3  cells w i t h o u t  a f f e c t i n g  prol i ferat ion of  n o r m a l  
cells or  SV-40 induced t r a n s f o r m a n t s  of  t h e  s a m e  eel1 line. Prol i fera t ing  po ­
l y o m a  t r a n s f o r m a n t s  c o n t a i n e d  t h r e e f o l d  less c A M P  t h a n  d i d  p r o l i f e r a t i n g  
SV-40 t r a n s f o r m a n t s .  A d e n y l a t e  cyclase  a c t i v i t y  w a s  t h r e e f o l d  less a c t i v e  
in  t h e  m e m b r a n e s  of p o l y o m a  t r a n s f o r m a n t s .  A mi togen ,  Con-A h a d  d i f f e r e n t  
e f fec t :  i t  could  t o t a l l y  b lock  p ro l i f e ra t ion  of  b o t h  n o r m a l  cells a n d  SV-40  
t r a n s f o r m a n t s  of  3 T 3  b u t  r e d u c e d  p ro l i f e ra t ion  of  p o l y o m a  t r a n s f o r m a n t s  
on ly  t w o f o l d  ( K a m e c h  et al., 1987). I n  t h e  l igh t  of  t h e s e  o b s e r v a t i o n s  o n e  
c a n n o t  conc lude  t h a t  c h a n g e s  in  P G  ef fec t s  d o  n o t  d e p e n d  o n  v i ruses  (L in  
et al., 1986). N e o p l a s t i c  progress ion  is a m u l t i s t e p  p rocess :  w h e t h e r  t h e  a l t e r a ­
t i on  of  t h e  P G  p r o d u c t i o n  is a n  e a r l y  occur rence ,  o r  s o m e  e n z y m e s  i n  t h e  
b i o s y n t h e t i c  p a t h w a y  f o r  P G  s y n t h e s i s  b e c o m e  modif ied  u p o n  t r a n s f o r m a t i o n ,  
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remains  unknown.  I f  so, t h e  change of PG production m a y  potential ly  b e  
used for  monitoring t h e  progression of  v i ra l  t ransformation of cultured 
cells (Lin et al., 1986). 

Interest ing observat ions  were obtained using murine m a m m a r y  t u m o u r  
v i r u s  (MuMTV) regarding  t o  the  possible synergism of PGs a n d  certain 
steroid hormones in t h e  initiation and maintenance of b r e a s t  canccr. I t s  
replication in cell cultures w a s  enhanced b y  both PGAi  and  P G E i .  Similar, 
b u t  less e f fect ive  influence w a s  found,  when PGl i i  and PGF2aipha were  
applied (Svee  et al., 1982). However,  other authors  found t h a t  PGF2aipha 
markedly  increased the  MuMTV production in cell culture (Karmali  et al., 
1982). T h e  synthet ic  glucocorticoid dexamethasone increased MuMTV 
production and  both t h e  a b o v e  mentioned PGs and dibutiryl-cAMP were  
able  t o  potentiate  i t s  e f fec t  a n d  increase v i r u s  replication. Norepinephrin 
a n d  isoproterenol also enhanced t h e  dexamethasone mediated MuMTV 
stimulation (Švec  et al., 1982). The  similar ef fect  of prolactin also has  been 
o b s e r v e d  (Karmali  el al., 1982). So, i t  m a y  b e  conceivable t h a t  synerg ism 
between PGs a n d  hormones is fundamenta l  in t h e  activation of t u m o u r  
viruses  (Tisdale, 1984). Another  aspect  w a s  revealed a m o n g  cell t rans for ­
ma t ion ,  P G - C N - P K  cascade  a n d  h o r m o n e s  us ing  R S V .  T h e  cellular dis t r i ­
b u t i o n  of a d e n y l a t e  cyclase a n d  phosphodies te rase  ac t i v i t y  changed  a f t e r  
t r a n s f o r m a t i o n  b y  R S V  t h a t  resul ts  f r o m  t h e  a l t e ra t ion  in cell morphology .  
T h e s e  changes  d e p e n d  on t h e  expression of t h e  sre gene,  becr.use t h e  non -
t r a n s f o r m i n g  v i rus  re la t ive  of R S V  t h a t  is called Rous-associa ted  v i rus  (RAV)  
a n d  lacks  fire gene,  w a s  n o t  a l  le t o  mod i fy  these  processes.  I t  w a s  f o u n d  t h a t  t h e  
be ta -adrenerg ic  agonis t  isoproterenol  e leva ted  t h e  c A M P  level f o r  a sho r t  
pe r iod  of t ime ,  t h e n  a progressive loss of c A M P  h a s  been  observed  in  t h e  cell 
desp i t e  t h e  con t inued  presence of h o r m o n e .  T h e  R S V  t r a n s f o r m e d  cells h a d  
a n  increased n u m b e r  of be ta -adrenerg ic  receptors  o n  t h e  cell surface ,  t h e y  
synthes ized  m u c h  m ore  c A M P  a n d  also were  ab le  t o  m a i n t a i n  t h e  e l eva ted  
c A M P  level f o r  longer  per iod t h a n  d id  t h e  un in fec ted  o r  R S V  infec ted  cells. 
T h e  a d e n y l a t e  cyclase a c t i v i t y  of m e m b r a n e s  p r e p a r e d  f r o m  t r a n s f o r m e d  
cells is less t h a n  o r  equa l  t o  t h a t  of t h e  u n t r a n s f o r m e d  cells. A n  ac t i va t i on  
of  t h i s  e n z y m e  in t r a n s f o r m e d  cells c a n  b e  reached  b y  a d d i n g  P G E i  o r  iso­
pro te renol  ( H o w a r d  et al., 1982). 

T h e  c G M P  given cont inuous ly  a n d  in a g r e a t  concen t ra t ion  causes  cell 
prol i fera t ion d u e  t o  t h e  phosphory la t ion  of acidic  nuc lear  p ro te ins  (Abell 
a n d  M o n a h a n ,  1973). D u r i n g  cell t r a n s f o r m a t i o n  w i t h  SV-40 o r  p o l y o m a  
v i rus ,  c G M P  level raises t o  twofold  in 3 T 3  cells. PGF2aipha, a n d  insulin 
p o t e n t i a t i n g  i t s  e f fec t  a n d  a d d e d  a f t e r  PGF2aipha, increased t r a n s f o r m a t i o n .  
F u r t h e r  consequences  of  t h e  e leva ted  c G M P  level a r e  t h e  g rea t e r  m e m b r a n e  
f lu id i ty  a n d  lack of  c o n t a c t  inhib i t ion .  Proteolys is  also w a s  f o u n d  increased 
d u e  t o  h igher  c G M P  concen t ra t ion  in t h e  cell m e m b r a n e  (Menyhárt  and Mi-
nárovi t s ,  1077). From these experimental  results  i t  has  been postulated t h a t  
cGMP a n d  compounds increasing its  level like PGF 2 aipiia, can b e  regarded 
a s  posi t ive  s ignals  of cell division while t h e  rise of cAMP level, on t h e  other 
hand,  can be  taken for  the  negat ive  signal.  The  regulat ing role of cGMP 
seems  t o  b e  more important  in s t a r t i n g  mitosis (Abell and Monahan. 1973; 
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Michell, 1989). While PGE can serve a s  a differentiation inducer of transform­
ed cells a n d  as  a growth fac tor  fo r  most  normal  cells, there  is n o  evidence 
t h a t  P G E s  are responsible for  promoting t h e  abnormal  growth  r a t e  seen in  
t h e  case of t ransformed cells (Lin et al., 1986), b u t  some exceptions have  been 
reported (Roos et al., 1980; Lewis et al., 1981; Got tesman  et al., 1984). T h e  
signal character  seems t o  be  affirmed b y  t h e  f a c t  t h a t  half-life period of t h e  
PGs  is very  short ,  a n d  also b y  those observations t h a t  in macrophages a n d  
in  fibroblasts t ransformed b y  SV-40, CNs cannot  be  influenced b y  external  
factors,  including P G s  (Tanigawa  et al., 1982). Interestingly,  i t  was  found  
t h a t  t h e  effects of P G s  on  cell division were similar t o  their  influence on 
t h e  replication of oncogenic adenoviruses (Ongrádi et al., 1986). 

Gene products of different viruses have an intrinsic CN-dependent tyrosyl  
kinase activity (Bell et al., 1987). Phosphorylation of tyrosine of acidic 
nuclear proteins, the RNA polymerases, b y  the effect of Abelson leukaemia 
virus was  elevated b y  300 per cent (Frausen et al., 1983; McClung and Klet-
zien, 1984; Willis, 1984). Normal kinases phosphorylate on serine or threonine 
(Michell, 1989). The consequence of this difference can be  that  regulatory key  
polypeptides with their increased negative charge react with positive histones, 
resulting in the removal of the latter, and consecutively transcription starts.  
This process can also take  place in case of insertion of the cistron of an onco­
genic virus, which cistron possesses kinase act ivi ty.  Src gene product  of 
R S V  (p60" s r c )  has  a tyrosyl  kinase activity,  which significantly decreases 
t h e  serine phosphorylat ing act ivi ty  of b o t h  cAMP-dependent cellular P K  
a n d  cAMP-independent P K .  The  reduction of AMP-dependent  P K  act ivi ty  is 
a direct consequence of t h e  expression of viral  src gene, b u t  t h e  exac t  mech­
anism is n o t  y e t  known (Clinton a n d  Roskoski, 1984). Since more types  of 
oncogenic viruses code tyrosine specific kinase, i t  is conceivable t h a t  th is  
enzyme is a n  antagonistic t y p e  t o  other  cAMP dependent  cellular P K s  
phosphorylat ing serine or threonine (McClung a n d  Kletzien, 1984). T h e  
v-src p roduc t  itself consists of 526 amino acid residues (Czernilofsky et al., 
1980), a n d  t h e  molecule is phosphorylated a t  bo th  serine a n d  tyrosine residues, 
t h e  former  phosphorylation is catalysed b y  a cAMP-dependent P K  (Collett 
et al., 1979). T h e  m a j o r  phosphate  acceptor fo r  this  autophosphorylat ion is 
located a t  t h e  416 tyrosine (Brugge a n d  Darrow, 1984). Tota l  cellular content  
of phosphotyrosine was  t o  increase 5- t o  10-fold in RSV-transformed cells, 
a n d  m a n y  types  of cellular proteins were found  t o  be  phosphorylated on 
tyrosine residues. Using various spontaneous a n d  in vitro constructed m u t a n t s  
of t h e  virus, t h e  kinase act ivi ty appears  t o  be  essential for  t ransformat ion.  
However,  t h e  kinase act ivi ty  is n o t  sufficient fo r  t h e  t ransforming abil i ty 
a n d  tumourigenicity (Cross et al., 1985; Resh a n d  Erikson,  1985; W a n g  a n d  
Hanafusa ,  1988). I t  has  been well established t h a t  fo r  each viral oncogene 
(v-onc) has  a cellular homologous counterpart ,  known as  cellular oncogene 
(c-onc) o r  protooncogene. T h e  v-onc i n  a t ransforming virus has  been acquired 
f rom t h e  corresponding protooncogene b y  retroviruses. Many details of 
them were studied on  v-src of RSV,  a n d  sequences related t o  i t  have  been 
detected in all vertebrates  (Wang a n d  Hanafusa ,  1988). T h e  c-onc gene codes 
for a product  very similar in s t ructure  a n d  enzymat ic  proper ty  t o  t h a t  of 
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p 6 0 c " r c ,  b u t  the over-expression of  c-src is not sufficient t o  cause cell t rans ­
f o r m a t i o n .  T h e  p60 e " , r e  is also phos pho ry l a t ed  in vivo a t  b o t h  serine a n d  
ty ros ine  residues ( I b a  et al., 1985). T h e  m a j o r  in vivo ty ros ine  phosphory la t ion  
s i te  of  p60 f  , r r  w a s  m a p p e d  a t  ty ros ine  527 ins tead  of 416 a s  in p60 t '  s r i :  

(Cooper  et al., 1986). R e c o m b i n a n t  v i ruses  con ta in ing  c-src d o  n o t  t r a n s f o r m  
cell ( L e v y  et al., 1986), b u t  m u t a t i o n s  resul t ing  in phosphory la t ion  a t  ty ros ine  
416 of p 6 0 r  * r r  c o n v e r t  t hese  v a r i a n t s  t o  t r a n s f o r m i n g  ones  ( I b a  et al., 1986; 
Ca r twr igh t  et al., 1987). These  changes  in phosphory la t ion  can  b e  i m p o r t a n t  
t a r g e t s  f o r  PG-d i rec ted  kinases.  I t  would b e  wor thwhi le  t o  inves t iga te  t h e  
effect  of P G  ana logues  wi th  a l te red  specifici ty in t h i s  respect  ( H o n n  a n d  
Sloane,  1985; F a l k  et al., 1987). 

A fur ther  correlation was found between the  polyomavirus middle T 
antigen (mTAg) and the  above mentioned cellular protooncogen, p60c- s r c  

(Kornbluth  et al., 1987). Originally, a protein kinase act ivi ty  was  bound 
directly t o  t h e  mTAg (Eckhar t  et al., 1979), and good correlation between 
t h e  level of this kinase act ivi ty  and  the  degree of oncogenic t ransformation 
of cultured rodent  cells has  been established. Also, t h e  expression of mTAg 
seemed t o  be required for t he  decreased level of PGE2 synthesis found in 
polyomavirus t ransformed cell lines (Segawa and Ito,  1982; Lin et al., 1986). 
I t  is known now t h a t  t he  polyoma mTAg itself is a 56 k D  phosphoprotein 
which is found in cellular membrane fractions of t ransformed cells and  is 
capable of associating with a variety of cellular proteins t o  form high mole­
cular weight complexes. T h e  mTAg can act ivate  p60 c " r c ,  which becomes 
underphosphorylated a t  tyrosine 527 and phosphorylated a t  tyrosine 416 
(Cartwright  et al.. 1987). B o t h  RSV p 6 0 " " r r  and  activated p60 c  ,r<' alter t h e  
subsequent  phosphorylation of t h e  same 36 k D  cellular protein (Amini et al., 
1986; Bolen et al., 1987; Yonemoto  et al., 1987). This means t h a t  t h e  in­
hibition of a viral P K  and t h a t  of an activated cellular P K  could be mediated 
b y  the  same external agents, namely b y  PG antagonists.  Other  sarcoma viru­
ses possess similar oncogenes, a n d  their  very high amino acid sequence 
homology, especially in t he  kinase domain,  explains their  similar P K  activities 
(Bryant  and  Parsons,  1984). Studies on modification of phosphorylation 
pa t t e rn  b y  P G  analogues or  o ther  members of t h e  cascade system may  lead 
t o  t he  unders tanding sterical requirements for oncogenic polypeptides. 

Fu r the r  comparisons between products  of viral and  cellular oncogenes, 
certain growth factors  and receptors of growth factors, as well as polypeptide 
hormones synergic with P G  effects showed physical and physiological homo­
logies ( K a m a t a  et al., 1987). All of these products  a re  associated with t h e  
plasma membrane  and exhibit tyrosine kinase act ivi ty (Hirai et al., 1987), 
and they  also share conserved kinase domains. Their  genes are likely derived 
from a common ancestor sequence. Retroviral tyrosine kinases can phospho-
rylate  various growth factors  or  receptors. T h e  bulk quan t i ty  in their  phos­
phorylation sites offers a unique oppor tuni ty  t o  s tudy  divergent  — act ivator  
or suppressive — effects of eicosanoids (Wang and Hanafusa,  1988; Michell, 
1989). 

According to  the  most  recent observations, PK-C, a key regulatory enzyme 
involved in lipid phosphorylation and  calcium metabolism, m a y  have a 
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significant role in t h e  t ransforming  process (Nishizuka, 1984; Michell, 1989). 
This enzyme is act ivated  b y  another secondary messenger, namely,  b y  dia-
cylglycerol (DAG). DAG is generated a f t e r  a previous  breakdown of receptor-
induced hydrolys is  of membrane polyphosphoinositides (PPI) (Imboden, 
1988). DAG also acts  a s  a s u b s t r a t e  f o r  arachidonic acid release dur ing  PG 
synthesis  (Bell et al., 1979), a n d  this  i s  a common site  of t h e  t w o  separate  
sys tems.  PK-C phosphorylates  a t  serine or threonine in normal cells, a n d  
has  a g r e a t  homology w i t h  t h e  cAMP- or cGMP-dependent P K s ,  b u t  i t  does 
not correspond t o  a n y  other P k s  encoded b y  a n y  oncogene (Carpenter  et al., 
1987; House and  K e m p ,  1987). I t  phosphorylates  a histone, a n d  m a y  t a k e  
p a r t  in gene expression (Imboden, 1988). I t  w a s  shown t h a t  PK-C s t imulates  
the  t ransforming abi l i ty  of polyomavirus  m T A g  b y  increasing i t s  association 
w i t h  p 6 0 c " s r c  (Raptis  et al., 1986). This  is in accordance w i t h  other findings 
t h a t  in a ras-resistant, morphologically t rans formed cell line b y  Kirs ten  
sarcoma v i rus,  t h e  a c t i v i t y  of PK-C w a s  shown t o  b e  threefold reduced w h e n  
compared t o  ras-sensitive NIH/3T3 cells ( K a m a t a  et al., 1987). Probab l j ' ,  
ras oncogene act ivates  a phospholipase which catalyses  t h e  breakdown of 
P P I  t o  DAG. This  act ivat ion involves  DAG in PK-C turnover,  while a s  
a consequence of  it, P G E  synthes is  decreases. Another  interest ing overlapping 
with the  PG-CN s y s t e m  is t h a t  v-ras oncogene proteins show similarities t o  
G-proteins, which are  important  factors  a t  t h e  cell sur face  t o  generate  CNs 
(Hurley  et al., 1984; McGrath  et al., 1984; Roos a n d  Gilman, 1984). 

N e w  observat ions  indicate t h a t  H I V  a f t e r  binding t o  t h e  CD4 molecule, 
induces i t s  phosphorylation b y  PK-C. This  process results  f r o m  t h e  specific 
interaction of CD4 receptor a n d  v i ra l  g p l 2 0 ,  b u t  purif ied g p l 2 0  alone i s  
unable  t o  induce phosphorylation of t h e  receptor (Fields et al., 1988). CD4 
can transduce a n  other independent signal dur ing  T cell act ivat ion result ing 
in a rapid  increase of tyrosine phosphorylat ion of one s u b u n i t  of t h e  T cell 
receptor complex (Veillette  et al., 1989). These phenomena mean t h a t  H I V  
induced phosphorylat ion could b e  invo lved  in t h e  mechanism of  v i ra l  e n t r y .  
Blockade of H I V  induced phosphorylation could represent a potential  t a r g e t  
for  ant iv ira l  t h e r a p y  (Fields et al., 1988). 

Connection between the P G cascade and the immune system infected by viruses 

Prostaglandins  h a v e  a n  important  role in t h e  physiology of inf lammation 
(Martin et al., 1983). Several  non-steroidal anti- inf lammatory drugs ,  j u s t  
through inhibit ing a g r e a t  p a r t  of the  P G  cascade, achieve their  cura t ive  
ef fects  (Kantor  and  Hampton,  1978). Wi th in  this  complicated mechanism, 
the elimination of v i ruses  a s  foreign antigens can occur under  control of 
PGs (Goodwin and  W e b b ,  1980). I t  m u s t  b e  emphasized t h a t  within t h e  
effects  of non-specific defence mechanism, the  phagocyt ing  cells are  v e r y  
sensitive t o  PG inducers (Fitzpatrick and  Stringfellow, 1980). For  example,  
a s  a result  of the  t ransformation of mouse macrophages  b y  SV-40, their  
phagocyt ing  a c t i v i t y  declines, however,  b y  s t imulat ing  PG synthesis,  t h e  
phagocytosis  improves  again (Tanigawa  et al., 1982). Aminophyll ine and 
isoproterenol inhibiting t h e  catabolism of PGs suppress  t h e  phagocytos is  of 
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both  polymorphonuclear (PMNL) a n d  mononuclear phagocytes  (MNPh 
(Russel  et al., 1979). PGEi,  P G E 2 ,  dibutiryl-cAMP a n d  theophylline inhibit  
t h e  moti l i ty  of  MNPh (Lomnitzer  et al., 1976) and  t h a t  of PMNL (Berkow, 
1977; Nelson and Johnson,  1982; Hildebrandt  et al., 1983). Next,  the  n u m b e r  
of  cells t a k i n g  p a r t  in t h e  antibody-dependent cellular cytotoxici ty  (ADCC) 
can b e  decreased b y  PGA and P G E  wi th  one or  t w o  unsaturated  bonds.  
Based on this,  i t  is supposed t h a t  HSV-1 production can b e  s t imulated b y  
P G E  b y  d a m a g i n g  ADCC of t h e  organism. T h e  lysis  of t a r g e t  cells w a s  proved 
t o  b e  inhibited b y  lO" 7 — 10"8  M P G E i  o r  P G E 2  t h r o u g h  t h e  con t r ibu t ion  of  
c A M P ,  while  PG F 2 a i pha  h a d  a n  inh ib i to ry  ef fec t  on ly  in a g r ea t ,  1 0 - 5  M 
concen t ra t ion .  P G I 2  a n d  L T D 4  were  n o t  effect ive  in t h e  r ange  of 1 0 - 8  — 1 0 - 5  

M concen t ra t ion  (Russel  et al., 1979). P G E i  a n d  P G E 2  d a m a g e  b o t h  ADCC 
a n d  t h e  a c t i v i t y  of  n a t u r a l  killer cells (NKC) ,  a n d  the re fore  these  reac t ions  
can  b e  increased w i th  d r u g s  inh ib i t ing  P G  synthes i s :  2 x 10~6 M i n d o m e t h a -
cin g iven  t o g e t h e r  w i t h  5 X 106 M N P h  p ro t ec t ed  newborn  mice f r o m  o the r ­
wise f a t a l  HSV-1  infect ion (Koh l  et al., 1982). I t  seems  t o  b e  t h a t  P G E  h a s  
a n  immunosuppress ive  ef fec t  (Berkow,  1977; Goodwin a n d  W e b b ,  1980; 
L a h m y  a n d  Virelizer, 1981). I n  t h e  case of o t h e r  microbes,  whose  e l iminat ion 
d e p e n d s  p r imar i ly  o n  t h e  func t i on  of T lymphocy tes ,  t h i s  process t a k e s  p lace  
ear l ier  in t h e  presence of i ndome thac in  (Caldwell a n d  Sprouse ,  1982). I t  is  
a lso es tab l i shed  t h a t  P G E i  a n d  P G E 2  i nh ib i t  t h e  induc t ion  of an t i -VSV 
cy to tox i c  T lymphocy tes ,  however ,  t h e y  h a v e  n o  a p p a r e n t  e f fec t  o n  t h e  ly t i c  
a c t i v i t y  of  t h e  s a m e  cells (Ha le  et al., 1982). Rube l l a - ,  measles-, Newcas t le  
disease-,  a n d  adenovi ruses  all s t i m u l a t e d  b o t h  P G E  a n d  hya lu ron i c  ac id  in  
synovial  f ibroblas t  cu l tures .  S t imu la t i on  of P G E  synthes i s  b y  measles v i ru s  
was  dose  d e p e n d e n t .  I n d o m e t h a c i n  (4 ji.g/ml) a n d  hydrocor t i sone  (2 fj.g/ml) 
inhib i ted  overp roduc t ion  of b o t h  P G E  a n d  hya lu ron ic  acid induced  b y  measles.  
I t  is  k n o w n  t h a t  P G E  is a m e d i a t o r  of  i n f l ammat ion  the re fo re  t h i s  process  
m a y  enl ighten  t h e  role of viruses  in r h e u m a t i c  diseases (Ya ron  et al., 1981). 

T h e  p roduc t ion  of an t ibod ies  is a lso inh ib i ted  b y  P G E i  a n d  P G E 2  (Berkow,  
1977; Goodwin  a n d  W e b b ,  1980; Z a v a g n o  et al., 1987). Dengue-2  v i ru s  
a f fec t s  in t h e  suppressor  T l y m p h o c y t e s  t h e  p roduc t ion  of a " suppresso r  
f a c t o r " ,  which is ac tua l ly  P G E ,  a n d  t h i s  is m a d e  responsible f o r  t h e  decreased 
p roduc t ion  of  v i r u s  specific IgM an t ibodies .  Us ing  indomethac in ,  t h e  a n t i b o d y  
f o r m a t i o n  can b e  enhanced  (Shukla  a n d  Cha tu rved i ,  1982). In te res t ing ly ,  t h e  
p roduc t ion  of an t ibod ies  aga ins t  a re t rovi ra l  g p 7 0  is selectively suppressed 
b y  P G E i  b u t  t h i s  c o m p o u n d  ha rd ly  af fec ts  t h e  p roduc t ion  of an t ibod ies  
t o  D N A  (Izui  el al., 1980). A f u r t h e r  indi rec t  ev idence  of t h e  role of P G s  is 
t h a t  i ndomethac in  normal izes  t h e  immunocompromised  s t a t e  of mice caused  
b y  hepa t i t i s  v i ru s  t y p e  3 ( L a h m y  a n d  Virelizer, 1981). F u r t h e r m o r e ,  h i s t amine  
release f r o m  basophi l  cells sensi t ized b y  Ig-an t ibodies  w a s  inh ib i ted  b y  P G E i  
a n d  P G E 2  (Berkow,  1977). 

Leukotrienes (LT) can play a similar role in t h e  pathogenesis of immuno-
complex diseases, allergic or  non-allergic inflammations. Among them t h e  
"slow reacting substance of anaphylaxis  (SRS-A)" is well known. I t  is a 
mixture  of LTC4, LTD4, and  LTE4 (Martin et al., 1983; Lancet  Editorial,  
1988). LTC4 and  LTD4 ra ther  have  humoral effects, LTB4 takes  p a r t  in 
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regulation of PMNLs, in releasing lysosomal  enzymes  a n d  i n  ac t iva t ing  
g u a n y l a t e  a n d  adenyla te  cyclases (Foreman, 1981; Lewis  a n d  Austen,  1981). 
These were  observed  in  guinea p igs  infected w i t h  V S V  (Moshonov et al., 
1986) or a n  arenav i rus  (Liu  et al., 1986). T h e  metaboli tes  a n d  endproducts  of 
t h e  PG a n d  L T  s y s t e m  can m o d i f y  each other ' s  function because of  der iva t ing  
f r o m  t h e  s a m e  precursor (Lee, 1982). 

There is some evidence t o  s h o w  t h a t  t h e  reaction of  lymphocytes  t o  d i f ferent  
mitogen st imuli  i s  influenced b y  t h e  PG-CN sys tem.  Their  act ivat ion a n d  
proliferation f o r  t h e  e f fec t  of  mitogens are  usual ly  inhibited b y  P G E i ,  PGE2, 
a n d  dibutiryl-cAMP, theophyll ine (Abell a n d  Monahan, 1973; Lomnitzer  
et al., 1976; Johnson,  1977; Giron, 1982). L y m p h o c y t e  t ransformat ion induced 
b y  phytohaemagglut inin  (PHA) w a s  inhibited b y  PGA X ,  PGEi,  a n d  dibut iryl-
cÄMP, a s  i t  w a s  shown b y  measuring  protein-, DNA-, R N A -  synthesis .  
L y m p h o c y t e  proliferation i s  s t imulated b y  indomethacin. Otherwise, there  
i s  a s ignificant difference in respect  of  which lymphocytes  a r e  a f fected  b y  t h e  
stimuli.  Normal  cells a r e  b r o u g h t  t o  mitosis b y  P H A  or  Con-A through  
cGMP elevation, b u t  in  t h e  ear ly  phase  cAMP rises t o  a c t i v a t e  histone kinase.  
I t  i s  possible t h a t  t h e  cAMP induces mitosis  of such thymocytes ,  which h a v e  
a l ready been programmed (Abell a n d  Monahan, 1973; Berkow,  1977). P H A  
also act ivates  PK-C (Imboden, 1988). 

T h e  other important  response of lymphocytes  t o  mitogens, a m o n g  t h e m  
t o  viruses,  is t h e  immune interferon (IFN) production, which is under  
control of PGs  a n d  CNs (Johnson, 1977; Fitzpatr ick  a n d  Stringfellow, 1980; 
Santoro  et al., 1982). High  concentration of cAMP (10^ 3  M) inhibits  i t s  
release f r o m  P H A  st imulated h u m a n  peripheral  lymphocytes  (Epstein a n d  
Bourne, 1976), a n d  t h a t  f r o m  mouse L-cells infected b y  Newcast le  disease 
v i r u s  (NDV) or Chikungunya v i r u s  (Dianzani  et al., 1972; Johnson,  1977). 
PGEi,  PGE2, cAMP, a n d  theophyll ine inhibi t  t h e  production of  other lympho-
kines, l ike interleukin-2 (IL-2), MIF or L I F  (Lomnitzer  et al., 1976; Goodwin 
a n d  W e b b ,  1980; R o m e r  et al., 1986). These  mediators  induce other  changes 
which can interfere w i t h ^ I F N  release (Dianzani  et al., 1972). Vice versa,  
I F N  inducers can also promote P G  synthesis,  n a y ,  V S V ,  a n d  N D V  e levate  
PG production in  certain cell t y p e s  w i t h o u t  I F N  generation (Yaron  et al., 
1977). On t h e  other  side, HSV-1 a n d  2, vaccinia a n d  adenoviruses  can neither 
induce I F N  nor  more P G  in m o s t  chicken, mouse, hamster,  monkey,  a n d  
h u m a n  cells (Fitzpatrick a n d  Stringfellow, 1980). P G I 2  can block t h e  f a t a l  
outcome of  t h e  disease caused b y  vaccinia v i r u s  in mice, b u t  t h e  use of  
P G E i  or t h e  inhibition of P G  synthes i s  in v i v o  worsens  t h e  disease. These  
findings might  b e  re levant  t o  I F N  ef fects  in vivo, since I F N  a n d  P G I 2  a c t  
synergist ical ly aga ins t  v i r u s  infections b y  prevent ing  v i r u s  induced endo­
thel ial  d a m a g e s  t o  l imi t  v i ru s  sp r ead  (Zavagno  et al., 1987). I t  w a s  also 
f o u n d  t h a t  several  t y p e s  of P G s  res tored  I F N  response  i n  h y p o r e a c t i v e  
an imal s  (Stringfellow, 1978). I t  is supposed  t h a t  P G E i  a n d  o t h e r s  e n h a n c e  
I F N  genera t ion .  T h i s  could exp la in  t h e  f a c t  t h a t  P G E i  r educed  t h e  y ie ld  
of pol iovirus  a n d  encepha lomyocard i t i s  v i r u s  i n  cell cu l tu res  (Giron, 1982). 
T h e  I F N  b i n d s  t o  t h e  recep tors  of  t h e  cell m e m b r a n e ,  consecut ively  d iminish­
ing  i t s  fluidity a n d  t h e  la te ra l  mobi l i ty  of  specific recep tors  resu l t ing  in 
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establ i shment  of tlie ant iv ira l  s ta te .  Both I F X s  and PGs possess several  
identical e f fects  on tlie ant ibody  formation, lymphocyte  cytotoxicity,  phago­
cytosis,  p reven t ing  metas tases .  More non-an t iv i ra l  ef fects  of I F X  a r e  en ­
hanced  b y  c A M P  (F i t zpa t r i ck  a n d  Str ingfel low, 1980), suggest ing a posi t ive  
feed-back  mechan i sm of P G s  on t h e  p roduc t ion  of I F X  (Stringfellow a n d  
Br ideau ,  1984). T h e  an t iv i r a l  s t a t e  in cells induced b y  J F X  a n d  measured  b y  
VSV w a s  increased b y  d ibu t i ry l -cAMP.  Similar ly,  t h e  in t racel lu lar  c A M P  
level is e leva ted  a l r eady  wi th in  30 m i n u t e s  a f t e r  t r e a t m e n t  wi th  a l p h a - I F X ,  
a n d  t h e  m a x i m u m  can  b e  reached a f t e r  o n e  hour ,  t h e n  t h e  effect  l as t s  a t  
leas t  24 hour s .  T h e  an t iv i ra l  e f fec t  of a l p h a - I F X  w a s  more  o r  less parallel  
w i th  c A M P  concen t ra t ion  (Degré and Glasgow, 1981). A f t e r  t reatment  with  
a lpha-IFX, the  synthes i s  of  PGA2, PGE2, and PGF2 a iPha increase significantly 
(Santoro  at al., 1982). On t h e  other hand, PGs can repress certain cellular 
functions, which are enhanced b y  I F X .  These include macrophage activation, 
X K C  a c t i v i t y  and lymphocyte  h i s t o g e n e s i s .  This  would imply  a negat ive  
feed-back role for  PGs on some I F X  st imulated cells. T h e y  might act  in a 
counterbalancing fashion.  Understanding the  relationship and pharmaco-
gical modulation m a y  lead t o  control the  side ef fects  and  enhance the  po­
t en t i a l  of I F X s  clinically (Stringfellow a n d  Br ideau ,  1984). 

I n  mice infected wi th  encepha lomyocard i t i s  v i rus  o r  in mouse  L-cells 
infected w i t h  l eukaemia  v i rus ,  t h e  an t iv i ra l  effect  of a l p h a - I F X  w a s  n o t  
suspended  b y  indomethac in  o r  aspi r in ,  while t h e  effect  of a d i f ferent  I F X  
induced  p a r t l y  in mouse  0 - 2 4 3  cells, p a r t l y  in h u m a n  lymphoblas to id  cells, 
was  g rea t ly  inh ib i ted  b y  oxypheny lbu t azone ,  w a s  modera te ly  inhibi ted  b y  
aspi r in ,  i ndome thac in ,  a n d  n a p r o x e n ,  pheny lbu tazone .  Sod ium sal icylate  
a n d  phenace t in ,  h a v i n g  n o  cyclooxigenase inh ib i to ry  effect ,  d id  n o t  a l t e r  
t h e  an t iv i r a l  p r o p e r t y  of I F X  (Tovey  ft al., 1982; H e r z  a n d  Sen .  1983). 
P G E i ,  PGE2 ,  a n d  P G F j  given ext race l lu lar ly  could n o t  p r e v e n t  t h e  effect  
of t hese  compounds ,  n a y ,  in cer ta in  cases t h e y  decreased f u r t h e r  t h e  defens ive  
e f fec t  of I F X .  Since a labile metabol i t e ,  P G H 2  p reven ted  t h e  effect  of cyclo-
oxygenase  inhibi tors ,  t h e  d a t a  suggest  t h a t  P G H 2  o r  a n o t h e r  labile metabo l i t e  
(PGG2) m a y  h a v e  a role in t h e  pathomec-hanism of I F X .  Xe i t he r  a s tabi le  
P G I 2  ana logue  carbapros tacyc l in  n o r  metabo l i t es  of t h e  l ipoxygenase  p a t h ­
w a y  inf luenced t h e  an t iv i ra l  effect  of I F X .  I t  seems t h a t  o n e  of t h e  cyclo­
oxigenase  p r o d u c t s  h a s  a basic  role in accomplishing an t iv i ra l  effect  (Po t t a th i l  
et al., 1980). 

O t h e r  ac t ions  of t h e  I F X s  can  b e  affected b y  eicosanoids a s  well. P G s  
an t agon ize  g a m m a - I F X  induced monocy te  cy to tox ic  ac t iv i ty ,  a n d  indo­
methac in  prolongs t h e  g a m m a - I F X  induced  M H C - I I  an t igen  expression 
in vitro. P G E 2  m e d i a t e s  t h e  bone  resorpt ion ac t i v i t y  of all I F X s .  e t c .  T h e  
highly p leo t rop ic  influence d e p e n d s  o n  t h e  specific cell t y p e  a n d  t h e  role of 
P G s  a n d  I / I s  in t h a t  sy s t em (Browing,  1987). T h e  a b o v e  resu l t s  a r e  somet imes  
conflict ing.  T h i s  m a y  b e  exp la ined  b y  t h e  obse rva t ion  t h a t  t h e  phospho-
ry la ted  s t a t e  of I F N  molecule is a prerequis i te  f o r  a n y  an t iv i ra l  ac t iv i ty .  
Ser ine phosphory l a t i ng  kinases  a r e  ab l e  t o  uti l ize r e c o m b i n a n t  g a m m a - I F X ,  
while t h e  s a m e  e n z y m e s  c a n n o t  conver t  a l pha -  o r  b e t a - I F N s  be ing  the i r  
conf igurat ion is v e r y  d i f fe ren t .  A t  p resen t  it is no t  k n o w n  which  phospho-
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r y l a t i o n  a t  d i f fe rent  s i tes  re su l t s  in d i v e r g e n t  act iv i t ies  a g a i n s t  o ther  ones 
(Robert-Galliot  et al., 1985), b u t  inf luencing t h e s e  f u n c t i o n s  s e p a r a t e l y  
promineš  a n  e x t r e m e  therapeut ica l  uti l ization (Browning,  1987). 

T h e  e f fect  of  P G E 2  i s  synerg ic  t o  IL-1 a n d  t h e  m a c r o p h a g e  a c t i v a t i n g  
p r o p e r t y  of  g a m m a - I F N  can lead  t o  enhanced IL-1 product ion.  P G E  also 
enhances  t h e  e a r l y  p h a s e  of  B cell ac t iva t ion  b y  s u p p o r t i n g  IL-4 action on 
B cells, a n d  la te r  i t  can inhib i t  consequent  s t e p s  (Goodman, 1986; Browning,  
1987). I t  w a s  also proposed t h a t  t h e  e f fec t ive  inhibition b y  g a m m a - I F N  of  
Epste in-Barr  v i r u s  induced B cell prol i ferat ion a n d  s u b s e q u e n t  I g M  produc ­
t i o n  m a y  b e  a r e s u l t  of  i n t e r a c t i o n  b e t w e e n  e icosanoids  a n d  g a m m a - I F N ,  
w h i c h  l a t e r  b locks  t h e  e f f ec t  of  I L - 4  o n  B cells a n d  an t i bod i e s .  T h i s  specu la t ion  
e x p l a i n s  t h e  t h e r a p e u t i c  e f f ec t  of  I F N  i n  r h e u m a t i c  d iseases  ( L o t z  et al., 
1986). 
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