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Interferons as Cell Growth Inhibitors and Antitumor Factors 

Interferons as lmmunoregulators 

MO EFFECTS OF CYTMUNES (IFN-ALPHA, IFN-GAMMA, TNF, AND IL-1) ON MONCCYTE FUNCTIONS, 
Lois B. Epstein and Ramila Phi l ip ,  University of California,San Francisco,CA 94143. 

The recent a v a i l a b i l i t y  of pure na tura l  or recombinant DNA produced human lymphokines and 
mnokines and p o l y  or mnoclonal  ant ibodies  t o  these  pure reagents has made it poss ib le  t o  
d issec t  some of t h e  complex in te rac t ions  which these mediators of i m n i t y  have with each 
o ther  and with cells  of  t h e  i m n e  system. 
absence of LPS (endotoxin), IFN-alpha, I F N - g m ,  and TNF enhance t h e  production of IL-1 by 
human mnocytes. 
cytotoxici ty  a s  determined in  a )'Cr r e l e a s e  assay using actinmycin-D t rea ted  W E H I  c e l l s  
a s  targets .  The a b i l i t y  of TNF and IL-1 t o  enhance cytotoxici ty  is spec i f ic  for mnocytes, 
a s  TNF and IG1 do not  enhance na tura l  k i l l e r  (NK) ce l l  ac t iv i ty .  This is i n  cont ras t  t o  
XFN-alpha and IFN-gama where both mnocyte and NK cytotoxici ty  a r e  enhanced. Cur s tudies  
thus  demonstrate t h a t  IFN-alpha, IFN-gamma, and TNF share  i n  c m n  t h e  a b i l i t y  t o  enhance 
I G 1  production and monocyte cytotoxicity. However, enhanced production of  IGl is not t h e  
mechanism whereby IFN-alpha, IFN-gamma, and TNF enhance monocyte cytotoxicity. Additional 
experiments i n  which t h e  e f f e c t s  of IFN-alpha, IFN-gamna and TNF on mnocyte  cytotoxici ty  
were studied i n  t h e  presence of neut ra l iz ing  ant ibodies  t o  IL-1 revealed t h a t  t h e  
antibodies t o  I G 1  did not prevent t h e  enhancement of mnocyte  cytotoxici ty  by IFN-alpha, 
I F N - g m  and TNF. Our results h ighl ight  t h e  f a c t  t h a t  TNF, l i k e  I G 1  and t h e  IFNs, is 
ple io t ropic  i n  its effects. Furthermre,  although these agents over lap  i n  t h e  mnocyte 
functions they mediate, t h e  ind iv idua l  mechanisms appear t o  be d is t inc t .  

Our s tudies  show tha t ,  i n  t h e  presence or 

Furthermre,  t se same agents and a l s o  IL-1 enhance monocyte 

M1 EFFECTS OF INTERFERONS ON NATURAL KILLER CELL ACTIVITY, ANTI- 
BODY-DEPENDENT CELLULARCYTOTOXICITY AND MACROPHAGE-MEDIATED 
CYTOTOXICITY, Ronald B. Herberman, Pittsburgh Cancer Institute 

Pittsburgh, PA 15213. 
Most species of interferon alpha or beta (IFNNorb ) have been shown to appreciably augment 
natural killer (NK) cell activity. However, there are substantial quantitative differences 
among the interferon species in regard to the dose needed for augmentation. Human IFNdJ 
has been shown to be quite efficient in augmentation, with no effects being observed after 
short term pre-incubation with effector cells. 
been found to have only weak augmenting capacity for NK activity. Antibody-dependent cel- 
lular cytotoxicity (ADCC) against tumor target cells, utilizing either polyvalent or mono- 
clonal antibodies, has been shown to be mediated predominantly by large granular lymphocytes 
(LGL), the same subpopulation responsible for NK activity. IFNKand 0 have been shown to 
also substantially augment ADCC activity by LGL. 
upon pretreatment of effector cells, pretreatment of the target cells often results in 
decreased susceptijility to subsequent lysis. 
induce this protection of target cells differs substantially from the NK-augmenting effects, 
with IFNX being substantially more effective than IFNKor 8 . 
macrophage-mediated cytotoxicity against tumor cells, IFNY has been shown to be most potent. 
Overall. the available results indicate that interferons can have a complex series of 
modulatory effects on effector cell reactivity against tumor target cells, with the net 
result depending on the type of interferon utilized, the effector cell involved, and the 
possible induction of resistance to lysis if the target cells are exposed to interferon 
prior co the effector cells. 

Recombinant murine or human IFN'd have also 

In contrast to the augmenting effects 

The ability of the various interferons to 

In regard to augmentation of 
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Interferons as Cell Growth Inhibitors and Antitumor Factors 

M2 GROWTH FACTORS AS INTERFERON INDUCERS A N D  INTERFERON INDUCERS 
AS GROWTH FACTORS. J a n  V i l Z e k ,  Masa fumi  T s u j i m o t o ,  D o r o t h y  

H e n r i k s e n - D e S t e f a n o ,  V i t o  J. P a l o m b e l l a ,  Mako to  H i r a l  a n d  M a s a y o s h i  K o h a s e .  
New York  U n i v e r s i t y  M e d i c a l  C e n t e r ,  New Y o r k ,  N . Y .  10016 a n d  S u n t o r y  
I n s t i t u t e  f o r  B i o m e d i c a l  R e s e a r c h ,  O s a k a ,  J a p a n .  
H i g h l y  p u r i f i e d  E .  *-derived r e c o m b i n a n t  human t u m o r  n e c r o s i s  f a c t o r  
(TNF) a c t s  a s  a p o t e n t  g r o w t h  f a c t o r  f o r  human d i p l o i d  f i b r o b l a s t s . 1  
S t i m u l a t i o n  o f  c e l l  g r o w t h  w a s  d e m o n s t r a b l e  ar ,  a TNF c o n c e n t r a t i o n  o f  
3 x M a n d  m a x i m a l  s t i m u l a t i o n  w a s  a t t a i n e d  a t  TNF c o n c e n t r a t i o n s  
> L r  '# .The Kd o f  TNF b i n d i n g  t o  r e c e p t o r s  i n  s e v e r a l  human c e l l  l i n e s  
;as f o u n d  t o  b e  a p p r o x i m a t e l y  2 x 
s t i m u l a t i o n  o f  c e l l  g r o w t h  i s  p r o b a b l y  a p h y s i o l o g i c a l  f u n c t i o n  o f  TNF a n d  
t h a t  t h e  c y t o t o x i c  a n d  c y t o s t a t i c  a c t i o n s  o f  TNF may b e  t h e  r e s u l t  of a n  
a n o m a l o u s  g r o w t h  s i g n a l  t r a n s d u c t i o n  i n  n e o p l a s t i c  c e l l s  l a c k i n g  t h e  
c o n s t r a i n t s  o f  n o r m a l  g r o w t h  c o n t r o l  m e c h a n i s m s .  

I F N s  a r e  known t o  i n h i b i t  t h e  m i t o g e n i c  e f f e c t  o f  many g r o w t h  
p r o m o t i n g  a g e n t s ,  i n c l u d i n g  TNF.' We h a v e  shown t h a t  TNF a c t s  a s  a n  
i n d u c e r  o f  I F N - b e t a  i n  human FS-4 f i b r o b l a s t s  a n d  t h a t  t h e  p r e s e n c e  o f  
a n t i b o d y  t o  human I F N - b e t a  c a n  e n h a n c e  t h e  m i t o g e n i c  a c t i o n  o f  TNF 
(M. K o h a s e  e t  a l . ,  t h i s  S y m p o s i u m ) .  We now show t h a t  t h e  I F N - b e t a  i n d u c e r ,  
p o l y ( I ) * p o l y ( C )  e x e r t s  a m i t o g e n i c  e f f e c t  i n  FS-4 c e l l s .  I n c l u s i o n  o f  
a n t i b o d y  t o  I F N - b e t a  g r e a t l y  e n h a n c e d  t h e  m i t o g e n i c  e f f e c t  o f  
p o l y ( I ) - p o l y ( C ) .  I n  c o n t r a s t ,  t h e  m i t o g e n i c  e f f e c t  o f  e p i d e r m a l  g r o w t h  
f a c t o r  w a s  n o t  a f f e c t e d  b y  a n t i s e r u m  t o  I F N - b e t a .  T h e s e  r e s u l t s  c o r r o b o r a t e  
t h e  r e c e n t  f i n d i n g  t h a t  i n  m u r i n e  3T3  c e l l s  p o l y ( I ) . p o l y ( C )  s t i m u l a t e s  t h e  
e x p r e s s i o n  o f  t h e  same c o m p e t e n c e  g e n e  f a m i l y  ( i n c l u d i n g  I F N - b e t a )  a s  
p l a t e l e t - d e r i v e d  g r o w t h  f a c t o r . 4  
f a c t o r s  a p p a r e n t l y  r e p r e s e n t s  a p h y s i o l o g i c a l  n e g a t i v e  f e e d b a c k  m e c h a n i s m .  
The  p r i m o r d i a l  f u n c t i o n  o f  IFNs  may h a v e  b e e n  t h e  r e g u l a t i o n  o f  c e l l  
p r o l i f e r a t i o n .  ( S u p p o r t e d  i n  p a r t  by  N I H  g r a n t  AI -12948  a n d  by a g r a n t  f r o m  
S u n t o r y  L i m i t e d . )  
I V i l Z e k ,  J . ,  e t  a l . ,  J. Exp. Med. ,  i n  p r e s s  
* T s u j i m o t o ,  M . ,  e t  a l . ,  PNAS 82, 7 6 2 6  ( 1 9 8 5 )  
3 T s u j i m o t o ,  M . ,  e t  a l . ,  J. I m m u n o l . ,  in p r e s s  
4Zul10, J . N .  e t  a l . ,  C e l l  42, 7 9 3  ( 1 9 8 5 )  

M . 2 * 3  We c o n c l u d e  t h a t  

I n d u c t i o n  o f  I F N - b e t a  by some g r o w t h  

ENDOGENOUS AND EXOGENOUS INTERFERON (IFN) SIGNALS I N  MACROPHAGE (M$) 
DIFFERENTIATION, S te fan ie  N. Vogel, Department of Microbiology, Uniformed Se rv ices  

M3 
Unive r s i ty  of t h e  Health Sciences,  Bethesda, MD 20814 

involves  a s p e c i f i c  sequence of environmental  o r  cel l -der ived d i f f e r e n t i a t i v e  s igna l s .  IFNs 
e i t h e r  endogenously produced o r  exogenously provided, r ep resen t  a major c l a s s  of such M$ 
d i f f e r e n t i a t i v e  s igna l s .  

One approach we have taken t o  gain i n s i g h t s  i n t o  the r o l e  of endogenous IFN i n  M$ 
d i f f e r e n t i a t i o n  is t o  u t i l i z e  inbred mouse s t r a i n s  which d i f f e r  only a t  the  gene which 
con t ro l s  responsiveness  t o  endotoxin (LPS). Our  previous work demonstrated t h a t  pe r i tonea l  d 
from mouse s t r a i n s  f u l l y  responsive t o  LPS (Lps") cont inue to  d i f f e r e n t i a t e  i n  v i t r o ,  as 
evidenced by an increased capac i ty  to  bind and phagocytose v i a  the  Fc r ecep to r .  I n  c o n t r a s t ,  
M$ from LPS-hyporesponsive s t r a i n s  (e.g. ,  CSH/HeJ) e x h i b i t  no such inc rease  and lo se  with 
t ime in c u l t u r e  the  capac i ty  t o  bind or phagocytose p a r t i c l e s  opsonized with IgG. This  
de fec t  i n  M6 d i f f e r e n t i a t i o n  was found to  be c o r r e c t a b l e  by t reatment  of c u l t u r e s  with 
exogenous IFN-a,!, or y .  A comparison of t he  d i f f e r e n t i a t i v e  c a p a c i t i e s  of C3H/HeN (&) 
and C3H/HeJ (Lps) M6 r e su l t ed  i n  the  following f indings:  
reduces the  Fc r ecep to r  capac i ty  of C3H/HeN d; ( i i )  CJH/HeJ M$ can be made more phagocytic 
by cocu l tu re  with CSH/HeN M$ or by t reatment  with supe rna tan t s  derived from C3H/HeN M$ 
c u l t u r e s ;  and ( i i i )  CSH/HeN M$ spontaneously l o s e  Mac-1 ant igen with time i n  cu l tu re .  
CSH/HeJ Md must be IFN-treated t o  be equ iva len t ly  down-regulated. These obse rva t ions  
supported the hypothesis  t h a t  Lps" M$, i n  c o n t r a s t  t o  LPS-hyporesponsive M0, produce higher  
l e v e l s  of an autost imulatory d i f f e r e n t i a t i o n  s igna l  t h a t  appears  t o  be M$-derived IFN. This  
hypothesis  has been extended by the f ind ing  t h a t  QH/HeJ d a r e  c l e a r l y  much more permissive 
f o r  VSV i n f e c t i o n  than a r e  CSH/OuJ (&) M$. One can inc rease  permissiveness i n  zps" a$ by 
t reatment  o f  c e l l s  with anti-IFN-a/B antibody p r i o r  t o  in fec t ion .  

Exogenous add i t ion  of IFNs t o  Mlb c u l t u r e s  a l s o  r e s u l t s  i n  dramatic d i f f e r e n t i a t i v e  
changes. 
recombinant IFN-y-induced a n t i v i r a l  a c t i v i t y ,  Fc r ecep to r ,  and Ia an t igen  expression.  
Although these  t h r e e  func t ions  a r e  induced over approximately the same dose range, 
s i g n i f i c a n t l y  more antibody was required t o  i n h i b i t  Fc induct ion and a n t i v i r a l  a c t i v i t y  than 
induc t ion  of Ia. These f ind ings  a r e  cons i s t en t  with the p o s s i b i l i t y  t h a t  t he re  may e x i s t  on 
the  IFN-y molecule func t iona l  epi topes.  Las t ly ,  i n  many systems, one observes an a d d i t i v e  or 
s y n e r g i s t i c  e f f e c t  of IFN-y with IFN-a or IFN-6. 
blocks induct ion of I a  an t igen  by IFN-y (IFN-a/6 a r e  i n a c t i v e ) .  Thus, antagonism between 
these  two IFN c l a s s e s  may provide important information with respect  t o  c o n t r o l  of IFN-y- 
induced d i f f e r e n t i a t i o n  during an inflammatory episode. Supported by Grant I A f 1 8 7 9 7 .  

A f u l l y  "ac t iva t ed"  M6 r e f l e c t s  the end r e s u l t  of a complex d i f f e r e n t i a t i v e  scheme which 

( i )  Anti-a/B antibody g r e a t l y  

Using the  C3H/HeJ @ model, an anti-IFN-y monoclonal antibody was used t o  i n h i b i t  

Treatment o f  @ with IFN-y and IFN-a/6 
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Interferon Action on Human Tumors 

M4 Antitumor s tud ies . r i t h  the i n t e r f e r o n s  i n  human malignancies. 
Jordan U. Gutterman, Department o f  C l i n i c a l  Immunology and B io lo5 i ca l  Therapy, 
U.T. M.O. Anderson Hospi ta l  and Tumor I n s t i t u t e ,  Houston, Texas 77033. 

During the l a s t  e i g h t  years, we have been conducting c l i n i c a l  and labo ra to ry  i nves t i ga t i ons  
w i t h  the i n te r fe rons  i n  a v a r i e t y  o f  human malignancies. Both p a r t i a l l y  pure alpha i n t e r -  
f e ron  (F inn ish Red Cross) and alpha A i n t e r f e r o n  (Roferon, Hoffman-LaRoche) have the capaci ty  
t o  induce tumor recress ion i n  some s o l i d  tumors, such as renal  c e l l  carcinoma and t o  induce 
s i g n i f i c a n t  herratologic remission i n  chronic  leukemias, such as h a i r y  c e l l  leukemia and 
chronic  myelogenous leukemia. 
achieve e i t h e r  p a r t i a l  o r  complete remission w i t h  alpha in te r fe ron .  
du ra t i on  o f  remission w i t h  both p a r t i a l l y  pure and recombinant alpha A i n t e r f e r o n  w i l l  be 
presented. 
leukemia achieve heaatologic remission. Recently, s tud ies w i t h  recombinant alpha A i n t e r -  
f e ron  have demonstrated t h a t  a s i g n i f i c a n t  percentage o f  pa t i en ts  achieve reduc t i on  o f  the 
percentage o f  the Phi ladelph ia chromosome-bearing c e l l s  i n  the bone marrow. 
o f  eighteen pa t i en ts  i n  the cu r ren t  study have demonstrated t o t a l  disappearance o f  t he  
Phi ladelph ia-bear ing c e l l s  i n  the  bone marrow. 
feron, i nduc t i on  o f  2,5'A synthetase, and modulat ion o f  t he  = oncogene have been c a r r i e d  
out  s e r i a l l y  i n  the pa t i en ts  t rea ted  i n  v i vo  w i t h  alpha in te r fe ron .  
suggest t h a t  res is tance t o  alpha i n t e r f e r o n  i s  due t o  a defect  beyond the presence o f  the 
alpha i n t e r f e r o n  receptor .  
Nore recent ly ,  we have been conducting s tud ies w i t h  recombinant gamma in te r fe ron .  I n  addi- 
t i o n  t o  rev iewing the pharmacokinetic and b i o l o g i c a l  behavior o f  gamma in te r fe ron ,  we w i l l  
i l l u s t r a t e  the a b i l i t y  o f  gamma i n t e r f e r o n  t o  induce hyper t r iq lycerdemia and i n h i b i t i o n  o f  
the post-heparin l i p a s e  a c t i v i t y .  
b inant  gamma i n t e r f e r o n  w i l l  be discussed. 
Conclusion. The in te r fe rons  are c l e a r l y  a c t i v e  anti tumor agents. Recent s tud ies and plans 
t o  amp l i f y  the anti tumor a c t i v i t i e s  o f  i n t e r f e r o n  i n  combination w i t h  other  b i o l o g i c a l  and 
chemotherapeutic agents w i l l  a l so  be discussed. 

Approximately 80 per cent o f  pa t i en ts  w i t h  h a i r y  c e l l  leukemia 
Updated analys is  o f  the 

Add i t i ona l l y ,  about 80 per cent o f  pa t i en ts  w i t h  benign phase chronic  myelogenous 

A t  l e a s t  three 

Studies of c e l l  sur face receptors  f o r  i n t e r -  

Current ly ,  our s tud ies 

Recent s tud ies o f  combining alpha A i n t e r f e r o n  and recom- 

M5 
CANCER PATIENTS, Lo re t ta  M. Itr i, Hoffmann-La Rochg Inc.  

Since January 1981, recombinant i n t e r f e r o n  alfa-PA (Roferon -A)  has been evaluated i n  
c l i n i c a l  t r i a l s  o f  more than 1300 pa t ien ts  w i t h  a broad spectrum of oncologic disease. 
Pa t ien ts  w i t h  e i t h e r  s o l i d  tumors o r  hematologic malignancies were t rea ted  w i t h  d a i l y ,  
three-times-weekly, o r  d a i l y  esca la t i ng  dose intramuscular o r  subcutaneous i n j e c t i o n s  f o r  
i nduc t i on  per iods ranging from 8 t o  16 weeks. 
increased over 12 days from 3 x 106 u n i t s  t o  36 x l o 6  u n i t s .  
highest dose fo r  the remainder o f  treatment i n  the absence o f  t o x i c i t y .  
d i v e r s i t y  of the p a t i e n t  populat ion and the i nd i ca t i ons  studied, p a t i e n t  e n t r y  and 
exc lus ion c r i t e r i a  var ied t o  a small degree i n  d i f f e r e n t  s tud ies,  but ,  ove ra l l ,  the 
c r i t e r i a  remained consis tent  throughout. 
i n t o  Roferonm-A c l i n i c a l  t r i a l s  i f  they were a t  l e a s t  18 years o f  age, had h is topatholog i -  
c a l l y  documented disease w i t h  a prognosis f o r  l i f e  expectancy greater  than the du ra t i on  o f  
induct ion,  had a performance s ta tus  o f  greater  than o r  equal t o  60 (Karnofsky scale)  o r  
l ess  than o r  equal t o  2 (Eastern Cooperative Oncology Group scale), and requi red no 
p a l l i a t i v e  treatment du r ing  the study. 
pa t i en ts .  Doses ranged from 1 x l o 6  u n i t s  t o  124 x l o 6  u n i t s  per  i n j e c t i o n .  Bene f i c ia l  
c l i n i c a l  e f f e c t s  have been noted i n  a v a r i e t y  o f  malignant d isorders i nc lud ing  h a i r y  c e l l  
leukemia, AIDS-related Kaposi 's Sarcoma, renal  c e l l  carcinoma, cutaneous T-ce l l  lymphomas 
and o the r  tumor types. The most s t r i k i n g  c l i n i c a l  r e s u l t s  thus f a r  have been obtained i n  
pa t i en ts  w i t h  h a i r y  c e l l  leukemia t rea ted  w i t h  r e l a t i v e l y  low d a i l y  doses o f  3 x l o 6  un i t s .  
When administered a t  t h i s  dose, Roferon"-A was wel l  to lerated,  and dose at tenuat ion was 
r a r e l y  requi red.  Change t o  a three-times-weekly treatment regimen a t  the same dose was 
usua l l y  s u f f i c i e n t  t o  con t ro l  t o x i c i t y  when i t  occurred i n  t h i s  group o f  low-dose pa t i en ts .  
Those pa t i en ts  rece iv ing  s i g n i f i c a n t l y  h igher  doses f requen t l y  requi red dose at tenuat ion t o  
50% of the s t a r t i n g  dose t o  improve c l i n i c a l  to lerance.  V i r t u a l l y  a l l  pa t i en ts  t rea ted  
w i t h  Roferon"-A experienced some degree o f  acute t o x i c i t y  manifested as fever ,  c h i l l s ,  
myalgia, and/or headache. 
f requen t l y  improved spontaneously w i t h  continued admin i s t ra t i on  o f  the drug. 
pretreatment was genera l l y  usefu l  i n  amel iorat ing these symptoms. COT~IIOR adverse 
experiences occu r r i ng  a f t e r  repeated dosing inc luded fa t igue,  anorexia, and weight l oss .  
Serious adverse react ions i nc lud ing  card iovascular  and neuro log ic  t o x i c i t y  have occurred 
i n f requen t l y ,  p r i m a r i l y  a t  h igher  doses. Hematologic t o x i c i t y  and e levat ions i n  l i v e r  
f unc t i on  parameters were a l so  observed, bu t  r a r e l y  requi red dose at tenuat ion.  Adverse 
e f f e c t s  were usua l l y  reve rs ib le  a f t e r  dose reduct ion o r  d i scon t inua t ion  o f  therapy. A 
summary o f  c l i n i c a l  t r i a l  r e s u l t s  w i l l  be presented. 

OVERVIEW OF CLINICAL EFFICACY AND SAFETY OF RECOMBINANT ALFA-2A (ROFERON"-A) I N  

I n  the d a i l y  esca la t i ng  group, the dose was 
Therapy was continued a t  the 

Because o f  the 

I n  general, pa t i en ts  were e l i g i b l e  f o r  e n t r y  

Wr i t ten informed consent was obtained from a l l  

These react ions usua l l y  occurred w i t h  i n i t i a l  dosing and 
Acetaminophen 
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Gene Regulation lI 

:Jc.nJ"T) 2i[... L:;:!Iz,I:S I,;sl I T I V I ' T  TO .:'JcLE,2;1: CICESTIO.! Iii 3AULiI 
I X  ';3oiPP:! Iii!E31?10.! I;y 
ampnign Croup, St .Georje 's  :ios:jit31 ::edicnl Sc l~oo l ,  London 5;:'17 OLE, iJ.!.:. 

OiiS, I:icl:nel J. Clemens and hut;? 7:. Zxley, 

In  inters 'eron-trsated Limdi c e l l s ,  !j 
t h e r e  i s  a r a p i d  turnover  of up t o  5 
e i t h e r  t o  increased c e l l u l a r  nuclease a c t i v i t y  o r  t o  3. g r e a t e r  s u s c e p t i b i l i t f  ol t h e  newly 
r e p l i c a t e 2  3ilA t o  oxistin:: nucleases .  
tiis nelrly synthecised c:iror.atin undergoes a s e r i e s  of s t r u c t u r a l  cliaizes which a l t e r  i t s  
Zens i t i v i t j .  t o  micrococcal nuclease d iges t ion  i n  i s o l - t e 2  nuc le i .  
Zlb i s  p ro tec t ed  fro:? cligestion, p e r h a p  because of a s s o c i a t i o n  of r e , ) l i ca t ion  f o r k s  v i t h  
t h e  nuc lee r  r n t r i x .  
as t h e  c h r o ~ a t i n  unlerzoes s t r u c t l i r n l  na tu rz t ion .  
nx lezse - rc s i skance  c : in rac t e r i s t i c s  o f  bulk I a r e n t a l  c:irorr.atin. I n  con-h-ast, i n  
i n t e r f e ron - t r ea t ed  Eau i i  c s l l c  froin 2 t o  3C nin of la'3elli:ix t i le X I L  in i s o l a t e 3  nuc le i  
shovs inc reased  susce ; ) t i b i l i t y  t o  nuclease dizest iol ; ,  su3Lestin; t h a t  it i s  l e s s  p o k c t e d  
by i ts  a s s o c i a t i o n  with h i s t o n c s  o r  o the r  p ro te ins  found i n  oa tu re  chromctin. ;!o d i f f e r e n c e  
i s  observed i n  nuclease s ? n s i t i v i t j .  3f bulk c m o m t i n  betvean c o n t r o l  an2 interferon-trentoci  
cells, and nor:;al n u c l e o e o x  l x i i e x  ~ f c  observe2 on ilzarone ,el electro.5ioresls  of t h e  
d i z e s t i o n  products .  These r e s u l t c  st:-,est t h a t  I j i J  t-rnever. i n  i n t e r f s r o n - t r e s t e l  3audi 
c e l l s  i s  a cocsequence of d e f e c t i v e  nssenbl;j 0' ne::lj I p l i c a t e d  iX!;t i n t o  : iaturz chronzt in ,  
perhnps beczus:: 0:' an  inpa i r . l en t  i r .  cfiror.ztiii , r o t e i n  synkhssis  . 

r e p l i c a t i m i  becones uncoupled from c e l l  d i v i s i o n  an;! 
of t h e  ncwlj  o;pt l ies ized D1;A. 

!,,%en con t ro l  c e l l s  are pulse- label led izith thymidino 

'Phis coulf. be due 

I n i t i a l l y ,  na:.rl;r l s b e l l a d  

i:itiiin 5-13 n in  t h i s  E:JA t r i n s i e n t l y  becomes more nucleace-sensi t ive,  
::.itX:i 20 n in ,  t i le 3Iiix acqu i re s  t!ie 

M7 A NOVEL, GROWTH RELATED GLYCOPROTEIN WHOSE SYNTHESIS IS INHIBITED BY INTERFERON, 
Ara G. Hovanesstan, Eliane Meurs, Josette Svab and Anne G. Laurent, 
Unit6 d'0ncologie Virale, Institut Pasteur, 25 rue du Dr. Roux, 75015 Paris, France 

Using a monoclonal antibody we could describe here a novel, 84,000-Mr glycoprotein (gp84) 
localized on the surface of human Daudi cells. The identity of this gp84 is not know. 
Its synthesis is stimulated following the addition of serum to serum-starved cells. 
The synthesis o f  gp84 is inhibited 4-6 hours after the addition of interferon to Daudi 
cells sensitive to the anti-growth effect of interferon. Under these experimental conditions 
the overall protein synthesis is normal and the double-stranded (ds)RNA-dependent protein 
kinase and the 2-5A synthetase are induced. Interferon treatment of Daudi cells does not 
affect the turnover nor the glycosylation of gp84. In v&o translation of total polyadeny- 
lated RNA fran control and interferon-treated cells indicated that this inhibition is due 
to a reduced amount of gp84 mRNA. 
The specific inhibition of gp84 i s  correlated with the anti-growth action of interferon. 
The synthesis of gp84 is not affected in interferon-treated Daudi cells resistant to the 
anti-growth action of interferon. In these resistant cells however, both the dsRNA-dependent 
protein kinase and the 2-5A synthetase are induced by interferon. 
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~8 ACTIVATION AND INHIBITION OF GENE EXPRESSION BY INTERFERONS, P. Lengyel, S. Tomi- 
naga*, H. SamantaM, 0. Engel. H. Chao, M. Garcia-Blanco, and A. Thakur, Department 
of Molecular Biophysics and Biochemistry, 
Yale University, New Haven, Connecticut 06511 

We have isolated the 5' terminal segment with flanking sequences of a m u s e  gene (gene 202) 
which specifies mRNAs (202 mRNAs) whose level is over 30 fold higher in Ehrlich ascites 
tumor cells exposed to IFN than in control cells (1,2). The attachment of part of this 
segment from the 202 gene rendered the expression of the chloramphenicol acetyltransferase 
gene responsive to IFN. Studies with primer extension and S1 protection revealed multiple 
5' termini in 202 mRNAs. Most of these map to an about 170 nucleotide long region. This 
region and its vicinity are free from TATA boxes. 
the 202 mRNAs with different 5' termini nonuniformly. 

cells and from BALB/c-3T3 cells treated with a partially purified platelet derived growth 
factor preparation (PDGF): it inhibited the accumulation of the PDGF induced proteins 
including a 63 kDa protein) and it induced the accumulation of several other proteins I including proteins of 30 and 89 kDa) (3). The 30 and the 89 kDa proteins were partially 

purified. The 89 kDa protein shared at least one characteristic with some INF-induced 
cell-associated enzymes: it bound double stranded RNA tightly. The 63 kDa protein was 
obtained in a radioactively pure form. The protein was undetectable in the culture fluid 
from resting BALB/c-3T3 cells and was barely or not at all detectable in the culture fluid 
from growing BALB/c-3T3 and NIH 3T3 cells respectively. The protein was, however, among the 
three major, constltutively secreted proteins in the case of growing, Kirsten murine sarcoma 
virus transformed NIH 3T3 cells. Treatment with 1,000 units per ml of beta IFN decreased 
the accumulation of the 63 kDa protein in the culture fluid of quiescent BALB/c-3T3 cells 
which had been treated with PDGF by over 80% and that in the culture fluid of Kirsten murine 
sarcoma virus transformed NIH 3T3 cells by about 50%. 
of an inhibition of cell growth (4). 
(1) Samanta, H.. J.P. Dougherty, M.E. Brawner, H. Schmidt, and P. Lengyel 
Molecular and Cellular Biology, Vol XXV, 59-72 (1982) (2) Engel, D., H. Samanta, M. Brawner 
and P. Lengyel, Virology 142, 389-397 (1985). (3) Tominaga, S., and P. Lengyel, J. Biol. - 
Chem. 260, 1975-1978 ( 1 9 8 K  (4) Tominaga, S., K. Tominaga. and P. Lengyel, J. Biol. Chem. 
(in press). *JICHI Medical School, Tochigi, Japan;*Eugene Tech International, Allendale, 
New Jersey. 

Treatment with INF increased the level of 

Treatment with IFN changed the pattern of secreted proteins from quiescent BALB/c-3T3 

This decrease was not a consequence 

UCLA Symp. on 

Mg 
Department of Virology, The Weizmann I n s t i t u t e  of Science, Rehovot, I s r a e l  
We previously reported the spontaneous secre t ion  of  IFN-6 by c e l l s  undergoing growth-transi- 
t ion  during the d i f f e r e n t i a t i o n  of hemopoietic c e l l s ,  and proposed t h a t  t h i s  IFN works a s  an 
autocr ine i n h i b i t o r  of  c e l l  gravth (I).Kimchi e t  a l .  ( t h i s  symposium) have confirmed t h a t  
blocking of t h e  autocr ine IFN by ant ibodies  prevents the a r r e s t  of  c e l l  growth and the switch- 
off  o f  the  c-myc protooncogene. Rise i n  ( 2 ' - 5 ' )  ol igo  A synthetase (OASE) and HLA c l a s s  I have 
been used as  markers of  the autocr ine IFN ac t ion  i n  d i f f e r e n t i a t i n g  U937 h i s t i o c y t i c  c e l l s  (1). 
Endogenous IFN and OASE increase a r e  a l s o  seen during the normal c e l l  cycle  of mouse embryo 
f i b r o b l a s t s  (MEF) synchronized t e r t i a r y  cu l tures  where OASE rises sharply l a t e  i n  S phase and 
f a l l s  again i n  G2. We have used cloned OASE cDNA probes t o  study the  regulat ion of the gene by 
endogenous and exogenous IFNs. Analysis of the  human OASE gene has  revealed t h a t  two IFN-in- 
duced ac t ive  mRNAs of 1.6 Kb (E16) and 1.8 K b  (E18) a r e  produced by a d i f f e r e n t i a l  sp l ic ing  
mechanism which shows c e l l  s p e c i f i c i t y  (2 ,3) .  The El6 RNA i s  seen induced by the autocr ine IFN 
i n  d i f f e r e n t i a t i n g  U937 c e l l s  (1). El6 cDNA codes f o r  a 40 Kd (363 aa) pro te in  with a hydro- 
phobic C-terminus; expressed i n  E.  c o l i ,  it produces ds RNA-binding OASE a c t i v i t y  demonstrat- 
ing t h a t  IFN indeed induces the s t r u c t u r a l  gene f o r  the enzyme. El8 cDNA codes f o r  a 46 Kd 
i d e n t i c a l  t o  El6 i n  i t s  f i r s t  346 aa b u t  terminating by an ac id ic  domain which could i n t e r a c t  
with b a s i c  pro te ins  i n  the c e l l .  Antibodies aga ins t  synthe t ic  pept ides ,  derived from the El6 
and El8 sequences, demonstrate on Western b l o t s  the exis tence of  the two 40 and 46 Kd pro te ins  
induced by IFN and binding t o  ds RNA, bu t  a l s o  reveals  la rger  polypeptides, which could cor- 
respond t o  the la rger  forms of  the OASE observed i n  human and mouse c e l l s .  El6 and E l 8  cLNAs 
hybridize t o  several  l a rge  RNAs (2 .7 ,  3.6 and 4 Kb) induced by IFN i n  human c e l l s ,  but some of 
these may be incompletely sp l iced  precursors  (2) .  In mouse c e l l s ,  OASE cDNAs de tec t  a 1 . 7  Kb 
RNA and two la rge  RNAs  of  4 and 5 Kb. While the 1.7 Kb i s  p r e f e r e n t i a l l y  induced by exogenous 
mouse IFN, the RNAs which cor re la te  w i t h  the  OASE peak i n  the  S phase of  synchronized MEF are 
exclusively the 4 and 5 Kb species .  mus, large OASE WAS a r e  ac t ive  i n  mouse c e l l s ,  and may 
code f o r  a form o f  the  enzyme s p e c i f i c a l l y  involved i n  some ce l l -cyc le  r e l a t e d  funct ion,  as 
his tone mRNA degradation i n  preparat ion f o r  mitosis .  Different  forms of OASE may be induced 
during ce l l -cyc le  and i n  the growth-arrest during d i f f e r e n t i a t i o n .  

(1) Yarden, A . ,  Shure-Gottlieb, H., Chebath, J . .  Revel, M.,and Kimchi, A .  (1984) EMBO J.  3, 
( 2 )  Benech, P . .  Merlin, G . ,  Revel, M . .  and Chebath, J .  (1985) Nucl.Acids Res. 13, 1267-1281. 
(3) Benech, P . ,  Mory, Y., Revel, M. .  and Chebath. J .  (1985) EMBO J .  4, 2249-2256. 

*Guys Hospital Medical School, London Bridge, England. 

INTERFERON-ACTIVATED ( 2 ' - 5 ' )  OLIGO A SYNTHETASE GENE AND ITS VARIATION DURING CELL 
GROW'IH, Michel Revel, Judi th  Chebath, Phi l ippe Benech, Valer ie  Wells*, Livio Malluci, 

969-973. 
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town University Schools of Medicine and Dentistry, Washington, D.C. 20007 

At present the basis of interferon's (IFN) antiproliferative effects remains poorly understood 
The pleiotropic effects of IFN on gene expression should play a role in its antiproliferative 
effects. Kinetic analysis of mRNA: cDNA hybridization indicates that about 3% of the mPXAs 
found in growing mouse cells are absent in resting cells (1): a finding consistent with the 
recent identification of several cell-division cycle (cdc) genes in animals cells (2,3,L). 
We have begun to characterize those cdc genes sensitive to IFN's action in Swiss mouse 3T3 
cells. We constructed a complementary DNA (cDNA) library using mRNAs appearing in resting 
3T3 cells stimulated to proliferate. 
labeled single stranded cDNAs synthesized using poly A+ RNA from a) resting cells, b) resting 
cells stimulated with serum to proliferate and c) resting cells stimulated with serum and IFN 
to proliferate. 
3T3 cell genome library constructed using EMBL4 Lambda vector. 
Eleven independent recombinants from the cDNA library were expressed in serum-stimulated cells 
only and expression of eight of them was inhibited in IFN-treated cells. Based on the insert 
size and the restriction pattern these clones are different from each other. The size of the 
mature transcripts in 3T3 cells corresponding to the various cDNA clones varied from l.0x105 
daltons to 1.8~10~ daltons. 
We detected ten IFN-sensitive genes by screening the mouse genomic library. 
expressed preferentially in resting cells stimulated with serum. Based on the insert size 
and restriction patterns these genes are different from each other. 
The extent and kinetics of synthesis of the individual mRNAs in IFN-sensitive and IFN resis- 
tant 3T3 cells are being examined at present to determine their significance in IFN's 
antiproliferative effects. 

1) Williams, J . G .  and Penman, S. (1975) Cell, fj, 197. 
2) Cochran, B.H., Reffel, A.C. and Stiles, C.D. (1983) Cell, 3, 939. 
3) Linzer, D.I.H. and Nathans, D. (1983) Proc. Natl. Acad. Sci. (U.S.A.) 80, 4271. 
4) Hirschhorn, R.R., Patricio, A., Yuan, Z., Gibson, C.W. and Baserga, R. <1984) Proc. 

INTERFERON MEDIATED REGULATION OF GENE EXPRESSION IN MOUSE CELLS, T. Sreevalsan, 
A. Masibay, L. Tumarkin and G.P. Damewood, IV, Department of Microbiology, George- 

The cDNA library was probed with three distinct 32P 

Additionally, similar 32P labeled cDNA probes were used to screen a mouse 

These genes were 

Natl. Acad. Sci. (U.S.A.) jL, 6004. 

Structure-Activity Relationships of Interferons and Interferon Receptors 

MI1 CHARACTERIZATION OF MURINE INTERFERON GAMMA RECEPTORS. 

and :'irology, University of Zurich, Switzerland, 2 Institut Curie, Paris, 
France. 
Pure recombinant E. coli deri mouse IFN gamma (Genentech, Boehringer 
Ingelheim) was labelled with ''$1 ta a specific radioactivity of about 
50 uCi/ ug without detectable loss of  its antiviral activity. Binding studies 
oP'rspoLentially growing mouse leukemia4L1210 cells revealed specific non- 
cooperative binding to approximately-18 
average binding canstant of about 1 0  M at 4 ' .  Mouse L929 cells, normal 
mouse fibroblasts, normal mause spleen cells and unstirnulated peritoneal or 
bone marrow macrophages displayed similar binding properties. Normal cells 
lacking homologous high affinity IFN gamma receptors could not be detected a s  
yet. Upon treatment at low pH receptor bound IFN was displaced from L1210 
cells incubated with labelled IFN gamma at 4 O .  Incubation at 37". however, 
rendered specifically bound IFN refractory to dissociative conditions, compa- 
tible with ligand internalization. Receptor expression was quantitatively 
dependent on the growth phase with maximum expression on exponentially 
growing L1210 cells. Pretreatment of L1210 cells with nonsaturating doses o f  
v;:;abelled mouse IFN gamma resulted in a pronounced receptor down-regulation 
fgfresponding to a 90 % reduction of the binding capacity. 

I labelled mouse IFN gamma to its mouse L1210 cell receptors yielded a 
iabelled complex of about M 110,000 upon SDS-PAGE. The formation of this 
coa7lex was prevented by ad8ition of excess unlabelled IFN gamma but not IFN 
~.lpi:a/beta which binds to distinct receptors. Moreover, this complex could 
not be extracted from L1210 cells with down-regulated IFN gamma receptors. 

Michel Aguet (1) and Juana Wietzerbin ( 2 ) .  1 Institute o f  Immunology 

binding sites per cell with an 

Cross-linking of 
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MI2 IWI'EWFERON-GAMMABINDS TO HIGH AM) Low AFFINITY RECEPR)R COMPONENTS .. .- 
ON MOUSE MACROPHAGES. RHMni A. Aiyer, and Patricia P. Jones, 
Dept. of Biol. Sciences, Stanford University, Stanford, CA 94305. 

Interfsron-y, a glycoprotein secreted by activated T lyn@Iocytes, 
activates many rhacrophage functions, and dulates imnune responses. In the 
mouse macrophage cell line -1-3 murine interferon-y (MuIFN-y) induces the 

on WMI-3 urd other mouse cells. Binding of [i"I~-N~IFN-~ was: 1) time- a d  
tanperature-depmdent, 2)  species-specific, a d  3) ccmpetitively inhibited 
by "cold" MuIFN-Y, but not MuIFN-a or MUIFN- 6. Analysis of steady-state 
binding, at 37OC, yielded a curvilinear Scatchard plot, consis 
preseme of two classes of bi ing sites with s of 9.1 x M 

significantly from that obtained by various other groups that have r ported 
on1 a sinqle class of IFN-Y binding sites with K# ranging fran lo-' M to 
lo-" M. Cunparison of MuIFN-y binding with the dose-response for MHC 
antigen irxluction on WMI-3 cells indicates that the higher affinity sites 
most likely represent the physiologically relevant MuIFN-y receptors. 
Furthermore, the half-miximal biological response occur& at a fractional 
occupancy by MuIFN-y of only 5% of the high-affinity receptors. 

nt with the 

(500 sites/cell) and 2.7 x 10- $' M (4400 sites/&l). This result differs 

(Support: Leukemia Society Post4octoral Fellowship (RA.A.); NIH, AI-19964) 

MI3 
P u r i f i e d  recombinant human in te r fe rons  (HuIFNs) have been used t o  study IFN receptors on 
human c e l l s .  B ind ing and competit ion experiments w i t h  ln51-labeled IFNs have ind i ca ted  t h a t  
IFNs b ind t o  spec i f i c  receptors on c e l l s  w i t h  h igh a f f i n i t y .  Cross- l ink ing of ln51-labeled 
HuIFNs bound t o  human c e l l s  (Oaudi, WISH. etc.) y ie lded  s p e c i f i c  complexes o f  Mr - 140,000- 
150,000 w i t h  HUIFN-an or HuIFN-6 Ser l7  and K - 110,000 w i t h  HuIFN-y. 
ments have provided evidence i n d i c a t i n g  t h a t  HUIFN-a and - 6  bind t o  common receptors whereas 
HuIFN-y i n t e r a c t s  w i t h  d i f f e r e n t  receptors, and t h a t  t he  species s p e c i f i c i t y  of mouse and 
human IFNs may res ide at  the receptor l eve l .  Mouse-human hyb r id  c e l l s  conta in ing t h r e e  
copies o f  human chromosome 21 as the only human chromosomes expressed receptors f o r  HuIFN- 
a/@, and developed a n t i v i r a l  s ta te  upon treatment w i t h  HuIFN-a or  -6; however, these hyb r id  
c e l l s  d i d  not d i sp lay  receptors f o r  HuIFN-y and were completely i n s e n s i t i v e  t o  the a n t i v i r a l  
ac t i on  o f  HuIFN-y, suggesting t h a t  the receptors f o r  HuIFN-a and - 6  but not f o r  HuIFN-y are 
spec i f i ed  by human chromosome 21. 

labeled HuIFN-az may form non-covalent dimers i n  the plasma membrane: 
an-receptor complex s o l u b i l i z e d  w i t h  T r i t o n  X-100 eluted from Sephacryl 5-500 column at  
about the same p o s i t i o n  as thy rog lobu l i n  ( M r  -669,000); ( i i )  c ross - l i nk ing  of  c e l l  bound 
' ~ ~ I - H u I F N - ~ ~  a t  increas ing c o n c e n t r a t i o n s o f r t h e  c ross - l i nke r  (d isucc i  n imidy l  suberate) 
y ie lded  a second complex o f  M r  - 300,000 i n  add i t i on  t o  the 150,000 M r  complex. The forma- 
t i o n  o f  both 150,000 and 300700 M r  complexes appears t o  be s p e c i f i c r ( i i i )  the 300,000 M r  
complex was obtained w i t h  HuIFN-ayas we l l  as HuIFN-6 Ser-17, i n  agreement w i t h  the view- 
t h a t  HuIFN-a and - 6  b ind  t o  the same receptors; ( i v )  evidence was obtained i n d i c a t i n g  t h a t  
the 300.000 M r  complex was formed from 150,000 Mr complex. It i s  conceivable t h a t  the 
formation o f e  300,000 
upon IFN b ind ing t o  receptors. 

ized upon s h i f t i n g  t o  37Y .  
c e l l  surface. This down regu la t i on  o f  HuIFN-a2 receptors was brought about by HUIFN-a or 
HuIFN-6 but  not  by HuIFN-y. The recovery o f  receptors on the c e l l  surface, f o l l ow ing  down 
regulat ion,  took several hours and requi red p r o t e i n  synthesis suggesting t h a t  HuIFN-a/B 
receptors do not recyc le and new receptors had t o  be synthesized. A loss o f  receptors from 
the c e l l  surface upon IFN treatment could, a t  l e a s t  i n  par t ,  account for the time-dependent 
dec l i ne  i n  IFN-mediated i nduc t i on  o f  c e l l u l a r  gene expression and could provide a self-regu- 
l a t i n g  mechanism f o r  the c e l l u l a r  response t o  IFN. 

RECEPTORS FOR HUMAN INTERFERONS, Sohan L. Gupta, Memorial Sloan-Kettering Cancer 
Center, New York. NY 10021 

Cornpetiron experi- 

The fo l l ow ing  r e s u l t s  suggest t h a t  t he  140,000-150,000 complex formed w i t h  l z 5 I -  
(i) the  ln51-HuIFN- 

complex represents r s t e p  i n  the sequence o f  events i n i t i a t e d  

HuIFN-az-receptor complex formed on incubat ion w i t h  c e l l s  a t  4"C was r a p i d l y  i n t e r n a l -  
This was accompanied by a l oss  o f  HuIFN-an receptors on the  
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The receptor  f o r  interferon-y (IFN-y) was character ized i n  a var ie ty  of  human cells and c e l l  
l i n e s  with the a i d  of lZ5I-IFN-y. 
by t h e i r  a b i l i t y  (or  lack of  i t )  t o  bind denatured IFN-y. Human f ibroblas t s ,  low densi ty  
lymphocytes and the amnion c e l l  l i n e  WISH bound both na tura l  and denatured IFN-y w i t h  a simi- 
l a r  a f f i n i t y .  
i n i t y  (Kd30-'0h() binding s i t e s .  Denatured IFN-y (pI2, 4OC, 24 hr)  l o s t  i t s  a n t i v i r a l  ac t iv i -  
t y  but  z o n g  w i t h  the  binding it retained the a b i l i t y  t o  induce HLA-DR i n  these c e l l s .  
cont ras t ,  hman monocytes and the B-lymphoblastoid c e l l  l i n e  Daudi bound only na tura l  IFN-y 
and Scatchard ana lys i s  gave a non l i n e a r  p l o t ,  ind ica t ing  mult iple  binding sites. 
IFN-y ne i ther  induced (2'-5') o l igo  A synthetase nor  an a n t i v i r a l  s t a t e  in monocytes and i n  
Daudi c e l l s .  
IF"-y i n  human c e l l s  both i n  terms of  s p e c i f i c i t y  and function. 
s tudied i n  WISH c e l l s .  
IFN-y was observed. 
chloroquin o r  methylamine. F ina l ly ,  the receptor  binding epi tope on IFN-y was local ized by 
a var ie ty  of pro teo ly t ic  procedures. 
were e s s e n t i a l  f o r  both binding and a c t i v i t y  while the C-terminal amino acids  (posi t ions 
125-143) were less critical f o r  e i t h e r  a c t i v i t y  o r  binding. 
s p e c i f i c  antagonis ts  of  IFN-y which a c t  by reversibly blocking the binding of  IFN-y t o  i t s  
receptors. 

MULTIPLE HUMAN INTERFERON-.( RECEPTORS. Menachem Rubinstein, Dina G .  Fischer  and 
P a t r i c i a  Orchansky. Dept. of  Virology. Weirmann I n s t i t u t e  of  Science, Rehovot, Israel 

Two types of  receptors  were i d e n t i f i e d  and dis t inguished 

Scatchard analysis  gave a l i n e a r  p l o t ,  ind ica t ing  a s ing le  c lass  of  high a f f -  

In 

Moreover, 

I t  w a s  therefore  concluded that there  are a t  least two di f fe ren t  receptors  f o r  
?he f a t e  of bound IFN-y was 

In te rna l iza t ion  a t  37OC was very slow but  a rapid degradation of 
This degradation w a s  not  endosomal s ince  it was not  inh ib i ted  by either 

I t  was found t h a t  the f i r s t  two N-terminal amino acids  

The da ta  can be used t o  design 

STRUCTURE-FUNCTION RELATIONS IN RECOMBINANT G A M M A  INTERFERONS, 
Paul  P .  T r o t t a ,  G a i l  F.  S e e l i g ,  H u n g  V .  Le and T . L .  Nagabhushan ,  

M15 
S c h e r i n g - P l o u g h  Corp . ,  B l o o m f i e l d .  N.J. 07003 
S t r u c t u r e - f u n c t i o n  r e l a t i o n s  h a v e  been s t u d i e d  by c o m b i n i n g  e p i t o p e  
a n a l y s i s  w i t h  a monoclonal  a n t i b o d y  (Mab) t o  r e c o m b i n a n t  h u m a n  gamma 
i n t e r f e r o n  (HuIFNr)  and  b i o l o g i c a l  a c t i v i t y  measurements  of  c l o n e d  
t r u n c a t e d  v a r i a n t s  of  HuIFNi and  murine gamma i n t e r f e r o n  (MuIFNy). T h e  Mab 
d e s c r i b e d  here  b i n d s  t o  t h e  f u l l - l e n g t h  ( 1 4 6  amino a c i d  r e s i d u e s )  HuIFNi 
(HuIFNi-A) a s  w e l l  a s  t o  a 1 5 - r e s i d u e  C - t e r m i n a l  p o l y p e p t i d e  f r a g m e n t  b u t  
d o e s  n o t  r e c o g n i z e  a v a r i a n t  t e r m i n a t i n g  a t  p o s i t i o n  131  (HuIFNi-B) .  T h e  
Mab b i n d s  t o  a cyanogen b r o m i d e  f r a g m e n t  o f  t h i s  p o l y p e p t i d e  c o r r e s p o n d i n g  
t o  r e s i d u e s  132-137 i n  HuIFNi-A ( A r g - L y s - A r g - S e r - G l n - M e t )  a s  w e l l  a s  t o  a 
t r u n c a t e d  v a r i a n t  l a c k i n g  t h e  5 C - t e r m i n a l  amino a c i d s .  I t  d o e s  n o t  
r e c o g n i z e  a p o l y p e p t i d e  c o r r e s p o n d i n g  t o a t h e  9 N - t e r m i n a l  amino a c i d s .  The 
Mab n e u t r a l i z e s  a n t i v i r a l  a c t i v i t y  measured  i n  a c y t o p a t h i c  e f f e c t -  
i n h i b i t i o n  a s s a y .  I t  i s  c o n s i s t e n t  w i t h  these  d a t a  t h a t  t h e  s p e c i f i c  
a n t i v i r a l  a c t i v i t y  of HuIFNi-B i s  s i g n i f i c a n t l y  l o w e r  t h a n  t h e  
c o r r e s p o n d i n g  v a l u e  f o r  HuIFNr-A. I n  p a r a l l e l  e x p e r i m e n t s  we h a v e  p u r i f i e d  
t o  homogenei ty  f o u r  MuIFNi v a r i a n t s :  t h e  f u l l - l e n g t h  136  amino a c i d  
r e s i d u e  p r o t e i n  (MuIFNi-A), a form l a c k i n g  t h e  f i r s t  t h r e e  amino a c i d s  
>(Cys-Tyr-Cys)  a t  t h e  N - t e r m i n u s  (MuIFNT-D) and two p r o d u c t s  t r u n c a t e d  a t  
t h e  C-terminus (MuIFNi-0 '  and  -0"). P r i m a r y  s e q u e n c e  a n a l y s i s  by Edman 
d e g r a d a t i o n  w i t h  a g a s  p h a s e  s e q u e n a t o r  h a s  i n d i c a t e d  t h a t  MuIFNr-D' and 
- 0 "  t e r m i n a t e  a t  r e s i d u e s  1 3 0  and  1 2 5 ,  r e s p e c t i v e l y  ( r e s i d u e  numbers  
c o r r e s p o n d  t o  p o s i t i o n s  i n  MuIFNi-A) ( 1 ) .  
a c t i v i t i e s  of  p u r i f i e d  MuIFN7-A, - D ,  -D' and D 
u n i t s / m g ,  r e s p e c t i v e l y .  These d a t a  i n d i c a t e  t h a t  s e l e c t e d  r e s i d u e s  may be 
c l e a v e d  f rom N -  and  C - t e r m i n i  i n  MuIFNr-A w i t h o u t  l o s s  i n  a n t i v i r a l  
a c t i v i t y ,  b u t  t h a t  a t  l e a s t  a p o r t i o n  of  r e s i d u e s  126-130 
( S e r - S e r - L e u - A r g - L y s )  a r e  r e q u i r e d  f o r  maximal a c t i v i t y .  T h u s ,  we h a v e  
e l u c i d a t e d  v a r i o u s  a s p e c t s  of  t h e  s t r u c t u r e - f u n c t i o n  r e l a t i o n s  i n  b o t h  
HuIFNi a n d  MuIFNi. 

( 1 )  Bond, M . W .  ( 1 9 8 5 )  Symposium of  American P r o t e i n  C h e m i s t s ,  A b s t .  109 

T h e , , s p e c i f i c  a n t i v i r a l  
a r e  2 ,  20 ,  2 0  and 4 5 l o 6  
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MI6 INTERFERON RECEPTOR REGULATION OF GENE TRANSCRIPTION, Bryan R.G.  Will iams and Greg 
Hannigan, D iv i s ion  of I n f e c t i o u s  Diseases, Research I n s t i t u t e ,  Hosp i t a l  f o r  S i ck  

Chi ldren  and Department of Medical Gene t i c s ,  Un ive r s i ty  of  Toronto,  555 Un ive r s i ty  Avenue, 
Toronto ,  On ta r io ,  Canada MSG 1x8. 

which they  i n t e r a c t .  This  i n t e r a c t i o n  of IFN and ce l l  i s  mediated through s p e c i f i c  high- 
a f f i n i t y  receDtors  i n  t h e  plasma membrane. A s  a f i r s t  s t e p  t o  unders tanding  t h e  r o l e  of t h e  
IFN r e c e p t o r  i n  media t ing  t h e  c e l l u l a r  responses  t o  IFN, w e  have ana lyzed  i n  d e t a i l  t he  re- 
l a t i o n s h i p  between IFN-a r ecep to r  expres s ion  and t h e  t r a n s c r i p t i o n a l  response  t o  t h i s  IFN of 
t h e  1-8 gene fami ly  ( 1 )  and t h e  gene f o r  2-5A s y n t h e t a s e  ( 2 ) .  W e  have u t i l i z e d  the  human 
g l iob la s toma  c e l l  l i n e ,  T98G (from which the  1-8 sequences w e r e  o r i g i n a l l y  i s o l a t e d ) ,  as i t  
is  s e n s i t i v e  t o  both  t h e  a n t i v i r a l  and growth i n h i b i t o r y  e f f e c t s  of  IFN-a. Moreover, t h i s  
l i n e  is  i n t e r e s t i n g  because ,  a l though t ransformed and capab le  of growth i n  s o f t  aga r ,  i t  d i s -  
p l ays  t h e  c h a r a c t e r i s t i c  of  dens i ty-dependent  growth a r r e s t  ( 3 ) .  By a l lowing  t h e  c e l l s  t o  
reach  t h e  a r r e s t e d  state w e  have noted s i g n i f i c a n t  a l t e r a t i o n s  i n  t h e  express ion  of IFN-a 
r e c e p t o r s ,  r e l a t i v e  t o  t h a t  observed on growing c u l t u r e s .  Cu l tu re s  moving from exponen t i a l  
growth i n t o  a s t a t e  of density-dependent growth arrest ,  demonst ra te  a 7-fold drop  i n  the  t o t a l  
number of IFN-a r e c e p t o r s  expressed  pe r  c e l l .  
when c e l l s  were grown i n  t h e  presence  of a n  anti-IFN-a monoclonal an t ibody .  The a c t i v e  bind- 
ing  s i tes  expressed  on t h e  a r r e s t e d  c e l l  popu la t ion  w e r e  of reduced a f f i n i t y  f o r  IFN, r e l a t i v e  
t o  t h e  h i g h - a f f i n i t y  s i t e s  expressed  on t h e  growing c e l l s ,  r e s u l t i n g  i n  a 3-fold lower i n i t i a l  
rate of  IFN-binding t o  t h e  a r r e s t e d  c e l l s .  Thus, t h e r e  is r e g u l a t i o n  of IFIJ-a r ecep to r  ex- 
p re s s ion  by endogenously produced IFN i n  a nega t ive  a u t o c r i n e  manner i n  T98G cel ls .  W e  ex- 
p l o i t e d  t h e  d i f f e r e n c e  i n  r e c e p t o r  expres s ion  t o  i n v e s t i g a t e  t h e  r e l a t i o n s h i p  between IFN- 
r ecep to r  b inding  and induced gene t r a n s c r i p t i o n .  A s  determined by n u c l e a r  runoff  a s say ,  t he  
t r a n s c r i p t i o n a l  response  of bo th  t h e  gene fami ly  1-8, and 2-5A s y n t h e t a s e ,  t o  IFN t r ea tmen t  
a l s o  showed a 3-fold r educ t ion  i n  d e n s i t y  a r r e s t e d  cel ls .  Longer-term (0-8hr) i nduc t ion  and 
dom-regu la t ion  o f  gene t r a n s c r i p t i o n  i n  IFN-treated c e l l s  c l o s e l y  followed t h e  b inding  t o ,  
and dom-regu la t ion  o f ,  c e l l - s u r f a c e  l o c a l i z e d  IFN r e c e p t o r s .  Thus, t r a n s c r i p t i o n  of t h e s e  
IFN-induced genes i s  c l o s e l y  l i nked  t o  r ecep to r  occupancy, and is  most l i k e l y  mediated by 
transmembrane s i g n a l s  a lone .  

1 .  Friedman, R.L. g (1984).  C e l l  38, 745-755. 
2.  Saunders,  M.E. 5 & (1985).  EMBO J .  4 ,  1761-1768. 
3 .  S t e i n ,  G . H .  (1979).  J. C e l l .  Phys io l .  99, 43-54. 

I n t e r f e r o n s  (IFNs) e x e r t  p o t e n t  growth i n h i b i t o r y  and a n t i v i r a l  a c t i v i t i e s  on  c e l l s  wi th  

Th i s  loss  of  r e c e p t o r  a c t i v i t y  was n o t  s een  

Biological Activities of Interferon and Animal Models - / 
MI7 
I .  Har t ’ ,  P. Ramani’. Imper ia l  Cancer Research Fund, London, WC2A 3PX. ‘ I n s t i t u t o  Super io re  
d i  San i ta ,  00161, Rome. 
I n t e r f e r o n s ,  IFNs, may i n h i b i t  tumour growth by d i r e c t l y  a f f e c t i n g  the  behaviour o f  ma l i snan t  
c e l l s  o r  by modu la t ing  the  hos t  response t o  such c e l l s .  
growth o f  human tumours growing subcutaneously i n  nude mice and t h i s  appears t o  be due t o  
d i r e c t  growth i n h i b i t i o n .  
p r imary  human turnours IFN-as were tumour s t a t i c  bu tcausedcomple te  reg ress ion  i n  two tumour 
l i n e s .  The IFN-rrs had no measurable e f f e c t  on t he  murine host,  b u t  s t r o n g l y  inc reased l e v e l s  
o f  IFN induced enzyme i n  the  human tumour. Recombinant IFN-y d i d  n o t  g e n e r a l l y  i n h i b i t  growth 
o f  t he  xenogra f ted  tumours (1/10 responded t o  t h i s  IFN) b u t  o t h e r  d i r e c t  e f f e c t s  on t he  tumour 
were measurable. For  i ns tance  systemmic IFN-y induced o r  enhanced expresson o f  HLA-OR a n t i -  
gens on a breas t  and a bowel cancer xenogra f t  g rowing  subcutaneously and tumour assoc ia ted  
an t igens  on another bowel cancer xenogra f t .  Three d i f f e r e n t  p repara t i ons  o f  murine IFN a l s o  
i n h i b i t e d  hvman tumour c e l l  growth i n  nude and be ige  nude (NK d e f i c i e n t )  mice and t h i s  i n -  
h i b i t i o n  was n o t  r e l a t e d  t o  s e n s i t i v i t y  o f  tumours t o  human IFN-as. There was no evidence 
t h a t  mur ine  IFN had a d i r e c t  e f f e c t  on t he  tumours e.g.  murine IFN d i d  n o t  enhance HLA ex- 
press ion  on t he  human xenogra f t  c e l l s  i n  v i t r o .  Fu r the r  i n v e s t i g a t i o n s  i n t o  t h i s  (presumably) 
hos t  mediated e f f e c t  a re  c u r r e n t l y  u n d m  mice w i t h  va ry ing  degrees o f  immunosupression 
and de f i c iency .  We have a l s o  i n v e s t i g a t e d  the  a n t i m e t a s t a t i c  e f f e c t  o f  t he  recombinant human 
IFN-a A/O h y b r i d  which i s  r e a c t i v e  on murine c e l l s ,  and murine rIFN-y, i n  a me tas tas i s  model. 
These two IFNs s t r o n g l y  i n h i b i t e d  the  development o f  exper imenta l  pulmonary metastases o f  t he  
COLO 26 adenocarcinoma c e l l  l i n e  when admin is te red  x 5 weekly a f t e r  tumour c e l l  i n j e c t i o n  i n  
Balb-c, Baib-c nude and be ige  (NK d e f i c i e n t )  nude mice. S tud ies  w i t h  mice s u b j e c t  t o  f u r t h e r  
immune d e p l e t i o n  a re  c u r r e n t l y  underway. 
NK c e l l  mediated l y s i s  b u t  s e n s i t i v e  t o  c y t o t o x i c  macrophages and the  c y t o s t a t i c  e f f e c t s  
o f  r IFN-a  A/D. K i n e t i c  s t u d i e s  showed t h a t  a d m i n i s t r a t i o n  o f  r IFN-a  A/D du r ing  the  
f i r s t  5 days pos t  i n j e c t i o n  was o f  c r u c i a l  importance, 
COLO 26 showed t h a t  IFN t r e a t e d  mice c lea red  tumour c e l l s  more e f f e c t i v e l y  f rom the  lungs  
than c o n t r o l  mice. Th is  tumour spontaneously metas tas izes  t o  the  lungs  from a subcutaneous 
s i t e  and p r e l i m i n a r y  s tud ies  i n d i c a t e  t h a t  IFN can i n h i b i t  t h i s  process a s  w e l l .  Al though 
the  mechanism o f  t he  a n t i m e t a s t i c  e f f e c t  o f  IFNs i s  s t i l l  n o t  e luc ida ted ,  we have evidence 
t h a t  human IFNs a and y can p reven t  exper imenta l  me tas tas i s  o f  a human melanoma c e l l  l i n e  
i n j e c t e d  i n t ravenous ly  i n  nude mice, b u t  have no measurable e f f e c t  on the  mur ine  hos t .  I t  i s  
hoped t h a t  by  s tudy ing  these complementary animal models some i n s i g h t  i n t o  an t i cance r  e f f e c t s  
o f  IFNs may be a t t a i n e d .  

MECHANISMS OF ANTITUMOUR A C T I O N  OF INTEYFERONS OF HUYAN TUMOUR XENtGRAFTS AN0 fN 
MOUSE METASTASES MODELS. F.R. B a l k w i l l  , M. Stevens , E. P r o e i t t i  , J .  Bodiner , 

Human a lpha IFNs w i l l  i n h i b i t  t he  

I n  the  m a j o r i t y  (7/10) of  e a r l y  p a s s a p  xenogra f ts  ob ta ined  from 

I n  v i t r o  COLO 26 c e l l s  were r e s i s t a n t  t o  

and s t u d i e s  w i t h  l a b e l l e d  
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MI8 IN VIVO TREATMENT OF MURINE LYMPHOMA WITH INTERFERONS AND WITH 
MONOCLONAL ANTIBODIES, Teresa Basham, Mark Kaminski, Ronald Levy and Thomas 

Merigan, Division of Infectious Diseases and Division of Oncology, Department of Medicine, Stanford 
University School of Medicine, Stanford, CA 94305 

Interferon and monoclonal antibody therapy have shown significant antitumor responses in 
nodular lymphoma patients, although neither treatment modality has been completely successful. As 
interferon has immunomodulating a s  well as antiproliferative activity, i t  was possible that  combination 
therapy of interferon and monoclonal anti-idiotype antibody would cooperate synergistically in vivo 
and they should at least be additive. W e  have studied these two immunomodulatory agents, a loneand 
in combination, in an in vivo rnurine B cell lymphoma model, 38C13. Our results indicate that  
anti-idiotype monoclonal antibodies of the IgC2a isotypes a r e  superior to antibodies of t he  IgGl and 
IgGZb isotypes both in protecting animals against t he  tumor and in eliciting macrophage antibody 
dependent cellular cytotoxity (ADCC). Recombinant interferon a A/D Bgl, which has direct  
antiproliferative activity for 38C13 in w, gave some in vivo protection at  doses of lo5 - lo6 
units/mouse/day on a 3 t imes w e e k 5  schedule. & &administration of rIFN-a A/D Bgl also 
enhanced macrophage ADCC. Combination therapy of lgG2a anti-idiotype and r-IFN-a A/D Bgl 
appears to be synergistic when survival is compared to that  of the individual treatments. In addition, 
interferon made act ive an IgG2b anti-idiotype monoclonal antibody which alone had no protective 
activity against the tumor w. 

MI9 EXPRESSION OF INTERFERON STRUCTURAL AND REGULATORY GENES IN THE 
MOUSE, Edward De Maeyer, Francoise Dandoy and Jaqueline De Maeyer-Guignard, Institut 
Curie, Biologie, Campus d'Orsay, Bat. 110, 91405 Orsay (France). 

The murine IFN-d structural  gene cluster (Ifa) has recently been located on chromosome 4. 
Segregation of RFLP in genomic DNA from recombinant inbred and congenic lines has revealed linkage 
of Ifa to H-15, near "brown". W e  have now finished the fine mapping of Ifa by following segregation of 
Ifa RFLP and 3 other loci ( M u p l ,  brown and misty) in two different backcrosses. The gene order is : 
M u p l ,  brown, Ifa and misty. I t  was not possible to do the  fine mapping of the  Ifb locus using the same 
backcross progeny that  was used for the mapping of the Ifa locus, because of lack of RFLP between 
BALB/c, DBA/2 and C57BL/6 genomic DNA when probed with the MuIFN-P cDNA. However, genornic 
DNA from a species of wild mice (mus Spretus Lataste) restricted with Hind111 and probed with the 
murine IFN-beta probe, did display RFLP when compared to laboratory mice. Although mus Spretus 
belongs to a different species, certain interspecies crosses with mus musculus a r e  possible, and we were 
therefore able to follow segregation of RFLP in Hind111 restricted genomic DNA from backcross progeny 
(DBA/2 x M. Spretus) F1 x DBA/2 probed with a Murine IFN-alpha and IFN-beta cDNA. There was 
complete coincidence between the  segregation of parental and F1 type I F N - d  and IFN-(J RFLP, 
indicating t ight linkage of Ifa and Ifb. 

genes has enabled us to investigate the relative 
contribution of IFN structural  genes of If-loci 1 o the quantitative regulation of circulating IFN 
production. Previous studies have shown that  serum IFN production in mice is  quantitatively influenced 
by If loci, whose alleles determine high or low production. Although different loci influence IFN 
production in response to different inducers such as NDV, Sendai virus, HSV-I and polyrIrC, BALB/c mice 
a re  in every instance low producers. I t  was therefore possible that,  in addition to If-loci, some feature of 
the BALB/c structural  IFN genes contributed to low production. This was examined by measuring IFN 
production in two strains of C57BL/6 mice, congenic with BALB/c at the MuIFN-o( gene cluster on 
chromosome 4. One line, HW 13 (B6.C-H-15C-H-16C-H-20C-H-2lC/By) has a BALB/c fragment on 
chromosome 4 of at least 35 c M  which includes the BALB/c IFN-A gene cluster ; the  other line, HW 13 J 
(B6.C-H-I5C/By), has a much shorter fragment of about 15 cM,  also comprising the BALB/c IFN-o( gene 
cluster. These mice, carrying the BALB/c IFN- o( structural genes on a C57BL/6 background, a r e  high 
IFN producers when stimulated by NDV, Sendai virus, HSV-I or polyrIrC. Thus, the low IFN production of 
BALB/c mice is not directly due to some feature of t he  IFN structural genes, but is mainly the result of 
different alleles at If loci, not linked to the structural  genes. 

Using in situ hybridization techniques with 355 labelled I F N - d  and IFN- (3 cDNA probes, we have 
examined the cellular basis for high and low IFN production in If-lh and If-11 congenic mice, with the 
aim of obtaining information on the number of IFN producing cell in high and low responders. 

The localization of the MuIFN- N and IFN- 
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Biological Activities of Interferon and Animal Models - II 

M20 LEUKOCYTE MEDIATION OF INTERFERON‘S ANTITUMOR ACTIONS. Samuel 

Fleischmann, JK., D. Weigent, G.J. Stanton, and S .  Tyring, Department of 
Microbiology, University of Texas Medical Branch, Galveston, TX 77550 
Interferon (IFN) may exert antitumor actions by a number of mechanisms 
including: a) inhibition of tumor virus multiplication; b) decrease of 
division rate of tumor cells; c) direct cytolysis of many tumor cells 
mainly by IFN y ;  d) indirect cytolysis of tumor cell by activation of 
several effector cells (NK, K, ADCC, sensitized T lymphocytes, 
macrophages, and another group of peripheral blood leukocytes (PBL)); 
e) hormonal effects; f) immunomodulatory effects; and g) modulation of 
cell membrane macromolecules. We are studying the indirect cytolysis of 
Cultured tumor cells treated with IFNs and leukocytes in assays that 
measure target cell killing by enumeration of viable cells and 
radioisotope release. Our studies are centered on the IFNy activation of 
PBL because of its unusual characteristics. This cytolysis is induced 
mainly by IFNy and uncommonly by IFNs a or 5. The dose of IFNy required 
to activate PBL range from a minimum of 5 U/ml to a maximum of 200 U/ml. 
The majority of primary, secondary, and continuous human tumor cells are 
lysed by this mechanism but normal cells are lysed to a lesser degree. 
IFNy itself is the probable inducing mechanism, because the cytolysis 
can be induced with purified recombinant IFNy and because antibody 
specific to the synthetic IFN peptide inhibited the effect.CCytolysis is 
not detectable before 16 hours. thereby distinguishing this cytolytic 
mechanism from the 4 hour killing by NK, K, LAK, and sensitized T 
lymphocytes. Depletion of nylon wool adherent PBL (macrophages and B 
cells) did not eliminate cytolysis by the IFNy activated PBL. The 
relative degree of antitumor action in vitro is observed to be similar to 
that in vivo using two mouse tumors. Perhaps most interesting is the 
finding that unlike most other actions of IFN, effector leukocytes could 
not be fully activated by preincubation with IFN y. The effector cell 
may be related to the T effector cell previously reported (1). These 
findings suggest the existence of a distinctive cytolytic action of 
effector lymphocytes that is characterized by: a) induction mainly by 
IFN y ,  b) a minimum of 16 hours for cytolysis to begin, c) inability of 
IFNy to fully preactivate effector PBL, d) activity against most human 
tumors in culture, and e) correlation of the antitumor action in vitro 
and in vivo using two mouse tumors. 

1. Weigent, D.A., M.P. Langford, W.R. Fleischmann and G.J. Stanton. 

Baron, T.K. Hughes, M. Sarzotti-Kelsoe, G.R. Klimpel, W.R. 

1982. Enhancement of natural killing activity by different types of 
interferon. In Human Lymphokines by N.O. Hill, A. Kohn, and D.C. 
Dumonde (eds.). Academic Press, N.Y. p- 539-550. 

INTERFERON-INDUCE0 INHIBITI’IN OF CHL4MYDIA TRACHOMATIS: 
DISSOCIATION FRCII OTHER BIOLOGIC4L ACTIVITIES OF INTERFERONS, Christine W. 

M21 
Czarniecki, Ellena M. Peterson and Luis M. de la Haza, Department of Pharmacological 
Sciences, Senentech, Inc.. Sout+ San Francisco, CP 94303 and Degartment of Patholoqy 
University of California, Irvine, CA 92717. 
The three classes of interferons (IFNs), a, 8 ,  y I  have been sbown to inhibit the prolif- 
eration of cells as well as the replication 3f viruses in cells treated with these proteins. 
Our studies with purified E. coli-derived IFNs a, B ,  Y, confirm earlier reports by others 
that indicated that IFNs also inhibit the growth of intracellular Dathogens more complex 
than viruses. 
inhibition of growth of Chlamydia trachomatis. 
obtained with only 1 unit/md o f  IfN. This dose inhibited cell growth by only 15 percent 
and concentrations up to 10 units/ml had minimal effect on the replication of 
encephalonyocarditis virus. The dissociation of IFN-induced biological activities was 
also denonstrzted i n  human (HeLa) cells treated with various human IFY-a subty?es. 
IFN- a1 had reduced antiviral and antiproliferative activities on He1.a cells, in 
comparison to IFN- u 2 .  However, only IFN-Ul inhibited the growth of Chlamydia trachomatis. 
The hybrid molecule IFN- -2 /a l  (Bgl 11) had better antiviral and anti?roliferative 
activities than either parental IFN but had no detectable antichlamydial activity in 
HeLa cells. In contrast, the hybrid IFN- a l / d  (Bgl 11) had reduced antiviral and 
antiproliferative activities but its antichlamydial activity was as potent as that of 
IFN- al in these cells. In view of these results it is tempting to speculate that it 

Treating murine (kCoy) cells with murine IFN-Y resulted in a dramatic 
Greater than 95 percent inhibition was 
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may, one day, be possible t o  design novel IFN molecules which have lost specific activities 
and retained others. 

Ultrastructural analysis of the growth cycle of Chlamydia trachomatis in IFN-treated and 
untreated cells indicated that the IFN-induced inhibition occurred primarily at the 
stage of transformation from elementary bodies to reticulate bodies, resultina in a 
marked decrease in the number of chlamydia1 inclusions. The IFN-treated cells contained 
fewer and more i m a t u r e  chlamydia1 forms than the control cells and secondary infection 
of previously uninfected cells could not be detected in IFN-treated cells. 

fd22 MECHANISM OF ANTIF'ROLIFERATIVE ACTION OF INTERFERONS, Mariano Esteban and 
Eduardo Paez, Departments of Biochemistry, Microbiology and Immunology, Downstate Medical Center, 
Brooklyn, New York 11203. 
The molecular mechanism responsible for the antiproliferative action of interferons (IFN) are  unknown. 
W e  have used vaccinia virus a s  model to study the effects of IFN on DNA related processes. This is 
because vaccinia is a large (180 Kb) DNA-containing virus that replicates in the cell cytoplasm, the DNA 
codes for many of the enzymes required for viral RNA and DNA biogenesis, and the virus growth is 
resistant to IFN treatment in various cultured cells. We showed that in spite of a lack of effect of IFN 
on vaccinia vim RNA and protein synthesis, IFN still causes a decrease in elorgation of replicating viral 
DNA (1). IFN also blocked marker rescue of ts mutants of vaccinia virus, suggesting an effect of IFN 
on homologous DNA recombination (2). Moreover, while large deletions a t  the left terminus of vaccinia 
DNA occurred readily during vaccinia virus persistence in Friend erythroleukemia (FEL) ceUs (3), IFN 
completely suppressed the generation of these spontaneous deletions (4). In addition, we have used 
gene-transfer to examine whether IFN inhibits the transforming potentiality of activated human 
oncogenes, the level of this inhibition and whether IFN discriminates among viral genes, cellular genes 
and oncogenes. In gene transfer experiments IFN severely inhibited to  similar extent the stable 
transformation of Ltk(-) and NIH3T3 mouse cells by the chicken tk  gene, Ecogpt gene, SV-40, v-Ha-ras 
and human c-Ha-ras and c-ki-ras oncogenes (5). ?his inhibition occurs a t  the level of stabilization, 
integration or both of exogenous DNA sequences in the recipient cells, with an apparent effect on gene 
expression. By decreasing DNA elongation rates, preventing DNA deletion formation and blocking 
ligation-integration of DNA, IFN provides a mechanism of action which might explain some of its own 
antiproliferative properties. Experiments are  underway to determine whether IFN alters the activity of 
enzymes involved in DNA replication. 

1. Esteban, M. (1984) J. Interferon Research A, 179-192. 
2. Paez, E. and Esteban, M. (1985). J. Interferon Research L 247-256. 
3. Paez, E., Dallo, S. and Esteban (1985). 
4. Paez. E. and Esteban, M. (1985). J. Virol. s, 75-84. 
5. Perucho, M. and Esteban, M. (1985). J. Virol. a, 229-232. 

Roc. Natl. Acad. Sei. USA 82, 3365-3369. 

~ 2 3  Recombinant Human I n t e r f e r o n  A l t e r s  t h e  Antigen Phenotype of Human Tumor Ce l l s .  J.W. 
Grciner ,  F. Guadagni, and S.  Pestka.  Lab. Tumor Immunology and Biology, N C I I N I H ,  

Bethesda, ID 20892, Roche I n s t i t u t e  of Molecular Biology, Nutley,  N J ,  07110. 
Recomhinant human leukocyte (c lone A) i n t e r f e r o n  (IFN-aA) induces a l t e r a t i o n s  in t h e  

an t igen  phenotype of human b r e a s t  and colon carcinoma c e l l s .  
of IFN-aA r e s u l t e d  in as much as a 4-5 f o l d  inc rease  in c e l l  s u r f a c e  an t igen  expression 
measured by t h e  binding of monoclonal an t ibod ie s  (K4bs). The IFN-aA-induced enhancement, 
a )  can o c c w  independent of any changes in c e l l  growth, b )  is a r e s u l t  of t he  expression of 
more an t igen  per  c e l l ,  and c )  renders  t h e  tumor populat ion more a n t i g e n i c a l l y  homogeneous 
by r e c r u i t i n g  previously tumor ant igen-negat ive c e l l s  t o  become ant igen-posi t ive.  For example, 
c e l l  s o r t e r  a n a l y s i s  revealed t h a t  a f t e r  a 24 h r  incubat ion of a colon carcinoma c e l l  l i n e  in 
t h e  presence of 1000 units I€"-aA t h e  o v e r a l l  mean f luorescence i n t e n s i t y  as a r e s u l t  of 
binding of MAb Bl.1 to t h e  cell su r face  carcinoembryonic an t igen  (CEA) in t he  populat ion was  
increased x rea t e r  than 3-fold and t h e  percent  of CEA p o s i t i v e  c e l l s  ro se  from 46% t o  >90%. 
Prel iminary s t u d i e s  u t i l i z i n g  athymic mice bea r ing  human colon tumors showed an increased 
tumor an t i3en  content  in tumor e x t r a c t s  as w e l l  as an enhanced binding of a r ad io l abe led  HAb 
t o  t h e  tumw c e l l  s u r f a c e  fol lowing a regimen of IPN-aA admin i s t r a t ion .  The f ind ings  
suggest  t h a t  i n  bo th  in v i t r o  and in v ivo  models IFN-uA can enhance t u m r  an t igen  
expression and, t hus ,  augment t h e  binding of a MAb. This b i o l o g i c a l  a c t i v i t y  of IFN-aA 
could conci ivably be exp lo i t ed  by designing c l i n i c a l  protocols  aimed a t  using IFN-aA as an 
adjuvant  t o  enhance t h e  e f f i c a c y  of conjugated MAbs f o r  tumor de t ec t ion  and/or therapy. 

Treatment with varying amounts 
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M24 
Johns Hopkins Univ. oncology C t r . ,  Baltimore, MU 21205 

va t ion  of 50 of the  t o t a l  166 amino acid residue posi t ions;  yet  they are species  spec i f ic  
with respect  t o  t h e i r  b io logica l  a n t i v i r a l  a c t i v i t i e s .  In order t o  d issec t  the species  
s p e c i f i c i t y ,  a series of novel hybrid in te r fe ron  genes have been constructed, replacing 
cer ta in  s t r u c t u r a l  regions of human a-IFNs with equivalent regions f r w  murine a-IFNs and 
v i c e  versa. Replacing the  carboxy-terminal 44-45 amino ac ids  of human IFNs with murine 
a-IFNs, where the  hybrid IFNs d i f f e r  from the  cognate human IFNa by 16-17 amino ac ids ,  
resu l ted  i n  10-100 fo ld  increase i n  t h e i r  a n t i v i r a l  a c t i v i t i e s  on heterologous mouse 
c e l l s ,  while t h e i r  a c t i v i t i e s  on human and bovine c e l l s  a re  not a l te red .  However. s imi la r  
modif icat ions t o  murine a-IFNs by the  human a-IFN sequences reduced t h e  a c t i v i t i e s  on 
murine c e l l s  by 100-fold, but showed no a c t i v i t y  on bovine or human c e l l s .  Hybrid pept ides  
containing only 62 amino-terminal or middle port ion from 63-121 amino ac ids  of hmnan IFN 
had 100-fold l e s s  a c t i v i t y  on human c e l l s .  while the  hybrid tha t  contained amino-terminal 
62 m i n o  ac ids  and carboxy-terminal 44 amino ac ids  of human IFN showed 10-fold l e a s  
a c t i v i t y  on human c e l l s .  The a c t i v i t y  of human IFN on bovine c e l l s  i s  decreased by 100-fold 
when the  middle 63-121 amino ac ids  are replaced by m r i n e  Im, while replacing amino or 
carboxy-terminal port ion by murine IFN decreased the  a c t i v i t y  by 10-fold. The data c w p a r  
ing t h e  a n t i v i r a l  a c t i v i t i e s  of the hybrid pept ides  and t h e i r  neut ra l iz ing  a c t i v i t i e s  with 
polyclonal ant ibodies  on heterologous c e l l s  w i l l  be discussed. 

SPECIES SPECIFICITY OF BUMAN AND WRINE a-IFNS I S  DETERMINED BY T H K  AMINO ACIDS 
SEQUENCE, N.B.K. Raj. R. I s r a e l i ,  K.A. Kellep, M. K e l l u m  and P.M. Pitha-Rave. The 

Comparison of human and murine a-IFNs shows a high degree of s i m i l a r i t y  with the conser- 

I 

M25 
qoozengurt, Imper ia l  Cancer Research Fund, P 0 Box 123, L inco ln ' s  Inn F ie lds,  London WCZA 3PX 
quiescent f i b r o b l a s t s  synchronized i n  G provide a usefu l  model system f o r  studying the 
e f f e c t s  o f  IFN on the i nduc t i on  o f  c e l l o p r o l i f e r a t i o n  by mitogens, as compared t o  i t s  e f f e c t  
on v i r u s  growth. We have observed t h a t  quiescent mouse Swiss 3T3 c e l l s  o r  human f i b r o b l a s t s  
t rea ted  w i t h  i n t e r f e r o n  f o r  on l y  2 hours before the  a d d i t i o n  o f  serum are e f f e c t i v e l y  p ro tec t -  
ed against  v i r u s  i n f e c t i o n  f o r  up t o  24 hours a f t e r  the a d d i t i o n  o f  serum and the removal o f  
i n t e r f e r o n .  
a d d i t i o n  o f  serum o r  the peptides epidermal growth fac to r  and i n s u l i n ,  has no i n h i b i t o r y  e f f -  
e c t  on c e l l  p r o l i f e r a t i o n .  Further, even when i n t e r f e r o n  i s  added a f t e r  the a d d i t i o n  o f  growth 
factors ,  an exposure o f  several hours i s  requi red t o  i n h i b i t  s t imu la t i on  o f  DNA synthesis. The 
data suggest t h a t  t he re  are major d i f f e rences  i n  the mechanisms under ly ing the ant igrowth and 
a n t i v i r a l  e f f e c t s  o f  i n t e r f e r o n .  One conclus ion t h a t  can be drawn i s  t h a t  c e r t a i n  molecular 
events induced by i n t e r f e r o n  treatment o f  quiescent c e l l s ,  such as the i nduc t i on  o f  2 ' 5 '  
o l igoadenylate synthetase are n o t  s u f f i c i e n t  t o  i n h i b i t  c e l l  growth. 

Although an exposure o f  several hours i s  requi red f o r  an e f f e c t  on DNA synthesis the IFN can be 
added up t o  6 hours a f t e r  the mitogens and s t i l l  be i n h i b i t o r y .  
ment by IFN o f  an i n h i b i t o r y  e f f e c t  on DNA synthesis are s i m i l a r  t o  those shown by t u b u l i n  dis- 
r u p t i n g  agents i n  s t imu la t i ng  DNA synthesis i n  3T3 c e l l s .  
t u h u l i n  network, opposite t o  t h a t  o f  co l ch i c ine  could be i nvo l ved  i n  IFNs growth i n h i b i t o r y  
e f f e c t .  Uhether t h i s  i s  so o r  not, the presence o f  an i n t a c t  t u b u l i n  network i s  c r u c i a l  f o r  
t h e  generation o f  a s ignal  leading t o  growth i n h i b i t i o n ,  s ince t u b u l i n  d i s rup t i ng  agents 
s p e c i f i c a l l y  antagonise IFN's i n h i b i t o r y  e f f e c t  on DNA synthesis. The f a c t  t h a t  i n t e r f e r o n  i s  
e f f e c t i v e  i n  i n h i b i t i n g  c e l l  growth when added several hours a f t e r  mitogens imp4ies t h a t  in- 
h i b i t i o n  by IFN o f  e a r l y  events s t imulated by mitogens (e.g. i nduc t i on  o f  f os  and myc oncogenes 
and o f  DOC a c t i v i t y )  i s  not  c r u c i a l  t o  the i n h i b i t o r y  s f f e c t  o f  IFN on DNA synthesis.,The 
d i ssoc ia t i on  o f  the a n t i v i r a l  and ant igrowth e f f e c t s  i n  quiescent f i b r o b l a s t s  could be due t o  
d i f f e rences  a t  the l e v e l  o f  receptor  in feract ions,  t ransduct ion o f  s igna ls  o r  i n  the i n t r a -  
c e l l u l a r  signa1.s generated. The requirement f o r  a long exposure t o  i n t e r f e r o n  f o r  e f f e c t i v e  
growth i n h i b i t i o n ,  coupled w i t h  the f a c t  t h a t  the l e v e l s  o f  i n t e r f e r o n  requi red f o r  t h i s  
e f f e c t  are usua l l y  much h igher  than those necessary f o r  the establ ishment o f  an a n t i v i r a l  
s ta te,  suggest t h a t  the receptor  i n t e r a c t i o n s  leading t o  the a n t i v i r a l  and ant igrowth e f f e c t s  
may no t  be i d e n t i c a l .  It seems l i k e l y  t h a t  f o r  an e f f e c t i v e  ant igrowth e f f e c t  a.higher f r a c t -  
i ona l  occupancy o f  receptors i s  requi red and an i n te r fe ron - recep to r  complex poss ib ly  i n t e r a c t -  
i n g  w i t h  cy toske le ta l  elements must be maintained a t  the membrane. 

DISSOCIATION OF ANTIVIRAL AND ANTICELLULAR ACTIVITIES OF INTERFERONS, Joyce Taylor -  
Papadimitr iou, N i c o l e t t e  Ebsworth, Franni R B a l k w i l l ,  David Leavesley and Enrique 

I n  sharp contrast ,  exposure o f  quiescent f i b r o b l a s t s  t o  i n t e r f e r o n  on ly  before 

The k i n e t i c s  f o r  es tab l i sh -  

This suggests t h a t  an e f f e c t  on the 
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Pharmacology of the Interferons 

M26 EARLY CLINICAL TRIALS OF INTERFERON-GAMMA, Stephen A. Sherwin, M.O., 

94080, U.S.A. 
Since 1983, more than 1000 p a t i e n t s  wor ldwide  have been t r e a t e d  i n  c l i n i c a l  t r i a l s  o f  
Genentech's recombinant human interferon-gamna (r IFN-y).  
I s a f e t y  and pharmacok ine t ic  s t u d i e s  i n  p a t i e n t s  w i t h  advanced mal ignancy and he lped 
de f ine  sa fe  t rea tment  regimens f o r  phase I 1  t e s t i n g  i n  mal ignant  and non-mal ignant 
disease. D i f f e r e n t  methods o f  admins t ra t i on  o f  rIFN-y were exp lo red  i n  phase I t e s t i n g  
and t h e  bas i c  pharmacokinet ic p r o p e r t i e s  of t he  agent were exp lo red  (1-4). 
t r i a l s ,  which w i l l  be reviewed i n  t h i s  p resen ta t i on ,  a l s o  revea led  o b j e c t i v e  evidence o f  
an t i tumor  a c t i v i t y  and immunomodulatory e f f e c t s .  Subsequent t o  phase I t e s t i n g ,  a 
s e r i e s  o f  phase I1  t r i a l s  were i n i t i a t e d  t h a t  were in tended t o  f u r t h e r  d e f i n e  the  
an t i cance r  and a n t i - i n f e c t i v e  a c t i v i t y  o f  rIFN-y. Ob jec t i ve  evidence o f  t he  an t i tumor  
and a n t i v i r a l  e f f e c t s  have been observed i n  these s tud ies .  I n  add i t i on ,  f u r t h e r  
i n d i c a t i o n  o f  i n  v i v o  imnunomodulatory e f f e c t s  i n c l u d i n g  macrophage a c t i v a t i o n  has been 
no ted  ( 5 ) .  
an t i cance r  e f f e c t s  o f  rIFN-y i n  combinat ion w i t h  o the r  i n t e r f e r o n s  and c y t o t o x i c  
chemotherapy agents. 

1. Kurzrock,  R, Rosenblum, M.G., Sherwin, S.A., Rios,  A., Talpaz, M., Quesada, J.R., 
and Gutterman, 3. Recombinant gamma i n t e r f e r o n :  pharmacokinet ics s ingle-dose to le rance  
and b i o l o g i c a l  a c t i v i t y  i n  cancer p a t i e n t s .  Cancer Res., 45:2866-2872, 1985. 
2. Foon, K.A.. Maluish,  A.. Sherwin, S.A., Abrams, P.G., Holmes. P., Herberman, R.B.. 
Oldham, R.K. Phase I t r i a l  o f  recombinant gamma i n t e r f e r o n  i n  p a t i e n t s  w i t h  cancer. 
Cancer Imnunol. Imnunother. ( I n  p ress) .  
3. Vadhan-Raj, S.,  Nathan, C.F., Sherwin, S.A., Oettgen, H.F., Krown, S.E. A Phase I 
t r i a l  o f  recombinant i n t e r f e r o n  gama by  1 hour in t ravenous i n f u s i o n .  Cancer Treatment 
Reports. ( I n  p ress) .  
4. Vadhan-Raj, S.,  Al-Kat ib,  A., Nathan, C., Ghal la,  R., Pelus, L., Sherwin, S.A., 
Oettgen, H.F., Krown, S.E. Phase I t r i a l  o f  recombinant i n t e r f e r o n  gamma i n  cancer 
p a t i e n t s  J.Clin.Onc. ( I n  p ress ) .  
5. Nathan, C.F., Horwitz,  C.R., de l a  Harpe,J., Vadhan-Raj, S.,  Sherwin, S.A., Oettgen, 
H.F., Krown, S.E. Admin i s t ra t i on  o f  recombinant i n te r fe ron -y  t o  cancer p a t i e n t s  
enhances monocyte sec re t i on  t o  hydrogen peroxide. Proc.Nat1 .Acad.Sci. ( I n  p ress) .  

Oepartment o f  C l i n i c a l  Research, Genentech. Inc., South San Francisco, CA, 

Th i s  t e s t i n g  began w i t h  phase 

These 

A d n t s l  s t u d i e s  have subsequent ly been i n i t i a t e d  t o  exp lo re  t h e  

M27 CLINICAL EXPERIENCE WITH INTRON A-RECOMBINANT ALFA-2b INTERFERON 

Corpora t ion ,  K e n i l w r t h ,  NJ, USA 07003 
C l i n i c a l  t r i a l s  w i t h  INTRON have now been completed i n  over 1,500 cancer pa t i en ts .  Al though 
a lpha i n t e r f e r o n  a lone has n o t  shown broad a n t i - t u m r  a c t i v i t y  i n  advanced mal ignancies,  i t  
had shown dramat ic a c t i v i t y  i n  almost a l l  p a t i e n t s  w i t h  a s i n g l e  malignancy, h a i r y  c e l l  
leukemia, and has shown h igh  response r a t e s  i n  non-Hodgkin's lymphoma, mycosis funcpides, 
T - c e l l  cutaneous lymphomas, and Kapos i ' s  sarcoma. 
i n d e n t i f i e d  i n  m u l t i p l e  myeloma, ma l ignant  melanoma, and rena l  c e l l  carcinoma. 
which show promis ing  r e s u l t s  a re  l oco - reg iona l  therapy  o f  s u p e r f i c i a l  b ladder  cancer and 
ova r ian  cancer.  
Dose l i m i t i n g  t o x i c i t y  has been c o n s t i t u t i o n a l  symptoms i n c l u d i n g  fever  and fa t i gue .  These 
occur  t o  some degree i n  almost a l l  p a t i e n t s ,  however, r a r e l y  l e a d  t o  t rea tment  ' 

d i scon t inua t ion .  Other s i d e - e f f e c t s  i n c l u d e  m i l d  leucopen ia  and thrombocytopenia which a re  
r a p i d l y  r e v e r s i b l e .  Occasional con fus ion  ( p r i m a r i l y  i n  o l d e r  p a t i e n t s )  and t r a n s i e n t  hepat ic  
enzyme e l e v a t i o n s  a r e  a l so  no tab le ,  
d i scon t inua t ion .  Treatment has been w e l l  t o l e r a t e d  w i t h  few o t h e r  se r ious  s ide -e f fec ts .  
I n  a d d i t i o n  t o  i d e n t i f y i n g  areas o f  t r u e  a c t i v i t y  these t r i a l s  have suggested some 
unan t i c ipa ted  p r i n c i p l e s  f o r  t h e  development and t e s t i n g  o f  o t h e r  i n t e r f e r o n s  and o the r  
b i o l o g i c a l s .  These i n c l u d e  (1) dose and schedule dependency, (2 )  p rognost ic  s i g n i f i c a n c e  o f  
p r i o r  therapy ,  (3 )  p rognost ic  s i g n i f i c a n c e  o f  t u m r  burden, (4 )  t h e  importance o f  i d e n t i f y i n g  
s p e c i f i c  sub-populat ions t h a t  migh t  be  p e c u l i a r l y  s e n s i t i v e  t o  i n t e r f e r o n .  Resu l ts  a lso  
suggest t h a t  IFN and o t h e r  b i o l o g i c a l s  migh t  be  m s t  a c t i v e  i n  t h e  ad juvant  s e t t i n g .  
A d d i t i o n a l l y ,  t h e  q u a l i t y  o f  response (e.g., CR's o f  l o n g  d u r a t i o n )  i n  small numbers o f  
p a t i e n t s  may be as impor tan t  as o v e r a l l  response r a t e s  i n  i d e n t i f y i n g  t h e  t r u e  u t i l i t y  o f  
these agents. S tud ies  have begun t o  assess i n t e r f e r o n  recep to rs  as p r e d i c t o r s  o f  
responsiveness. Fu tu re  research  areas t o  be  pursued i n c l u d e  conb ina t i ons  o f  INTRON w i t h  
o t h e r  lymphokines, o t h e r  chemotherapy and r a d i a t i o n  therapy. 

Robert  J .  Spiegel ,  M.O., Oepartment o f  Oncology C l i n i c a l  Research, Scher ing 

A d d i t i o n a l l y ,  impor tan t  a c t i v i t y  has been 
Other areas 

a l though b o t h  a r e  r e a d i l y  r e v e r s i b l e  upon drug  
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Unive r s i ty  of t h e  Health Sciences.  Bethesda. Maryland 20902-4799 
I n t e r f e r o n  (IFN) has  s e v e r a l  e f f e c t s  on expression of z. Treatment w i th  IFN of N I H  3T3 
t h a t  had been t r a n s f e c t e d  wi th  t h e  EJIT24 c-Ha-rasl, v ras. o r  v-mos oncogenes i n h i b i t e d  
t h e  subsequent development transformed f o c i .  
added as l a t e  as seven days a f t e r  t r a n s f e c t i o n  wi th  the  E. 
had no s i g n i f i c a n t  e f f e c t  on biochemical t r ans fo rma t ion  induced by t r a n s f e c t i o n  wi th  t h e  
Ecogpt o r  neo genes.  We a r e  c u r r e n t l y  s tudying t h e  mechanism of t h e  e f f e c t  of IFN on 
t r a n s f e c t i o n  wi th  EJ/T24 % D N A .  

transformed by an Ha-MuSV LTR-activated c - H a - E l  protooncogene ( c e l l  l i n e  RS485). 
t h e s e  s t u d i e s  t reatment  w i th  IFN r e s u l t e d  i n  emergene of co lon ie s  of r e v e r t a n t  c e l l s  i n  
RS 485 c u l t u r e s .  These co lon ie s  could be i s o l a t e d  t o  form r e v e r t a n t  c l o n a l  l i n e s  such a s  
4C3. Unlike RS 4 8 5 ,  r e v e r t a n t s  grew t o  low s a t u r a t i o n  d e n s i t i e s  i n  monolayer c u l t u r e s ,  
d id  not  form f o c i  i n  s o f t  aga r ,  and d id  not  form r a p i d l y  growing tumors a f t e r  t r ansp lan ta -  
t i o n  i n t o  nude mice. 

While t h e  t ransforming E D N A  was s t i l l  p re sen t  i n  r e v e r t a n t s ,  unchanged i n  q u a n t i t y  
and d i s t r i b u t i o n ,  E mRNA and %-specif ied p21 p r o t e i n  were reduced fou r  t o  e igh t - fo ld  
i n  IFN-treated 4C3 as compared t o  RS 485. 
mRNA a t  a t r a n s c r i p t i o n a l  l e v e l .  

When IFN w a s  omit ted from 4C3 c u l t u r e s ,  re t ransformant  f o c i  appeared; however, t hese  
f o c i  formed on a monolayer of untransformed c e l l s .  The l a t t e r  could be i s o l a t e d  t o  g ive  
r i s e  t o  c e l l  l i n e s  i n  which t h e  r e v e r t a n t  s t a t e  p e r s i s t e d  i n  t h e  absence of IFN t reatment  
(PRs) . 
c u l t u r e s ,  even though t h e  T c u l t u r e s  behaved b i o l o g i c a l l y  l i k e  untransformed c e l l s .  
r e s i s t e d  morphological t ransformation by EJ/T24 
t r ans fo rma t ion  by t h e  neo gene. 
bea r ing  sarcoma v i r u s e s .  

c lon ing ,  a l l  of t h e  c e l l s  i n  a PR c u l t u r e  could be retransformed w i t h i n  6 days of t h e  
a d d i t i o n  of azacy t id ine  (2.5 mM) . 

REGULATION OF HUMAN E ONCOGENE EXPRESSION BY INTERFERON, Robert M. Friedman, 
Esther  H. Chang, Dvori t  Samid, Department of Pathology, Uniformed Se rv ices  

T h i s  w a s  observed e= when t h e  IFN w a s  
S imi l a r  t reatment  w i th  IFN 

IFN was a l s o  e f f e c t i v e  i n  inducing morphological r eve r s ion  i n  N I H  3T3 cells a l r eady  
In 

IFN appeared t o  i n h i b i t  t h e  formation of ras 

The l e v e l  of p21 and r a s  mRNA i n  PRs were comparable t o  those  found i n  RS 485 
PRs 

t ransforming DNA, bu t  no t  biochemical 
PRs a l s o  r e s i s t e d  t ransformation by a v a r i e t y  of z- 

While t h e  r e v e r t a n t  s t a t u s  of PRs w a s  s t a b l e  f o r  a t  least 40 gene ra t ions  a f t e r  

~ 2 9  
Gat, Department of Virology, The Weizmann I n s t i t u t e  o f  Sc ience ,  Rehovot 76100, I s r a e l  
Based on s t u d i e s  performed on i n  v i t r o  systems o f  hematopoiet ic  c e l l  d i f f e r e n t i a t i o n  w e  e s t a -  
b l i s h e d  t h a t  an au toc r ine  m e c h G i o f  growth i n h i b i t i o n  c o n t r o l s  t h e  p rogres s ive  a r r e s t  o f  
d i f f e r e n t i a t i n g  cells i n  t h e  Go/G1 phase of  t h e  c e l l  cyc le .  We have r epor t ed  i n  t h e  p a s t  t h a t  
e r y t h r o i d  and macrophage c e l l  l i n e s  produce 8 - re l a t ed  i n t e r f e r o n  (IFN) a t  a c e r t a i n  s t a g e  f o l -  
lowing induc t ion  of d i f f e r e n t i a t i o n  by MezSO o r  TPA. By us ing  s p e c i f i c  an t ibod ie s  d i r e c t e d  
a g a i n s t  IF?-8 o r  t h e  IFN type I c e l l  s u r f a c e  r ecep to r s  w e  have demonstrated t h a t  t h i s  factor 
o p e r a t e s  i n  a t y p i c a l  au toc r ine  mode of a c t i o n .  The expression o f  two members o f  t h e  IFN i n -  
duced gene family,  t h e  ( 2 ' - 5 ' )  o l igoadeny la t e  syn the ta se  and c l a s s  I HLA genes,  was s t u d i e d  i n  
d e t a i l  i n  t hese  systems.  I n t e r e s t i n g l y ,  t he  k i n e t i c s  and e x t e n t  o f  s e l f  i nduc t ion  o f  genes i n  
t h e  au toc r ine  system d i f f e r  from t h e  c l a s s i c a l  process  o f  gene induc t ion  by e x t e r n a l l y  added 
IFN. S i m i l a r  endogenous IFN-5 i s  produced and a c t i v a t e s  gene expression when non immort i l ized 
bone marrow-cells are induced t o  d i f f e r e n t i a t e  by colony s t i m u l a t i n g  f a c t o r - 1  (CSF-1). I n  muse 
myeloid MI c e l l s  induced t o  d i f f e r e n t i a t e  by GSF-GM we show t h a t  an t ibod ie s  a g a i n s t  IFN-6 pre-  
vent  t he  major p a r t  o f  t h e  reduced p r o l i f e r a t i o n  a c t i v i t y  of c e l l s .  The n e u t r a l i z i n g  an t ibod ie s  
also abo l i sh  p a r t  o f  the reduc t ion  of c - e  mRNA l e v e l s  which t akes  p l a c e  du r ing  t h e  d i f f e r e n t -  
i a t i o n  process .  These d a t a  i n d i c a t e  t h a t  t h e  a u t o c r i n e  IFN c o n t r o l s  t h e  d e c l i n e  i n  c-= ex- 
p re s s ion  and i n  growth k i n e t i c s  during terminal  d i f f e r e n t i a t i o n .  
In some c e l l  l i n e s  such a s  Daudi B u r k i t t  lymphoma and Molt-4 c e l l s ,  exogenous IFN reduces t h e  
c-w mRNA s t e a d y - s t a t e  l e v e l s  as a r e s u l t  of t r a n s c r i p t i o n a l  i n h i b i t i o n .  The two c-F mRNA 
i n i t i a t e d  from d i f f e r e n t  promoter regions a r e  e q u a l l y  i n h i b i t e d  and no s i g n i f i c a n t  effect of 
IFN on t h e  s t a b i l i t y  o f  t he  mature t r a n s c r i p t s  i s  de t ec t ed .  In many o t h e r  c e l l  l i n e s ,  termed as 
' r e s i s t a n t ' ,  IFN f a i l s  t o  reduce c-myc mRNA although these  c e l l s  expres s  f u n c t i o n a l  cell su r -  
f ace  r e c e p t o r s  t o  IFN. Analysis  of t h e  response t o  IFN o f  somatic  c e l l  hybr ids  prepared from 
s e n s i t i v e  and r e s i s t a n t  c e l l s  i n d i c a t e s  t h a t  t he  s e n s i t i v e  phenotype is dominant and suggests  
t h a t  c-myc i n h i b i t i o n  could be mediated by IFN induced t r ans -ac t ing  p r o t e i n  elements.  
I n  B a l b r 3 T 3  f i b r o b l a s t s  t he  IFN i n h i b i t s  mst o f  t he  PDGF mediated inc rease  o f  c - z .  o rn i -  
t h i n e  decarboxylase and 5 a c t i n  mRNAs a s  we l l  as p a r t  o f  t he  inc rease  i n  c-fos  mRNA without  
impair ing t h e  b ind ing  of PDGF t o  i t s  c e l l  s u r f a c e  r ecep to r s .  'Ye have i n t r o d G d  a de regu la t ed  
c-F gene i n t o  s e n s i t i v e  Balb/c 3T3 c e l l s  using cons t ruc t ions  which l i n k  t h e  two coding c - s  
exons t o  v i r a l  promoters.  The c-myc t r a n s f e c t e d  s t a b l e  c lones expressed novel t r a n s c r i p t s  which 
were n o t  reduced by IFN. I n t e r e s t i n g l y ,  t hese  c e l l s  have l o s t  t he  ant igrowth s e n s i t i v i t y  t o  
IFN during t h e  Go/Gl t o  S t r a n s i t i o n  t r i g g e r e d  by PDGF o r  FGF. Reduction o f  c-myc expression by 
IFN t h e r e f o r e  gene ra t e s  an e a r l y  r e s t r i c t i o n  i n  t h e  Go/G1 phase o f  t h e  c e l l  cyc le .  

INHIBITION OF c-myc EXPRESSION AND CELLULAR PROLIFERATION BY ENDOGENOUS AND EXOGEN- 
OUS 1NTERFERONS.Adi Kimchi, Miriam E i n a t ,  Dalia Resnitzky, Anat Yarden and Galia 
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des peupliers, 63570 DAFDILLY - FRANCE. 

E. coli derived remrbinant interferon5 a ,  , a2 , a* , a,  and y (kindly provi& by D r s  
P. Trotta and T. Nagakhushan,, Schering Coqnration) were tested f o r m  activity on 
highly purified h m  B lyqhccytes. The EN’S were tested in 1) their mstirmrlatory effects 
on B cells suboptimally activated w i t h  anti-IgM antibdies and 
the proliferation of B cells preactivated w i t h  Staphylococcus aureus 
IF”s tested showed a potent transient EX32 activity on ant i  IqM activated €3 cells. The IF”s 
were active over a wide  range of ooncentrations. Blood B lynphocytes could be sti~rulated 
with as lcw as 1 U/ml y DN. &n preactivated B cells were not stirrmlated significantly. 
I n  contrast to rec. IL2 a d  T cell &rived BcGF the IFN’s were mt able to iduce the 
proliferation of SAC preactivated B cells. A rec. Y IXN lacking the Cys+l’yr-Cys AA a t  the 
N terminus was as  effective as the mrplete m l d e .  Hmever, amther y IFN w i t h  a 15 AA 
deletion a t  the CXxlH telminus had only very lcw m activity. The EGF activitq of y I F N  
was specific since B cell proliferation was inhibited by an anti y IFN Mab. In addition 

have such an effm=t. These results indicate that al@m and g- IF”s have transient 
XtZ activity but only a IFN’s have B ce l l  differentiation factor (ECDF) activity. 

Human alpha and g- interferons have B Cell  curowth Factor (BQ‘) activity 
J.Banch?rczcu, B. Vanbervliet, T. Defiance. UNICET, Emurology Iaboratories, 27 ch. 

2) their ability to sustain 
(SAC) . All the 

a m?’s induced imuncqlcbulin prduction by SAC activated B cells, whereas Y IFN did not 

~ 3 1  EFFECT OF IFN-a AND FORSKOLIN ON B-LYMPHOID CELLS 
Heidi Kii l  B I  mhof f l  , Erik Ruudl , Steinar Funderudl , Trine Bjoro2, Susan Pfeifer Ohlssonl , 
Ro l f  Ohlssonf, Tore Godall. 
ILab. o f  Immunology, Dept. o f  Pathology, Norsk Hydro’s Institute for Cancer Research, 
N-UJIO OSLO 3 ,  Norway, and 2The Hormone Laboratory, Aker Hospital, Oslo, Norway 

x-Interferon (IFN-6) has been implicated as regulator of ce l l  prol i ferat ion as wel l  as expression of  
MHC antigens in a variety of cells. The mechanisms underlying these effects are however poorly 
understood. Several investigators have suggested that cAMP functions as a mediator o f  IFN-action. 
Therefore, we wanted to compare the effects of IFN-8 and the adenylate cyclase activator, forsko- 
lin. We have previously reported that IFN-8 reduced the proliferation-potential in B-precursor 
cell-lines, wi th  no marked effects on more mature B-ce l l  lineages. In contrast, in both the B-ce l l  
precursors and the mature B cells, induction of class I MHC expression was enhanced (1). By using 
these cell-systems we have addressed the possible similarities in IFN-8 and forskolin function. 
Thus, forskolin increasfd the levels of cAMP in  the cells severalfold, correlating with a reduction 
in the prol i ferat ion-potential of mature B cells as well  as B-ce l l  precursors. Further, i n  contrast to 
IFN-g, forskolin increased the levels o f  both class I and class I1 MHC antigens o f  the 8-lymphoid 
cells, indicating that regulation o f  the cAMP levels is not  an important step in the IFN-g ef fect  on 
these cells. We have also examined the ef fect  o f  IFN-& and forskolin on regulation o f  c-myc gene 
expression. (3-rnyc gene products have been implicated as key controlling elements in normal and 
malignant ce l l  growth. Interestingly, there were disparate effects of forskolin and IFN- on c-myc 
RNA steady state levels, although both agents inhibit ce l l  proliferation. W e  are currenfly studying 
hese effects in more detail, and the results w i l l  be presented ( I .  Blomhoff e t  a1 1985 ScandJ-Imm \. in press). 

M32 EFFECTS OF INTERFERONS AND INTERLEUKIN-2 ON TRYPTOPHAN METABOLISI4 I N  H W S .  
R . R .  Brown, E.C. Borden, P.M. Sondel, P.C. Kohler, G.I. Byrne, C.H. Lee, J.C. 

Nunnick, J. Schiller and L. K. Lehman. Dept. Human Oncology and Dept. Medical 
Microbiology. Univ. of Wisconsin Center for Health Sciences, Madison, WI 53792. 

The biological response modifiers (BRM), interferons (IFN) and interleukine (IL) 
offer considerable promise as anti-tumor agents. Although IFNs affect various immune 
functions, these immune effects can be dissociated from antiproliferative effects. 
Hayaishi’s group showed in mice that virus infections, bacterial lipopolysaccharide 
treatment, or IFN administration caused marked induction of the tryptophan-degrading 
enzyme, indoleamine dioxygenase ( IDO) .  Consequently we have assayed serum 
tryptophan (T), and urinary kynurenine (K) (a major T metabolite) in patients 
undergoing clinical trials with IFN-alpha, IFN-gamma, and IL-2. Comparison of 
pre-treatment levels vith post-treatment levels showed that IFN-gamma and IL-2 caused a 
more than 50% decrease in serum T levels and a corresponding increase in urinary K 
levels. IFN-alpha or beta treatment did not cause such changes. These data support 
and extend other studies from these laboratories showing that T conversion to K was 
markedly induced by IFN-gamma (but not by IFN-alpha or beta) in human cell lines i n  
tissue culture. It is tempting to propose that the decrease in serum T (and presumably 
decreases in cellular T, 5-hydroxytryptophan and serotonin) may be an important part of 
the anti-proliferative mechanism of these BRMs, and may also relate to clinical side 
reactions. (Supported in part by NIH-NCI grant ST 32 CA09451). 
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M33 MHC CLASS I1 ANTIGENS ON NORMAL AND MALIGNANT RAT O W  KERATINOCYTES AND THEIP 
STIXJLATION I N  VITRO BY INTERFERON GAMMA, I s a b e l  3 .  Crane, A .  Pi t igala-Arachchi ,  

C .  Scu l ly  and S .  S .  Prime, Un ive r s i ty  o f  B r i s t o l ,  B r i s t o l ,  BS1 2LY, U . K .  
The r a t  model of oral  ca rc inogenes i s  enab le s  more c o n t r o l l e d  i n v e s t i g a t i o n  i n t o  t h e  

pathogenesis  o f  o r a l  malignant e p i t h e l i a l  l e s i o n s .  Th i s  s tudy examines t h e  expression of 
MHC C las s  I1 a n t i g e n s  during t h e  development of o r a l  carcinoma i n  vivo and i n  normal and 
malignant oral  k e r a t i n o c y t e s  i n  v i t r o .  Oral  carcinomas of t h e  tongue and p a l a t e  were 
induced i n  Sprague-Dawley m a l e  rats us ing  t h e  carcinogen 4-Nitroquinol ine N-oxide. Ca rc i -  
nomas, t e s t  t i s s u e s  taken throughout  t h e  experimental  pe r iod  (9 months) and u n t r e a t e d c o n t r o l  
t i s s u e s  were d iv ided  and h a l f  snap frozen i n  l i q u i d  Nitrogen and t h e  remainder c u l t u r e d  
us ing  3T3 f i b r o b l a s t  support .  I n  t i s s u e  s e c t i o n s ,  C l a s s  I1 an t igen  expression increased 
throughout t h e  experimental  p e r i o d ,  a s s o c i a t e d  with an inc rease  i n  Langerhans c e l l s  a,id a l s o  
i n  t h e  l a t e r  s t a g e s  of tumour development, w i th  ke ra t inocy te s .  C e l l  c u l t u r e s  of both normal 
and malignant k e r a t i n o c y t e s  s t a i n e d  p o s i t i v e l y  f o r  k e r a t i n  b u t  malignant c u l t u r e s  had a 
g r e a t e r  he t e rogene i ty  of c e l l  s i z e  and shape, an inc reased  growth r a t e  and capac i ty  f o r  
s e r i a l  c u l t i v a t i o n  and reduced growth r e g u l a t i o n .  Our experiments show t h a t  IWC Clas s  I1 
a n t i g e n s  a r e  induced on normal and malignant k e r a t i n o c y t e s  i n  v i t r o  by t h e  a d d i t i o n  of r e -  
combinant r a t  i n t e r f e r o n  gamma (IFN-y) t o  t h e  c u l t u r e  medium and t h i s  is dose and t i m e -  
dependent.  The r e s u l t s  of t h i s  s tudy  suggest  t h a t  t h e  expression of MHC C l a s s  I1 an t igens  
on ke ra t inocy te s  during t h e  induc t ion  of oral  carcinoma i n  vivo may be mediated by IF?-y 
r e l e a s e d  by i n f i l t r a t i n g  T-lymphocytes. 

T h i s  work w a s  supported by t h e  Cancer Research Campaign. 

M34 SMALL AMOUNTS OF INTERFERON-GAMMA INHIBIT TUMOR GROWTH BY ELICITING HOST SYSTEMIC 
IMMUNOREACTIVITY, Guido Forni, Annunciata Vecchi, Marco Forni and Mirella Giovarelli, 

Istituto di Microbiologia, Universita' di Torino, Via Santena 9, 10126 Torino, Italy. 

Ten international units (IU) of recombinant (r-) or natural (n-) murine interferon (MuIFN-) 
gamna were used for the in vivo imnunotheraphy of a chemically induced fibrosarcoma (CE-2) 
of BALB/c mice. 
rative effect on CE-2 cells and do not induce the expression of H-Zd classII, whereas they 
increase that of class I 
daily injections of 10 IU 
protection against increasing doses of CE-2 tumor cells . 
non-reactive T-lymphocytes from CE-2 tumor bearing mice were admixed at 1O:l ratio with the 
CE-2 tumor cells. The combined lymphocyte and r-MuIFN-gamna treatment also inhibited the 
growth o f  already established tumors when started before they reached 5 mn mean dian,eter. 
Tumor inhibition depends upon the activation of host imnune system. 
of r-MuIFN-gamma and T-lymphocytes was null , in fact, when mice were first irradiated with 
450 rads. Moreover, host leukocytes massively infiltrated the area of tumor growth and the 
small doses of r-MuIFN-gamna injected activated various host imnunoreactivity mechanisms. 

In vitro doses of r-MuIFN-gamna below 100 units have a marginal antiprolife- 

products of the major histocompatibility complex. In vivo ten 
of r- or n-MuIFN-gamna at the challenge site provide a significant 

This protection was enhanced when 

The antitumor activity 

M35 FIBRONECTIN ACTS SYNERGISTICALLY W I T H  INTERFERON, MODULATES TUMORIGENICITY OF HUMAN 
HEPATOCELLULAR CARCINOMA PLC/PRF/5 I N  ATHYMIC MICE. Anwar A. Hakim. Loyola University 
Medical Center. Maywood. I l l i n o i s  60153. 

Fibronect in  modulates t h e  growth promoting a c t i v i t i e s  of "Human Fibroblast  Growth Promoting 
Factor-HFGPF" on malignant rnelanma c e l l s  and t h e i r  cloned hybrid cells(Hakim, Fed. her .  Soc. 
Expt. Biol. Fed. Proc. 40: 1816. 1981). The present  s t u d i e s  examined the  e f f e c t  of fibronec- 
t i n  (Fn) on tumorigenicity of human hepatocel lular  carcinoma PLC/PRF/c cells. This  cel l  l i n e  
produces h e p a t i t i s  B v i r u s  surface ant igen (HBsAg) s imi la r  in s ize .  morphology and polypep- 
t i d e  canpoai t ion to  the  form t h a t  occurs i n  t h e  serum of infected individuals .  The h e p a t i t i s  
B v i r a l  DNA is integrated i n t o  the  genome of the  PLC/PRF/5 cells, and the  c e l l s  express three 
RNA molecules containing s p e c i f i c  sequence of HBV. One of these  RNAs codes f o r  HBsAg. When 
implanted subcutaneously i n t o  Nu/Nu athymic mice. 1x103 cells produced tumors that k i l l e d  
t h e  anfnal  within 14 days. In v i t r o ,  PLC/PRF/5 cells grow as cell suspension t h a t  a t t a i n s  
confluency i n  94 hrs. Increased in t ra -ce l lu la r  level CW increased t h e  c e l l u l a r  tumorigini- 
c i t y  which was accompanied with increased DNA synthesis .  The PLC/PRF/5 l e v e l s  of c y c l i c  nuc- 
l e o t i d e  were increased by a v a r i e t y  of l igands  t h a t  s t imula te  adenylate  cyclase. and included 
cholera  toxin,  adenosine agonis t s  o r  cAMP-derlvatives. Agents t h a t  d i s rupt  the  tubul in  ne t  
work i n  PLC/PRF/5 act s y n e r g i s t i c a l l y  with cANP-elevating agents  o r  HFGPF stimulated DNA syn- 
t h e s i s  and c e l l u l a r  t m r i g e n i c i t y .  Euma plasma f ibronect in .  e i t h e r  i n  the  c u l t u r e  medium or 
plated onto the  surface of the c u l t u r e  p l a t e s ,  a lone o r  i n  presence of in te r fe ron  reduced 
c e l l u l a r  CAW and tumorigenicity. The f ibronec t in  is ac t ing  as a subs t ra te  f o r  CAMP media- 
ted phosphorylation react ions, thus s t a b i l i z i n g  and protect ing the cy toske le ta l  elements. 
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M36 NATURAL KILLER CELLS TREATED WITH AN ALPHA INTERFERON WHICH I S  DEFI- 
CIENT I N  BOOSTING ACTIVITY MANIFESTS AN ALTERED PATTERN OF INTERFER- 
ON-INWCED PROTEINS. Ruth E.  Herz and John R.  Ortaldo*, Roche Xnst., 
Nutley, N . J .  07110. *Nat ' l .  Cancer Xnst., Frederick,  MD. 21701. 

I n t e r f e r o n s  (IFN) exert t h e i r  e f f e c t s ;  immunomodulatocy, a n t i p r o l i f e r a t i v e  
and a n t i v i r a l ,  through t h e  induct ion of s p e c i f i c  pro te ins .  One subtype, 
IFN-aJ, i s  d e f i c i e n t  i n  boosting a c t i v i t y  of n a t u r a l  k i l l e r  (NK) cells, but  
has  t h e  o t h e r  e f f e c t s .  Boosting a c t i v i t y  of NK cel ls  a f t e r  a two hour incu- 
ba t ion  with numerous IFN-a subtypes, except  I F N - a J ,  has  been demonstrated 
(Or ta ldo  e t  a l . ,  Proc. Nat ' l .  Acad. Sc i .  USA 81:4926. 1984). This  lack  of 
a c t i v i t y  might be explained by t h e  i n h i b i t e d  e n t h e s i s  of an IFN-induced pro- 
t e i n .  I f  t h i s  i s  the case ,  w e  might determine which p r o t e i n  i s  involved i n  
boosting a c t i v i t y .  
t r e a t e d  with I F N - a j  has been compared with synthes is  of p r o t e i n s  induced by 
one, IFN-aA,  t h a t  has  poten t  a c t i v i t y .  C e l l s  t r e a t e d  with IFN-aA show in-  
c reased  s y n t h e s i s  of f i v e  p r o t e i n s .  
o r  show reduced synthes is ,  i n  cells t r e a t e d  with IFN-aJ. Sygjhesis  of these  
p r o t e i n s  was demonstrated by i n  vivo labe l ing  of cel ls  with 
and separa t ion  of p r o t e i n s  b y F w a m e n s i o n a l  g e l  e lec t rophores i s .  
apparent molecular weights ( R D a )  and i s o e l e c t r i c  p o i n t s  ( i n  parentheses)  a r e  
a s  follows: 80 (6 .4) .  59 (6.5-6.7), 56 ( 7 . 0 ) ,  49 (6.8) and 63 ( 5 . 7 ) .  

Synthesis  of IFN-induced p r o t e i n s  i n  human NK cel ls  

These p r o t e i n s  a r e  not  synthesized,  

S-methionine 
Their 

M37 Suppression of Natural  K i l l e r  (NK) C e l l s  hy A Syn the t i c  Pept tde Homologous 
t o  R e t r o v i r a l  p15E. 
Snyderman*, 'EPA, C l i n i c a l  Research Branch, Chapel H i l l ,  N . C . ,  OCenter f o r  
Env i ronwnta l  Medicine, UNC, Chapel H i l l ,  N.C. and *nuke Medical Center ,  
Durham, NC. 

H.S. Koren'. D.T. Har r i so ,  G.J. Cianciolo* and R. 

It has  previouslv k e n  shown t h a t  t h e  r e t r o v l r a l  p r o t e f n  u15F i s  tmmunosuporessive 
t o  monocyte and lvinphocvte funct ions.  Here, we descr ihe t h e  e f f e c t  on NK a c t i v i t y  of a 
s y n t h e t i c  pep t ide  (CKS-17) with homologv t o  a conserved repion of ~ 1 5 E .  Enriched hnman 
NK c e l l s  ware assayed a g a i n s t  K562 tumor t a r g e t s  i n  a 2h 51Cr r e t e a s e  assay. P r e t r e a t -  
ment of NK c e l l s  w i th  CKS-17 (ca.  5$4) ,  hut no t  wtth the  c o n t r o l  pept ide neurotenstn or 
BSA a t  t h e  same conceAtrations.  markedly and reproducihlv suouressed NK a c t t v i t y  (50-80f. 
i n h i h i t i o n ) .  S i g n t f i c a n t  i n h i h t t i o n  was s t i l l  demonstrahle a t  1.2 UM d i l u t f o n  of 
CKS-17. 
a l t e r  t h e i r  s e n s t t i v i t v  t o  CKS-17. I n  con t r a s t ,  o re t r ea t inR  NK c e l l s  with CKS-17 almost 
e n t i r e l y  diminished t h e i r  resnonsiveness  t o  IFNa. Kinet ics  experiments demonstrated 
t h a t  CKS-17 suppresion of e i t h e r  endogenous or a c t i v a t e d  NK c e l l s  was r eve r s ih l e  a f t e r  
1% a t  37OC. 
d a t a  and f u r t h e r  revealed t h a t  CKS-17 t n t e r f e r e s  wtth the  l y t t c  and not wtth the  binding 
phase. Taken toge the r  t h e  da t a  i n d i c a t e  t h a t  CKS-17 a s y n t h e t i c  pept ide homologous t o  
t h e  immunosiippresstve r e t r o v i r a l  envelope p ro te in  n15E supnresses  not onlv monocvte and 
T c e l l  func t tons  hut a l s o  NK a c t i v i t y .  

Prior exposure of NK c e l l s  t o  i n t e r f e r o n  a (JFNu) a t  lo3 I J l m l  did not  

Conlugate experiments a t  the  s i n g l e  c e l l  l e v e l  confirmed t h e  51Cr  r e l e a s e  

M38 BINDING O F  NATURAL MURINE 1251-INTERFERCN-Y TO MOUSE C E L L  RECEPTCRS. 

I n s t i t u t e  o f  M i c r o b i o l o g y , U n i v e r s i t y  o f  T o r i n o .  1 0 1 2 6  - T o r i n o ,  I t a l y .  

N a t u r a l  m u r i n e  i n t e r f e r o n - y  (naMuIFN-# ) ,  p r o d u c e d  by  t h e  T 1ymphorr.a LlZR4 
s t i m u l a t e d  w i t h  p h o r b o l  P y r i s t a t e  a c e t a t e ,  p u r i f i e d  on  a n  a n t i - M u I F N - Y  immu- 
n o a d s o r h e n t ,  was l a b e l e d  w i t h  125-1 t o  s t u d y  i t s  b i n d i n g  t o  mouse c e l l  r e c e p -  
t o r s .  A l l  t h e  c e l l  l i n e s  e x a m i n e d  b o u n d  125-1. a l t h o u g h  t h e  b i n d i n g  v a r i e d  
r o n s i d e r a b l y  among t h e  v a r i o u s  c e l l  l i n e s .  I n  c o m p e t i t i o n  b i n d i n g  e x a e r i m e n t s ,  
u n l a b e l e d  n a t u r a l  a n d  r e c o m b i n a n t  MuIFN-y , b u t  n o t  m u r i n e  IFN-& , m u r i n e  I F N )  
or human IFN-( 
The  K D  d e t e r m i n e d  b y  a d d i n g  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  u n l a b e l e d  naMuIFN-/' 
t o  b i n d i n g  a s s a y s  v a r i e d  f r o m  2 x l o ( - 1 0 )  t o  2 x 1 0 ( - l l ) M  d e p e n d i n g  on  t h e  
c e l l  l i n e ,  w i t h  a number  o f  r e c e p t o r s  b e t w e e n  500 a n d  5 0 0 0  b i n d i n g  s i t e s .  P r e -  
t r e a t m e n t  o f  t h e  t a r g e t  c e l l s  w i t h  p r o t e a s e s  b u t  n o t  w i t h  e n d o g l y c o s i d a s e s  p r e  
v e n t e d  IZSI-IFN-f  b i n d i n g  s u g g e s t i n g  t h a t  t h e  b i n d i n g  s i t e  h a s  a p r o t e i n  m o i e  
t y  i n v o l v e d  i n  t h e  i n t e r a c t i o n  w i t h  t h e  l i e a n d .  The t u r n o v e r  o f  t h e  IFN-[ r e -  
c e p t o r  m e a s u r e d  by  i n h i b i t i n g  p r o t e i n  s y n t h e s i s  w i t h  c y c l o e x i m i d e  or p u r o m y c i n  
w a s  f o u n d  t o  h a v e  a n  h a l f  l i f e  o f  a b o u t  two  h c u r s .  F i n a l l y  i n c u b a t i o n  of  1251- 
IFN-f w i t h  anti-MuIFN-&'monoclonal a n t i b o d i e s  p r e v e n t e d  t h e  b i n d i n g  o f  l a b e l e d  
I F N - g  s u g g e s t i n E  a c l o s e  homology  b e t w e e n  a n t i - I F N - r  a n t i b o d i e s  a n d  IFN-&' 
b i n d i n g  s i t e s .  ( S u p p o r t e d  b y  t h e  I t a l i a n  N a t i o n a l  R e s e a r c  C o u n c i l ,  PFCMI).  

S a n t o  L a n d o l f o ,  F r a n c a  C o f a n o ,  A n t o n e l l a  F a s s i o  a n d  G i o r g i o  C a v a l l o .  

c o m p e t e d  w i t h  1 2 5 1 - I F N - r  for r e c e p t o r  b i n d i n g  on mouse c e l l s .  
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M39 REGULATION OF INTERLEUKIN-2 RECEPTOR EXPRESSION I N  HUMAN T-CELLS DURING INTERFERON 
TREATMENT, E r i k  Lundgren, Bengt F r ied r i ch ,  Anders Berg and Mar t i n  Gullberg, I n s t .  
f o r  Applied Ce l l  and Molecular Biology, Univ. o f  Ilme.3, S-001 87 Ume.3, Sweden. 

Human ant i -T3 act.ivated T -ce l l s  were syncnronized i n t o  +he i0 /&  phase GC the c e l l  cyc le  by 
i n t e r l z u k i n - 2  (!L-2) depr ivat ioc.  IL-2 receptor  p o s i t i v e  c e l l s  i n  Gg/Gl expressed normal 
amounts o f  h igh a f f i n i t y  IL-2 receptsr ,  wh i l e  t h r  leve l  o f  the T x  ont igcn was low. IL-2 
induced reexpression o f  t he  Tac antigen, together w i t h  reen t ry  i n t o  tbe  c e l l  cycle. were 
s tud ied i n  the  presence of rIFN-u2. 

s i t e s  ~ Z S  observed. The e f f e c t  was sustained and fo l lowed dur ing 6 days. 

t he  c e l l s  were shown t o  c a r r y  I F N  receptors a t  numbers comparable t o  t h a t  o f  Daudi c e l l s .  

by IFH w i l l  be presented. 

A t  doses i n h i b i t o r y  t o  growth a dose dependent i r i h i b i t i o n o f r e e x p r e s s i o n  o f  t he  Tac 

The growth i n h i b i t i o n  achieved by IFN was poss ib le  t o  block by n e u t r a l i z i n g  antibody and 

A model f o r  t he  r o l e  o f  IL-2 receptor  turnover i n  nodiulation o f  T -ce l l  growth i n h i b i t i o n  

M40 THE EFFECT OF acr-INTERFERON ON MULTIPOTENT PRECURSORS FROM HAIRY CELL LEUKEMIA 
PATIENTS. R. Michalevicz, D. Aderka, Ichilov Hospital, Tel-Aviv & M. Revel, 
Weizman Institute, Israel. 

The aim of the present study was two fold a) to grow multipotent precursors (CFU-GEMM as- 
say) in peripheral blood and bone marrow of Hairy cell (HC) leukemic patients as compared 
to normals, b) to analyze the effects of ac rhterferon (Inter-Yeda Ltd, Israel) added at 
day 0 to the cells f o r  14 d .  It was found that in Hairy cell leukemia patients there is 
a marked decrease in growth of multipotent precursors as compared to normal controls 
(p < 0,001). Also, colonies from HC were grown which contained lymphoid and myeloid cells. 
Evidence for clonality was provided both by linearity of growth and also by following the 
formation of clones at various days. Those lymphomyeloid precursors were stained with B- 
cell markers. Interferon did not significantly effect the number of colonies at 10 and 
100 U but promoted a change in the composition of clones. It was found that when interfe- 
ron is added to cultures, more myeloid and monocytic cells are present in the colonies 
while the number of lymphocytes decreases significantly (p < 0 . 0 5 ) .  This was demonstrated 
by analyzing all the colonies grown with and without interferon. Thus, acr Interferon seems 
to induce granulocytic macrophage differentiation in bipotent lympho-myeloid precursors 
grown from Hairy cell leukemia patients. The described in vitro effect in HC precursors 
may provide an explanation for the in vivo responsr of HC patients to acr-Interferon. 

~ 4 1  MODULATION OF THE RESPONSE OF CML CFU-GM TO GROWTH REGIJLA~ION FOLLOWING 
TREATMENT WITH RECOMBINANT HUMAN GAWA INTERFERON (HR-IFNg). A PHASE I TRIAL. 
Louis  M. Pelus, S.Vadhan-Raj. Sloan Ke t te r i ng  Inst.. N.Y. .N.Y. 10021. 

Cul ture s tud ies and anima’l experiments i n d i c a t e  t h a t  the p r o l i f e r a t i o n  o f  granulocyte-macro- 
phage progeni tor  c e l l s  (CFU-GM) i s  regulated by prostaglandin E (PGE) and a c i d i c  isofer -  
r i t i n s  (AIF). These e f f e c t s  a re  associated w i t h  CFU-GM c e l l  cyc le  r e l a t e d  expression -of 
HLA-DR. Agar c u l t u r e  s tud ies demonstrate i n h i b i t i o n  o f  normal D R t  CFU-GM by PGE (ID50 10 ’) 
and AIF (1050 lo-”) .  Marrow CFU-GM from pa t ien ts  w i t h  CML are hyporesponsive t o  PGE (ID50 
>IO-sM) and d i sp lay  diminished l e v e l s  o f  OR ( N  50t6I;CML 17?6%, n=25). These parameters were 
evaluated i n  a a t i e n t  w i t h  P H l t  CML i n  chronic  phase t rea ted  w i t h  HR-IFNg. The p a t i e n t  was 

res t ,  a second 2 wk cyc le  and maintenarlce w i t h  HR-IFNg a t  the same dose. i m ,  da i l y .  P r i o r  t o  
treatment CFU-GM were unresposive t o  PGE and AIF and displayed no HLA-OR on CFU-GM (5Q% 
DRt) .  By 16 days post-IFN c u l t u r e  s tud ies demonstrated normalized response t o  PGE, A I F  and 
HLA-UK expression. A l l  metaphases pe rs i s ted  as 9+.2Lq-,Phl. These r e s u l t s  were observed on 
s e r i a l  examination f o r  5 mo. A t  5 mo post-1FN CFU-GM response t o  PGE and A I F  as we l l  as DR 
expression rever ted t o  hyporesponsive. This was co inc ident  w i t h  appearance o f  a 3-x.22q 
clone (62%). By 7 M post  IFN t h i s  clone expanded t o  88%. Treatment was discontinued and the 
p a t i e n t  received an a l logeneic  marrow t ransplant .  A t  4 mo post t ransp lan t  CFU-GM response t o  
PGt  and AIF. and DR expression were normal. These f i nd ings  i n d i c a t e  t h a t  treatment w i t h  
HR-IFNg can modulate CML CFU-GM growth c h a r a c t e r i s t i c s  and provide f u r t h e r  evidence f o r  the 
importance o f  HLA-OR ant igen i n  the  regu la t i on  o f  CFU-GM p r o l i f e r a t i o n  by PGE and AIF. 

t r ea ted  with 10 5 U/m2/day by 6 hr i n f u s i o n  5 dayslwk f o r  2 wks. This  was fo l lowed by a 2 wk 
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~ 4 2  QUANTIFICATION AND CHARACTERIZATION OF HIGH AFFINITY MEMBRANE RECEPTORS SPECIFIC 
FOR TLlMDR NECROSIS FACTOR (TNF) ON HUMAN CELL LINES, Peter Scheurich, Ugur Ucer, 
Mar t in  Kronke and Klaus Pfizenmaier, C l i n i c a l  Research Group BRWTI, Max-Planck- 
Society, GoOlerstr. 10d, 3400 Gottingen 

The expression o f  s p e c i f i c  membrane receptors f o r  tumor necrosis f a c t o r  (TNF) was determined 
or. various human leukemic c e l l  l i n e s  d ' f f e r i n g  i n  t h e i r  s e n s i t i v i t y  t o  the  growth i n h i b i t o r y  
a c t i v i t y  o f  TNF. Binding studies w i t h  1251-label led recombinant hu n TNF revealed spec i f i c ,  
saturable b i n d i i g  o f  TNF w i t h  a d i ssoc ia t i on  constant o f  ~ 1 x 
revealed approximately 3370 and 2560 TNF-specific b ind ing s i t  
1 ines, respec t i ve l y .  Disuccinimidyl-suberate-crosslinking o f  T351-TNF bcund t o  these c e l l  
liaes and S D S - P A X  o f  membrane ex t rac ts  revealed a s ing le  receptor  p r o t e i n  w i t h  an apparent 
molecular weight o f  76,000 Dalton. I n te rac t i on  w i t h  s p e c i f i c  c e l l  surface receptors appears 
t o  be requ i red  f o r  TNF funct ion,  since receptor  negative var iants  o f  K562 proved TNF r e s i s t -  
ant. However, sone o f  the  c e l l  l i n e s  ( e .  g. Ju rka t ) ,  which express TNF receptors, were a lso 
res i s tan t  t o  TNF, i n d i c a t i n g  tha t  TNF s e n s i t i v i t y  i s  determined both a t  the l eve l  o f  recept- 
or  expression and a t  a post-receptor l e v e l .  In ter feron gamma, which po ten t i a tes  TNF mediated 
c y t o t o x i c i t y ,  was found t o  modulate TNF receptor  expression on ly  s l i g h t l y .  On the  other 
hand, TNF enhances In te r fe ron  gamma-induced HLA c lass I and c lass  I 1  ant isen expression i n  
various c e l l  l i n e s ,  suggesting t h a t  TNF acts as a regu la to r  o f  c e l l u l a r  funct ions no t  r e -  
l a ted  t o  c e l l  growth. 

M. Scatchard analyses 
/ c e l l  on K562 and U937 c e l l  

M43 Mutagenesis of BoIFN as a tool for identification of IFNa epitopes interacting 
with the specific IFNa cell receptor. A. Shafferman and B. Velan,Israel institute 
for Biological Research, Ness-Ziona 70450,Israel 

Leukocyte bovine interferon was (Leu-BoIFN) tested for its ability to induce an antiviral 
state in various mammalian cell and was found to be specific to cells from bovine origin 
( I ) .  Five BoIFNa distinct genes were isolated from a bovine Benomic library ( 2 ) .  Like 
Leu-BoIFN, also the different bacterial BoIFNa gene products exhibit antiviral activity 
which is specific to bovine cells with no detectable activity on human cells . On the 
basis of a comparative analysis of bovine and different mammalian IFN-a amino acid sequen- 
ces the potentially functlonal domains on the molecule were postulated. In-vitro derived 
mutants at the postulated functional domains on BoIFNa were used to identify the epitope 
responsible for the cell specific antiviral property of BoIFNa. Analysis of different 
BoIFNa mutants provides an insight into the IFNU domain interacting with its cell recep- 
tor. 

1. S .  Cohen, 9. Velan, T. Bino. H. Rosenberg and A. Shaffermsn. Methods Enz. Vol. m. 
2 .  B. Velan. 5. Cohen, H. Grosfeld, M. Leitner and A. Shafferman. .I. Biol. Chern. 260, 

In press. 

5498 (1985). 

M44 At{ IMMUNOGENIC REGION OF THE HuIFN-a2 DEFINED BY MONOCLONAL ANTIBODIES 
Moira Shearer, Joyce Taylor-Papadimitr iou, Oorota G r i f f i n  and Franni R B a l k w i l l ,  

Imper ia l  Cancer Research Fund, P 0 Box 123, L inco ln ' s  Inn F ie lds,  London WCLA 3PX, U.K. 

We have developed several monoclonal ant ibodies t o  HUIFN-a2. 
a n t i v i r a l  a c t i v i t y  o f  HuIFN-a2 bu t  do not  react  w i t h  HuIFN-al. They reac t  w i t h  IFNs on 
Western b l o t s  o f  reducing SOS-PAGE suggesting t h a t  the ant igenic  determinants may be 
continuous peptide sequences. 
out on these fou r  ant ibodies and a s i m i l a r  one obtained from Wellcome Laboratories, using 
an ELISA assay. AAs i n  the 107-113 reg ion are impl icated i n  the s i t e s  recognized by 4 of 
the 5 ant ibodies analyzed. 
antibodies, 2 o f  which are a l so  a f fec ted  by amino and carboxy terminal t runcat ions o f  
HuIFN-az. 
but  not  IFNs w i t h  l y s i n e  i n  t h i s  pos i t i on .  
o ther  IFN analogues supports the idea t h a t  the a rg in ine  a t  120 forms p a r t  o f  o r  a f f e c t s  the 
conformation o f  the s p e c i f i c  epitope. 

Four o f  these neu t ra l i se  the 

Using IFN analogues and hybrids, epitope analys is  was c a r r i e d  

Subs t i t u t i ons  a t  112 and 113 reduce the b ind ing o f  3 o f  the 

The f i f t h  antibody recognizes HuIFN-as w i t h  a rg in ine  a t  p o s i t i o n  120 (IFN-a?) 
The pa t te rn  o f  reac t i on  o f  t h i s  antibody w l t h  
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M45 B I N D I N G  CHARACTERISTICS OF AN0 MEMBRANE RECEPTORS FOR RECOMBINANT IFNy ON HUMAN 
TUMOR CELLS DIFFERING IN IFNr SENSITIVITY, Ugur Ucer, Christian Ertel ,  Peter Scheu- 
rich and Klaus Pfizenmaier, Cl inical Research Group BRWTI, Max-Planck-Society, 3400 
Gottingen, F.R.G. 

IFNY action i s  induced by binding t o  cell  mcwbrane receptors, which are d is t inc t  from the 
binding s i t e s  for a/B-Interferons. However, ce l l  l ines,  which specifically bind IFNy with 
high a f f in i ty ,  can be completely resistant t o  one or the other of the various biological 
IFNr effects raising the question of structural and functional heterogeneity of IFN recept- 
ors. I n  order t o  approach t h i s  question, we have investigated tumor ce l l s ,  which d i f fe r  in 
the i r  sensit ivity the antiproliferative effect  of IFNy, and performed receptor crosslink- 
ing studies with 15PI-labelled IFNr a s  well as  kinetic studies on the bicding arid processing 
of IFNr by these ce l l s .  Cur data suggest t h a t  in both IFNy sensitive and in IFNy resistant 
cell  l ines,  the IFNr receptor i s  a protein complex of approximately 128 kDa, which consists 
of twc subunits of 75 and 53 kOa. Scatchard analysis on a large variety o f  esrtblished tumor 
cell  l ines and fresh patient material revealed high a f f in i ty  binding ( k D  -10- !I), b u t  a 
great difference in the number of membrane receptors on d i s t inc t  ce l l s  of the same tissue 
origin. Further, we obtained evidence t h a t  tumor ce l l s  resistant t o  growth inhibition by 
I F t h  differed from sensit ive tumor ce l l s  in the processing of cell-bound IFNY. TCus, res i s t -  
a n t  c e l l s  were capable t o  rapidly inactivate and release IFNv from the membrane. SDS PAGE 
analysis revealed a s ize  reduction of processed IFN, which completely lacked binding activ- 
i t y ,  of approximately 2 kDa. Further investigations will reveal, whether t h i s  inactivation 
i s  crucial fo r  the observed resistance t o  growth inhibition. 

M46 GROWTH INHIBITORY MECHANISM OF RECOMBINANT5 INTERFEROF! OH HUMAN GLIOMA CELLS IN 
CULTURE. W . K . A .  Yung, P . A .  Steck, % . P .  Moser, and K. Nishioka. U.T.M.O.  Anderson 
Hospital and Turcor Ins t i tu te ,  Houston, Texas 77030. 

Growth inhibitory effect  of recombinant =and 5 interferons on several human glioma cell  
l ines were evaluated by growth assays. A differential  sensit ivity to  recombinant interferon 
( I F N B  ser) was observed with ID50s ranged from 50 t o  500 U/ml. All glioma cell  l ines tested 
were resistant t o  recombinantainterferon t o  2000 U/ml. We have begun investigating possible 
mechanism of action of IFN f i s e r  on these glioria cell  l ines.  Preliminary data has shown tha t  
incubation with IFN Bser  decreased cellular putrescine level significantly when compared w i t h  
untreated ce l l s .  This suggests that  IFNB ser might exert i t s  growth inhibitory effect  by in- 
hibiting Ornithine Oecarboxylase (ODC)  ac t iv i ty .  
growth factor receptor (EGF-R)  gene has been recently described in shome human glioblastoma, 
we have examiffjd the expression o f  EGF-R on these glioma e l l  l ines.  The number of EGF-R was 

Incubation 
with IFN BSer mqdified the j2' I-EGF binding on t o  these glioma ce l l s  suggesting possible mo- 
dulation of E G F - R  expression on human gliona ce l l s  by IFN treatment. Further experiments are 
onqoing to  deterriine the effect  of IFN Bser on OOC ac t iv i ty  a s  mechanism of growth inhibitory 
action, and  any possible relation between modulation of EGF-R function and growth inhibition 
by IFN BSer  on !buman glioma ce l l s .  
Research Foundation to  W . K . A .  Yung).  

Since aberrant expression of epidermal 

estimated by I-EGF bind'n t o  be approximately 5 x 10 8 /cell  t o  1 x 105/cell.  

(Supported by grants NCI CA33027 and from John S. Dunn 

Interferons and Oncogenes 

M47 EFFECT OF INTERFERON ON ?HE TRANSFOMD AND NORMAL PHENOTYPES OF A MOUSE CELL 
INFECTED WITH R.S.V. TEMPERATURE SENSITIVE FOR TRANSFORMATION, 
Panet, Hebrew University-Hadassah Medical School, Jerusalem 91-010, 

Gila Arad and Amos 
I s r a e l .  

W have s tudied the  e f f e c t  of  In te r fe ron  on t h e  regulat ion of  biochemical events l inked t o  
the c e l l  cycle o f  normal and transformed c e l l  cu l tures .  For t h i s  purpose we developed a 
muse 3T3 cell l i n e  infec ted  with a R o u s  Sarcoma V i r u s  mutant, designated LA90. temperature 
sens i t ive  f o r  transformation. This mutant virus  codes f o r  a t h e m l a b i l e  pp6OSrc pro te in .  
Serum deprivat ion a t  the nonpermissive temperature a r r e s t s  the c e l l s  i n  the GO/G1 phase o f  
the c e l l  cycle .  We measured the  induction of  orn i th ine  decarboxylase (O.D.C.) a c t i v i t y  as  a 
marker f o r  ear ly  GI  phase of  the  c e l l  cycle .  Cel l s  were s t imulated t o  p r o l i f e r a t e  e i t h e r  by 
the  addi t ion of  serum a t  the  nonpermissive temperatue o r  by shift-down of the  cells t o  the  
permissive temperature i n  the  absence of serum. Results ind ica te  tha t  c e l l s  s t imulated t o  
p r o l i f e r a t e  by s h i f t  down t o  the  permissive temperature a r e  more s e n s i t i v e  t o  the  inh ib i tory  
e f fec t  of IFN than c e l l s  s t imulated t o  p r o l i f e r a t e  by the  addi t ion o f  serum a t  the  non- 
permissive temperature. We measured t h e  e f f e c t  of IFN on the  r a t e  of inac t iva t ion  of  O.D.C.  
k could not observe any change i n  t h e  r a t e  o f  O . D . C .  inac t iva t ion  i n  c e l l s  t r e a t e d  with 
IFN as  compared t o  untreated c e l l s  or t o  cells t r e a t e d  with cycloheximide. 
The e f f e c t  of IFN on the  induct ion of  c-fos and c-myc i n  pp6Dsrc ac t iva ted  c e l l s  i s  under 
inves t iga t ion .  
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Ma IFN-INDUCED-PHENOTYPIC CHANGES I N  HUMAN TUMOR CELLS 1 RELATIVE TO THE 
EFFECI OF IFN ON ONCOGEM EXPRESSION, Daniele Brouty-Boy&, Janine Wybier-Franqui 

and Horacio Suarez, I n s t i t u t  de Recherches Sc ien t i f iques  s u r  l e  Cancer, V i l l e j u i f ,  France 

Inves t iga t ions  o f  t he  e f f e c t s  of 1FN-a on the  phenotype o f  human tumor c e l l s  showed t h a t  
long-term IFM treatment  induced a p a r t i a l  r eve r s ion  of t h e  phenotype of osteosarcoma c e l l s ,  
as evidenced by a r educ t ion  i n  c e l l  p r o l i f e r a f i o n ,  absence of c e l l u l a r  o w r l a p p i n g  i n  conf l -  
uent c u l t u r e s  and a s i g n i f i c a n t  r educ t ion  i n  tumorigenici ty .  Nevertheless ,  t h e  t ransforming 
a b i l i t y ,  genomic l e w l  and expres s ion  of t he  ac t iva t ed  c-Ki-ras  p re sen t  i n  these t u m r  c e l l s  
were not modified by IFN-treatment. In c o n t r a s t ,  long-term IFN t reatment  d i d  not rewrse 
but e w n  p o t e n t i a t e d  some of t h e  phenotypic  c h a r a c t e r i s t i c s  ( inc lud ing  t u m r i g e n i c i t y )  of 
bladder  carcinoma and g a s t r i c  sarcoma c e l l s .  I n  both tumor c e l l  l i n e s ,  t he  expression of 
a c t i v a t e d  oncogenes, c f l a - r a s  and c-N-ras r e spec t ive ly ,  w e r e  una l t e red  by IFN-treatment. 
As IFN does not appear t o  a l t e r  oncogene a c t i v i t y ,  our r e s u l t s  suggest  t h a t  IFN induces c e l l -  
u l a r  changes t h a t  modify the  c e l l b  response t o  t h e  oncogenic products.  

M49 
Martine Canivet ,  G i l l e s  i-lercier, Fortuna Saa l ,  Sy lv ie  Pau l i en ,  J. Valla-Bourebia, Yolande 
Poirot, Jo rge  PBriSs. 
Unite 107 INSERM - MI CNRS - H6pital  S t  iauis - 75010 P a r i s  (France) 

EFFECT OF INTERFERON TREATMENT ON MALIGNANT TRANSFORMATION AND ONCOGENES EXPRESSION 
I N  MAMbiALIAN CELLS. I - BIOMGICAL STUDIES. 

Long term In te r f e ron  t reatment  o f  murine Ki r s t en  sarcoma v i r u s  transformed Balb/c 
cells (Ki-Balh cells) induces morphological r eve r s ion  and inc reases  expression of v-Ki-ras 
oncogene. 

formed phenotype and t r i e d  to c o r r e l a t e  them to t h e  molecular events .  W e  observed t h a t  INF 
t r e a t e d  c e l l s  p re sen t  : 

In t h i s  system, w e  have s t u d i e d  t h e  modif icat ion of some parameters r e l a t e d  t o  t r ans -  

a)  an  increased tumoregenici ty  i n  convent ional  and nude Balh/C m i c e .  
b)  a h ighe r  p l a t i n g  e f f i c i e n c y  under cond i t ions  o f  serum dep le t ion .  
c) an  increased anchorage growth i n  soft aga r  with formation of l a r g e r  co lon ie s .  
The e f f e c t s  of long and s h o r t  term I N F  t r ea tmen t  were s tud ied  i n  o t h e r  mammalian 

c e l l s .  Resul ts  concerning t h e  i n t e r r e l a t i o n s h i p s  between molecular and rnacrohiological 
events  w i l l  be discussed.  

M50ENHANCED EXPRESSION OF V-MOS AND a ~ ( 1 )  COLLAGEN GENES IN MOLONEY 
SARCOMA VIRUS TRANSFORMED BALB/C CELLS REVERTED TO NON MALIGNANCY 

AFTER LONG TERM INTERFERON TREATMENT. C.Chany, J.Gerfaux, D.Sergiescu. 
INSERM U.43, Hdpital St Vincent de Paul, 74, av. Denfert Rochereau 75674 
Paris cedex 14. 
Continuous treatment for over 1000 generations of Moloney Sarcoma Virus 
transformed BALB/c fihrohlasts with low doses of a / B  murine interferon led 
to the selection of a new non malignant cell population (MSVIF+)(l). 
Phenotypic reversion could he related to the reconstitution of the cyto- 
skeleton (2) and t o  the neosynthesis of a dense hut faulty extra-cellular 
matrix (3). Although the MSVIF+ cells did not produce tumors in nude mice, 
the v-mos oncogene was integrated in the cellular DNA and was transcrip- 
tion-active. Helper Murine Leukemia Virus was produced hy the cells, 
hut no v-mos containing virions were detected.To investigate the mechanism 
of phenotypic reversion, the expression of v-mos and that of three genes 
coding for the extracellular matrix (al(I),a2(I) collagen and fihronectin) 
were analyzed in parallel. 
(1) CHANY C. and VIGNAL M.(1970) J.Gen.Viro1.7,203-210. 
(2) BOURGEADE MF.,ROUSSET S.,PAULIN D.,CHANY C. (1981) J. Interferon 

(3) GERFRUX J., ROUSSET S., CHANY FOURNIER F., CHANY C.(1981) Cancer 
Res. 1,323-332. 

Res. 41, 3629-3639. 
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~ 5 1  MACROPHAGE -T LYMPHOCYTE COOPERATION FOR INDUCTION OF GAMpyl INTERFERON, 
Ferdinand0 Dianzanl. and Guido Antonelli, Instit. of Virology, Univ. of Rome, 
Italy. 

Antigenic and mitogenic stimulation of mouse or human lymphocytes for gamma interferon 
(IFN) production often requires oxidation of galactose residues on the macrophage 
membrane and activation of calcium flux through the lymphocyte membrane. 
stimulation macrophages release a saluble factor, different from IL-1. which is capable 
of stimulating IFN production in T lymphocytes. Taken together these findings raise the 
possibility of the need for specific antigen recognition by the macrophages for the IFN 
response. Experiments carried out to test this hypothesis demonstrated that macrophages 
can effectively cooperate with specifically sensitized lymphocytes only when derived from 
mice immunized with the same antigen. Taken together the data indicate that macrophages 
must have some type of specific antigen recognition to initiate the IFN response. Since 
cooperation by macrophages from immunized animals is abolished by treatment with antibody 
to murine IgG, and since the ability to cooperate may be conferred on macrophages from 
unimmunized mice by pretreatment with serum from immunized mice, it is possible that the 
specific cooperation by immune macrophages is due to membrane bound specific antibody. 
The possibility that macrophages can exert an antigenically specific function, may 
provide new approaches to the study of cellular interactions involved in lymphokine 
production and immune modulation. 

After mitogenic 

M52 REGULATION OF C-MYC AND N-RAS GENES IN DAUDI CELLS BY HUMAN INTERFERON-6, Gerald 
J. Jonak, Barbara K. Friedland, Elizabeth D. Anton, Ernest Knight, Jr., Central 

Research and Development Department, E. I. du Pont de Nemours and Company, Wilm.. DE 19898 
We have analyzed the expression of the c-mm and N-ras genes in Burkitt lymphomas 

whose growth is regulated differently by human interferon-6 (IFN-6). 
whose growth is inhibited by IFN-6, c-mm RNA level is reduced. The c-mm RNA is appar- 
ently regulated at a post-transcriptional level because the rate of c-- RNA synthesis in 
cell nuclei is not reduced even after 24 hours of IFN-6 treatment. N-ras RNA is changed 
qualitatively and quantitatively in IFN-6 treated Daudi cells; in t0ta-A preparations 
its electrophoretic mobility is primarily decreased and in the polysomal fraction both its 
mobility and amount are decreased. We are currently determining, using immunoprecipita- 
tion, whether the c-mm and N-ras proteins are regulated in concert with their respective 
RNA levels. Initial experimen~indicate that IFN-6 causes a reduction in Daudi cells of 
the 66.000 and 63,000 c-myc proteins while causing the appearance of a new "c-mm-related" 
protein of 61,000. 
abrogates the changes in the N-ras but not c-myc gene. 
growth is not reduced with IFN-athe steady state levels of c-myc and N-ras RNAs are not 
altered. 
obligatory response of all cells to IFN-6 treatment. but may be related to the decreased 
proliferative potential of IFN-@-treated Daudi cells. To explore this possibility, we are 
determining the c-mmand N-% RNA expression in several sublines of Daudi that differ in 
their growth response to IFN-6 treatment. 

In Daudi cells, 

Cyclxximide or emetine pre-treatment of IFN-@-treated Daudi cells 
In Namalva and Raji cells, whose 

These results indicate that the c-myc and N-E gene regulation- not an 

M53 INTERFERON INHIBITION OF GENE TRANSDUCTION BY INFECTION WITH AN ADENO-ASSOCIATED 
VIRUS VECTOR, Catherine A. Laughlin, Uniformed Services University of the Kealth 

Sciences. Bethesda, Maryland, 20814. 
Adeno-associated virus (AAV) is a ubiquitous defective human parvovirus that efficiently 
establishes latent infections in human cells by integration of the viral genome into host 
cell DNA. Superinfection of latently infected cells with a helper herpes or adenovirus 
results in the rescue and replication of the AAV DNA. Several studies have demonstrated 
that interferon treatment inhibits the transfer of exogenous genes to mammalian cells by 
transfection. The evidence suggests that the inhibition is at the level of integration 
rather than expression of the foreign genes. Transfection is an extremely unnatural process 
involving large quantities of DNA per cell and illegitimate recombination of the transferred 
DNA. Therefore it is important to determine whether interferon can inhibit the integration 
of exogenous DNA under the more natural conditions of viral infection. 

AAV-based nec vector. 6418 selection of the infected cells resulted in a 90% inhibition of 
colony formation in the interferon-treated cultures. The low levels of interferon used had 
no detectable effect on cell number or colony forming ability in the presence or absence of 
G418 in control 6418 resistant and sensitive cells. The inhibitory effect of interferon was 
greatly reduced (0-50% inhibition) when added 36 hr p.i. This finding is consistent with 
the hypothesis that interferon inhibits integration rather than expression of the transduced 
gene. Surprisiqgly interferon did not inhibit the rescue of AAV integrated sequences in 
latently infected cells following helper virus superinfection. 

Human and muse cells were treated with a-interferon and then infected with an 
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M54 INDUCTION OF INTERFERON SENSITIVITY I N  RESISTANT CELLS BY SPECIFIC GENE SEQUENCES. 
John A. Lewis, Department of Anatomy and C e l l  Biology, Downstate Medical C e n t e r - S m  
450 Clarkson Avenue, Brooklyn, N.Y. 11203 

We have shown t h a t  a thymidine kinase ( tk f  d e f i c i e n t  s t r a i n  of mouse L-929 c e l l s  is incapable  
of responding t o  murine i n t e r f e r o n s  (IFN) by a c t i v a t i o n  of an a n t i v i r a l  state and induct ion 
of double-stranded RNA dependent enzymes. Treatment of these Ltk- ap r t -  c e l l s  with IFN does, 
however, cause an i n h i b i t i o n  of c e l l  growth. The a b i l i t y  of IFN t o  induce a n t i v i r a l  responses 
is  r e s t o r e d  i n  many clones der ived by in t roduc t ion  of e i t h e r  a Herpes simplex v i r u s  (HSV) or 
a chicken t k  gene, though not  by t r a n s f e c t i o n  with s e v e r a l  o the r  s e l e c t a b l e  DNA sequences.  
Fu r the r  a n a l y s i s  has  shown t h a t  IFN s e n s i t i v i t y  is not  d i r e c t l y  r e l a t e d  t o  expression of t k  
enzymatic a c t i v i t y  and the  capaci ty  of Ltk- ap r t -  c e l l s  t o  respond t o  IFN can be r e s to red  by 
in t roduc t ion  of fragments of the HSV tk  gene. A t  l e a s t  two regions of t he  coding sequence 
a r e  ab le  t o  modify responsiveness  t o  IFN and a homology sea rch  suggests  a r o l e  f o r  two 27 bp 
sequences sepa ra t ed  by 300 bp which are 80% homologous. These sequences contain unique Bal I 
r e s t r i c t i o n  endonuclease sites ana cleavage of cloned HSV tk  DNA with t h i s  enzyme causes an 
abrogat ion of its a b i l i t y  t o  r e s t o r e  IFN s e n s i t i v i t y  when co-transfected i n t o  Ltk- a p r t -  
c e l l s  with an aminoglycoside phosphotransferase marker gene. Cleavage with h a  I11 which c u t s  
t he  t k  gene a t  s e v e r a l  s i t e s  d i s t a n t  from the repeated sequences does no t  a f f e c t  t he  a b i l i t y  
t o  r e s t o r e  IFN s e n s i t i v i t y .  Our r e s u l t s  suggest  t h a t  t he  sequences i d e n t i f i e d  i n  some way 
a r e  a b l e  t o  modulate the  capac i ty  of c e r t a i n  genes t o  be a c t i v a t e d  by IFN. 
Supported by g r a n t  II A11972502 from N . 1 . H  and PCM8210092 from N.S.F 

~ 5 5  Regulat ion and Funct ional  S tud ie s  of IFN-Y Induced Genes i n  Human Ce l l s .  
Luster+*, Richard L. Weinshank+, Jay C. Unkeless* and J e f f r e y  V. Ravetch', *The 
Rockefel ler  Un ive r s i ty  and %loan-Kettering I n s t i t u t e ,  N e w  York, NY 10021. 

y- interferon (IFN-y),a lymphokine sec re t ed  by a c t i v a t e d  T-ce l l s ,  i s  a pc ten t  a c t i v a t o r  of t h e  
immune s t a t e .  Genes t h a t  a r e  induced by recombinant-IFNy i n  human c e l l s  a r e  being s tud ied  i n  
o rde r  t o  (1) i s o l a t e  and c h a r a c t e r i z e  those molecules t h a t  c o n t r i b u t e  t o  t h e  IFN-y response; 
and (2) use rIFN-y induced genes as a model system t o  s tudy ce l l - su r face  r ecep to r  mediated 
c o n t r o l  of gene expression.  Two novel genes t h a t  are induced by rIFNy i n  t h e  U937 monocyte- 
l i k e  c e l l - l i n e  have been cloned. I n t e r e s t i n g l y ,  t hese  genes are a l s o  induced i n  a d ive r se  
populat ion of c e l l s  i nc lud ing  f i b r o b l a s t s  and e n d o t h e l i a l  c e l l s .  One gene has  been charac- 
t e r i z e d  more ex tens ive ly  (Luster ,  A.D. ,  Unkeless,  J . C .  and Ravetch, J . V . ,  Nature 315:672-676, 
1785) and has  been shown t o  be an e a r l y  response gene t h a t  is  t r a n s c r i p t i o n a l l y  a c t i v a t e d  by 
rIFNy. This  gene encodes a p r o t e i n  of r e l a t i v e  molecular mass 12,378 which s u r p r i s i n g l y  has  
s i g n i f i c a n t  amino ac id  homology t o  p l a t e l e t  factor-4 and 6-thromboglobulin, two chemotatic 
p r o t e i n s  r e l eased  by p l a t e l e t s  on degranulat ion.  A pepticie has  been synthesized t o  t h e  pre- 
d i c t e d  carboxy 22 amino a c i d s  and used t o  r a i s e  r a b b i t  serum and i s o l a t e  monoclonal a n t i -  
bodies.  These an t ibod ie s  recognize t h i s  gene product expressed i n  E. c o l i  c e l l s  by Western 
b l o t t i n g  and a r e  c u r r e n t l y  being used t o  i d e n t i f y  and p u r i f y  t h i s  molecule from rIFNy induced 
U937 c e l l  supe rna tan t s .  I n  o rde r  t o  e l u c i d a t e  t h e  molecular mechanisms involved i n  t h e  regu- 
l a t i o n  of t h e s e  IFN-y induced genes,  genomic c lones  have been i s o l a t e d  from h l i b r a r i e s  so 
t h a t  t h e i r  genomic o rgan iza t ion  and r egu la to ry  elements can be cha rac t e r i zed .  T rans fec t ion  
experiments a r e  underway t o  i d e n t i f y  IFNy i nduc ib le  DNA sequences. 

Andrew D. 

M56 
Rodica Emanoil-Ravier, G i l l e s  Mercier,  JoQlle Tobaly-Tapiero, Marylsne Garce t t e ,  Jorge 
P6riGs. 
Unite 107 INSEW - LO1 CNRS - H6pital  S t  l a u i s  - 75010 P a r i s  (France) 

EFFECT OF INTERFERON TREATMENT ON MALIGNANT TRANSFORMATION AND ONCOGENES EXPRESSION 
I N  M A ! W I A N  CELLS. I1 - MOLECULAR STUDIES. 

S tud ie s  on oncogene expression i n  mammalian cell l i n e s  t r e a t e d  with human or murine 
highly p u r i f i e d  I n t e r f e r o n s  w e r e  performed. The cell l i n e s  examined r ep resen t  r e t r o v i r a l  
transformed (S+L-) or malignant u n d i f f e r e n t i a t e d  c e l l s .  The interferon-mediated r egu la t ion  
o f  oncogene expression w a s  observed a f t e r  s h o r t  and long term treatment .  

The expression of v- and c-oncogenes w a s  s t u d i e d  by d o t  b l o t  and Northern blot hybri-  
d i z a t i o n  o f  po ly  A RNA. The r e s u l t s  w e r e  r e l a t e d  to  t h e  c e l l u l a r  growth, cell c y c l e  d is t r i -  
bu t ion  and t r ans fo rma t ion  behaviour o f  t h e  c e l l s  (as desc r ibed  i n  I ) .  I n  r e t r o v i r a l  t r ans -  
formed c e l l s ,  v-Ki-ras and an endogenous r e t r o v i r a l  gene (IAP) were increased 4 and 3 
f o l d s  r e spec t ive ly  as compared t o  non t r e a t e d  c e l l s .  This  e l e v a t i o n  i n  K i - r a s  expression i s  
s e l e c t i v e ,  as o t h e r  gene t r a n s c r i p t s  are diminished or unchanged. For in s t ance ,  i n  a l l  t h e  
cells examined c-myc expression decreased by about  4 fold.  This  e f f e c t  w a s  blocked by IFN 
a n t i s e r a .  The c-myc down regu la t ion  is n o t  d i r e c t l y  r e l a t e d  t o  a change i n  t h e  state of t h e  
proto-oncogene methylat ion.  

e f f e c t  of I n t e r f e r o n  t r ea tmen t  on t h e  r egu la t ion  o f  oncogene expression and malignant 
behaviour of t h e  cells. 

The r e s u l t s  of t h e s e  a n a l y s i s  w i l l  be presented and d i scussed  i n  t h e  con tex t  o f  t h e  
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M57 E F F X T  O F  INTERFERON A N D  CYCL0:iEXIMIDE ON TKANSFOKMA'IION BY 
TRANSFECTION O F  NIH/3T3 INTERFERON-RESISTANT AN@ SENSITIVE CELL LINES, 
Samuel Salzberg and Sara Dovarat,  Bar-Ilan University, Ramat-Gan, Israel 52100 

The  e f f e c t  of IFN on t h e  integration and expression of transformed sequences was  studied. NIH/3T3 
ce l l s  were  t ransfec ted  with high MW DNA e x t r a c t e d  f rom t h e  MSV transformed ce l l  line, clone 124. 
IFN (500 IU/ml) was  e i ther  added just before  transfection and removed at d i f fe ren t  t i m e s  thereaf te r ,  o r  
added a t  d i f fe ren t  t imes  a f t e r  transfection and removed 14 days later.  Cel l s  were  allowed to remain 
without IFN for 5 days. Virus re lease  and  t h e  appearance  of t h e  transformed phenotype were  then 
monitored. The  following resu l t s  were  obtained: a )  Appearance of transformed cells,  as well  as t h e  
re lease  of infectious virus particles,  w e r e  to ta l ly  inhibited by IFN when present for  10-14 days  a f t e r  
transfection. This inhibition was irreversible. b) Addition of IFN 7 days  a f t e r  transfection yielded only 
a partial  inhibition of e i ther  ce l l  transformation or  virus release. However, if IFN was added 14 days 
a f t e r  transfection, only a minor e f f e c t  on these  parameters  was observed. In order to e luc ida te  t h e  
mechanism of this IFN e f f e c t ,  w e  followed t h e  e f f e c t  of cycloheximide (CHI on t h e  parameters  
indicated above. Transfec ted  ce l l s  were  incubated with t h e  drug  (0.5 ug/ml) for various t i m e  periods 
and then  re fed  with fresh medium for at leas t  8 days. Results indicated t h a t  6 days t r e a t m e n t  with C H  
immedia te ly  following transfection irreversibly inhibited integration and  expression of t h e  examined 
sequences,  whereas 3 day t r e a t m e n t  had only a slight e f fec t .  W e  conclude, therefore ,  t h a t  both IFN 
and  CH mani fes t  similar ear ly  e f f e c t s  on t ransfec ted  NIH/3T3 cells, indicating t h e  possibility t h a t  a 
protein whose synthesis is  inhibited by t h e s e  agents  may b e  involved in t h e  integration process. Finally, 
w e  could demonst ra te  t h a t  IFN failed to inhibit t h e  transformation of t ransfec ted  A-I0 ce l l s  derived 
from NIHj3T3 and lacking t h e  inducibility of (2'-5') oligoadenylate synrhe tase  ac t iv i ty  by IFN. 

Gene Regulation and Differentiation 

M58 GENETIC VARIATION AND ORGAN SPECIFIC PRODUCTION OF a AND 6 IFNS I N  NDV INFECTED 
C57BLl6, BALB/cJ AND AKR MICE, Diane Biegel  and Paula M. Pitha-Rove, The Johns 

Hopkins Univ. Oncology C t r . ,  Bal to . ,  MD 21205 
The organ s p e c i f i c  expression of a and 6 i n t e r f e r o n  genes on t h e  RNA l e v e l  v a s  s tud ied  

i n  NDV in fec t ed  C57BL/6 and BALB/cJ mice which were previously shown t o  be high and low 
producers of c i r c u l a t i n g  i n t e r f e r o n .  Mice were i n j e c t e d  i.p. v i t h  NDV, and a t  va r ious  
t i m e s  a f t e r  i n f e c t i o n  t o t a l  and poly(A)+ RNA was i s o l a t e d  from b r a i n .  l i v e r ,  lung and 
s p l e e n ,  and analyzed by Northern hybr id i za t ion  with murine uq and B1 IFN r iboprobes.  
Coincident product ion of a + BmRNA vas found loca l i zed  p r imar i ly  t o  t h e  sp l eens  of both 
s t r a i n s ,  a l though lov  l e v e l s  of poly(A)+ message were de t ec t ed  i n  l i v e r  as w e l l .  The l e v e l  
of a-IFN w a s  found t o  be 5-1OX higher  i n  C57BLI6 than  i n  BALBlcJ. Add i t iona l ly ,  t h e  
expression of i n t e r f e r o n  genes w a s  s tud ied  i n  AKR mice and c o r r e l a t e d  wi th  t h e  expression 
of eco t rop ic  and MCP v i r u s  i n  t h e s e  animals.  C o n s t i t u t i v e  product ion of l a r g e  molecular 
weight t r a n s c r i p t s  w a s  observed. Furthermore,  expression of c-mg& and t h e  A-2 genes of t h e  
MHC were determined as a func t ion  of NDV i n f e c t i o n .  E-2 was markedly enhanced 120-50x1 
a f t e r  18 h r  of i n f e c t i o n  i n  a l l  organs t e s t e d ,  while  c -mu  l e v e l s  were increased 10-20X i n  
t h e  l i v e r .  Thus, it appears  t h e  l e v e l s  of c i r c u l a t i n g  i n t e r f e r o n  are determined by t h e  
r a t e  of t r a n s c r i p t i o n  andlor  d i f f e r e n t i a l  processing of t h e  t r a n s c r i p t s ,  and both of these  
even t s  a r e  g e n e t i c a l l y  r e s t r i c t e d .  

M59 Tk'O INTERFEKON-INOUCEO PRCTEINS ARE INVOLVED IN THE PROTEIN KINASE COMPLEX 
DEPENDENT ON DOUBLE--STRANDED R N A ,  Jul ien Gslabru  and Ara 6 .  Hovanessian.  
IJrtite d ' o n c o l o g i e  V i r a l e ,  1 r ; s t i t u t  P a s t e o r ,  25 rue du Dr. Qoux, 75015 P a r i s ,  France  

The d o u b l e - s t r a n d e d  (ds)RNA-dependent p r o t e i n  k i n a s e  (human) i s  conposeo of two s u b u n i t s  : 
a 68,000-Mr (p68) and a 48,00O-!lr ( ~ 4 8 )  p r o t e i n .  The p48 seems t o  be r e s p o n s i b l e  f o r  t h e  
p h o s p h o r y l a t i o n  o f  the p68 i n  t h e  p r e s e n c e  o f  d s R Y .  The p68 s u h n ' t ,  once i t  i s  phospho- 
r y l a t e d .  becanes a p r o t e i n  k i n a s e  c a p a b l e  o f  p h o s p h o r y l a t i n g  exogenous s u b s t r a t e s  such  
a s  e IF2  o r  c a l f  thymus h i s t o n e .  Both s u b u n i t s  o f  t h e  p r o t e i n  k i n a s e  canplex  have ATP 
b inding  s i tes  and e x i s t  i n  a 110,000- 120,000-Mr p r o t e i n  canplex  .bound by hydrophobic  
and i o n i c  i n t e r a c t i o n s .  The p48 and t h e  p68 a r e  induced by i n t e r f e r o n .  The i s o e l e c t r i c  
p o i n t  ( P I )  o f  p48 i s  5.8 whereas  p68 e x i s t s  a s  severa! subsDecies  w i t h  PIS  ranqino  
between 8 . 2  and 7 . 4 .  
O u r  results i n d i c a t e  t h a t  dsRNP.-dependent p r o t e i n  k i n a s e  i s  c h a r a c t e r i z e d  by two d i s t i n c t  
P r o t e i n  k i n d s e  a c t i v i t i e s ,  one  f u n c t i o n a l  on t h e  endogenous s u b s t r a t e  ( t h e  ~ 6 8  s u b u n i t )  
whereas t h e  o t h e r  i s  a c t i v e  on exogenous s u b s t r a t e s ,  e!F2 and h i s t o n e .  Res ides  t h e  ds?NA, 
h e p a r i n  i s  an e f f i c i e n t  a c t i v a t o r  o f  t h e  p r o t e i n  k i n a s e  complex f o r  t h e  p h o s p h o r y l a t i o n  
Of t h e  p68. The p h o s p h o r y l a t i o n  of  exogenous s u b s t r a t e s  is  independent  o f  dsRNR o r  h e p a r i n .  
The dsRNA-dependent p r o t e i n  k i n a s e  from mouse L-929 cel ls  i s  a 110,000-Yr p r o t e i n  ccmnlex 
canDosed of  two s u b u n i t s  w i t h  s p e c i f i c  ATP b indin?  s i tes  : a 65,000-Mr fp65) and 44,OnO-tlr 
( p 4 4 ) .  The b i n d i n  of  ATP t o  t h e  p65 s u b u n i t  i s  i n c r e a s e d  s i o n i f i c a n t l y ,  when t h e  065 h a s  
been s a t u r a t e d  wiqh phosKhate.  By a n a l o a y  w i t h  the human w o k e i n  k i n a s e  t h e r e f o r e ,  t h e  ~ 6 5  
m i q h t  be t h e  sutunft  vit k i n a s e  a c t i v l t v  on t b c  exvenous ruhstrates. 
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M60 INTERFERON EFFECTS ON CELL DIFFERENTIATION. S.E.Grossberp. J.Taylor, &V.Kushnaryov, 
Department of Microbiology, Hedical College of Wisconsin, Milwaukee, Wisconsin53226 

Cell differentiation is a process of temporal and spatial changes in cellular macromolecular 
synthesis and composition, resulting in the acquisition o f  specialized cell function, form, 
and organization. Early studies showed that the capacity of the embryo to produce and react 
to interferon (IFN) increases progressively during development; the IFN antiviral mechanism 
is especially strongly repressed early in embryonic life, when differentiation as well as 
growth are crucial processes. We have studied three quite different models of cell differ- 
entiation: (i) f i b r o b l a s t - t o - a d i p o c y t e ;  (ii) myoblast-to-muscle; and (iii) leukemic pro- 
myelocyte-to-granulocyte. 
the change in genetic program. In the differentiation of the 3T3-LI mouse embryo fibroblast, 
very small amounts of IFN can strikingly inhibit the cytoskeletal changes and the switchesin 
enzymes and other proteins involved in the conversion to a fat cell. Recent studies on 
3T3-Ll cells have focused on involvement of ornithine decarboxylase (ODC) and protcin kinase 
in this activity of IFN. The inhibitory effects of IFN and an inhibitor of O X ,  difluoro- 
methyl-ornithine (DFMO) (which alone inhibits 3T3-LI differentiation) are additive. 
Pctrescine, the product of ODC activity, reverses the antidifferentiation activity of DFMO 
but does not alter the effects of IFN. These and other data suggest that ODC activity does 
nor figure importantly in IFN action. Our recent demonstration of the entry of IFN into the 
~ $ 1 1  nucleus suggests a possibly direct role of IFN for achieving its variegated effects on 
the gen-tic33.ly programmed changes during cell differentiation. 

I n  each, IFN arrests in a dose-related manner the expression of 

ME1 
Charles E. Samuel and Susan M. Munemitsu, Department o f  B io loq i ca l  Sciences, Section o f  Bio- 
chemistry and Molecular Biology, Un ive rs i t y  o f  Ca l i f o rn ia ,  Santa Barbara, CA. U.S.A. 93111 

The phosphorylat ion o f  ribosome-associated p r o t e i n  P 1  and the alpha subunit o f  p r o t e i n  syn- 
thes i s  i n i t i a t i o n  f a c t o r  eIF-2 was examined i n  unt reated and i n  i n te r fe ron - t rea ted  human c e l l  
systems. Type I alpha IFN induced the Pl/eIF-Za p r o t e i n  kinase i n  several e p i t h e l i a l - l i k e c e l l  
l i n e s  i nc lud ing  U, 293, A549, HeLa and WISH, bu t  n o t  i n  any o f  the human f i b r o b l a s t  c e l l s t h a t  
were examined inc lud ing  GM2767, GM52, GM54, F152 and F153. Type I 1  gamma IFPl was a poor i n -  
ducer o f  the kinase as compared t o  alpha IFN. I n  adenovirus-infected human ce l l s ,  the regula- 
t i o n  o f  p r o t e i n  synthesis i s  con t ro l l ed  i n  p a r t  by a c lass o f  small virus-coded RNAs, the VA 
RNAs. 
RNAs. 
poor ly  i n  human c e l l s  which-contain a func t i ona l  Pl/eIF-Za p r o t e i n  kinase. However, Ad d1331 
grew near l y  normally r e l a t i v e  t o  Ad w t  v i rus  i n  human f i b r o b l a s t  c e l l s  which do n o t  c o n t z n  
detectable IFN induc ib le  P 1  p r o t e i n  kinase. I n f e c t i o n  o f  U o r  293 c e l l s  w i t h  Ad d1331 resul t  
i n  increased phosphorylat ion of P 1  and eIF-2a; by contrast ,  i n f e c t i o n  w i t h  Ad w t  X d  n o t  
e levate the phosphorylat ion of e i t h e r  P I  o r  eIF-Za. Crude ex t rac ts  from wt- in fected c e l l s  bu t  
no t  from uninfected o r  d l331- in fected c e l l s  i n h i b i t e d  the p u r i f i e d  Pl/eIF-Zu kinase i n  v i t r o .  
P u r i f i e d  VA RNA a l so  i n G b i t e d  the p u r i f i e d  kinase, These r e s u l t s  suggest t h a t  p h o s p G r m o n  
o f  P 1  and eIF-2a may p lay  an important r o l e  i n  the response of the host  t o  v i r u s  i n fec t i on .  

THE ROLE OF PROTEIN PHOSPHORYLATION IN THE ACTIONS OF HUMAN INTERFERONS 

The phosphorylat ion o f  p r o t e i n  P 1  and eIF-Za a l so  appears t o  be regulated by the VA 
Ad de le t i on  mutant d1331 which cannot synthesize the major species o f  \‘A RNA grew 

M62 

mRNA 561 i s  an IFN-inducible mRNA which encodes a p ro te in  o f  56kDa. We studied the char- 
a c t e r i s t i c s  of  synthesis o f  t h i s  mRNA i n  HeLa monolayer c e l l s .  I n  response t o  pure IFN- 
aA, synthesis o f  t h i s  mRNA was induced rap id l y .  I t s  cytoplasmic l eve l  reached the  maximum 
by about 6 h r  and then i t  decl ined quick ly  even i f  IFN-a was present i n  the c u l t u r e  medium 
continuously. L i t t l e  mRNA 561 was induced i f  an i n h i b i t o r  o f  p ro te in  synthesis e.g. 
cycloheximide or  anisomycin was included i n  the c u l t u r e  medium f ran  the beginning o f  IFN- 
a-treatment. These r e s u l t s  suggested tha t  synthesis o f  an IFN-inducible p ro te in  was 
needed f o r  induct ion o f  mRNA 561 by IFN-a. Pure recombinant IFN-y could not induce the  
synthesis o f  mRNA 561 but it could apparentqy induce the synthesis o f  the pu ta t i ve  p ro te in  
tha t  was needed f o r  induced synthesis o f  mRNA 561 i n  response t o  IFN-a. Thus a high l eve l  
o f  mRNA 561 was induced i n  c e l l s  t ha t  had been f i r s t  t rea ted  w i t h  IFN-y and then w i t h  IFN- 
a and cycloheximide. P ro te in  synthesis was necessary e i t h e r  dur ing IFN-y-treatment o r  
r i g h t  a f t e r  i t  t o  manifest t h i s  e f fec t .  The above observations are consis tent  w i t h  the 
fo l l ow ing  model o f  mRNA 561 induct ion.  E i the r  IFN-a or IFN-y produces a s ignal  i n  the 
c e l l  which t r i g g e r s  the synthesis o f  a pu ta t i ve  prote in ,  p ro te in  X .  Pro te in  X by i t s e l f  
cannot induce the synthesis o f  mRNA 561 but it can do so i n  concert w i th  a second s ignal  
which i s  produced by IFN-a but not by IFN-y. Production o f  the second s ignal  does not 
need p r o t e i n  synthesis. This i s  the f i r s t  demonstration o f  cooperation between IFN-a and 
IFN-y at  the molecular l eve l .  

SYNERGISM BEIWEEN IFN-a,AND IFNyy I N  INDUCTION OF AN IFN-INDUCIBLE mRNA, Ganes C. 
Sen and Jyotirmoy Kusari. Memorial Sloan-Kettering Cancer Center, New York, NY 10021 
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Ma 
Pathology, Uniformed Services University of the Health Sciences, Bethesda, MD 20814 

controls RNA stability in cells. Subnanomolar levels of 2-5A activate 2-5A-dependent RNase 
which in turn mediates some or all of the effects of the 2-5A pathway. 
control of cellular levels of 2-5A-dependent RNase under conditions of interferon treatment 
(1,2), cell growth arrest 12,3), and cell diiferentiation (4). 
found that in NIH 3T3, clone 1 cells, 2-5A-dependent RNase levels were independently 
regulated by either interferon treatment or growth arrest (2) and in an embryonal carcinoma 
cell line, PC 13, the levels of the nucleaae were greatly enhanced during cell 
differentiation (4). 
expression of 2-5A-dependent RNase are  resistant to interferon action. 
implicate 2-5A-dependent RNase in the mechanism of action of interferon. 
characterization of 2-5A-dependent RNase  f r o m  various mammalian sources will be compared. 

(1) Jacobsen, H., Czarniecki, C.W., Krause, D., Friedman, R.M., and Silverman, R.H. (1983) 
Virology 125, 496-501. 
Silverman, R.H. (1985) J. Biol. Chem. 260, 9501-9507. (3) Jacobsen, H., Krause, D., 
Friedman, R.M., and Silverman, R.H. (1983) Proc. Natl. Acad. Sci. U.S.A. 80, 4954-4958. 
(4) Krause, D., Silverman, R.H., Jacobsen, H., Leisy, S.A.. Dieffenbach, C.W.. and 
Friedman, R.M. (1985) Eur. J. Biochem. 146, 611-618. 

REGULATION OF 2-5A-DEPENDENT RNase EXPRESSION 
Robert H. Silverman, David Krause, and Carl W. Dieffenbach. Department of 

The 2-5A-[px(A2'p).A, x=2 or 3, nl2J-system is an interferon-regulated pathway which 

We have reported 

In this regard, we have 

In general, we have found that cell lines with deficiencies in the 
These results 

Biochemical 

(2) Krause, D., Panet, A.. Arad. G., Dieffenbach, C.W., and 

Phamacology and Biological Activities 
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INTERFENINS INHLBlT DIRECTIOKAL MIGRATION OF TUMOR CELLS. G.Allavena', A.Melchiori*, 
S .  Parodi' , L. Santil , J. B8hm2 .W. Remy', J. Schmidt3 ,V. Erile3 and A.Albini'. I-IST-Genoa(1: 

irmatologische Klinik T.U.-Munich(FRG); 3-GSF-Nunich(FRG). 

Interferons(IFNs!.besides their antiviral action, are able to mediate many biological effects 
as inhibition of cell proliferation in vivo and in vitro and regulation of the immune respon- 
se; they are currently tested as antitumoral agents in animals and in humans. Furthermore, it 
has been demonstrated that IFNs inhibit the motility of cultured cells. To study this last 
groperty, we have carried otit experiments of chemotaxis with the Boyden chamber assay. We 
tested the chemotactic response of several cell lines of murine osteosarcomas induced by ra- 
dionuclides, two lines of virus-transformed fibroblasts, a line of human embryonic lung fibrp 
blasts SV40-transformed. a human fibrosarcoma and their normal counterparts (murine fibro- 
blasts:3T3 and human embryonal fibroblasts: HEF). Different concentrations of IFNs (Zx103- 
2x104-Zx105 IRU/ml) were placed with the chemoattractant(medium conditioned by fibroblasts) 
for the incubation time of 8h. In the presence of the highest IFNs concentration (that was 
non toxic f o r  the cells during the time of the assay) the osteosarcomas (producer of C-type 
particles) and the Virus-tranSfOKmed cells showed a reduced chemotactic activity (50-80%). 
Other tumoral and control lines (HEF) were completely insensitive. 
This work was supported by: CNR no 84.01896.04 and EURATOM, BIO-D-366-81-D. 

M65 ANALYSIS OF INTERFERON-I4EDIATED INHIaITION OF VESICULAR STOMATITIS VIRUS REPLICATION 
USING CELL VARIANTS MITH DIFFERENTIAL INTERFERON SENITIVITIES. Linda S. Be1 kowski 
and Ganes C. Sen, Program in Molecular Biology and Virology, Memorial Sloan- 
Kettering Cancer Center, New York, N . Y .  10021. 

Human and mouse ce l l  variants differing in their  sens i t iv i t ies  to the anti-vesicular stoma- 
t i t i s  virus (VS'I) e f fec t  of interferon (IFN) were used to investigate t h e  basis of this 
effect .  
f ican t  a1 teratiun i n  v i r u s  binding o r  internalization, suggesting tha t  IFN may be acting 
directly on VSV gene expression. 
and the synthesis of VSV proteins in IFN-sensitive ce l l s  b u t  n o t  in IFN-resistant ce l l s .  
Using a temperature-sensitive m u t a n t  (tsG41) of VSV or wild type VSV under conditions of 
protein synthesis inhibition we determined that th i s  decrease in the levels of VSV RNA's 
and proteins was due a t  l ea s t  in part  to an IFN-mediated inhibition of primary VSV tran- 
scription. 
levels of a l l  VSV primary transcripts was reduced approximately the same extent by IFN. 
Northern blot analysis o f  primary VSV transcripts from IFN-treated semi . t iwcel l s  demon- 
s t ra tes  tha t  the transcripts a r e  in tac t  b u t  present in reduced amount. 
that  the inhibition of primary VSV transcription by IFN may be an important f i r s t  step in 
the 1FtJ:mediated inhibition of VSV replication. 

IFti trzatment greatly reduces VSV yield i n  IFN-sensitive ce l l s  without any signi- 

IFN treatment inhibits t h e  accumulation of VSV RNA's 

This e f fec t  was observed only in IFN-sensitive c e l l s  and the steady-state 

These data suggest 
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M66 DIVERSITY AND EXPRESSION OF HUMAN IFN-a GENES, A . P .  Bollon, Wadley Institutes of 
Molecular Medicine, Dallas, Texas 75235  

Human IFN-a genes have been isolated from a human genornic library utilizing two 17 base 
oligonucleotide probes. One of the is3lated genes was alpha Interferon L (IFN-aL) which is 
a pseudogene due to a stop codon in the signal sequence coding information. Another gene 
that vas isolated was the novel alpha interferon (IFN-aWA) which was not previously 
isolated from cDNA libraries. The IFN-aWA appears to represent a different group of IFN-a 
genes since it differs with IFN-aA-L interferons at 5 conserved amino acid positions. Two 
of these amino acid differences in fact involve changes from acidic to hydrophobic 
residues. Analysis of the IFN-aWA promoter region does not suggest any major abberations 
such as that found for IFN-aK which appears to be a pseudogene due to the lack of 
expression at the transcriptional level. The IFX-aL gene has been analyzed by correction 
of a translational stop codon in the signal sequence coding information. The IFN-aWA and 
the IFN-aL containing the corrected stop codon have been expressed in E. c o l i  using a LacZ 
expression system. Hence the IFN-aWA and the IFN-aL mature coding s e q u c s  do in fact 
code for active interferons. These results bear on the diversity of the IFN-a gene family 
as will be discussed. Expression of the IFN-aWA and IFN-aL genes, analysis of the gene 
products, and the presence of potential procarytoic translational control sites which could 
generate truncated IFN-a in bacteria will be discussed. The interaction of these alpha 
lnterferons with genetically engineered human tumor necrosis factor (ThF) i s  also under 
analysis with emphasis on a comparison of II'N-aWA and IFN-aD, which is one of the standard 
alpha interferons. 

M67 EFFECTS OF INTERFERON ON THE REPAIR OF RADIATION INDUCED POTENTIALLY LETHAL AND SUB- ' 

LETHAL DAMAGE IN HUMAN TUMOR CELLS. Alex C.Y. Chanq, Peter C.Kenq, University of 
Rochester Cancer Center, Rochester, New York 14642 

It has been previously reported by us that radiation cytotoxicity in human tumors was en- 
hanced by treatment with interferon(1FN) at 24 hr prior to irradiation. 
shown to be time dependent and cell cycle specific. 
whether the mechanism of interaction between interferon and radiation was related to the 
cellular repair capacity of human tumor cells. 

in MEM medium supplemented with 10%(ACHN) or 20%(A431) fetal calf serum. 
1000 IU/ml rHuIFN-r (Hoffman LaRoche) was given to fed plateau and exponentially growing 
cultures for 24 hr prior to the studies of potentially lethal damage repair(PLDR) and suble- 
thal damage repair(SLDR). A single dose of 12 Gy or two doses of 6 Gy gamma-ray was used to 
induce PLO and SLO. Flow cytometry(FCM) analysis was also employed to monitor the cell cycle 
redistribution during the repair processes. 

Preliminary data showed that both ACHN and A431 cells expressed PLDR with a 10-20 fold 
increase in cell survival during the first 12 hr after irradiation. However this repair 
capacity was reduced to 5-10 fold by pretreatment with IFN, suggesting IFF inhibited PLDR. 
DNA histograms measured by FCM did not show significant difference in cel: cycle redistri- 
bution during PLOR between radiation only and IFN plus radiation treatment. Kork i s  in 
prowess to use fractionated radiation dose to determine the effect of IFN on SLOR. 
work was supported in part by NIH Grants CA-11051 and CA-11198. 

The enhancement was 
This study was designed to determine 

Human hypernephroma ACHN and squamous carcinoma A431 cells were grown in monolayerculture 
A sinale dose of 

This 

M68 
Hospital for Sick Children, Research Institute, Division of Imunology, 555 university 
Avenue, Toronto, Ontario, Canada M5G 1x8 ' 

The effect of recombinant a2-interferon (50 units/ml), on the cell cycle, nucleotide 
metabolism, protein and nucleic acid synthesis was studied in human B-lymphobastoid (Daudi) 
cells. Cell cycle analysis showed that interferon treatment resulted in Go/G1 arrest (68%) 
y compared to control cells (40% at G0/Gi). 
radioactive thymidine and uridine into DNA and RNA respectively, but had little effect on 
the incorporation of amino acids into proteins. Interferon inhibited the biosynthesis of 
ribonucleotides by both de p w c  and salvage pathways and decreased the level of 
phosphoribosylpyrophosphate, the rate limiting substrate for purine and pyrimidine 
nucleotide biosynthetic pathways. Interferon also markedly ihibited deoxyribonucleotide 
synthesis by both ribonucleotide reuction and deoxyribonucleoside salvage. In contrast, 
ribonucleotide catabolism was significantly increased in the presence of interferon while 
no changes in ribonucleotide interconversion were observed. The substantial increase in 
ribonucleotide and deoxyribonucleotide biosynthetic rates combined with the increase in 
ribonucleotide degradation rate results in decreased availability of intracellular 
nucleotides and deoxyribonucleotide pools. 
These results suggest that inhibition of ribonucleotide and deoxyribonucleotide synthesis 
together with increased rate of nucleotide catabolism may diminish the availability of 
nucleotides for nucleic acid synthesis thereby causing cell growth arrest. 

EFFECT OF INTERFERON ON RIBONUCLBOTIDE AND DEOXYRIBOUCLBOTIDB METABOLISM IN HUMAN 
LYMPHOBLASTOID CELLS, Amos Cohen, Jerzy Barankiewicz and Chain Kaplinsky, The 

Interferon inhibited the incorporation of 
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M69 Differential Sensitivity of B-16 Melanoma Cells to Prolonged Treatment with 
Murine a, 6. and r Interferons. W.R. Fleischmann. Jr. and C . M .  Fleischmann. The 

University of Texas Medical Branch, Galveston, TX 77550 
Interferons have potent antiproliferative activities. To investigate the mechanisms 

by which interferons exert their antiproliferative activities, mouse B-16 melanoma cells 
were cloned with the different murine interferons for various initial periods of time 
(1/2, 1, 2, 4 ,  or 6 days). washed to remove residual interferon, overlaid with fresh 
growth medium, and reincubated for the remainder of an 8 day cloning period. Untreated 
cells and cells treated with interferons for 8 days were employed as negative and positive 
controls. IFN-a and IFN-6 treatments had similar effects. Maximal inhibition of clone 
number was attained with 2 to 4 days of interferon treatment. Moreover, the number of 
cells per clone was the same, whether cells were treated for 2 days or for 8 days with 
interferon. 
IFN-a and IFN-6 but became resistant after 2 to 4 days of treatment. In contrast, cells 
produced progressively fewer clones when treated with IFN-y for progressively longer 
periods of time. Also ,  the number of cells per clone diminished with increasing time of 
interferon treatment. Thus, the cells did not become resistant to IFN-r. Combination 
treatment with IFN-.( plus IFN-a or IFN-6 potentiated the antiproliferative effect and 
mirrored the IFN-y effect, except that the curve showing the progressive sensitivity of 
the cells was markedly more steep with the combination treatment. These results may have 
clinical ramifications since they suggest that IFN-r may have more antitumor potency than 
IFN-a or IFN-8 and that combination interferon therapy may be the most potent. 

These results suggest that B-16 melanoma cells were initially sensitive to 

M70 POTENTIATED ANTITUMOR EFFECTS OF INTERFERON-a AND MISMATCHED DOUBLE-STRANDED RNA 
(AMPLIGEN) IN VITRO AND IN VIVO. H.R. Hubbell, E.C. Pequignot, K.R. Shanabrook, 
W.A. C arterTRmillia5,and D.R. Strayer, Hematology/Oncology, Xahnemann 
University, Philadelphia. PA, and Urology, University of Iowa, Iowa City, IA. 

The antitumor effects of human IFN-u and Ampligen. alone and in combination, against a 
human renal cell carcinoma cell line, 786-0, were studied both in a clonogenic soft agar 
assay and in the nude mouse. Synergistic antitumor effects were seen in vitro, even though 
IFN-a alone was not effective over the range of concentrations stuKed.pligen alone 
(500 pg 3 times per week IP) and in combination with IFN-a (20,000 IRU daily IP) were both 
effective (p<O.OOl) against the nude mouse xenografts with significant increase in survival 
(p<O.OOl for both groups). IFN-a alone (20,000 IRU daily IP) did not inhibit tumor growth, 
however, significant titers (>3,000 IRU/ml) were found in the serum shortly after 
treatment. Assays o f  mouse IFN induction and in vitro antigrowth effects indicated that 
the in vivo antiproliferative effect of Ampligen was probably not due to potentiation of 
the Erereeffects by the induced IFNs. The tumor growth inhibition appeared to occur from 
the significant augmentation (p<O.OI. compared to controls) of natural killer cell activity 
in spleen cells by Ampligen. Combined IFN-a/Ampligen treatment further augmented NK cell 
activity (p<0.05. compared to all other treatments tested) by rendering the target cells 
more sensitive to lysis. even though IFN-a alone could not activate NK cells, nor increase 
target cell sensitivity. These results indicate that Ampligen and IFN-a can act together 
to potentiate both direct antitumor and indirect imnunomodulatory effects. 

~ 7 1  QUANTITATION OF MISMATCHED DOUBLE-STRANDED RNA IN PLASM USING NUCLEIC ACID 
HYBRIDIZATIOF! L.J. Krueger, D.R. Strayer, P.J. Andryuk and N . J .  Borigini, 
Department of Hematology/Oncology. Hahnemann University, Philadelphia,’ PA 

Mismatched double-stranded RNA, poly(I).poly(C ,U) induces measurable quantities of the 
interferons, as well as activates the mediatobg of the interferon response. Studies of 
this drug in tissue culture systems, animal models, and clinical trials have demonstrated 
antitumor effects. The mechanism of this anticellular effect remains unknown. We have 
developed a new method for the measurement of dsRNAs in biological fluids. Quantifying 
dsRNA should not only be useful in measuring and identifying patient parameters which would 
facilitate the utilization of the therapeutic potential of the dsRNAs, but should aid in 
the understanding of the structural requirements of dsRNA antineoplastic action. Protein 
concentration, digestion and denaturation temperatures were shown to have profound effects 
on the linearity and extent of hybryization. This method is sensitive to a clinically 
attainable concentration (10-100x10- ) and can be used in phannacokinetic studies of 
treated patients. Conditions for the quantitation of drug levels in plasma were optimized. 
Results indicate marked variation in patient dsRNA levels (half-lives varied 0-53 minutes). 
Future studies will correlate plasma levels with imnunological and antitumor effects in 
patients receiving this antineoplastic agent. 

19102 
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M72 EFFECT OF INTERFERONS ON MURINE LYMPHOCYTE RECIRCULATION. Eric A. Mann and Donna M. 
Murasko, The Medical College of Pennsylvania, Philadelphia, PA 19129 

We previously demonstrated a transient decrease in the number of thoracic duct lympho- 
cytes(TDL) in mice injected with exogenous interferon(1FN) o r  IFN-inducers. Although a sim- 
ilar decrease L i  TDL may occur in humans, only decreases in peripheral blood leukocytes(PBL) 
have been reported with IFN therapy. Our present studies show that IFN and poly I:C, at less 
than half the dose required to decrease the TDL, decrease the number of PBL. This effect ap- 
pears 6h following IV injection of IFN, peaks at 24h, and disappears by 48h. Although IPN-o( 
is more effective than IFN-p in causing initial decreases in PBL, similar maximum decreases 
were seen at 24h. Analysis of the cells shows that all populations are equally decreased i n  
TDL. In contrast, the decrease in leukocytes in PBL is due to a decrease in lymphocytes; the 
number of neutrophils is increased. To determine the mechanism of these decreases, TDL were 
labelled with 51~r, injected into syngeneic mice at various times before and after IFN 
treatment and migrational patterns were determined. In mice injected with poly I:C 12h after 
inoculation of labelled TDL, small, but reproducible, decreases i n  lung and liver and recip- 
rocal increases in spleen and lymph nodes were noted 1 and 4h later. These results were ob- 
tained by radioactive counts of the organs and autoradiography of tissue sections. Treatment 
with poly I:C 6h prior to inoculation of TDL resulted in a 50% increase in lung and liver 
with a reciprocal decrease i n  spleen and lymph nodes at 1 and 4 h. We postulate that IFN 
exerts its effects on host tissue, rather than on lymphocytes, since in vitro treatment of 
TDL with IFN for 6h causes no alteration in migration patterns. Future studies will examine 
the effect of t'lis decrease on the generation of immune responses. (Supported by A1 16840) 

M73 SYNERGISM BETWEEN IFNy AN0 TUMOrl NECROSIS FACTOR I N  THE INOUCTION/ENHAttCEMENT OF 
HLA EXPRESSION I N  LEUKEHIC A:;D ZARCINOMA CELL LINES, Klaus Pfizenmaier, Mar t in  
Kronke and Pz le r  Scheurich, C1 i n i  cal Research Group BRVITI, Max-Planck-Society, 3400 
Gotiingen, F.R.G. 

Thew i s  ample evidence t h a t  IFNy enhances HLA c lass I and c lass I 1  ant igen expression and 
a f f e c t s  growth and d i f f e r e n t i a t i o n  o f  both aa l ignant  and nonmalignant c e l l s  from ?!i.-ious 
t i s s u e  o r i g i n s .  With respect t o  i t s  anti tumoral a c t i v i t y ,  t h e  observation o f  s t rong synerg- 
i s t i c  ac t i on  together  w i t h  Tumor Necrosis Factor i s  o f  p a r t i c u l a r  i n t e r e s t .  To dare, these 
observations have been confined t o  the  growth i n h i b i t o r y / c y t o t o x i c  ac t i on  o f  t he  two cyto-  
kines. We have invest jgated,  whether TNF and IFNv might have a broader spectrum o f  synerg- 
i s t i c  a c t i v i t i e s  and analyzed the  modulat ion o f  HLA expression i n  leukemic and colon ca rc in -  
oma c e l l  l i n e s .  The data obtained prov ide evidence t h a t  TNF, which on i t s  own has no o r  on l y  
a moderate i n f l dence  on HLA expression, can s t rong ly  enhance the  IFNY induced expression o f  
HLA-32 antigens on c e l l  l i n e s  sens i t i ve  t o  t h i s  IFN e f f e c t .  No induc t i on  o f  HLA-DR was 
achieved i n  c e l l  l i n e s  which were i n  t h i s  respect  r e s i s t a n t  t o  IFNY alone. However, i n  HLA- 
DR non- inducib le  c e l l s  combined treatment w i t h  TNF/IFNY resu l ted  i n  s t rong ly  enhanced ex- 
pression o f  HLA ABC antigens. We are c u r r e n t l y  i n v e s t i g a t i n g  whether TNF enhances the  IFNr 
induced HLA gene expression a t  t he  t r a n s c r i p t i o n a l  o r  a pos t - t ransc r ip t i ona l  l e v e l .  

M74 TA.2 AUTCCRI'!E SYSTEM FOR IFY oC/P AYD TGFP IN THE NOUSE C-243 CELLS : 
THE DCMINANCE OF TGFP , Maldemar Popik and Anna D, Inglot ,  I n s t i t u t e  
of Immunology and Experimental Therapy, 53-114 XrocZaw, Poland 

The clone of mouse C-247 c e l l s  adapted t o  growth in suspension was found 
t o  produce both IFNNd/P and a growth factor  which has a l l  properties of 
T'SFf3. TGFPfrom C-241, c e l l s  w a s  purified t o  homogeneity. C-243 s e l l s  are 
s e n s i t i v e  t o  both I F N d / , &  and T G F P .  TGFP acts a s  antagonist of IPIi. C-243 
c e l l s  grown as large subcutaneous tumors in irradiated or non-irradiated 
mice can be stimulated for increased 
or with antibodies  neutral iz ing  I F N d  4"p . On the  other hand IFN d/P i n h i b i t s  
the growth of C-245 tumors. The progresive growth of  C-243 tumors anS the 
transformed morphology of the ce l l s  appear t o  be due to T G F P ,  Although 
TGFp is a condit ional  inhibi tor  of some c e l l s  i n  our system it appears t o  
act  only as a growth stimulant in contrast t o  IFNd/p which function as 
growth inhibitors .  

o l i f e r a t i o n  by treatment e i ther  TGFP 
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M75 EVALUATING THE ENHANCEMENT OF TUMOR NECROSIS FACTOR CYTOTOXICITY, 
James C. Salwitz. Robert B. Dickson, Marc E. Lippman, NCI, Bethesda M). 

Tumor Necrosis Fac to r (TK)  i s  a cy to tox i c  lymphokine which has been evaluated i n  
a number o f  shor t  term tunor  c e l l  t o x i c i t y  assays. I n  t h i s  study a comparison 
was made o f  t he  e f f e c t s  o f  TNF i n  long term c e l l  c lon ing assays, such as monolayer 
and s o f t  agar cloning, and shor t  t e n  c e l l  k i l l i n g  assays, such as 18 hour c e l l  
k i l l i n g  and 48 hour thymidine l abe l  assays. It was found t h a t  long term assays 
reproduced t h e  r e s u l t s  seen i n  shor t  term assays, but were more sens i t i ve  t o  
d i f ferences i n  c e l l  l i n e  s u s c e p t i b i l i t y  t o  TNF i n h i b i t i o n .  I n te r fe ron  synergy 
w i t h  TNF could be e a s i l y  d m n s t r a t e d  and quanti tated. 
cancer c e l l s .  which were r e l a t i v e l y  r e s i s t e n t  t o  TNF. were q u i t e  sens i t i ve  t o  
TNF I n  the  presence o f  a non-toxic dose o f  gamma in ter feron.  These techniques 
were used t o  evaluate prev ious ly  unreported synerg i s t i c  agents, such as 
l upep t in  and monensin. 
and simple methods of evaluat ing TNF a c t i v i t y ,  and po ten t i a l  syne rg i s t i c  agents. 

T47D human breast 

Long term c lon ing  assays of fer  r e l i a b l e .  accurate 

M76 INHIBITION OF HERPES SIMPLEX VIRUS TYPE 1 mRNA ACCUMULATION BY INTERFERON, Opendra 
K. Sharma, Biswendu B. G o s w a m i ,  and Randall J. Cohrs, AElC Cancer Research Center ,  

Denver, Colorado 80214 
H l m w  recombinant i n t e r f e r o n  a, 6, y or n a t u r a l  i n t e r f e r o n  6 e f f e c t i v e l y  i n h i b i t e d  r e p l i c a -  
t i o n  of  HSV-1 i n  Vero cells. I n t e r f e r o n  reduced t h e  s t eady  s t a t e  l e v e l s  of  HSV-1 mRNAs f o r  
ICP-4 and ICP-0 ( inmediate-ear ly  p r o t e i n s ) ,  followed by i n h i b i t i o n  of  syn thes i s  of t h e  
e a r l y  p r o t e i n s ,  Tk (thymidine k i n a s e ) ,  ICP-8 (DNA binding p r o t e i n )  and e a r l y - l a t e  p r o t e i n  
(major caps id  p r o t e i n ,  ICP-5). A corresponding reduct ion i n  t h e  s t eady  state levels of 
mRNM f o r  Tk and ICP-5 w a s  also observed. In t e r f e ron  i n h i b i t e d  ICP-5 mRNA accumulation com- 
p l e t e l y  and reduced ICP-4 mRNA l e v e l  by 80-90% a t  1 h and 3 h pos t - in fec t ion ,  r e spec t ive ly .  
However, t h e r e  w a s  a marked d i f f e rence  i n  response t o  i n t e r f e r o n  t reatment  on t h e  accumula- 
t i o n  of ICP-0 and Tk mRNM i n  cytoplasm. I n i t i a l l y  accumulation of both of t h e s e  mRNAs was 
completely i n h i b i t e d  by i n t e r f e r o n ,  however, with an inc rease  i n  t i m e  a f t e r  i n f e c t i o n ,  i n -  
c r eased  arounts of both mRNAs w e r e  de t ec t ed  i n  cytoplasm. By 5 h pos t - in fec t ion  ICP-0 and 
7% mRNAs w e r e  p r e s e n t  a t  439 and 31% respec t ive ly  of  l e v e l s  of  t h e s e  mRNAs i n  u n t r e a t e d c e l k  
The effect of i n t e r f e r o n  and v i r u s  i n f e c t i o n  on t h e  s t eady  state levels of 6-actin nRNA and 
i n t e g r i t y  of 28s rRNA w a s  determined t o  a s c e r t a i n  whether t h e  reduct ion of  v i r u s  s p e c i f i c  
mmM w a s  due t o  t h e i r  degradat ion.  N o  s i g n i f i c a n t  reduct ion i n  t h e  cytoplasmic l e v e l s  of 
6-actin W A  w a s  observed i n  i n t e r f e r o n  t r e a t e d  v i r u s  i n f e c t e d  cells, compared t o  un t r ea t ed  
i n f e c t e d  cells. F u r t h e m r e ,  t h e  degradation of rRNA i n t o  c h a r a c t e r i s t i c  p a t t e r n  of  prod- 
u c t  ghich is an i n d i c a t o r  of 2-5A dependent endonuclease a c t i v a t i o n  w a s  n o t  seen. The 
res ’ presen ted  he re  suggest  a d i f f e r e n t i a l  e f f e c t  of  i n t e r f e r o n  on HSV gene expression.  

M77 MECHANISM OF THE SYNERGISTIC ANTIPROLIFERATIVE EFFECT OF INTERFEROR 
ALPHA 2 WITH BLkXBlYCIN ON A HUtIAN LEUKEMIA CELL LINE (E 562). 
L.Sll’v.nwtro,I:Viano,G.Compagnoni and B.Genazzani,Institute of Phamg 
cology,Medical Schoo1,University of Turin - Italy 

In previous experiments we found a -ergistic antiproliferative effect of 
interferon alpha @ (IFR) with bleomycin (BU) on I( 562 cell line (I.Viano, 
L.Silvestro et al.,Abstracts book I985 TNO-ISIR meeting on the interferon 
sgstem).BM! and IFN alone are quite ineffective against this cell line; we 
have evaluated the IFN effect on growth kinetic,BlM uptake and cellular fate 
of this drug as pousible mechanism of this sinergy.Cel1 kinetic,measured 
with labeling index, with the low doses of IFN used is slightly affected. 
Intracellular levels of BLM,evaluated with a biological assay against B.Sub 
tilis,do not change after IFN treatment.Bleomycinase activity,tested with 
the same biological assay , in homogenate of cells receiving IFN is unchan 
ged .The inibithion of DNA repair mechanisms or an enhancement of the DNA 
damage induced by bleomycin seem to be promising hypothesis to explain this 
synergy.Now we are evaluating these suggestions and the results will be shown 
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M78 SYNERGISTIC ANTITUMOR EFFECT OF INTERFERON-a AND MISMATCHED DOUBLE-STRANDED RNA 
AGAINST FRESH HUMAN TUMOR CELLS, David R. Strayer, Pauline Watson, Sheila Mayberry, 
and William A. Carter, Department of HematologylOncology. Hahnemann University. 
Philadelphia, PA 19102 

The antitumor activity of human leukocyte interferon-a (IFN-a) obtained from the New York 
Blood Center and mismatched double-stranded RNA (Amplfgen) were studied individually and in 
combination on fresh human solid tumor biopsy samples using a clonogenic assay. Smgle 
cell suspensions of tumr cells were plated in triplicate in soft agar in the presence or 
absence of IFN-a, Ampligen, or both, and colonies ( >  40 cells) were counted at 15-20 days. 
Adequate colony formation to evaluate IFN-a/Ampligen sensitivity 0 3 0  colonies/plate) was 
obtained in 53 cases. A synergistic antitumor effect of the combined IFN-a (1000 units/ml) 
and Ampligen (250 ug/ml) treatment was seen in 2/6 breast carcinomas (33%). 2/5 ovarian 
carcinomas (40%), 4/8 melanomas (50%). and 20/34 renal cell carcinomas (59%). The 
antiproliferative effect of IFN-a against renal cell carcinoma was potentiated > 20-fold 
(mean) by the syner istic interaction with Ampli en. While the sensitivity (>60% decrease 
in colony formation! of renal tumors to IFN-a f24%) and Ampligen (21%) individually was 
low, 22/34 samples were sensitive to the combinational treatment. Although clinical trials 
coupled with in vitro clonogenic studies will be needed to better define the therapeutic 
potential of this combination, these results indicate that IFN-a and Ampligen in 
combination may be more effective at exerting an antiproliferative effect than either agent 
alone. 

M79 PROPERTIES OF MODIFIED MOUSE INTERFERON ALPHA SPECIES, Jan Trapman, 
Margreet van Heuvel, E l len  Zwarthoff, Jaap Bosveld and Paul  Xlaassen, 
Department of Pathology, Erasmus Universi ty ,  Rotterdam, The Netherlands 

Five d i f f e r e n t  mouse i n t e r f e r o n  alpha (Mu IFN-ff) genes (Q1,2,4,6 and 9 )  
w e r e  i s o l a t e d  and t h e  amino ac id  sequence as deduced from t h e  nuc leo t ide  
sequence determined. A l l  f i v e  genes code f o r  a b i o l o g i c a l l y  a c t i v e  pro te in .  
Four out  of f i v e  p r o t e i n s  contain a p u t a t i v e  N-glycosylation s i te  a t  amino 
a c i d  p o s i t i o n  78 t o  80. Cysteine res idues  are found i n  a l l  f i v e  pro te ins  a t  
p o s i t i o n s  1, 29, 86, 99 and 139. Mu IFN-ff4 has a d e l e t i o n  of f i v e  amino 
ac ids  a t  p o s i t i o n  103 t o  107. I f  t r a n s i e n t l y  expressed i n  COS c e l l s  most 
a n t i v i r a l  a c t i v i t y  is produced by t h i s  ff4 gene. (Y1 and ff6 show t h e  h ighes t  
a c t i v i t y  on hzterologous cells. 
Hybrid genes Mere prepared between t h e  Yl and (Y4 and the  f f 2  and f f4 gene 
using common r e s t r i c t i o n  enzyme recogni t ion sites. ff2/ff4 hybrids  produce, 
i n  c o n t r a s t  t ~ f f l / C X 4 ,  (Y4/CY1 and ff4 / f f2  hybrids  l a r g e  amounts of a n t i v i r a l  
a c t i v i t y .  S i te -d i rec ted  mutagenesis experiments show t h a t  0'1 and 012 
modified i n  t h e  N-glycosylation s i t e  have t h e  same a n t i v i r a l  a c t i v i t y  a s  t h e  
o r i g i n a l  pro te ins .  Moreover, it was found t h a t  cysteine-99 is  not  e s s e n t i a l  
f o r  b i o l o g i c a l  a c t i v i t y .  Fur ther  experiments on s t r u c t u r e / f u n c t i o n  ana lys i s  
of Mu IFN-ff pro te ins  are i n  progress .  

~ 8 0  CHARACTERIZATION AND CLONING OF AN INTERFERON REGULATED dsRNA BINDING PROTEIN USING A SPECIFIC t.11ONOCLONAL ANTIBODY, Linda J.Z. Penn, Hunt Willard, and Bryan R.G. 
Williams, Hospital for Sick Children and Departments of Microbiology and Medical 
Genetics, University of Toronto, Toronto, Ontario, M5G 1x8. 

A monoclonal antibody (MAb) (10A5) has been previously described which demonstrates specif- 
icity to a dsRN4-binding phosphoprotein of approximate 68K Mr wyich is localized to the cell 
cytoplasm and elevated 2-3 fold with interferon (IFN) treatment . Although these charactcr- 
istics of the 10A5 antigen resemble those of IFY induced, dsRNA binding protein kinase, 
analysis of mouse/human hybrid cells by imnunoblotting and human protein kinase activity 
suggest the two proteins are not identical. 
with MAb 10A5 revealed the 10A5 antigen is localized to human chromgsome 12, where the genes 
of two other IFN induced proteins have also recently been localized . To further character- 
ize the 10A5 antigen. a human cDNA expression lambda gtll library was screened with MAb 
10A5. 
imnunoblotting. 
(3.2kb) in human but not mouse cells. 

Interestingly, imnunoblotting the hybrid lysates 

A cDNA clone was isolated which encodes a fusion protein binding to MAb 10A5 in 
Northern blot analysis showed this cDNA binds to a single RNA transcript 

1. Penn & Williams, 1985 PNAS 82:4959. 
2. Saunders et al, 1985 In, The 2-5A System: Clinical and Molecular Aspects of the 
Interferon Requlated Pathway (R.Silverman & B.Williams, eds) Alan R. Liss, NY (In press) 
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~ 8 1  INDUCTION OF INTERFERON-BETA BY A FIBROBLAST GROWTH.FACTOR ("TUMOR NECROSIS 
FACTOR"): A HOMEOSTATIC MECHANISM IN THE CONTROL OF CELL PROLIFERATION. 

Masayoshi KDhase. Dorothy Henriksen-DeStefano and Jan VilEek, New York University 
Medical Center. New York, N.Y. 10016. 
Earlier studies showed that tumor necrosis factor (TNF) exerts a potent mitogenic 
effect in human diploid fibroblasts. 
E. coli-derived recombinant human TNF induces an antiviral state against 
encephalomyocarditis virus in human FS-4 foreskin fibroblasts. Induction of the 
antiviral state by TNF was demonstrable in confluent, "aged" FS-4 cells but not in 
freshly seeded cultures. 
prevent development of the antiviral state induced by TNF. However, addition of 
neutralizing antibodies specific for human interferon (1FN)-beta inhibited 
development of the TNF-induced antiviral state, indicating that it is mediated by 
the generation of IFN-beta. Furthermore, a concentrate of culture fluid from FS-4 
cells exposed to RIP was shown to contain small quantities of antiviral activity 
that was abolished in the presence of antiserum to human IFN-beta. We also show 
that antiserum to human IFN-beta enhanced the mitogenic effect of TNF in confluent 
serum-starved FS-4 cells. Since IFN-beta inhibits the mitogenic action of TNF, 
induction of IFN-beta by TNF and some other growth factors (e.g., interleukin 1 or 
platelet-derived growth factor) may represent a physiological negative feedback 
mechanism regulating cell proliferation. (Supported in part by NIH grant AI-12948 
and by a grant from Suntory Limited.) 

Here we demonstrate that highly purified 
-- 

Antibodies to human IFN-alpha or IFN-gamma did not 

M82 
Vilzek, New York University Medical Center, New York, N.Y. 10016. 
In earlier studies we showed that IFN-gamma increased tumor necrosis factor (TNF) binding 
in several transformed cell lines and in human foreskin fibroblasts. Enhanced TNF binding 
was shown to be due to an increased synthesis and expression of TNF receptors in cells 
incubated with IFN-gamma (Tsujimoto et al., in press). In the present study we examined 
the effect of IFN-alpha and IFN-beta on the binding of 1251-TNF to receptors in HeLa and 
HT-29 cells. In HeLa cells both IFN-alpha or -bets increased TNF binding, whereas in 
HT-29 cells these two IFNs slightly decreased TNF binding. Furthermore, IFN-alpha and 
-beta exerted an antagonistic effect on IFN-gamma-induced stimulation of TNF binding in 
HT-29 cells. 
-beta on IFN-gamma-induced expression of la antigen in murine monocytes (Ling et al., J. 
Immunol. 135, 1857, 1985). Despite the inhibitory effect on TNF binding, IFN-beta and TNF 
acted synergistically in producing an antiproliferative effect in HT-29 cells, both in the 
presence and absence of IFN-gamma. 
mechanisms separate from the effects of IFNs on TNP receptor expression. (Supported in 
part by NIH grant AI-12948 and by a grant from Suntory Limited.) 

DIFFERENTIAL EFFECTS OF INTERFERONS ON THE BINDING OF TUMOR NECROSIS FACTOR TO 
RECEPTORS IN TWO HUMAN CELL LINES. Masafumi Tsujimoto, Rena Peinman and Jan 

This finding is reminiscent of the antagonistic effect of IFN-alpha and 

Thus, synergism between IFNs and TNF can occur by 
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M83 MECHANISMS OF ACTlON OF IYTFFERONS IN FRIEND YLLS: ANTIVIRAL STtTE AND DIFFEREN- 
TIATION, GiovanTi B. Rossi ’ , Mau izio Federico , Eliana M. Coccia , Elisabetta 

ffabris’, Giovanna Romeo , Departments of ‘Virology, Istituto Superiore di Sanitl, Rome and 
*Cellular and Developmental Biology, University “La Sapienza“, Rome, Italy. 
Friend leukemia cells (FLC) are mouse nucleated erythroid precursors able to differentiate & 
vitro when treated with dimethylsulfoxide (DMSO). Variant sublines of FLC resistant to the 
Tinterferon (1FN)-induced antiviral state (1) have been isolated in ouy2pboratory. Both 
IFN-resistant and wild-type FLC show a specific saturable binding site for I-mouse a.3 pure 
IFN. Cell extracts of a,5 IFN-treated variants do not show any induction of the IFN-induced 
dsRNA-dependent 2-5A synthetase (2) and the 67K protein kinase activities. On the contrary, 
these variants are susceptible to y IFN: yet no inducible 2-5A synthetase activity is detecta- 
ble in extracts of cells exposed to y IFN. The 67K protein kinase activity is, instead, in- 
duced. It appears therefore that FLC variants can develop a bona fide antiviral state in the 
absence of any inducible 2-5A synthetase activity (3). 
The responses of our a,6 IFN-resistant FLC clones to a , B  o r  y IFNs with respect to the mod- 
ulation of erythroid differentiation are summarized herebelow: 

modulation of differentiation by 
a,B IFN y IFN 

cell clones low doses high doses 

wild type 
resistant 

enhanced inhibited inhibited 
none inhibited inhibited 

Analysis of induction of 2-5A synthetase and 67K protein kinase activities, when resistant FLC 
clones are induced to differentiate and treated with IFNs, suggests that these enzymatic path- 
ways are not involved in the inhibition of erythroid differentiation mediated by IFNs. With 
respect to the Y IFN treatment of resistant clones, only a 4-day exposure to DMSO and natural 
or  recombinant y IFN results in the detection of a small but significant 2-5A synthetase ac- 
tivity undetectable. Studies of 2-5A synthetase mRNA expression show no induction of 2-5A 
synthetase mRNA in these variants when the cells are treated with 200 U/ml of a,B IFN and ana- 
lyzed by Northern blot using a cDNA probe for human 2-5A synthetase. 

1) Affabris et al., Virology 120: 441, 1982. 
2) Affabris et al., Virology 125: 508, 1983. 
3) Romeo et al., J. Biol. Chem. 260: 3833, 1985. 

M84 INTERFERON (1FN)-DEPENDENT-REGULATION OF VIRUS-INFECTED TARGET CELL SUSCEPTIBILITY 
TO NATURAL KILLER (NK) CELLS AND CYTOTOXIC T LYMPHOCYTES (CTL). Raymond M. Welsh 
and Jack F .  Bukowski, Univ. Mass. Medical School, Worcester, MA 01605. 

A variety of experimental approaches have indicated that NK cells mediate natural resis- 
tance of mice to murine cytomegalovirus (MCMV) but not to lymphocytic choriomeningitis 
virus (LCMV). Class I histocompatibility antigen (H-2)-restricted CTL regulate the LCMV 
infection. Both virus infections induce I F N ,  which activates NK cells and simultaneously 
induces a state of resistance to NK cellloediated lysis in target cells. Bone marrow 
cells and thymcytes isolated from IPN-treated or LCMV-infected mice have markedly in- 
creased H-2 antigen expression and enhanced susceptibility to allospecif ic CTL-imdiated 
lysis but are resistant to NK cells. LCMV-Infected target cells treated with IFN become 
resistant to NK cells but are much more sensitive to virus-specific CTL. In contrast. 
MCMV-infected target cells treated with IFN remain susceptible to NK cells. These diverse 
IPN-mediated effects on virus-infected target cells may account for the relative roles of 
NK cells and CTL i n  regulating different virus infections. 




