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OF NOVEL STABILIZEJ) ( 2 l - 5 ' )  (A) ANALOGUES 

+ 
B. Uayard ( I ) ,  I,.D.Leserrnat~ (21, C .  H i s b a l  ( 1 ) ,  G .  Huez ( 3 ) ,  
M . S i l h o l ( 1 )  and B .  Lebleu  (1)  
( 1 )  L a b o r a t o i r e  de Biochimie  d e s  P r o t s i r i e s ,  ERA CNRS 4 8 2 ,  Wnivers i tG de 
M o n t p e l l i e r  11, 34060 M o n t p e l l i e r  cedex  ; ( 2 )  C e n t r e  d ' Immunologie  
INSERM-CNKS, Marse i l le -Luminy,  and (3) DGpartement d e  B i o l o g i e  
M o l g c u l a i r e ,  U n i v e r s i t g  L i b r e  de B r u x e l l e s ,  1640 Rhode S t  Gengse.  

SUMMARY 

5 '  and  2 '  s t a b i l i z e d  ( 2 ' - 5 ' )  ( A ) n  a n a l o g u e s  were s y n t h e s i z e d  by 
chemica l  m o d i f i c a t i o n s  of e n z y m a t i c a l l y  p o l y m e r i z e d  ( 2 ' - 5 ' )  ( A ) n  
o l i g o m e r s .  They e x h i b i t  a n  i n c r e a s e d  a n t i v i r a l  a c t i v i t y  a f t e r  micro-  
i n j e c t i o n  i n  HeLa c e l l  cy toplasm i n  agreement  w i t h  t h e i r  augmented 
m e t a b o l i c  s t a b i l i t y .  T h e i r  s p e c i f i c  i n  v i t r o  d e l i v e r y  t o  mouse leukemia  
c e l l s  a f t e r  e n c a p s u l a t i o n  i n  t a r g e t t e d  l iposomes  l e a d s  t o  a t r a n s i e n t  
i n h i b i t i o n  of p r o t e i n  s y n t h e s i s  and an a n t i v i r a l  a c t i v i t y .  

Convinc ing  e v i d e n c e  f o r  a r o l e  of  ( 2 ' 5 ' )  (A)*. o l i g o m e r s  as 
m e d i a t o r s  of i n t e r f e r o n ' s  a n t i v i r a l  a c t i v i t y  i s  now a v a i l a b l e  (1,2 f o r  
r e v i e w s ) .  

The u t i l i s a t i o n  o f  ( 2 ' - 5 ' )  (A)n d e r i v a t i v e s  i n  a n t i v i r a l  
chemotherapy might  t h u s  be  c o n s i d e r e d  p r o v i d e d  : 

1) t h e  m e t a b o l i c  s t a b i l i t y  of  n a t u r a l  ( 2 ' - 5 ' )  (A)n o l i g o m e r  i s  
i n c r e a s e d  w i t h o u t  a f f e c t i n g  s t r u c t u r a l  r e q u i r e m e n t s  f o r  r e c o g n i t i o n  of 
a 2-5A dependent  e n d o r i b o n u c l e a s e  (RNase L ) ,  i t s  o n l y  known t a r g e t .  I n  
a d d i t i o n ,  c o n s t r u c t i o n  of  a n a l o g u e s  whose d e g r a d a t i o n  p r o d u c t s  
t h e m s e l v e s  a r e  b i o l o g i c a l l y  a c t i v e  o r  c y t o t o x i c  s h o u l d  p r e f e r a b l y  be  
a v o i d e d .  

2 )  t h e  a s s o c i a t i o n  of t h e s e  d e r i v a t i v e s  w i t h  v e c t o r s  a n d / o r  
c h e m i c a l  m o d i f i c a t i o n s  a l l o w i n g  t h e i r  p e n e t r a t i o n  i n  i n t a c t  c e l l s .  

Adeiiosinr 5 '  t r i p h o s p h a t e  was e n z y m a t i c a l l y  polymer ized  w i t h  2-5A 
synt1iet;ise f rom TFN-treated IteI,n c e l l s .  ( 2 ' - 5 ' )  (A) o l i g o m e r s  were 
s e p a r a t e d  by ion-exchange chromatography and chemicayly  c o n v e r t e d  t o  
p ho sp h o d  i e s t e r a he - r e s i s  t an t d e  r i v a  t i v e  s by o x i d a  t i o n  o f t h e  t e rmina 1 
r i b o s e  r e s i d u e  w i t h  Na p c r i o d a t e  and r e d u c t i o n  w i t h  Na b o r o h y d r i d e ,  
fo l lowed by m i l d  a c i d  h y d r o l y s i s .  S i n c e  such  2 ' - p r o t e c t e d  ana logut i s  a r e  
s t i l l  s u b j e c t  t o  d e g r a d a t i o n  by c e l l u l a r  p h o s p h a t a s e s  (3) s i m i l a r  
m o d i f i c a t i . o n  of  ( 8  S )  ( 2 ' - 5 ' )  (A)n a n a l o g u e s  polymer ized  e n z y m a t i c a l l y  
from a d e n o s i n e  5 ' -0  ( 3 - t h i o t r i p h o s p h a t e )  h a s  been per formed.  
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158 BAYARD F:T AL. 

(2'-5') ( A )  a n a l o g u e s  have been c h a r a c t e r i z e d  by HPLC, i o n  
c:xrh;inge chromn?ography and RMN a n a l y s i s .  

The d e g r a d a t i o n  of t h e s e  2 '  a n d / o r  3 '  m o d i f i e d  (2'-5') (A)n 
d c r i v a t i . v e s  i n  c e l l - f r e e  e x t r a c t s  h a s  been  f o l l o w e d  by HPLL ( F i g . ? ) .  

(2'-5')(A) d e r i v a t i v e s  p r o t e c t e d  a t  b o t h  t l i e i r  5 '  and 2 '  e n d s  
a ~ - e  inore s t & l e  t h a n  2 'end-modi t ied  a n a l o g u e s  o r  unmodif ied  
(1"-5') ( A )  o l ~ i g o m e r s  i n  agreement  w i t h  a c o n t r i b u t i o n  of boLh 
p l i o s p h o d i e g t e r a s e s  and p h o s p h a t a s e s  i n  ( 2 ' - 5 '  ) (A)n c a t a b o l i s m .  

( 2 ' - 5 ' )  (A ) I ,  d e r '  a t i v e s  compete  t o  t h e  same e x t e n t  as  n a t u r a l  
( ? ' 5 ' ) ( A )  w i t h  a C3'P] (2 ' -5 ' ) (A)npCp probe  f o r  b i n d i n g  t o  RNase I, 
~ 1 1 e y  e x t i i t i t  i i  powt . . r iu l  a n t i v i r a l  a c t i v i t y  a g a i n s t  v e s i c u l a r  s l u m a t i t i s  
v i r u s  ( V S V ) ,  an RNA v i r u s ,  when m i c r o i n j e c t e d  w i t h  m i c r o p i p e t t e s  i n  HeLa 
c e l l  cy toplasm.  

T h i s  and o t h e r  work ( 1 , 4  f o r  r e v i e w s )  t l ius  p r o v i d e s  s a t i s f a c t o r y  
means f o r  t h e  s t a b i l i z a t i o n  of ( 2 ' - 5 ' )  (A)L,  o l i g o m e r s  a g a i n s t  
d e g r a d a t i o n  by c e l l u l a r  enzymes. However no s o l u t i o n  h a s  y e t  been  
p r o v i d e d  t o  t h e  problems caused  by c e l l  i m p e r m e a b i l i t y  towards  s u c h  
h i g h l y  c h a r g e d  compounds. I n d e e d ,  r e p o r t e d  b i o l o g i c a l  a c t i v i t y  of  less  
charged  d e p h o s p h o r y l a t e d  o r  "core"  ( 2 ' - 5 ' )  ( A ) n  d e r i v a t i v e s  i s  n o t  
e x e r t e d  t h r o u g h  r e - p h o s p h o r y l a t i o n  and  a c t i v a t i o n  of RNase 1, 
(I, Lor i r i s l a n c e )  . A t t e m p t s  t o  d e c r e a s e  t h e  h y d r o p h i l i c  c h a r a c t e r  of 

a, 
U .- 
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NOVEL STABILIZED (2'-5') (A), ANALOGUES 159 

TABLE 1 Antiviral activity of liposome-encapsulated ( 2 ' - 5 ' )  ( A ) 5  
and (2 ' -5 ' ) (A) analogues 

J 

Ce 11 treatment Virus yield % control 
(infectious units x m1-l) 

Free (2'-5') (A)5 3 . 6  x 10' 

7 

7 

7 

6 

Free (2'-5') (A) -PGro 1.8 x 10 5 

Liposomes without ( 2 ' - 5 ' )  (A)5 2 . 8  x 10 

1.8 x 10 Liposomes with (2'-5') (A)5 

5 Liposomes with (2'-5')(A) PGro 1.5 x 10 

- 

- 

100 

63 

5 

(2'-5') ( A )  oligomers have been unsuccessful until now (6 for examp1.e) 
and presen?ly described ways (cell permeabilisation, calcium phosphate 
coprecipitation or microinjection) of introducing (2'-5')(A), in 
intact cells are not susceptible of in vivo extrapolation. 

W t ,  tli~?r-eflore sncdpsulated J L S - . 5 ' )  ( A ) ~  o r  ( 2 ' - - 5 ' )  (A)n 
d c r i v a  t i~ves iri the aqueous compartment of small unilamel lar lipnsomes 
covaleritly coupled t o  Staphylococcus ~ U I - ~ U S  p r o t e i n  A. 

T l i i s  provided a vehicle whose cuiitents can bc delivered Cspecifi- 
cal ly with the help of appropriate monoclonal antibodies (directed 
against murine histocompatibility antigens in our experimental model) to 
cells bearing the cognate antigens at their surface (7). Protein 
synthesis is inhibited in a time-dependent way after the interaction of 
mouse leukemic L1210 cells with (2'-5')(A) - containing liposomes, as 
expected if the 2-5A dependent endoribonuclease is activated by the 
intracytoplasmic delivery of (2-5')(~i)~ oligomers after endocytosis of 
liposome-associated material. Such cells are partially protected against 
virus infection when challenged with VSV as illustrated in Table 1 for 
the (2'-5') (A) PGro analogue. n 

Although several problems remain to be solved before any in vivo 
extrapolation, these experiments strongly suggest that stabilized 
(2'5')(A) derivatives in association with suitable vectors are 
capable 0% entering cells through an endocytic pathway while keeping 
their biological activity. 

n 

This work has been supported by grants from ARC and CNRS. 
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