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Folio acid was found to stimulate and its s [ ructura l  analog methotrexate was found to inhibit 
the reproduct ion of an oncogenic RNA-containing virus in tissue culture. 
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The reproduction of the oncornavi ruses  is c losely  linked with DNA synthesis  of the host cell and the 
continuous functioning of the cel lular  enzyme sys tems,  Work in Bi rd ' s  laboratory,  for instance, has shown 
that the reproduct ion of one member  of this group of v i ruses  - the virus of avian myeloblas tosis  - is highly 
dependent on the sys tem of relate eoenzymes  [2]. An important  coenzyme function of relic acid der ivat ives  
is their  part icipat ion in the biosynthesis  of thymidylic acid. 

It was therefore  decided to study the effect of methotrexate ,  a s t ructural  analog of relic acid prevent-  
ing thymidylic acid synthesis  by blocking the int raeel lular  enzyme dihydrofolate reductase [3], on the r e -  
production of an RNA-containing oneogenic virus.  

E X P E R I M E N T A L  M E T H  OD 

Rauscher  leukemia virus was used as the experimental  model. A culture of BALB/c mouse e m b r y -  
onic cells  af ter  growth for 48 h was infected by exposure for 60 min with a 0, 5% splenic ext rac t  f rom leu-  
kemic mice,  af ter  which the cel ls  w e r e  suspended in nutrient medium (20 % bovine serum,  80 % medium No. 
199, and 100 i .u . /ml  penicillin) in a concentrat ion of 500,000 ce l l s /ml ,  and samples  of 10 ml were poured 
into 100-ml flasks. After  3 days the cells  were t ransfered  to fresh flasks with the same seeding dose. On 
the 6th day of secondary  growth, when the cell  concentrat ion was 1,500,000/ml, the culture fluid was tested 
for its content of infectious virus.  Folio acid in a concentrat ion of 100 ttg/ml or  methotrexate (Lederle, 
USA) in a concentrat ion of 5/~g/ml was added 1 h af ter  the beginning el  contact  between virus and cells,  
af ter  which the prepara t ions  were added at each change of the medium. In some exper iments  the metho- 
trexate was added 72 h af ter  conjugation of the virus with the cells,  Cultures grown without addition of the 
prepara t ions  acted as the control;  the folio acid concentrat ion in this case was 0.01 #g /ml  on account of 
the medium No. 199. To test  the infectious activity of the culture quid it was injected in t ramuscular ly  in 
doses of 0.025 and 0.5 ml into BALB/c  mice aged 3-4 weeks. The animals remained under observat ion for 
4 months, during which the number  of those dying from leukemia was counted, 

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

The resul ts  of the tests  of the culture fluid for infectious activity are  given in Table 1. They show that 
reducing the dose of culture fluid by 20 times (from 0.5 to 0.025 ml) of the control  cul tures  reduced the 
number  of mice dying from leukemia f rom 65 to 3.7 %; on infection with culture mater ia l  with a relic acid 

D. L Ivanovskii Institute of Virology, Academy of Medical Sciences of the USSR, Moscow. (Presented 
by Academician of the Academy of Medical Sciences of the USSR V. M. Zhdanov.) Translated f rom Byul- 
leten'  t~ksperimental 'noi Biologii i Meditsiny, Vol. 78, No. 7, pp. 85-86, July, 1974. Original ar t ic le  sub- 
mitted June 4, 1973. 

�9 1974 Consultants Bureau, a division of  Plenum Publishing Corporation, 227 g/est 17th Street, New York, N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of the publisher. A 
copy of this article is available from the publisher for $15.00. 

801 



TABLE 1. Reproduction of Rauscher  Leukemia  Virus in Mouse 
Embryonic  Cel ls  Depending on Concentrat ion of Folio Acid and 
Methotrexate  

I concen-- ~1 Addition ~Vol. of I No. of mice ~ Mortalityl] 
[ _. I afterad-I ~ul~ure ] . . . .  ] . -  

p repara t ion  ~anon ]qomtion tfl uid in- linfected [ dvin~ (in %) I P 
I (in / . ' .  Ijected(inl I " -  ~ 

I .g/mi  !~  I t I 1 

Folic acid 

M e t h o t m x a t e  

t I 0,01 InitiaUy I 0,5 
I 0,025 

100,0 /Al~erlht 0,5 
0,025 

5,0 ] ,,lh I 0,5 
[ ~ 72hl 0,5 

I 

60 
54 
60 
58 

60 
57 

39 
2 

60 
33 

65.0 
3,7 

100,0 
56,9 
0.0 

91,2 

<0,01 
~o,ol 
d0,01 

Note. Resul t s  of 3 pa ra l l e l  expe r imen t s  a r e  pooled in the table. The 
level  of s ignif icance (P) and d i f fe rences  between responses  in the ex-  
pe r imenta l  and control  s e r i e s  were  calculated with the aid of  the • 
c r i t e r ion .  

concentra t ion in the medium of 100/~g/ml,  the mor ta l i ty  among the exper imen ta l  an imals  was 100 and 56.9% 
respect ive ly .  The cul ture  fluid f rom cul tures  to which metho t rexa te  was added 1 h a f t e r  adsorpt ion of the 
virus  did not cause  death of the an imals  f rom leukemia.  If cul ture  fluid f rom cul tures  in which m e t h o t r e x -  
ate was p re sen t  72 h a f t e r  contact  between v i rus  and the ce l l s  was injected into mice ,  91.2 % of the infected 
an imals  died. 

The r e su l t s  indicate that the reproduct ion of Rauscher  vi rus  depends on the concentra t ion of folic 
acid and on the p resence  of a folic acid deficiency in ce l l s  infected by this v i rus .  Increas ing  the folic acid 
concentrat ion in the nutr ient  medium to 100/~g/ml led to a cons iderable  (almost  20-fold) inc rease  in the 
infective act ivi ty of the cul ture  fluid. Methotrexate evidently potent ia tes  the folic acid deficiency and leads  
to inhibition of thymidylic acid biosynthesis .  In previous  expe r imen t s  with avian mye lob las tos i s  v i rus  s t i m -  
ulation of thymidylate b iosynthes is  was demons t ra ted  in infected ce l l s  [4]. The data now obtained, indicat-  
ing d i f fe rences  in the ef fec ts  of e a r l y  and late  addition of metho t rexa te ,  a re  in good ag reemen t  with o b s e r -  
vations on the action of abnormal  nucleosides  [1], the inhibi tory effect  of which is mani fes ted  only during 
the f i r s t  few hours  a f t e r  infection of the ce l l s  and is due to dependence of the reproduct ion  of RNA-onco-  
genic v i ru ses  on DNA synthes is  of the host cell. Meanwhile it can be postulated that a m o r e  eff icient  i so -  
enzyme of dihydrofolate reduc tase  with lower  affinity for  methot rexa te  than its p r e c u r s o r  functions in 
mouse embryonic  ce l l s  72 h a f t e r  infection with Rausche r  leukemia  virus .  
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