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The ra t io  between the de novo and " r e s e r v e "  pathways of synthes is  of py r imid ine  nueleot ides  
of RNA changes in the de novo d i rec t ion  in the spleen,  thymus,  and l ive r  of mice  and r a t s  with 
fas t  growing t r ansp lan tab le  hepatomas.  This phenomeno~ is due to a sharp  d e c r e a s e  in ur id ine  
u t i l i za t ion  by the t i s sues  of the t u m o r - b e a r i n g  an imal ,  for  the tumor  u t i l izes  mainly this p r e -  
c u r s o r  to syn thes ize  RNA. This observa t ion  is r e g a r d e d  as the r e s u l t  of success fu l  compe t i -  
t ion between the tumor  and the host  t i s sues  for  v i ta l ly  impor tan t  me tabo l i t e s ,  one fo rm of 
s y s t e m i c  act ion of the mal ignant  tumor.  
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The common pyr imid ine  p r e c u r s o r  of RNA synthes i s  - u r id ine  monophosphate (UMP) - is known to be 
synthes ized  in an ima l  ce l l s  in two di f ferent  ways:  f rom s imple  p r e c u r s o r s  such as  CO2, NH3, and a s p a r t i c  
acid,  with the fo rmat ion  of orot ic  acid as i n t e rmed ia t e  metabol i t e  (the de novo pathway) or by addi t ion of 
ribosyl pyrophosphate to uracil with the formation of uridine and its subsequent phosphorylation to the nucleo- 
tide (the ~reserve ~ pathway). The relationship between these two pathways of UMP synthesis in animal and 
human tissues varies, but the nreserve~ pathway of UMP synthesis in fast-growing malignant tumors becomes 
predominant [6]. 

In the investigation described below the relationship between the de novo and Nreserve" pathways was 
studied in normal tissues of mice and rats, in hepatomas, and in the tissues of animals with the tumor. 

E X P E R I M E N T A L  M E T H O D  

Exper imen t s  were  c a r r i e d  out on C3HA mice  with t r ansp lan tab le  hepatoma 22A [1] and Wis ta r  r a t s  with 
Zajde la  hepatoma.  Both hepatomas a r e  of the a sc i t e s  kind and a r e  de tec tab le  5-7 days a f t e r  t ransplanta t ion .  
Uridine-14C and oro t ic  acid-14C were  injected in t r ape r i t onea l ly  60 rain before  the an imals  were  ki l led in equi-  
mola r  quanti t ies  into each group of three  an imals  : mice in a dose of 1.3 pmole (specif ic  ac t iv i ty  5.5 �9 107 
cpm/pmole) ,  r a t s  in a dose of 1.72 gmole (specif ic  ac t iv i ty  5.0 ' 108 cpm/pmole) .  The an imals  were  k i l led  by 
decapi ta t ion.  The l iver  was per fused  with cold phys io log ica l  sa l ine .  The t i s sues  were  minced and p r e s s e d  
through a meta l  s ieve.  Asc i t e s  hepatoma ce l l s  were  sedimented  by cent r i fugat ion  a t  2000g and washed twice 
or th ree  t imes  to r e m o v e  e ry th rocy te s  at  700g for  3 min ,  a f te r  which the solid ce l l  r e s i d u e  was obtained by 
cent r i fugat ion  under  the o r ig ina l  condit ions.  T issue  samples  weighing 100-200 mg were  ex t r ac t ed  with 0.5 N 
HC104 for 20 min at  4~ The r e s idue  was then washed th ree  t imes  s u c c e s s i v e l y  in 5% and 2.5% TCA and in 
water .  To r emove  phospholipids the r e s i d u e s  were  t r ea ted  with ethanol,  an e t h a n o l - e t h e r  (3 : 1) mix ture  at  
60~ for  15 min, and with ether  a t  35~ for 10 rain. RNA and DNA were  sepa ra t ed  by the method of Schmidt  and 
Thannhauser  [4]. RNA was de te rmined  quant i ta t ively  by SpirinVs spec t ropho tomet r i c  method [2]. Rad ioac t iv i ty  
was counted in ZhS-8 s c in t i l l a t o r  on a Mark 2 counter  (Nuclear  Chicagoj USA). 
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T A B L E  1. I n c o r p o r a t i o n  of  t 4 C - P r e c u r s o r s  into RNA of  V a r i o u s  
T i s s u e s  o f  N o r m a l  C3HA M i c e  and Mice  with  H e p a t o m a  22A 
(M+ m) 
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Fig. i. Incorporation of uridine-14C (curve I) and orotic acid-i4c (curve 2) into RNA 
of liver (a), spleen (b), and thymus (c) of normal mice and mice with hepatoma 22A. 
A b s c i s s a ,  g rowth  of  h e p a t o m a  (in d a y s ) ,  o r d i n a t e ,  s p e c i f i c  a c t i v i t y  of  RNA [in c o u n t s /  
r a i n / r a g  RNA (• 103)]. C) C o n t r o l .  

EXPERIMENTAL RESULTS 

Data showing the incorporation of orotic acid and uridine into RNA of the liver, spleen, and thymus of 
normal mice and mice with hepatonm 22A on the 8th day of its growth are given in Table I. 

In the normal liver the ratio between incorporation of orotic acid and uridine was I.i. The spleen and 
thymus are organs in which predominantly uridine is used as RNA precursor. However, the utilization of this 
precursor by the hepatoma (5th and 8th days) was considerably in excess of the normal tissues and the orotic 
acid/uridine ratio was 0.05, i.e., the tumor utilized uridine four times more actively than the tissues of the 
spleen and thymus, in which this ratio was 0.21-0.22. A general tendency was observed in the tissues of mice 
with an ascites hepatoma for the orotic acid/uridine ratio to increase on account of a sharp decrease in the 
incorporation of uridine into RNA. 

In the next experiments these changes were studied starting from the first day after transplantation of 
the hepatoma. As Fig. 1 shows, a sharp decrease in incorporation of uridine-14C into RNA was observed in the 

liver and spleen although a relatively constant and high level of incorporation of orotic acid-14C continued to be 
found. The decrease reached its lowest level on the 5th day. In the thymus, besides a marked decrease in 
incorporation of uridine into RNA, some increase in the incorporation of orotic acid also was found (Fig. I). 
Hence it can be concluded that the tumor utilized uridine selectively for RNA synthesis and competed success- 
fu l ly  fo r  th i s  s u b s t r a t e  wi th  the  t i s s u e s  o f  the hos t  a n i m a l .  

Da t a  on  the  i n c o r p o r a t i o n  of o r o t i c  a c i d  and u r i d i n e  in to  R b{A of  t he  n o r m a l  and r e g e n e r a t i n g  l i v e r  and of 
the  l i v e r  o f  r a t s  wi th  Z a j d e t a  h e p a t o m a  a r e  g iven  in  T a b l e  2. 
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TABLE 2. Relat ions  Between Two Pathways of RNA Biosynthesis  
in Ra t  T issues  (M :e m) 

Incorporation into RNA, 
counts/_min/mg RNA Orotic 

Tissue orotlq_ uridine-14C acid/ 
acid j4 C uridine 

Liver: I ] 
Normal 138 493• 230 6 375• 22,0 
Animal with tumor 96 569• ~ 2 666• [ 32,0 

Regenerating liver, 20 h 598 978• 13 483• 633 44.4 
Zajdr hepatoma, 5th day 17 C47• 513 167 691+54 468 0,1 

By con t r a s t  with the mouse  l iver ,  in no r ma l  r a t  l iver  orot ie  acid is the pr inc ipa l  p r e c u r s o r  for  RNA syn-  
thes is :  The orot ic  ae id/ur id ine  labeling ra t io  in RNA was 22.0. In the r egene ra t ing  r a t  l iver  incorpora t ion  of 
orot ie  acid into RNA was inc reased  a l m o s t  fivefold, whereas  incorpora t ion  of uridine was only doubled, i .e . ,  
the inc rease  in RNA synthes is  was mainly  by the de novo pathway. In Zajdela  hepatoma,  jus t  as in the mouse  
hepatoma,  the orot ic  acid/ur idine  ra t io  was less  than in al l  the t i s sues  studied in these  an ima l s ,  namely ,  0.1. 
A dec r ea se  in the incorpora t ion  of ur idine  into RNA by 60% compared  with the no rma l  level  was found in the 
l iver  of an an imal  with Zajdela hepatoma,  but incorpora t ion  of orot ic  acid a lso  was s ignif icant ly reduced,  
although not to the s a m e  degree ,  i .e . ,  by 30%. This las t  obse rva t ion  is in a g r e e m e n t  with data in the l i t e r a -  
ture  [5]. The r a t io  of incorpora t ion  of orot ic  acid/ur idine into RNA was 32.0, higher than in no rma l  l iver .  
Despi te  spec ies  d i f fe rences  in the re la t ionship  between the metabol ic  pathways for  synthes is  of RNA p r e -  
c u r s o r s ,  i t  is thus c l ea r  that  the growth of highly mal ignant  hepatomas in mice  and ra t s  p reven ts  no rma l  RNA 
synthes i s ,  e spec ia l ly  in immunocompeten t  organs .  

The in tercept ion  of nucleic acid p r e c u r s o r s  by the tumor  in the lymphoid t i s sues  of mice  and r a t s  also 
extends,  as the w r i t e r s  have shown[3],  to thymidine,  with the r e su l t  that DNA synthes is  a lso  is sharp ly  inhibited 
in these  organs .  The r e su l t s  descr ibed  above indicate  the b iochemica l  p r o c e s s e s  which may lie at  the bas i s  of 
the i m m u n o d e p r e s s i v e  act ion c h a r a c t e r i s t i c  of mal ignant  tumors .  
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