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A preparat ion of total RNA isolated f rom bone inhibits growth of sa rcoma M1 and changes 
its morphology. Treatment  of the RNA with ribonuciease completely abolishes its action, 
but t rea tment  with t rypsin  causes  no change in this effect. 

Many invest igators  [7, 8, 11] consider  that tumor  cells differ f rom normal  cells by dis turbances Of 
the sys tem controlling biosynthetic p rocesses .  Because of the importance of epigenome dis turbances in the 
mechanism of carcinogenesis ,  severa l  workers  have investigated the action of a total preparat ion of RNA on 
growth of tumors  [1-4, 12, 14, 16, 17]. These investigations showed that RNA isolated f rom homologous 
t i ssues  reduces the rate of successful  transplantat ion,  inhibits development, and changes the morphology 
of the t ransplanted tumor.  Meanwhile, RNA f rom the l iver  had no effect on cells of sa rcoma  45 under the 
same experimental  conditions, i. e.,  the action of RNA possessed  definite specificity [1, 5]. Other exper i -  
ments showed that RNA f rom t issues  homologous with the tumor  did not always have an inhibitory action 
(RNA f rom granulation t issue and embryonic  t i ssues  of rats  when used to t reat  rat  sa rcoma 45 [2, 5]). 

Hence, despite the interesting theoret ical  aspects  of these experiments;  the contradictions associated 
�9 with them required fur ther  investigations, especial ly with regard  to tumors  of connect ive- t issue genesis .  

The object of the investigation descr ibed below was to study the action of RNA isolated f rom bones 
and embryonic t issues  on tumor  growth. 

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

The animals used in the experiments  were 128 noninbred rats  weighing 80-90 g. 

In the control series,  a suspension of tumor  cells of sa rcoma M1 [9] was incubated in Hanks 's  solution 
at 37 ~ for 1 h and then injected subcutaneously into ra ts ,  giving 100% of successful  transplantat ions.  

In the experimental  ser ies  RNA was added to the incubation medium. RNA was isolated f rom bones 
of ra ts  weighing 120-130 g and f rom rat  embryos  f rom which the internal organs,  head, and skin were r e -  
moved. RNA was obtained by the K i r b y - G e o r g i e v  method as modified by Aksenova et al. [1]. The RNA 
preparat ions contained t r aces  of DNA (determined by Dische,s method [13]) and of protein (determined by 
Lowry ' s  method [15]). RNA isolated f rom bone t issue was added to the incubation medium, which contained 
800,000 cells ,  in doses of 48 and 50 ~g/ml .  RNA from embryonic  t issues was added in doses of 50, 500, and 
1000 pg /ml  incubation medium, which also contained 800,000 ceils. To verify the action of RNA, r ibonu- 
clease (Serva) was added to the resulting total preparat ion RNA in a dose of 30 gg /ml .  Treatment  continued 
for  1 h at 37 ~ The ribonuclease was removed by double deproteinization with phenol, the product was 
washed with e ther  until it became c lear ,  and was heated on a water bath until the e ther  vapor disappeared 
(at 40~ The ribonuclease hydrolysate was added to the incubation medium and incubation ca r r i ed  out for  
the same period of t ime. 
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T A B L E  1. E f f ec t  of RNA P r e p a r a t i o n  I s o l a t e d  f r o m  Bone 

on Growth  of S a r c o m a  M 1 

Nature of treatment 
"~ Mean weight 

g p 

RNA (48 gg/ml) 5 
Co,~t~ol . .  : : : : : ~ : : : : a 
RNA (50 pg/ml) . . . . . . . . . .  4 
Control . . . . . . . . . . . . .  4 
RNA (50 pg/ml) . . . . . . . . . .  I0 
Control . . . . . . . . . . . . .  l 0 
RNA (8O gg/ml) . . . . . . . . . .  6 
Control . . . . . . . . . . . . .  6 
RNA after treatment with ribonucleasd 6 
Control . . . . . . . . . . . . .  t 6 
RNA after treatment with trypsin 
Control . . . . . . . . . . . . .  

6,8__+2,3 
11,0~+:1,2 
6,t~1,3 

I7,0+.5,I 
5,5~1,0 

11,9• 
12,3+2,5 
17, 1• 
9,8• 

10, I+__0,2 
9,1__+1,0 

16,3-+_.:2,8 

<0,05 

<0,05 

<0,02 

>0,05 

>0,05 

<0,05 

38, I 

59.3 

56.0 

44, i 

To r u l e  out the p o s s i b i l i t y  of ac t ion  of t r a c e s  of p r o t e i n  bound with  the RNA, the p r e p a r a t i o n  was  

t r e a t e d  with  t r y p s i n  (Difco) in a dose  of 100 ~ g / m g  RNA, fo l lowed  by double d e p r o t e i n i z a t i o n ,  wash ing  wi th  

e t h e r ,  and p r e c i p i t a t i o n  wi th  a l coho l .  A f t e r  t r e a t m e n t  wi th  t r y p s i n ,  the RNA was  added to the incuba t ion  

m e d i u m  and incuba t ion  was  c a r r i e d  out f o r  the s a m e  p e r i o d .  

The  s ta te  of the c e l l s  a f t e r  incuba t ion ,  in both the con t ro l  and e x p e r i m e n t a l  s e r i e s ,  was  t e s t e d  on the 

bas i s  of t h e i r  ab i l i ty  to a c c u m u l a t e  g r a n u l e s  of a 0.1% solut ion of neu t r a l  r ed .  

On the 20th day the a n i m a l s  of the  e x p e r i m e n t a l  and con t ro l  g roups  w e r e  s a c r i f i c e d ,  and the t u m o r s  

were removed and weighed. Material was taken from each tumor for histological examination (staining with 

hematoxylin-eosin and by Van Gieson's method). 

To study changes in the state of the cells under the influence of RNA isolated from bone tissue, com- 

parative cytokaryometric examinations were made of impressions of the sarcoma M1 tumor in the control 

and experimental series, in each preparation I00 cells and their nuclei were measured. The numerical 

results were subjected to statistical analysis by the Student-Fisher method. 

EXPERIMENTAL RESULTS 

The experimental results are given in Table i. They show that incubation of tumor cells with RNA 

f r o m  bone t i s s u e  l e d  to  a d e c r e a s e  in the n u m b e r  of s u c c e s s f u l  t r a n s p l a n t a t i o n s ,  by be tween  38 and 59%, e x -  

cept  in one s e r i e s  when the weight  of the t u m o r s  in the e x p e r i m e n t a l  g roup  was r e d u c e d  by only 28%, this  

d e c r e a s e  not being s ign i f i can t .  T r e a t m e n t  of the RNA p r e p a r a t i o n  with r i b o n u c l e a s e  c o m p l e t e l y  abo l i shed  
the inh ib i to ry  e f f ec t ,  but i t s  t r e a t m e n t  wi th  t r y p s i n  le f t  th i s  e f fec t  unchanged.  The ac t ion  of the p r e p a r a t i o n  

can thus  be c o n s i d e r e d  to be dependent  on RNA and not on the t r a c e s  of p r o t e i n  lef t  behind a f t e r  double d e -  
proteinization during preparation of the RNA specimen. 

RNA isolated from embryonic tissues had no action on growth of sarcoma M1 in doses of 50, 500, and 

I000 ~g, nor had it any action after treatment with ribonuclease and trypsin. 

Under the influence of RNA from bone tissue, the morphological characteristics of the developing 
tumors were slightly modified, for whereas in the control group the tumor consisted of an undifferentiated 

polymorphoce[lular sarcoma, subdivided by ill-defined bands of collagen fibers and vessels of capillary 

type, containing large cells with basophilic cytoplasm, a round hyperchromic nucleus, and large granules 

of chromatin, in the experimental series on the 12th day the tumor consisted of a large number of small 

cells with a round and polymorphic nucleus, grouped in small nodules. 

The results of the cytokaryometric investigation showed that the size of the cells on the 12th day in 

tumors developing from cells of sarcoma M1 treated with RNA was 12.3~ smaller than in the control group 

(not treated with RNA)o The area of the nucleus was also 6% smaller than in the control (in both cases 

P <  0.05). 

This investigation thus showed that whereas a total preparation of exogenous RNA isolated from em- 

bryonic tissues, if incubated with tumor cells of sarcoma MI, does not modify their properties and, in par- 

ticular, their subsequent growth and morphology, a total preparation of exogenous RNA isolated from bone 
inhibits growth of the tumor and modifies the cytological characteristics of the cells, causing a decrease in 

volume of both nucleus and cell. 
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These expe r imen t s  indicate m e r e l y  an inhibitory effect  of the total  RNA prepara t ion ;  fu r the r  inves t i -  
gations a imed at  elucidating the m e c h a n i s m  of this  action a re  requi red .  The suggestion has been put f o r -  
ward  that exogenous RNA, by its action on the genetic appara tus  of the cell  and by causing r e p r e s ~ o n  and 
depress ion  of some s t ruc tu ra l  genes  of t umor  cel ls ,  reduces  the degree  of the i r  autonomy [1]. Work of 
pa r t i cu la r  in te res t  has been ca r r i ed  out by Tomsons  [10], who invest igated the effect  of exogenous RNA on 
synthesis  of prote ins  and nucleic acids  in a sc i t e s  cel ls  of Ehr l i eh ' s  ca rc inoma.  Having observed  that  exo -  
genous RNA can penet ra te  in a po lymer i zed  s tate  into cel ls  and can p r o g r a m  prote in  synthes is ,  Tomsons  
concludes that inhibition of synthes is  of RNA and prote ins  under the influence of exogenous RNA may be 
connected with the abili ty of this compound to induce the synthes is  of h is tone- l ike  pro te ins  which can act 
as  inhibi tors  of these  p r o c e s s e s .  The many different  poss ib le  aspec t s  of the m e c h a n i s m  of the inhibitory 
action of RNA requ i re  fu r the r  invest igation.  

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

L I T E R A T U R E  C I T E D  

N. N. Aksenova,  V. M. B r e s l e r ,  V. Io Vorob,eva,  et al . ,  Tsi tologiya,  No. 5, 490 (1962). 
N. N. Aksenova,  Yu. B. Vakhtin, V. I. Vorob 'ev ,  et al . ,  Tsi to logiya,  No. 1, 94 (1965). 
V. Ao Ar tamonova ,  T.  N. Tikhonenko, and T. D. Morgunova, Vopr. Onkol., No. 2, 22 (1964). 
V. M. B r e s l e r ,  in: The Cytology of Malignant Growth [in Russian],  M o s c o w - L e n i n g r a d  (1963), p. 28. 
V. M. B r e s l e r ,  in: The Cytology of Malignant Growth [in Russian],  M o s c o w - L e n i n g r a d  (1963), p. 47. 
G. P. Georgiev and V. A. Mant 'eva ,  Biokhimiya,  No. 1, 949 (1962). 
L. A. Z i l ' be r  and G. I. Abelev,  The Virology and Immunology of Cancer  [in Russian],  Moscow (1962). 
Yu. M. Olenov, Cell Heredi ty  [in Russian].  
A. D. T imofeevsk i i  (editor),  Models and Methods in Exper imenta l  Oncology [in Russian],  Moscow 
(1960). 

10. V . P .  Tomsons ,  Effect  of Exogenous RNA on Synthesis of Prote ins  and Nucleic Acids in Asci tes  Cells 
of Ehrl ich,  s Carc inoma,  Author ' s  Abs t rac t  of Candidate ' s  Disser ta t ion  (1969). 

11. E. Cowdray,  The Cancer  Cell [Russian t rans la t ion] ,  Moscow (1962). 
12. S. de Carvalho and H. J.  Rand, Nature,  189 (1961). 
13. L. Dische,  P r ec .  Soc. Exp. Biol. (New York), 5__55, 217 (1944). 
14. A . K .  Griffin and M. A. O'Neil l ,  Proceedings  of the  8th Internat ional  Cancer  Congress  [in Russian],  

Vol. 2, M o s c o w - L e n i n g r a d  (1963), p. 28. 
15. Oo H. Lowry,  N. J .  Rosebrough,  A. L. F a r r ,  et  al . ,  J .  Bio. Chem.,  193,265 (1951). 
16. M . C .  Niu, C. C. Cordova,  and L. C. Niu, P rec .  Nat. Acad. Sci. (Washington), 47, 1689 (1961). 
17. M . C .  Niu, C. C. Cordova,  L. C. Niu, et al . ,  P rec .  Nat. Acad. Sci. (Washington), 48, 1964 (1962). 

1048 


