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The wr i te rs  previously [2] obtained evidence of enhancement of the immunogenic proper t ies  of syngeneic 
transplanted tumors  after  their  formation in vitro by a preparat ion of xenogeneic liver RNA. Intraperi toneal  
injection of this RNA, in conjunction with pre l iminary  immunizat ion with tumor  cells,  preincubated with the 
same RNA preparation, significantly increased the res is tance  of C3H/He mice,  with a high predisposit ion to 
cancer ,  to the development of spontaneous tumors  [3]. 

The object of the present  investigation was to study with which RNA fract ion the increase  in anti tumor 
res is tance  under the influence of the RNA preparat ion f rom the tumor  is associated.  

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

F r e e z e - d r i e d  RNA preparat ions from bovine liver,  obtained under laboratory conditions or  during 
experimental  production conditions in the Special Design and Technical Bureau for ]3iologieally Active Sub- 
stances (Novosibirsk), were used in the experiments .  In both cases  the RNA was isolated by Kirby 's  phenolic 
method [7]. High-polymer RNA was obtained f rom the total preparat ion by triple reprecipi ta t ion with 1M NaC1. 
The extinction (E) of the total preparat ion at 260 nm was 150-180 optical units, and that of the high-polymer  
preparat ions was 220-240 optical units. The r a t io  E260/E280 and E26~/E230 for  the total RNA was 1.58-1.88 and 
1.60-1.75 respect ively,  and for h igh-polymer  RNA it was 1.97-2.43 and 2.06-2.59 respect ively .  To cha rac -  
ter ize the degree of polymerizat ion of the RNA preparat ions gel--chromatography on Sepharose 4B was used. 
The RNA was passed through the column (1 x 25 cm) with Sepharose 4]3, equilibrated with 0.1M NaC1 in 0.005M 
Tris-HC1 buffer, pH 7.5. Elation was car r ied  out with the same buffer at the rate of 12 ml/h. The chromato-  
graphic profile of the RNA isolated under the different conditions is i l lustrated in Fig. 1. 

To obtain an RNA digest, pancreatic r ibonuclease (EC 2.7.7.16) f rom the Leningrad Meat Combine was 
used. The RNA was hydrolyzed in 0.1M Tris-HC1 buffer, pH 7.4, for 15-17 h at 37~ The subst ra te /enzyme 
ratio was 100 : 1 w/w. In some cases  fur ther  purification of the RNA preparat ion was car r ied  out with dimethyl 
sulfoxide and Cetavlon [9]. 

Exper iments  were car r ied  out on CC5713R mice.  Cells of a Krebs-2 asci tes  tumor were separated from 
asci tes  fluid by centrifugation at 2500 rpm for 5 rain, and resuspended in physiological saline; the RNA prep-  
aration was added (1-5 mg/ml) to the cell suspension, which was incubated at 37~ for 2.5-3 h. A control sus-  
pension was incubated without RNA or  with an enzymic digest  of RNA in the same concentration. After  incu- 
bation the cells were washed twice with physiological saline to remove RNA. Mice for immunization were given 
a subcutaneous injection of 5" 106 tumor cells incubated with RNA (or without RNA) in 0.05 ml physiological 
saline into the tail, and when nodules began to appear at the site of injection of the tumor suspension, part  of 
the tail was amputated. Immunizat ion was repeated 1 month later .  Eight days af ter  immunization the animals 
were inoculated intraperi toneally with Krebs-2  asci tes  tumor in a dose of 5 �9 10 c to 1 �9 107 tumor  cells.  Injec- 
tions of the RNA preparat ion began 24 h af ter  inoculation of the tumor.  The RNA was injected intraperi toneally 
(in a dose of 5 rng of total RNA or  2 mg of the h igh-polymer  fraction) once a day for 5 days. On the 8th or  l l t h  
day after  inoculation the mice were killed and the quantity of asci tes  fluid determined in the experimental  and 
control  groups.  Statist ical  analysis  of the data was car r ied  out by Student 's t - tes t .  
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Fig. 1. Chromatographic  profile of RNA 
isolated under laboratory (A) and semipro-  
duction (13) conditions and of RNA precipi-  
tated by IM NaC1 (C). Abscissa ,  Nos. of 
fractions; ordinate,  optical density at 254 rim. 

Fig. 2. Effect of preparat ions of native (A) 
and part ial ly degraded (C) RNA and of their 
h igh-polymer  fract ions (]3 and D respectively) 
on immunogenic activity of Krebs-2 tumor  
cel ls .  1) Immunization with tumor cells treated 
with RNA; 2) immunization with untreated tumor 
ceils.  AII mice after  inoculation of the tumor  
received I~NA intraperi toneally.  Ordinate, 
inhibition of tumor  growth (in %). 

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

The resul ts  showing the immunostimulant  effect of total RNA preparat ions are  summar ized  in Table 1. 
They show that injection of the RNA preparat ion after  inoculation of the Krebs-2 tumor into unimmunized mice 
had pract ical ly  no effect on the development of this tumor.  Immunizat ion against this tumor itself, under the 
experimental  conditions used, had little or  no effect (Table 1, ser ies  I and III). Incubation of the tumor cells 
with RNA did not potentiate their  immunizing ability (series I and III). However, a combination of immunization 
with tumor  ceils t reated with RNA and subsequent injections of RNA after  inoculation of the tumor,  led to sig- 
nificant inhibition of tumor growth. If in this variant  of the experiment ceils not t reated with RNA were used 
for immunization, the effect was much weaker.  The most  marked increase in anti tumor res i s tance  af ter  
exposure of the tumor  to the RNA preparat ion was thus observed in cases  when the animals were sensit ized 
beforehand with tumor  mate r ia l  treated with the same preparat ion.  Results s imi lar  in principle were obtained 
by the wr i te r s  previously using other tumor  models [2, 3]. 

The preparat ion continued to remain  active af ter  additional purification with dimethyl sulfoxide and 
Cetavlon (Table 1, se r ies  IV). The purified preparat ion,  added to a culture of m a m m a r y  gland tumor cells in 
concentrat ions of between 6 and 24 mg/ml ,  had no appreciable cytopathogenic effect during an exposure of 24h. 
This is evidence that the effect observed was not the resul t  of the toxic action of the RNA preparat ion on the 
tumor  ceils,  but was evidently due to the immunologic response of the host animal to the tumor.  In our view, 
based on findings obtained previously [2] and also on data in the l i terature,  indicating the ability of exogenous 
RNA to induce synthesis  of proteins or  antigens in tumor and normal ceils not charac te r i s t ic  of those ceils [1, 
4-6, 8, 10], the biological  effect of BNA in this ease can evidently be reduced to a change in the antigenic 
specif ici ty of the tumor cells as a resul t  of the appearance of new antigenic determinants  on their surface,  
capable of inducing an immunologic response  of the host. 
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TABLE 1. Effect of Immunization and Treatment  
with lqNA Prepara t ions  on Development of Krebs-  
2 Ascites Tumor 

o 
Imrnuniza- 

Once I 

I] 

]:wice I I  

I l l  

30 
25 
28 TC 
14 T C +  RNA 
14 TC 
30 TC + RNA 
62 
40 TC 
22 TC 
40 re + RNA 
22 TC + ED 

16 rc  ps I 
16 TC+RNA PS 
17 RNA 
10 TC RRA 
15 TC+ RNA RNA I 
16 P8 I 
20 TC RNAI 

TC-[ RNA RNA I 

ps 
RNA 
PS 
PS 
RNA 
RNA 
PS 
RNA 
ED 
RNA 
ED 
PS ] 

o'~ 

11,3_+_1,07 -- -- 
i 9,6___0,98 15,0 -- 
11,0• -- -- 
9,7• ,lO 14,2 -- 
9,8• 13,3 
5,3• 53,1 <0~-001 
7,6_0,26 -- -- 
6,9• 9,2 
6,4___0,44 15,8 <0705 
4,3• 43,4 <0,001 
7,3`+0,35 3,9 -- 

6,4"+0,38 2~,,41 <0~05 4,9"+0,60 
5,0_0,71 21,9] -- 
6,0+0,82 6,3 -- 
2,8~0,43 56,3 <0,001 
1,0_0,30 84,4 <0,001 
7,6___0,35 
4,1"+0,48 46,1 <s 
0,9___0,17 88,2 .<O,OO1 

Legend. TC) Krebs-2 tumor cells; TC +RNA) 
tumor cells  incubated with RNA; ED) enzymic 
digest  of RNA; PS) physiological saline. In the 
experiments  of ser ies  IV the 1RNA prepara t ion 
was used after additional purification with di- 
methyl  sulfoxide and Cetavlon. 

Experiments  with different RNA preparat ions showed that only nine of the 20 preparat ions could induce a 
reproducible immunologic effect as described above. The remaining preparat ions were ineffective. Since many 
of the inactive preparat ions were indistinguishable f rom active as regards  the percentage of RNA which they 
contained, it might be supposed that the active principle in the preparat ion was not RNA itself, but cer ta in  im- 
purities associated with it. Meanwhile, t reatment  of the active preparat ions with r ibonuclease completely in- 
activated them (Table 1, ser ies  II), evidence in support of RNA and the active factor .  As fur ther  investigations 
showed, activity of the RNA preparat ions depended on the quantity of h igh-polymer  RNA fract ions which they 
contained: an effect was observed in all cases  when preparat ions with a high content of this f ract ion were used 
(Fig. 1A), whereas preparat ions in which partial depolymerizat ion of RNA took place in the course  of their  
isolation (Fig. 1B) were unable to potentiate the effect of immunization (Fig. 2C). The resul ts  of the exper i -  
ments with h igh-polymer  RNA fractions obtained f rom active preparat ions by precipitation with 1M NaC1 
showed that activity of the total RNA polymerase  is associated with this fraction: removal  of low-polymer  
RNAs did not cause any reduction in the immunologic effect (Fig. 2A, B). Meanwhile h igh-polymer  RNA ob- 
tained in the same way from inactive preparat ions invariably gave negative resul ts  (Fig. 2C, D), although in its 
chromatographic  profile it was identical with RNA from the active prepara t ions  (Fig. 1C). It can be concluded 
f rom analysis  of these resul ts  that the immunologic effect was due to high-polymer  RNA. This RNA may per-  
haps belong to a par t icular  functional type. Tests  on functionally different c lasses  of RNA would evidently 
enable more  definite conclusions to be drawn. 
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The ability of embryonic  antigens to induce anti tumor immunity is being widely discussed at the present  
time, Some workers  state that immunization with embryonic  antigens can be used to prevent both p r imary  
induced and transplanted tumors  [4, 51. According to some workers ,  repeated pregnancy during the latent 
period of carc inogenesis  led to a decrease  in the frequency of appearance of tumors  in parturient  females  com- 
pared with virgins,  and this was interpreted as proof of immunization of the mother  with embryonic  antigens of 
the fetus [6]. However, some of the published data has not been confirmed by other workers  [1, 71. 

The wr i te r  previously studied the effect both of ar t i f icial  immunization with embryonic  t issues and of 
single and repeated pregnancies  during the latent period on the frequency of onset of p r imary  tumors  and on 
growth of transplantable tumors  induced by SV40 virus in Syrian hamste rs  [1, 2]. These investigations showed 
that the frequency of tumors  was much lower in females  which became pregnant 1-5 t imes during the latent 
period of SV40 carc inogenesis  than in females  not becoming pregnant. However, these differences were evi-  
dently not connected with immunization of the parous females with embryonic antigens, for the frequency and 
t imes of onset of p r imary  tumors  in males were the same as in the parous females .  

In the w r i t e r ' s  previous experiments  [2] immunization of inbred hams te r s  with embryonic  hamster  t issue 
followed by transplantat ion of continuous s t rains  of syngeneic tumors  led to neither inhibition nor to stim u- 
lation of tumor  growth. 

Meanwhile, a considerable decrease  in the frequency of onset of tumors  in females  becoming pregnant 
severa l  t imes during the latent period could be due both to their  more  effective natural immunization with 
embryonic  antigens during pregnancy and to an increase  in the level of natural res is tance  of these females 
during pregnancy or  lactation. 

The object of the present  investigation was to study the effect of pregnancy and lactation in syngeneic 
hams te r s  on the sensit ivity of females to inoculation of tumor cells.  

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

Noninbred Syrian hams te r s  were used. Exper iments  were planned so that the sensit ivity of the animals 
to inoculation was tested 1-6 days before the f i rs t  day of pregnancy or  during the l s t -8 th  day of pregnancy. In 
the last  ser ies  of experiments  tumor  cells  were injected into lactating females on the 1st or 2nd day after 
parturi t ion.  Males inoculated simultaneously with identical doses of tumor cells served as the control.  Con- 
tinuous s t ra in  E-1 of hamste r  sarcoma,  induced by SV40 virus,  was used as the test  tumor.  

To determine sensit ivity of the hams te r s  to inoculation of tumor cells the transplantat ion test was used 
in its most  sensit ive modification [3], in which each animal was inoculated with doses of test  tumor differing 
by a factor  of 5-10 (start ing with about one tumor  cell). 
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