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It is nowadays considered that activation of cellular  pathogenic oncogenes is a general  pathogenetic 
mechanism of neoplastic t ransformation.  It a r i s e s  not only in gene mutations [15], but also in s t ructural  
changes induced in cell DNA [1, 12, 14] by various chemical,  physical,  or  biological (viral) agents. In ourview 
induced somatic recombination is a general  pathogenetic mechanism which combines carcinogenic fac tors  of 
varied etiology [8]. 

Les ions  of the chromosomal  apparatus of cells  are found when they are infected by oncogenic viruses .  
In par t icular ,  it has  been shown that virus  SV 40 can induce chromosomal  aberra t ions  and gene mutations in 
Chinese hams te r  cells  in the presence  of high multiplicity of infection [6]; this effect, moreover ,  has been 
linked with activity of a virus  protein, namely T antigen [2]. The wr i t e r s  showed previously that chromosomal  
aberra t ions  ar ise  in cells  t ransformed by tsA mutants of SV 40 vi rus  throughout the period of cell culture only 
at a t empera ture  of 33~ which is permiss ive  for  T ant[gen [10]. 

In the investigation descr ibed below the ability of highly purified T antigen to induce chromosomal  aber-  
rat ions was studied after  introduction into cells  with the aid of l iposomes.  

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

T antigen of SV 40 vi rus  was purified by the method developed previously [3, 11]. L iposomes  containing 
T antigen were obtained by the phase r eve r sa l  method. Their d iameter  was 0.2-0.4 # and they were res is tant  
to the lyric action of serum [5]. To study chromosomal  aberrat ions,  Dzungarian hamste r  (Phodopus sungorus 
Pall.) cells, obtained f rom O. I. Sokova (All-Union Oncologic Scientific Center, Academy of Medical Sciences 
of the USSR), were used. The cells  were grown on C a r r e l l ' s  f lasks,  washed off with Hanks' solution, and added 
to 1 ml of a suspension of l iposomes (220 pmoles of phospholipid per  flask) and incubated at 37 ~ for  70 rain, 
with periodic shaking of the vessel .  The residue of l iposomes was drawn off and the cells washed with medium 
without serum, and t reated with the necessa ry  quantity of nutrient medium with 10% serum. Cytogenic analysis  
was undertaken in the usual way. No fewer than 50 metaphase plates were analyzed at each point, in two pa- 
rallel  experiments .  

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

The p roce s s  of penetration of the T antigen and its distribution in the cells were studied by immunoflu- 
orescence .  After 3 h T ant igenwas detected in the cytoplasm in the form of diffuse, or somet imes granular ,  flu- 
orescence ,  which was concentrated after  5 h in the per inuclear  zone, and revealed 10 h after the beginning of 
the experiment  in the nuclei of 60-80% of the ceils, in which it remained for about 24 h (Fig. 1). 

The resu l t s  of the action of purified T antigen on the state of the chromosomal  apparatus are  shown in 
Table 1. In the control culture, not t reated in any way except to change the medium, 12% of metaphase plates 
with single chromosomal  aberra t ions  were found 24 h after  the beginning of the experiment.  The same picture 
was observed in ceils  t reated with l iposomes not containing T antigen, but containing all the other  components, 
including serum albumin (BSA) as protein stabilizer.  When the cel ls  were treated with T antigen the percent -  
age of aber rant  metaphases  rose  to 50, and in some exper iments  higher still, to 70. Its mean value in four 
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Fig.  1. t m m u n o f l u o r e s c e n c e  de tec t ion  of T an t igen  of SV 40 v i r u s  in -  
t roduced  into ce i l s  by m e a n s  of l i p o s o m e s :  a) 3 h, b) 5 h, c) 10 h a f te r  
in t roduc t ion .  

TABLE I. C h r o m o s o m a l  A b e r r a t i o n s  in 0-1552 Ce l l s  unde r  the Inf luence  of P u r i f i e d  T Ant igen 
In t roduced  by Means  of L i p o s o m e s  

Parameter 
control 

Number of metaphases analyzed [ 100 
Percentage of aberrant metaphase t 12+2,8 
Number of injuries per cell [ 072 

Duration of ex osure, dag~ 

[ ~ s o m e ~  

L 

150 200 
14+ 1,6 58--+9,9 
0,15 0,76 

2 

liposomes 
control withBSA with T 

antigen 

160 100 150 
8+2 13+4,2 37+3 
OY8 0~,5 0,5-2 

control 

100 
9.5+2,1 

0;69 

liposomes 
with BSA with T 

] antigen 

I00 I00 
12+ 1,4 12+2,8 
032 0,15 

TABLE 2. Changes  in Abi l i ty  of T Ant igen  to Induce C h r o m o s o m a l  A b e r r a t i o n s  on Remova l  
f rom the P r e p a r a t i o n  by Specific I m m u n o s o r b e n t  

Parameter 

Concentration of T antigen in prep- 
aration, CFT units/ml 

Percentage o faberrant metaphases 

Original 
antigen 

560 
72• 8,4 

T antigen treated T antigen treated with / 
with Sepharose immunosorbent Control 
without antibod- 1/ / -- - -  �9 1 t /4of vol- 1/2 of vol- liposomes ori~inal 
les, /2 of volume[ without T [ant" en ] culture ume ume 

280 20 < I0 -- 
56+7,1 36• 22• 14• 1,6 12• 

independent  e x p e r i m e n t s  was  58~9.9.  Mul t ip le  c h r o m o s o m a l  i n j u r i e s  we re  obse rved .  On the 2rid day the 
n u m b e r  of c h r o m o s o m a l  a b e r r a t i o n s  and i n j u r i e s  pe r  ce l l  was  r educed  somewhat ,  and by the 5th day th is  pa -  
r a m e t e r  was  iden t ica l  in va lue  with the cont ro l .  The act ion of T an t igen  was  thus  shor t  in dura t ion .  As was  
o b s e r v e d  above,  the T an t igen  d i s a p p e a r e d  f rom the nuc le i  by the end of the 1st day, and a f t e r  th i s  i ts  effect  
d imin i shed ,  p o s s i b l y  as  a r e s u l t  of i ts  s ingle  hit  ac t ion on the gene t ic  a ppa r a t u s  of the cel l .  

To c o n f i r m  that  the o b s e r v e d  effect  depended on T ant igen,  before  i n c o r p o r a t i n g  the m a t e r i a l  in the l ip-  
o some  we r e m o v e d  th is  p ro t e in  f rom it with the aid of a specif ic  i m m u n o s o r b e n t  (Sepharose  with an t ibod ies  
aga ins t  T an t igen  bound to it  [9]). The change in conten t  of T an t igen  in the p r e p a r a t i o n s  was  d e t e r m i n e d  by 

the c o m p l e m e n t  f ixa t ion t e s t  (CFT,  Table  2). Addit ion of i n c r e a s i n g  doses  of the i m m u n o s o r b e n t  led to p a r t i a l  
o r  v i r t u a l l y  comple te  r e m o v a l  of T an t igen  f rom the m a t e r i a l  subsequen t ly  i n c o r p o r a t e d  into the l i p o s o m e s .  
The r e s u l t s  of t r e a t m e n t  with the p r e p a r a t i o n  showed c o r r e s p o n d i n g  changes :  a f t e r  r e m o v a l  of T an t igen  the 
p e r c e n t a g e  of a b e r r a n t  m e t a p h a s e s  fel l  f r o m  72 to 36 and 22. 

The c o m m o n e s t  c h r o m o s o m a l  i n j u r i e s  o b s e r v e d  were  a b e r r a t i o n s  of c h r o m a t i d  type: b r e a k s ,  de le t ions ,  
t r a n s l o c a f i o n s ,  and gaps.  A b e r r a t i o n s  of c h r o m o s o m a l  type were  found l e s s  f r equen t ly :  i s o b r e a k s ,  d i c e n t r i c s ,  
gaps.  Under  the in f luence  of T ant igen  a b e r r a t i o n s  connec ted  with s t r u c t u r a l  changes  in the c h r o m o s o m e s  
( t r a n s l o c a t i o n s  and d i c e n t r i c  c h r o m o s o m e s )  were  o b s e r v e d  much  m o r e  often than in the con t ro l  c u l t u r e s .  

In c e l l s  exposed to the ac t ion  of T an t igen  no c h r o m o s o m a l  a b e r r a t i o n s  speci f ic  for  it  could be detected,  
ev idence  of the r a n d o m  c h a r a c t e r  of the i n j u r i e s  induced by it. Th i s  is  in a g r e e m e n t  with data ob ta ined  e a r l i e r ,  
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showing that T antigen can in terac t  with different  s i tes  of cell  DNA and chromat[n  [4, 7]. However,  during 
select ive  p r e s s u r e  on the host  o rgan i sm,  the format ion  of a cell  clone with advantages  over  the res t ,  and lead- 
ing to tumor  growth, is v e r y p r o b a b l e .  In that case  specif ic t rans loca t ion  of the oncogene to the zone of ac-  
t ive chromat in ,  as  has  been shown for  the myc gene in Burk l t t ' s  lymphoma [12], may be the fac tor  t r igger ing  
ca rc inogenes i s .  

Exper imenta l  data conf i rming  the mul t i s tage  nature of ca rc inogenes i s  have now been obtained. It is 
based  on the success ive  incorporat ion and coopera t ive  action of severa l  celt  oncogenes [13]. Very  probably  
during t r ans fo rma t ion  by SV 40 v i rus  it is the T antigen that will be the fac tor  in evolution of the tumor  cell  
that is respons ib le  for  subsequent incorporat ion of ce l lu la r  oncogenes with the aid of s t ruc tura l  changes in 
cell  DNA induced by it. 
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