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Cells of two tumors  induced by a highly oncogenic var iant  of Rous sa rcoma virus  in adult 
monkeys (Macaca mulatta) have the charac te r i s t i c  karyotype (2n = 42) of this species  and 
possess  a comparat ively  high level of s t ructura l  mutations of the chromosomes .  Meta- 
phases with deletions, pulverization, and pycnosis  of the ch romosomes  are  found. 

The oneogenic activity of Rous sa rcoma  v i rus  (RSV) in newborn monkeys has been descr ibed [2, 6]. 
In a recent  report ,  Obukh and col labora tors  have descr ibed the isolation of a var iant  of RSV, highly onco- 
genic toward the adult Macaca mulatta, f rom the C a r r - Z i l ' b e r  s t ra in  [7]. 

This paper descr ibes  a cytogenetic investigation of tumors  induced in adult monkeys (Macaca m..u- 
latta) by this s t rain of RSV. 

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

The test  objects were  Rous sa rcomas  in two monkeys of the species  Macaca mulatta aged 2.5-3 years :  
1) male No. 10,827, with a tumor  in the region of the spine (age of tumor  42 days); 2) female No. 10,821 
with a tumor  in the region of the right thigh (age of tumor  31 days). Colchicine (0.6 mg/kg body weight) was 
injected intravenously into the animals and also into the region of the tumor 3 h before biopsy. The tumor 
mater ia l  was trypsinized,  t rea ted  with hypotonic solutions, and fixed by the usual methods [4]. As the con- 
trol,  together with tumor  mater ia l ,  a sample of bone mar row f rom the same monkeys was  taken for  inves- 
tigation. Chromosomal  prepara t ions  were  stained by the R o m a n o w s k y - G i e m s a  method. Metaphase plates 
were  distinguished by the c r i t e r i a  descr ibed previously [1]. Chromosomal  aber ra t ions  were  analyzed in 
metaphases  containing 40-43 chromosomes .  Approximately equal numbers  of metaphases  were analyzed 
in the tumor  and bone mar row from each monkey. In tumors  f rom each of the two monkeys no stat ist ically 
significant differences in the numbers  of cel ls  with chromosomal  aberra t ions  were  found. The resul ts  ob- 
tained f rom the two monkeys are therefore  combined in the tables.  

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

The resul t s  of cytogenetie analysis ,  as ref lected in the number  of abnormal cells,  are given in Table 1. 

As Table 1 shows, the number of aber ran t  metaphases  in tumors  induced by Rous vi rus  was signifi- 
cantly higher  than in the bone mar row.  Besides aber rant  cells,  metaphases  with numerous  gaps and a small 
number of cel ls  with pulverizat ion of the ch romosomes  were observed~ It can be postulated that these 
changes are  due to the presence  of a v i rus  in the tumors ,  as was shown previously [3]. 
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TABLE i. Incidence of Abnormal Cells in Tumors and in Bone Marrow 

of Adult Monke' rs Induced by Rous Virus 

Object 

Tumor 
Bone mar row 

No. of 

meta- 

phases 

244 

513 

No. of metaphases  
with chromosomal  
aberra t ions  

abs. % 

37 15.12• 

2 0.4 + 0.08 

No. of metaphases  
with gaps and pul- 
ver izat ion of 
ch romosomes  

abs. % 

40 16.394-2.36 
0 0 

TABLE 2. 
Tumors  and Bone Marrow 

Incidence of Different Types of Chromosomal Aberrations in 

Type of aberra t ion 

Single f ragments  
Pai red  f ragments  
Total number of aberra t ions  
Ring chromosomes  

Tumor 

abs. 

33 
11 
44 
14 

per  100 
cel ls  

13.5 
4.5 

18.0 
5.7 

Bone mar row 

per  100 
abs. cel ls  

2 0.4 
0 0 
2 0.4 
0 0 

Fig. 1. Metaphase plate and karyotype of Rous 
sa rcoma  Cell of adult monkey. Gaps in 1st, 3rd, 
and 5th pai rs  of chromosomes ;  r ing chromo-  
some in 16th pair;  satellite chromosomes  in 
2(}th pair.  

Metaphases with gaps and pulverization of the 
ch romosomes  were not included in the category of aber-  
rant  cells  and were  considered separately.  No such ab- 
normal i t ies  were  found in the bone marrow.  

Results  for  the types of chromosomal  aberra t ions  
discovered in the tumors  and bone mar row are given in 
Table 2. Single f ragments  are  the chief type of chromo-  
somal aberra t ions  in both the tumor and bone marrow,  
but their  frequency in the tumors  was higher than in the 
marrow.  In addition, paired f ragments  and ring chromo-  
somes were  observed in the tumor  cells.  The number 
of s t ructural  lesions of the chromosomes  discovered in 
the tumor cells  was 18 aberra t ions  per  100 cells  an- 
alyzed. Consequently, cells  of a tumor induced by Rous 
vi rus  are charac te r ized  by increased mutability of their  
chromosomes .  Ring chromosomes  were not accom-  
panied by fragments .  It is possible that there was a 
clone of cells  with a ring chromosome.  Another pos-  
sible suggestion is that the r ings  are  formed by adhe- 
sion of te lomers .  The solution of this problem requi res  
analysis  of a large number  of metaphases  and karyotyp- 
ing of high-quality plates with r ing chromosomes .  

The tumor  cel ls  had a normal  karyotype (2n= 42) 
charac te r i s t i c  of monkeys of this species (Fig. 1). The 
karyotype of Macaca mulatta has  been descr ibed by 
Chiarelli  [5]. F igures  for  the frequency of aneuploidy 
in the region of diploid numbers  and polyploidy in the 
tumor  and bone mar row are given in Table 3. 

It will be seen that both in the bone mar row and in the tumor about 90-95% of the cel ls  were euploid 
(2n = 42). Aneuploid cells  were mainly of the hypodiploid type ,  evidently on account of loss  of chromosomes  
during hypotonie t reatment .  The degree of hypodiploidy of "artefact"  type was higher for the bone mar row 
than for the tumor.  Polyploids were r a re ly  seen. 
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TABLE 3. 

Object 

Tumor  
Bone m a r r o w  

Fre( uency of Aneuploidy and Polyploidy in Tumor  and Bone Marrow 

Cells  with number  
of c h r o m o s o m e s  

5 7 230 2 
10 42 460 1 

Number  of aneuploids 

abs. % 

14 5.74~i.03 
53 i0.52~1.35 

% of polyploids 

2.47=~ 0.99 
0.92=~ 0.42 

Fig. 2. Abort ive me taphases :  a) number  of pycnotic ch romo-  
s o m e s  42; b)  number  of c h r o m o s o m e s  l e s s  than 42. Ar rows  
indicate f igures  cor responding  to sma l l e s t  Y - c h r o m o s o m e .  

A specia l  type of k a r y o r r h e x i s ,  due to passage  of the in terphase  nucleus into mi tos i s  (abort ive m i -  
toses ) ,was  found in the tumor  ma te r i a l .  In this condition the c h r o m o s o m e s  r e m a i n  in the metaphase  stage 
and become pycnotic and spher ica l  in shape. Ra re ly  is the number  of these  s t r u c t u r e s  equal to the diploid 
number  of c h r o m o s o m e s  (Fig. 2a). More commonly  the i r  number  is  t e s s  than 42, for  some of them fuse to 
f o r m  cong lomera te s  (Fig. 2b). The number  of "abor t ive"  mi to se s  in the tumor  was about 40% of the total 
number  of dividing ce l l s .  The i r  t rue  f requency was  evidently different .  "Nonabort ive" m e t a p h a s e s  (60%) 
were  accumula ted  in the course  of 3 h by means  of colchicine,  but the t ime  of accumulat ion of the "abor t ive"  
m e t a p h a s e s  is un_known. It  is poss ib le  that  growth of the t umor  depends on the ra t io  between the number s  
of "abortive" and "nonabortive" mitoses. 
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