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The cytologic mechanisms of t ransformat ion  of normal  cells  have received little study. The view 
has long been held that one of the mechanisms of t ransformat ion  of normal  into tumor  cells is the appear -  
ance of pathological mitoses ,  which lead to the format ion of a mutant cell  population [1, 7]. However, the 
possibili ty cannot yet  be ruled out that neoplastic t ransformat ion  of cells and the appearance of pathological 
mitoses  are  s imply parallel  phenomena. One argument  in support  of a causal  relat ionship between these 
p rocesses  would be the appearance of pathological mitoses  during various fo rms  of malignant change and 
of abnormal  mitoses  in the period of cel l  t ransformat ion.  

Tissue  culture experiments  have shown that spontaneous malignant t ransformat ion  of cells during 
prolonged cultivation is accompanied by the appearance of numerous pathological mitoses  [7]. An increase  
in the number  of pathological mitoses  has been observed in the ear ly  stages of chemical  carc inogenesis  [2]. 

In the present  investigation the changes in mitotic behavior were  studied during exposure of cells 
to the action of oneogenic virus SV40, which has the proper ty  of inducing t ransformat ion  of human cells  in 
v i t ro  [6, 12]. This t ransforming action of virus SV40 has led severa l  workers  to study changes in mitotic 
activi ty [11, 13] and the appearance of ch romosomal  aberra t ions  [5, 9, 10, 14] in cells infected with this 
v i rus .  

EXPERIMENTAL METHOD 

Experiments  were  ca r r i ed  out on diploid cells f rom the lungs of a human embryo (DCHL, s t ra in  
No. 1)*. The cells were  grown on Ear l e ' s  medium. At the 7th passage the culture was infected wi thvirus  
SV40 (strain No. 426)$. Virus-containing fluid was added at the ra te  of 1 ml to 100 ml medium. After 
adsorption for  3 h at 37 ~ the liquid was aspirated f rom the f lask and the layer  of cells careful ly  washed 
off with Hanks's solution. Fresh medium (30% Earle's medium with 10% calf serum and 70% "conditioned" 
mediumfrom the flask with DCHL-I cells of the 5th passage) was then poured into the flask. The DCHL-I 
cultures, chronically infected with virus SV40 and grown on cover slips, were fixed with Shabadash's 
neutral mixture at various stages of transformation of the cells: 23, 46, 81, 97, and 109 days after infec- 
tion of the culture. The same culture not infected with virus served as original control. The preparation 
were stained with Carazzi's hematoxylin or iron hematoxylin. The mitotic behavior and pathological forms 
of mitosis were studied in accordance with the scheme suggested by I. A. Alov [I]. The mitotic activity 
was counted in I000 cells, and at the same time the relative percentages of the individual phases of mitosis 
were determined. The number of pathological mitoses was expressed as a percentage of the total number 
of dividing cells. Statistical analysis of the numerical results was carried out by the Fisher--Student 

method. 

*Strain DCHL-1 was obtained f rom the Tissue Culture Labora to ryof  the D. I. Ivanovskii Institute of Virology. 
$Strain No. 426 of virus  SV40 was obtained f rom the L. A. Tarasev ich  Control Institute. 

Laboratory of Cytology, Institute of Human Morphology, Academy of Medical Sciences of the USSR; 
Laboratory of Tissue Culture, Institute of Virology, Academy of Medical Sciences of the USSR, Moscow 
(Presented by Active Member of the Academy of Medical Sciences of the USSR, A. P. Avtsyn). Translated 
from Byalleten' ]~ksperimental'noi Biologii i Meditsiny, Vol. 64, No. II, pp. 122-125, November, 1967. 
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Fig. 1. Changes in mitot ic  behav ior  of DCHL-1 cel ls  in the per iod  of t r a n s -  
f o r m a t i o n  induced by v i rus  SV40. Wide broken  c o l u m n s - m i t o t i c  act ivi ty ;  
n a r r o w  c o l u m n s - p e r c e n t a g e s  of individual phases  of mi tos i s ;  the cu rve  de -  
notes changes in the n u m b e r  of pathological  m i t o s e s .  

Fig. 2. Changes in DCHL-1 ce l l s  in the t r a n s f o r m a t i o n  per iod.  I: A) Virus  
inclusions in nucleus;  B) he te rochromat in iza t ion ;  H - p a t h o l o g i c a l  m i to se s ;  C) 
K - m e t a p h a s e  of "plant type";  D) s ca t t e r i ng  of shor tened  chroL~osomes in m e t a -  
phase;  E) s ca t t e r ing  of r e l a t ive ly  unchanged c h r o m o s o m e s  in me tak ines i s .  

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

T h r e e  weeks a f t e r  infection of the cu l tures  w i t h v i r u s  SV40, res idua l  mani fes ta t ions  of the cytopathic 
act ion of the v i rus  and the f i r s t  signs of commenc ing  t r an s fo rma t ion  w e r e  obse rved .  Signs of degenera t ion  
were  noted in s o m e  ce l l s ,  and in t ranue lea r  v i rus  inclusions in o the r s .  Only a few r e s i s t a n t  ce l l s  had b e -  
gun to p ro l i f e r a t e .  He te rochromat in iza t ion  of the nuclei  was obse rved  in many  in te rphase  ce l l s ,  and it  
could a lso  be t r a ced  in the subsequent  s tages  of t r ans fo rma t ion .  The mitot ic  ac t iv i ty  at  this per iod was 
reduced  by m o r e  than half in c o m p a r i s o n  with the uninfected cel ls  (Fig. 1). However ,  the r e l a t i ve  i nc r ea se  
in the number  of f i r s t  phases  of mi tos i s  indicates  that  a new wave of mi toses  had  now begun, leading to an 
i n c r e a s e  in mitot ic  act ivi ty  in the subsequent  s tages  of t r a n s f o r m a t i o n  of the cul ture .  Even dur ing this 
ini t ial  s tage  of" t r ans fo rma t ion , t he  number  of pathological  mi to ses  i nc reased  s h a r p l ~ f r o m  2.9% in the 
cont ro l  to 58% of all  the dividing ce l l s .  
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In the course of the next stages of transformation (46-109 days after infection of the cultures), a 
gradual increase in mitotic activity took place, reaching a maximum after 109 days, i.e., in the finalstage 
of transformation of the cells. The increase in mitotic activity was accompanied by a change in the rela- 
tive proportions of the individual phases of mitosis. In the first half of the transformation period the rela- 
tive number of prophases and metaphases increased, while in the second half metaphases were predominant. 
Comparison of the changes in the phases of mitosis with the changes in mitotic activity shows that the in- 
crease in the relative number of prophases usually coincided with the beginning of an increase in mitotic 
activity, and reflected the beginning of a new wave of mitoses (an increase in the number of cells com- 
mencing mitosis). The relative increase in the number of metaphases, coinciding with the maximum of 
mitotic activity, was probably connected with some delay in the course of this phase of mitosis. This is 
characteristic of the transformation of normal into tumor cells [I, 3, 8]. 

With the beginning of transformation,the number of pathological mitoses increased sharply (Fig. !), 
rising steadily and reaching a maximum 97 days after infection with the virus. It is interesting to note 
that the increase in thenumber of pathological mitoses and their maximum preceded the stimulation ef 
mitotic activity and its maximum. Cells with an unbalanced karyotype, which arise as a result of patho- 
logical mitoses, possibly become capable of increased proliferation. This hypothesis merits specialstudy. 

The predominant form of abnormal mitosis (36-54%) during transformation is that of K-metaphases 
(Fig. 2). This form of pathological mitosis is characterized either by scattering of greatly shortened and 
thickened chromosomes (K-metaphases of "plant type"), or by agglutination of the chromosomes into coarse, 
lumpy, metaphase plates (K-metaphases of "animal type"). 

Heteroehromatinization of the interphase nuclei and the appearance of K-metaphases with shortened 
chromosomes are probably the result of a single chain of processes, associated with excessive spiraliza- 
tion of the chromosomes in the transforming cells. 

About half of all the pathological mitoses consisted of other forms of disturbances of the normal 
course of mitosis: scattering of chromosomes in metaphase, three-group metaphases, deletion of chromo- 
somes and their fragments in metakinesis and during divergence toward the poles, and asymmetrical 

mitos es. 

The study of the period of transformation of cells infected with virus SV40 thus shows that thechanges 
in mitotic behavior at this period are characterized by an increase of mitotic activity, a sharp increase in 
the number of pathological mitoses, and a relatively slow course of metaphase. 
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