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The DNA content  and ploidy of cel ls  of p r i m a r y  foci of m a l i g n a n t  me lanoma,  m e t a s t a s e s  of 
me lanoma ,  and i n t r a d e r m a l  p igmented  nevi were  studied by  a m i c r o s p e c t r o p h o t o m e t r i c  me th -  
od. If the p r i m a r y  foci  of the m e l a n o m a  and its m e t a s t a s e s  had genera l  f ea tu res  such as 
he teroploidy and polyploidy, the cel ls  of the m e t a s t a s e s  p o s s e s s e d  high ploidy and a d is t inc-  
t ive pa t t e rn  of d is t r ibut ion with r e s p e c t  to DNA content as a propor t ion  of the total  DNA m a s s .  
It is  pos tula ted  that  superproduct ion  of DNA and a change in the clonal prof i le  a re  the pr incipal  
quanti tat ive c h a r a c t e r i s t i c s  of p r o g r e s s i v e  mal ignant  growth. 

P r o g r e s s  in cytogenet ics  has  led to the accumulat ion of informat ion on genetic he te rogene i ty  of the 
cell populat ions of mal ignant  tumors .  This  fact  means  that  a tumor  focus mus t  be r ega rded  as a population 
of individual clones of t umor  cel ls  he terogeneous  in the i r  biological  p r o p e r t i e s .  Numerous  invest igat ions 
have shown that the deg ree  of biological  a g g r e s s i v e n e s s  of mal ignant  t umor s  is connected with the c h a r a c t e r  
of the i r  ploidy [2, 3], and also that the potent ia l  abi l i ty of t umor s  to m e t a s t a s i z e  is dependent on the c h a r -  
a c t e r i s t i c s  of the c h r o m o s o m e  complement  of the i r  cel ls  [5, 6]. Some worke r s  [7] have found that only a 
few of the m o s t  v iable  tumor  cel ls  m a y  be  involved in metas tas iza t ion ;  these  cel ls  usual ly  have high poly-  
ploid DNA values  and belong to p a r t i c u l a r  clones of tumor  cel ls .  

In view of the fac ts  desc r ibed  above, the compara t ive  study of the ploidy of ce l l s  of p r i m a r y  t umo r s  
and the i r  m e t a s t a s e s  is  of g rea t  theore t ica l  and p rac t i ca l  impor tance ,  for  because  of d i f fe rences  in the i r  
cell  p rof i le  for  DNA content the m e t a s t a s e s  m a y  have biological  p r o p e r t i e s  which differ  f rom those of the 
or iginal  tumor .  This  fact  has  a v e r y  impor tan t  bea r ing  on t r ea tmen t  and prognos is .  

No informat ion  on the compara t i ve  study of the DNA content in ce l l s  of p r i m a r y  and me tas t a t i c  foci 
of m e l a n o m a  could be  found in the access ib le  l i t e r a tu re .  

A compara t ive  study was made of the ploidy of p r i m a r y  me lanomas  and the i r  m e t a s t a s e s  on the ba s i s  
of r e su l t s  of m i c r o s p e c t r o p h o t o m e t r i e  analys is  of the DNA content in the tumor  cell  nuclei.  

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

Histological  spec imens  f rom 36 p r i m a r y  me lanomas  of the human sMn, 12 m e t a s t a s e s  of m e l a n o m a s  
in the regional  lymph glands, and seven  in t r ade rma l  p igmented nevi (for compar ison)  were  invest igated.  
Sections 7 p in th ickness  were  s ta ined by the Feulgen method {fixation in 10% neutral  formal in ,  hydro lys i s  
fo r  7 min). The DNA ec~tent  in the nuclei  of the tumor  cel ls  was de te rmined  with an integrat ing scanning 
m i c r o s p e c t r o p h o t o m e t e r  [1]. The r e su l t s  of m e a s u r e m e n t  of the optical densi ty  of the nuclei were  e x p r e s s e d  
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Fig. 1. H i s togram of d is t r ibut ion of 
ce l l s  by DNA content:  A) nevus;  B) 
p r i m a r y  focus of me lanoma;  C) m e t a -  
s t a s i s  of me lanoma .  Absc issa ,  DNA 
content in ploidy units (n); ordinate ,  
pe rcen tage  of cel ls .  

as  ra t ios  of the i r  mean  area ,  and data  for  the DNA content 
we re  obtained in r e la t ive  units.  The DNA content  in the  nuclei  
of 30 lymphocytes  were  de te rmined  in the s a m e  spec imens  
and by the s a m e  method,  and the averaged  values of the m e a -  
s u r e m e n t s  were  taken as a s tandard  of r e f e r e n c e  fo r  a diploid 
cel l ;  this was l a t e r  used to conver t  the DNA content  in the 
nuclei  of the tumor  ce l l s  into ploidy units.  H i s t o g r a m s  of 
dis t r ibut ion of the ce l l s  of nevi and p r i m a r y  and me tas t a t i c  
foci  of m e l a n o m a  b y  the c h a r a c t e r  of the i r  ploidy were  plot ted 
f r o m  these  r e su l t s .  The cell  ploidy was studied only in c o m -  
p le te ly  unt rea ted  neop lasm in view of in format ion  that  ch emo -  
the rapy  or  rad io therapy  m a y  lead to changes in the DNA con-  
tent in the nuclei .  

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

The r e su l t s  r evea led  a c l ea r ly  defined modal  c lass  of 
diploid cel ls  (Fig. 1A) in the benign p igmented  neop la sms ,  
while the p r i m a r y  foci (B) and m e t a s t a s e s  (C) of the m e l a n o m a  
exhibited m a r k e d  heteroploidy and polyploidy. 

The mean  values  for  the p r i m a r y  foci of the m e l a n o m a  
showed that  10% had normal  ploidy values ,  45 and 40% of cel ls  
contained f r o m  4 to 8 n and f rom 8 to 16 n, r e spec t ive ly ,  while 
only 5% of ce l l s  had high polyploid DNA values  (over 16 n). 

In me tas t a t i c  foci of me lanoma  these  p ropor t ions  
were  cons iderably  modified to give an inc rease  in polyploidi-  

zat ion of the ce l l s :  the num ber  of ce l l s  containing f r o m  8 to 16 n ro se  to 70%, the index of high polyploid 
ce l l s  rose  to 15%, but the pe rcen tage  of ce l l s  in the range  f rom 4 to 8 n fell to 15%. 

The r e su l t s  of these  e x p e r i m e n t s  show m a r k e d  d i f fe rences  in the c h a r a c t e r  of ploidy of the benign 
nevi and mal ignant  m e l a n o m a s .  P r i m a r y  and m e t a s t a t i c  loci  of m e l a n o m a  in turn differ  in the i r  d i s t r ibu-  
tion p rof i l e  of the t u m o r  ce l l s  on the ploidy sca le :  the m e t a s t a s e s  have  m o r e  m a r k e d  polyploidizat ien  of 
the t u m o r  cel ls :  

This  higher  ploidy of ce l l s  of the m e t a s t a s e s  can be explained by  the hypothesis  [4 et al.], based  on the 
m a r k e d  r e s i s t a n c e  of polyploid ce l l s  to the action of unfavorable  fac to r s  and the clonal s t r u c t u r e  of the 
t u m o r  focus, that m e t a s t a s i z a t i o n  of mal ignant  t umor s  is effected by  ce r ta in  polyploid c lones  of t umor  ce l l s  
with a high potential  capac i ty  for  mal ignant  growth. 

To quantify the p r o c e s s  of mal ignant  t r ans fo rmat ion ,  the total  m a s s  of DNA was calcula ted  in 100 
cel ls  of the s t r u c t u r e s  studied (the sum of the products  of the number  of cel ls  and their  co r responding  ploidy 
units).  The calcula t ions  showed that for  100 ce l l s  of the nevi the re  were  on the average  250 conventional 
units of DNA, while in the p r i m a r y  foci  of m e l a n o m a  the total  DNA c(~tent  was inc reased  by  a lmos t  1.5 
t imes  and in m e t a s t a s e s  of m e l a n o m a  by  4 t imes .  In other  words ,  the total  DNA content in me tas t a t i c  loci  
in a s tandard  number  of ce l l s  was a l m os t  twice  that  in the p r i m a r y  tumor .  

Superproduct ion of DNA and a change in the clonal p rof i le  can thus be r ega rded  as the p r inc ipa l  quan-  
t i ta t ive  fea tu res  of p r o g r e s s i v e  mal ignant  growth.  

It can be  concluded f r o m  the r e su l t s  of these  invest igat ions that while p r i m a r y  and m e t a s t a t i c  loci  of 
mal ignant  m e l a n o m a  s h a r e  common f ea tu re s  of he te rop lo idy  and polyploidy, p r i m a r y  and me ta s t a t i c  foe: of 
mal ignant  m e l a n o m a  have dis t inct ive p ro f i l e s  of cel l  dis t r ibut ion by  DNA content as well  as in the i r  total  
m a s s  of DNA, evidently re f lec t ing  d i f fe rences  in the karyo type  of these  neop lasms  and respons ib le  for  dif-  
f e r ences  in the i r  b io logical  act ivi ty.  

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

1. G . G .  Avtandilov, Yu. I. Blagoveshchenski i ,  .4. S. Dolmatov,  et al., Arkh. Pat . ,  No. 10, 70 (1970)o 
2. G . G .  Avtandilov and V. S. Pashkova ,  Byull.  t~ksperim. Biol. i Med., No. 4, 82 (i971). 
3. T. Hauschka  and A. Levan, Exp. Cell Res . ,  4, 457 (1953). 

433 



4o 

5. 
6. 
7. 

E. Meek, J. Path. Bact., ~ 167 (1962). 
G. Moore and A. Sandberg, Acta Cytol. (Philadelphia), 9, 175 (1965). 
W. Sandritter, Acta Cytol. (Philadelphia), 10, 26 (1966). 
A. Tavares, Europ. J. Cancer, 3, 449 (1968). 

434 


