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Some s t r a ins  of mice  a re  cha rac t e r i zed  by spontaneous development  of hepatoce l lu lar  t umor s  [6, 9, 12, 
15]. These  t umor s  cha rac t e r i s t i c a l l y  have a high f requency of appearance ,  s im i l a r i t y  of morphologica l  s t r u c -  
tu re  to human hepa tomas ,  and abil i ty to m e t a s t a s i z e  and to induce synthes is  of the embryospec i f i c  prote in  a -  
fe toprote in  ( a - F P ) .  Unlike t um or s  of the l i ve r  induced by chemical  carc inogens ,  spontaneous hepatomas  have 
rece ived  l i t t le  study. Informat ion  in the l i t e r a t u r e  is main ly  concerned with immunohis tochemiea l  c h a r a c t e r -  
i s t i cs ,  and the re  is  v i r tua l ly  no informat ion  on the cytogenetic  p rope r t i e s  of spontaneous hepa tomas .  D e t e r -  
minat ion of the level  of polyploidization of spontaneous hepatoma cells  is in te res t ing  because  polyploidization 
of hepatoeytes  is c h a r a c t e r i s t i c  of no rma l  different ia t ion of the mouse  l i v e r  [2]. 

In the investigation described below the composition of cell populations of spontaneous hepatomas with 
respect to DNA content in single cells was studied and compared with the size of the tumor and (~-FP produc- 
tion. 

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

Exper imen t s  were  ca r r i ed  out 20 ma le  CBA mice  aged f rom 18 to 22 months .  In mice  of this s t ra in  spon-  
taneous hepa tomas  develop in 100% of cases  a f te r  19 months [6]. Animals  in which the diagnosis of hepatoma 
was made during p r e l i m i n a r y  clinical examinat ion were  sac r i f i ced  and autopsied.  On examinat ion of the l i ve r ,  
whitish yel low nodules f r o m  1 to 15 m m  in d i ame te r  were  found in all  i ts  lobes .  The number  of nodules var ied  
in individual an imals  f r o m  3 to 20 or  more  (the whole l ive r  cons is ted  of mult iple  confluent nodules of dif- 
ferent  s izes ) .  

To analyze  the DNA content, 15 smal l  nodules 1-3 m m  in d i ame te r ,  11 nodules 4-6 m m  in d i ame te r ,  and 
11 l a rge  nodules 7-10 m m  in d i ame te r ,  f r ee  f r o m  nec ros i s  and hemor rhage ,  were  se lec ted .  The whole smal l  
nodules,  and m e d i u m - s i z e d  and l a rge  nodules cut into halves ,  toge ther  with the adjacent  pa renchyma,  were  
fixed in 10% neutra l  fo rmal in .  Af te r  fixation f i lm p repa ra t ions  of i so la ted  cells were  made by the alkaline d i s -  
sociat ion method [1] s e p a r a t e l y  f r o m  the t um or s  and surrounding l ive r .  The p repa ra t ions  were  s ta ined by 
Feulgen~s method,  by hydrolys is  in 5 NHC1 for  10 rain at 37~ and t r ea tmen t  with Schiff 's  reagent  for  i h at 
room t e m p e r a t u r e .  The content of DNA-fuehsine in the tumor  and l i ve r  cells was m e a s u r e d  on a Vickers  M-86 
scanning in tegra t ing  m i c r o d e n s i t o m e t e r  (100-150 cel ls  in each case) .  Mitotic ac t iv i ty  in the l i ve r  and t u mo r s  
was de te rmined  in f i lms  of isola ted cells ,  by examinat ion of 1000-3000 hepatocytes .  In para l le l  expe r imen t s  
the o ther  halves  of  the nodules were  fixed in a mix tu re  of formal in ,  acetone,  and phosphate buffer ,  pH 6.1 [3], 
and embedded in His toplas t .  Sections 3-4 # th ick  were  stained with hematoxylin and eosin and inves t iga ted  h is to-  
logical ly.  The s e r u m  a - F P  level  of the an imals  were  de te rmined  by double i mrnunodiffusion in gel with a s t an-  
dard tes t  s y s t e m  [4]. F u r t h e r m o r e ,  in four nodules measu r ing  f rom 3 to 7 ram in th ree  an imals  the d i s t r ibu-  
tion of a - F P  in the sec t ions  was studied by the d i rec t  immunoperox idase  method [13], using monospec i f ic  r a b -  
bit ant ibodies and f r agmen t s  of donkey antibodies against  rabbi t  7-globul in ,  labeled with h o r s e r a d i s h  perox idase .  

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

In the i r  histological  s t ruc tu re  the t um or s  studied could be c lassed  as highly different ia ted hepa tomas .  
Usually the tumor  nodule was surrounded by a zone of c o m p r e s s e d  l i ve r  pa renchyma.  T u m o r  cells  r e s e m b l e d  
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Fig. 1. Examples of distribution of DNA content 
in hepatoeyte nuclei in spontaneous, highly differ- 
entiated mouse hepatomas, a-d) Types of tumors. 
Here and in Fig. 2: abscissa, DNA content (in 
ploidy units); ordinate,  number  of cells (in pe r -  
cent). 

Fig. 2. Distribution of DNA content in hepatocyte 
nuclei in l iver  (a) and four spontaneous hepatomas 
(b-e) in the same mouse.  
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Fig. 3. Comparison of cell compo- 
sition of l iver  (unshaded columns) and 
hepatomas (black columns) by ploidy 
and number  of nuclei. Absc issa ,  types 
of cells;  ordinate,  f requency of occu r -  
rence of cells of the given type (in pe r -  
cent). 

hepatocytes in their  morphology, but they were much la rger ,  highly vacuolated, contained t races  of fatty degen- 
eration, and they were virtually identical in s ize.  Often foci of necros i s  and hemorrhages  were found in the 
tumors .  The mitotic index in the tumors  as a rule was an o rde r  of magnitude higher  than in the surrounding 
l iver ,  and averaged 0.14 * 0.6% with variat ion f rom 0 to 9.7%. a ~FP was found in the blood se rum in fa i r ly  
high concentrat ions in three  mice (titer 1 : 8-1 : 16), and in t race  amounts in six mice.  a~FP  was not detected 
in the se rum of 11 mice.  In the sections r~-FP was usually contained by single cells of the tumor  nodule and, 
in addition, by single hepatocytes of the surrounding parenchyma.  

The distribution of cells by DNA content was studied in 37 hepatomas - 1-4 tumors  f rom 20 mice.  In 
every  case the type of distribution of DNA was s imi lar  - p o l y m o d a l ,  wi thpredominance of the tetraploid c lass  - 
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and it was independent of the abil i ty of the t u m o r  to produce a - F P .  No signs of m a r k e d  aneuploidy, such as a r e  
c h a r a c t e r i s t i c  of induced hepa tocarc inogenes i s  [5], were  p resen t .  Despi te  s im i l a r i t y  in pr inciple  of the d i s t r i -  
butions of the cel ls  by DNA content, the t um or s  neve r the l e s s  differed in the ra t io  between c l a s ses  of ploidy. 
According to the degree  of development  of polyploidy in the t u m o r  cel ls ,  all the hepa tomas  could be subdivided 
conventionally into th ree  groups (Fig. 1). The f i r s t  group, including 14 hepa tomas ,  was cha r ac t e r i z ed  by min -  
imal  values  of mean  ploidy Of the nucleus (Pn = 4.5 • 0.09) and cell (Pc = 5.04 • 0.11) (Fig. la ) .  The second 
group consis ted of eight hepatomas with Pn = 5.10 • 0.13 and Pc = 5.9 • 0.15 (Fig. lb),  and the th i rd  group con- 
s is ted  of 14 hepatomas  with Pn = 6.0 • 0.2 and Pc = 7.24 • 0.19 (Fig. lc) .  Mean values of ploidy of the nucleus 
and cell in the surrounding l ive r  t i s sue  were  4.45 • 0.13 and 6.34 + 0.70 r e spec t ive ly .  The level  of cell poly-  
ploidization var ied  not only in hepa tomas  f r o m  different an imals ,  but also in different  hepatomas  f r o m  the s ame  
animal .  Somet imes  hepa tomas  which belonged to th ree  different  groups  by the degree  of development  of poly-  
ploidy could be found in the l i ve r  of one mouse  (Fig. 2). An e x t r e m e l y  high degree  of polyploidy (Pn = 10.1 and 
Pc = 12.0), much higher  than the typical  mean  values for  the l i ve r  arid for  another  hepa toma in the s ame  animal  
(Pn = 5.0, Pc = 5.7) was obse rved  in one case (Fig. ld).  Compar i son  of the type of h i s tog rams  with the s ize  of 
the tumor  showed a cer ta in  tendency toward posi t ive cor re la t ion  between the level  of cell polyploidization and 
the s ize  of the tumor .  

Among hepatomas  of the f i r s t  group mos t  were  smal l ,  whereas  among hepatomas  of the third group, mos t  
were  l a r g e r ,  although in each group the s izes  of the t umor s  var ied  g rea t ly .  

Compar i son  of the cell composi t ion of the t umor s  and l i ve r  byplo idy  and re la t ive  numbers  of mononuclear  
and b inuc lear  cel ls  showed no signif icant  quali tat ive d i f ferences  between them (Figs.  2 and 3). The cell s e r i e s  
of mos t  highly di f ferent ia ted hepa tomas  began with the diploid hepatocyte,  although the i r  number  was an o r d e r  
of magnitude l e s s  than in the surrounding pa renchyma .  In eight nodo_les f r o m  5 to 10 m m  in d iamete r ,  i .e. ,  
m e d i u m - s i z e d  and l a rge ,  not a single diploid cell was found despite  examinat ion of at l ea s t  3000 t umor  cel ls  in 
each case .  Complete exhaustion of diploid cel ls  in ce r ta in  t umor s  may  be the resu l t  of intensive cell p r o l i f e r a -  
tion, in the course  of which they underwent polyploidization.  Mitotic polyploidization of hepatocytes  is a ch a r ac -  
t e r i s t i c  p rope r ty  of l i v e r  cel ls  [2]. The te t raplo id  level  of DNA content, to which mos t  t umor  cel ls  a re  con- 
ver ted ,  is evidently opt imal  fo r  t u m o r  growth.  On the whole the population of t umor  cells differed f r o m  that of 
cel ls  of the pa r enchyma  in the higher  level  of ploidy of DNA content, accompanied  by a reduct ion on average  of 
two- th i rds  in the number  of b inuc lear  cel ls  (15.6 • 1.1% compared  with 45.5 • 2.8% in the surrounding l iver ) .  

Highly di f ferent ia ted spontaneous hepa tomas  studied in this invest igat ion a re  the commones t  l i ve r  t u mo r s  
found. Among spontaneous hepatoce l lu lar  neop lasms  in CBA mice ,  m o r e o v e r ,  poor ly  different ia ted hepatomas  
consist ing of smal l  cel ls  with intensive a - F P  product ion a re  found [6]. Cases  of v i r tua l ly  diploid hepa tomas ,  
as well as t umor s  with high ploidy, the mean  level  of polyploidization of which exceeds  that typical  of no rma l  
l i ve r  [10], have been descr ibed  in man.  Most s tudies involving karyotype  and photomet r ic  analys is  have been 
devoted to induced hepatomas  [5, 7, 8, 11, 14]. In these  cases  also, both predominant ly  diploid t umor s  and also 
t u m o r s  heterogeneous  with r e spec t  to the i r  DNA content appear ,  with a modal c lass  in the region of n e a r - t r i p -  
loid and n e a r - t e t r a p l o i d  values or  higher .  A c h a r a c t e r i s t i c  fea ture  of induced hepa tocarc in0genes i s  is ch ro-  
mosomal  ins tabi l i ty  and the development  of aneuploidy. 

Spontaneous and induced hepatomas  of exper imenta l  animals  and human hepatomas  a re  thus dist inguished 
by cons iderable  var iab i l i ty  of the i r  DNA content.  

This invest igat ion showed that  highly di f ferent ia ted hepa tomas  a re  heterogeneous  cell populations with a 
high level  of development  of polyploidy. Polyploidizat ion and a dec r ea se  in the number  of diploid cel ls  a re  ob-  
se rved  in the postnatal  per iod of growth of the l i ve r .  It can be tenta t ive ly  suggested that  a high degree  of ce l lu-  
l a r  polyploidization in hepa tomas  is a f ea tu re  of normal  hepatoce l lu lar  different iat ion.  

The authors  a re  gra teful  to N. A. Kharkovskaya  for  providing the mice  with spontaneous hepatomas  and 
for  useful d iscuss ion of the resu l t s .  
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The ratio between the pools of proliferating and quiescent cells is one of the most important critical fac- 
tors  determining the sensitivity of normal and tumor t issues to most cytostatie agents {2]. Correlation between 
these parameters  and the sensitivity of target cells to kil ler  cells, which is evidently connected with modulation 
of antigens and cell membrane receptors  [10, 11], likewise is becoming increasingly evident. 

The writers  demonstrated previously that a temporary  change in functional activity of the mononuclear 
phagocyte system 0V[PS) caused by parenteral  injection of particles of inert colloids leads to modification of the 
toxic and antitumor effects of cytostatics: methotrexate, ftorafur,$ sareolysin [3, 9]. In particular,  injection 
of colloidal gold or  carbon particles potentiated the antitumor effect of methotrexate on developing Rauscher 
leukemia. The mechanism of this effect is not clear.  I t  may perhaps be explained by changes in proliferation 
of the tumor cells connected with disturbance of MPS function. Macrephages are known to be secre tory  cells, 
and among the biologically active compounds which they secrete,  the so-called monokines, there are factors 
which affect proliferation of other cells, including hematopoietie cells [7]. 

To test this hypothesis experiments were carr ied out, the results of which are described below. In most 
experiments a teehnique of nucleoprotein-cel l te  chromatography (NPC chromatography) was used to analyze the 
ratio between pools of proliferating and quiescent cells; this method enables the proliferative status of the cell 
population to be assessed [5, 6]. DNA in proliferating cells is very f i rmly bound with proteins and a high con- 
centration of LiC1 and urea (4 M and 8 Mrespectively) and heating to 96~ are necessary for its elution. When 
the cells change to the resting state, 1.5 M LiC1 and 3M urea at 4~ are sufficient to dissociate the DNA-protein 
complex [8]. 
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$5-Fluoro--l-(tet rahydro-2--furyl )uracil (translator). 
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