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Nineteen p r imary  tumors  of the l iver  were investigated by an immunomorphological  method 
using monospecif ic  antibodies against  azocarciaogen-binding protein (CBP). The content of 
this protein was shown to be direct ly  related to the degree of cytotypical  differentiation of 
the tumor cel ls .  CBP was absent in poorly differentiated hepatomas,  anaplast ic ca rc inomas ,  
and most  adenocarc inomas .  This protein was found in highly differentiated hepatomas,  in 
which it was uniformly distr ibuted throughout the cell population. 

One stage in the investigation of the role of carcinogen-binding protein (CBP) in malignant growth is 
the study of its distribution in the cells of normal liver and of tumors developing in that organ. 

The writers showed previously that normal liver cells are heterogeneous intheir CBP content. Cells 
rich in CBP are localized in the central parts of the lobules, while cells not containing this protein have a 
periportal location. 

The object of the present investigation was to study the CBP content in primary tumors of the liver 
by an immunomorphological method. 

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

Male Wistar  ra t s  weighing 90-120 g were used in the experiments .  For  induction of the tumors  the 
animals were kept on the diet suggested by Miller et al. [4], with cer ta in  modifications.  The composit ion 
of the diet (per kg) was as follows: casein 120 g, glucose 290 g, corns ta rch  500 g, vegetable oil 80 g, sal t  
40 g [2], r iboflavin 0.001 g, pyridoxine hydroehtoride 0.0025 g, thiamine hydroehtoride 0.003 g, calcium pan- 
tothenate 0.007 g, choline chloride 0.3 g, 3 ' -methyl -4-d imethylaminoazobenzene  0.6 g. 

Multiple tumors  of the l iver  in ra ts  kept on the diet for 4.5 months were investigated. 

Pieces  of the tumors  measur ing  3 • 4 • 5 mm f rom exsanguinated animals were fixed in a mixture of 
glacial acetic acid and absolute ethanol (I :i00) for 24 h 4~ and embedded in paraffin wax as described pre- 
viously [2]. 

Serial sect ions were then cut to a thickness of 2-3 t~. 

The localization of the CBP in the sections was determined by the indirect  Coons '  method [4]~ Moao-  
specific antibodies against CBP were isolated f rom the serum of rabbits  immunized with a preparat ion of 
this protein [1]. Ass se rum against  rabbit  y-g lobul ins ,  labeled with f luorescein  isothiocyanate,  p repared  at 
the N. F. Gamaleya Institute of Epidemiology and Microbiology, was used as the f luorescent  antibodies, 
Nonspecific f luorescence was removed by adsorption of the se rum with mouse- l iver  powder. 
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Fig. 1. CBP in sections of highly differentiated hepatoma. Incuba- 
tion with antibodies against  CBP, 60 • 

Fig. 2. CBP in sect ion of mixed tumor .  Glandular s t ructure  lined 
with high cyl indrical  epithelium, 30 x. 

Fig. 3. Section of poorly differentiated hepatoma. CBP absent. 
Hematoxyl in-eosin,  60 x.  

The dewaxed sect ions were  incubated f i r s t  with antibodies against  CBP and then with labeled se rum 
[2]. The specifici ty of immunological  f luorescence was verif ied in sect ions:  1) not t reated with antibodies; 
2) incubated with labeled s e rum only; 3) incubated with nonimmune rabbit  serum; 4) incubated with anti- 
bodies against CBP neutral ized with a pure preparat ion of this protein. The monospecifici ty of the anti- 
bodies was additionally ver i f ied by incubating them with sections of the spleen, which were then t reated 
with labeled se rum [1]. 

In each exper iment  7-8 ser ia l  sections of the tumor  were tested, the third or  fourth being stained 
with hematoxylin and eosin.  

The sections were  examined in the ML-2 luminescence microscope  in blue-violet light and with phase 
contrast ;  they were photographed on RF-3 film. Sections stained with hematoxyl in-eosin  were examined in 
the light microscope .  Altogether 19 tumors  were investigated. 

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

By their  morphological  s t ructure  the tumors  investigated were distr ibuted as follows. 

1. Highly differentiated t rabecular  hepatomas (4). 

2. Mixed tumors  (13). In these tumors  the s t ruc tu res  of an adenocarcinoma were identified along 
with foci of a poorly differentiated hepatoma and an anaplastic carc inoma.  Areas of highly differ- 
entiated hepatoma were found in individual tumors .  

3. Anaplastic ca rc inomas  (2). 

Investigation of the sections of the tumors  by the immunofluorescence method showed that pract ical ly  
all the cells of the highly differentiated hepatomas exhibited f luorescence in the nucleus and cytoplasm. 
This f luorescence was due to the presence  of CBP in the cel ls ,  for f luorescence was absent in all the con- 
t rols  used (Fig. 1). 

In the sections of the highly differentiated hepatomas the intensity of f luorescence was independent of 
the distance f rom the blood vesse ls ,  as is charac te r i s t i c  of the normal  l iver  [2]. 

The content of CBP in the cells of the mixed tumors  was nonhomogeneous. Intensive focal f luores-  
cence was observed in the sections of two tumors  with the s t ruc ture  of an adenocarcinoma and hepatoma. 
The glandular s t ruc tu res  of these tumors  were lined both with cubical and with high cylindrical  epithelium 
with swollen oxyphilic cytoplasm.  The cells  of the solid and t rabecu la r  a reas  p rese rved  some s imi lar i ty  
with hepatocytes (polygonal shape, round nucleus, and oxyphilic cytoplasm).  Intensive f luorescence was 
found in a large proport ion of the glandular s t ruc tures  (Fig. 2a) and in individual a reas  with a solid and 
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t r a b e c u l a r  s t ruc tu re .  Under these c i r c u m s t a n c e s  many nonfluorescent  nuclei were  obse rved  in the glandu- 
l a r  epi thel ium and the hepatocyte- l ike cel ls  aga ins t  the background of a f luorescen t  cy top lasm.  The dark  
noaf luorescent  zones in these sect ions  were  s o m e t i m e s  indist inguishable morphologica l ly  f r o m  the f luores -  
cent (Fig. 26). 

In the sec t ions  of five mixed t u m o r s  f luorescen t  a r e a s  were  found only as  individual loci .  These  
were  smal l  groups of polygonal ce l l s  of polygonal shape with oxyphilic cy top la sm or  epi thel ium of single 
gland-like s t ruc tu re s .  Over  the g r e a t e r  pa r t  of the sect ions s t r u c t u r e s  c h a r a c t e r i s t i c  of dedif ferent ia ted 
t umor s  were  predominant  (Fig. 3). F luorescence  was absent  in these s t ruc tu r e s .  F luorescence  a lso  was 
comple te ly  absen t  in the sect ions  of six mixed t umor s  and of the two anaplas t ic  c a r c i n o m a s .  

Cha rac t e r i s t i c  p r o c e s s e s  of s t ruc tu ra l  reorgan iza t ion ,  c i r r h o s i s ,  and cholangiof ibrosis  were  thus 
obse rved  in the l i ve r  t i s sue  surrounding the tumor  nodules. The l iver  cel ls  of the c i r rho t i c  a r e a s  a lways 
exhibited intense f luorescence  which, as  a ru le ,  was independent on the dis tance of the cel ls  f rom the ves -  
se l s .  No f luorescence  was found in the a r e a s  of cholangiof ibros is ,  e i the r  in the glandular  epi thel ium of the 
bile ducts or  in the connective t i ssue .  F luorescence  was always absent  in the smal l  rud imen ta ry  tumors  
consis t ing of a typica l  basophi l ic  cel ls .  

The immunomorpho log ica l  study of the distr ibution of CBP in p r i m a r y  t umor s  of the l ive r  induced by 
3 '-MIe-DAB thus showed that  i ts  content  is d i rec t ly  connected with the degree  of cytotypical  d i f ferent ia t ion 
of the t umor  ce l l s .  This prote in  was found in t umor s  which contained cel ls  p r e s e r v i n g  the i r  s imi l a r i t y  with 
hepatocytes  and, t he re fo re ,  r e g a r d e d  as highly different ia ted.  A dec rea se  in s ize of the ce l l s ,  basophfl ia  of 
the cy top lasm,  a change in shape,  and an inc rease  in a t yp i sm  and morphologica l  dedifferent ia t ion,  c h a r ac -  
t e r i s t i c  of poorly d i f ferent ia ted  hepa t emas ,  anaplas t ic  c a r c i n o m a s ,  and mos t  aden ,  c a r c i n o m a s ,  were  
coupled with absence  of CBP in the t umor  ce l l s .  

The re la t ionsh ip  thus d i scove red  may signify that  the CBP d i sappears  with p r o g r e s s i o n  of the tv.mor. 
The fact  that  morphologica l ly  identical  zones of two mixed t umor s  di f fered in the c h a r a c t e r  of the i r  f luo-  
r e s cence  could be evidence in suppor t  of this view. On the other hand, the poss ib i l i ty  cannot be ru led  out 
that  the a n c e s t r a l  cel ls  of the highly d i f ferent ia ted  and poorly  d i f ferent ia ted  t umor s  a r e  hepatocytes  loca ted  
in d i f ferent  pa r t s  of the hepat ic  lobule.  Poss ib ly ,  t he re fo re ,  the poorly  d i f ferent ia ted  t u m o r s  a r i s e  f r o m  
normal  hepatocytes  not containing CBP, while the highly di f ferent ia ted  t u m o r s ,  consis t ing en t i re ly  of f luo-  
r e s c e n t  ce l l s ,  a r i s e  f r o m  normal  hepatocytes  containing this pro te in .$  
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*As in Russ ian  original .  T h e r e  is no ' a "  or  "b" in Fig. 2 -  Consultants  Bureau.  
$ The authors  a re  gTateful to L. P. Pashenkova for  help in p repa r ing  the s e r i a l  sec t ions .  
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