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The s y s t e m  of m i c r o s o m a l  oxygenases ,  the t e rmina l  region of which cons is t s  of cy tochrome  P-450,  
p lays  an impor tan t  ro le  in tile m e t a b o l i s m  of chemica l  carc inogens ,  drugs ,  and s te ro ids .  Many f o r m s  of cyto-  
ch rome  P-450 a re  known [6]. Admin is t ra t ion  of var ious  subs tances  can give r i s e  to se lec t ive  induction of the 
var ious  f o r m s  of an enzyme.  It is  difficult or ,  in genera l ,  imposs ib le  to d i f ferent ia te  the d i f ferent  f o r m s  of an 
enzyme in a mixed p r e p a r a t i o n  by spec t roscop ic  methods [ 10]. The immunochemica l  method is f ree  f r o m  this 
def ic iency and, in addition, it enables  s y s t e m s  he te rogeneous  in the i r  cell  composi t ion,  such as tumors ,  to be 
analyzed.  As yet  immunoh i s tochemiea l  methods have not been used to s tudy cy tochrome P-450  induction in 
tumors .  This p r o c e s s  has been studied by spec t r a l  methods mainly  in t ransp lan tab le  s t r a in s  of hepa tomas .  
Induction of cy tochrome P-450 was not found in Novikoff ' s  [12] and Mor r i s  3924A [5] hepa tomas .  A mark ed  
reduct ion in the induction of this enzyme com pared  with that  in no rma l  l i ve r  [7 ] was obse rved  in hepa tomas  
of s t r a in s  M o r r i s  7777 [9],  5123 t.c. (H), 5123 t .c . ,  and 7288 [12], and also in p r i m a r y  hepa tomas  induced by 
D, L-ethionine.  

In the invest igat ion desc r ibed  below an immunoh i s tochemica l  method was used to study the local izat ion 
of one f o r m  of cy tochrome  P-450,  that  induced by phenobarbi ta l  (PB) ,  namely  the P -450PB i soform,  in cel ls  
of p r i m a r y  tumors  of the r a t  l i ve r  of d i f ferent  his tologic  s t ruc tu re .  Monospecif ic  antibodies against  this fo rm 
of ey toehrome  P-450  were  obtained p rev ious ly  f r o m  ra t  l i ve r  by induction with PB [ 1]. 

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

Exper imen t s  were  c a r r i e d  out on Wis tar  r a t s  weighing 150 g. Three  groups  of healthy an imals  (six ra t s  
in each group)  were  used: intact,  t r ea t ed  with A r o c l o r  1250, and t rea ted  with 3-methylcholan threne  (MCh). 
L ive r  t umors  were  induced by d ie thy ln i t rosamine  (DENA), synthes ized  as desc r ibed  p rev ious ly  [2]. DENA, in 
a concentra t ion  of 40 ppm, was given to an imals  fo r  15 weeks with the i r  drinking wate r  in da rk  g lass  bot t les .  
The r a t s  were  ki l led 25-30 weeks a f t e r  the beginning of the exper iment .  To induce cy tochrome P-450PB a 
mix tu re  of  po lycblor ina ted  biphenyls,  A r o c l o r  1254 ( f rom Monsanto Chemica l s  Co., USA) was admin i s t e r ed  in 
a s ingle dose of 500 mg/kg ,  in t raper i tonea l ly ,  in oil. A roc lo r  1254 is l ess  toxic than PB and is a m o r e  p o w er -  
ful inducer  of cy tochrome  P-450PB [4].  As a control  of the spec i f ic i ty  of induction of cy tochrome P-450PB 
MCh was injected in a dose of 15 mg /kg  in oil, in t raper i tonea l ly ,  I and 2 h before  sac r i f i ce .  To block prote in  
synthes is  cycloheximide was injected in t raper i tonea l ly  in a dose of ] mg /kg  1 h before  injection of the in-  
ducer .  

The ce l lu la r  loca l iza t ion  of cy tochrome  P-450PB was studied in 51 tumor  nodules f r o m  the l i ve r s  of 16 
ra ts ;  12 r a t s  ( f rom which 44 nodules we re  s tudied)  had been t rea ted  with A r o c l o r  1254 before  sac r i f i ce ,  
whereas  four  r a t s  (seven t um or s )  were  untreated.  The no rma l  r a t s  were  killed 1 and 4 days a f te r  injection of 
A r o c l o r  1254 and the r a t s  with tumors  4 days a f t e r  injection. Antibodies agains t  ey tochrome P -450PB were  
obtained, the m a t e r i a l  fixed, and sect ions s ta ined by the unlabeled antibodies immunoperox idase  (PAP) method 
desc r ibed  p rev ious ly  [ 1]. 
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Fig. 1. Localization of cytochrome P-450PB in rat  l iver (PAP reaction), a) Intact, b, c) 1 
and 4 days respectively after injection of Aroclor 1254, d) neoplastic nodule (on right) sur-  
rounded by normal tissue (on left), e) serial  section of neoplastic nodule stained with 
hematoxylin-eosin, a, b, c) 180x; d, e) 200x. 

EXPERIMENTAL RESULTS 

The kinetics of cytochrome P-450PB induction in the rat liver after administration of PB was examined 
previously [I]. About two-thirds of cells in the hepatic lobule stained intensively 4 days after its administra- 
tion. Injection of Aroelor 1254 (Fig. la-c) was followed by intensive induction in virtually all cells of the hepat- 
ic lobule of the normal liver. It was thus anticipated that all cells capable of induction in the tumors would re- 
act to injection of the inducer. Staining of liver sections from rats induced with MCh remained the same as 
that of the intact liver, evidence of the specificity of the antibodies against cytoehrome P-450PB. Injection of 
cycloheximide blocked the appearance of the stain. This shows that synthesis of eytoehrome P-450PB takes 
place de novo in response to injection of the inducer. In all cases only the cytoplasm of the cell was stained 
and the nuclei remained unstained. 

It should be pointed out that the antiserum obtained in these experiments was against the principal form 
of cytoehrome P-450, contained in liver microsomes of rats treated with PB, namely PB-450 [II]. After ex- 
haustion of this serum by microsomes of normal rats antibodies monospecific in Ouchterlony's double diffu- 
sion in gel test were obtained [ I]. These antibodies were evidently analogous to the monospeeific antibodies 
against cytoehrome P-450 b described in the literature [13]. In that study it was shown by an immunoehemical 
method that the concentration of cytoehrome P-450 b in the microsornal fraction of the liver increases 60 times 
more than that in the intact liver in response to injection of PB or of Aroelor 1254, but remains unchanged in 
response to MCh. 

Liver tumors induced by DENA were classified in accordance with the recommendations of the Inter- 
national Expert Group [8]. According to this classification tumors in animals treated with Aroclor 1254 could 
be subdivided as follows: neoplastic nodules four, trabecular carcinomas 34, adenocarcinomas six. The latter 
were always mixed in structure and contained glandular and trabecular components. 
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Fig. 2. Localization of cytochrome P-450PB in rat liver tumors: a) staining in individual 
cell of trabecular carcinoma; b) staining in individual trabeculae of moderately differenti- 
ated trabecular carcinoma (c - serial section stained with hematoxylin and eosin); d) stain- 
ing of mosaic type throughout section of trabecular carcinoma with low differentiation (e - 
serial section stained with hematoxylin); f) intensive staining in trabecular areas of adeno- 
carcinoma; g) ser ial  section stained with hematoxylin and eosin; h) uneven staining of 
ceils of trabectflar area of adenocareinoma, a, d, e) 300 x; b, c, f, g, h) 150 x 

Sections through six trabectflar carcinomas and one adenocarcinoma in animals not treated with Aroelor 
]254 were studied. Positive staining" was not obtained in any of these tumors after treatment with antibodies 
against cytochrome P-450PB. 

The following picture was obtained in tumors of rats treated with Aroclor ]254. The neoplastic nodules 
were not stained by antibodies against cytochrome P-450PB (Fig. Id, e). Absence of staining was observed in 
14 (of 34) trabecular carcinomas. In the remaining 20 tumors of similar structure, weak or uneven staining of 
the sections was observed. In 10 cases only individual cells were stained {Fig. 2a), in five cases individual 
trabeculae or groups of cells near blood vessels were stained (Fig. 2b, e), and in five cases mosaic staining 
of individual cells or small groups throughout the section was observed (Fig. 2d, e). Weak and uneven induc- 
tion of cytochrome P-450PB was observed equally often in trabecular carcinomas at different levels of cytolog- 
ical differentiation: high, average, or low [3]. In the adenocarcinomas the epithelium of the glandular struc- 
tures was never stained by antibodies against cytochrome P-450PB, although areas of trabecular carcinoma 
between them, in all six adenoearcinomas found in three different animals, were often stained just as inten- 
sively as normal liver cells, or even more so (Fig. 2f-h). Cells of trabecular areas with the same morphology 
and within the same adenoearcinoma differed in their degree of staining (Fig. 2b). Even in the most intensely 
stained tumors individual cells or areas were found not to react. There was no regular arrangement of induced 
cells and areas, such as is so characteristic of the normal liver. The structural organization of the normal 
liver is evidently not necessary for induction of cytochrome P-450PB in the individual cell. Staining of cells 
was observed in the liver tissue surrounding tumor nodules. 
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Immunohis tochemica l  study of the dis t r ibut ion of cy tochrome P-450PB in tumors  thus showed that induc- 
tion of this fo rm of the enzyme is inhibited in the ea r ly  s tages  of mal ignant  t r ans fo rmat ion ,  namely  in neo-  
p las t ic  nodules.  Inhibition of induction in t umors  does not depend on their  level  of cytomorphologica l  d i f fe ren-  
tiation. In some  t um or s  induction of cy tochrome  P-450PB was obse rved  in individual ce l l s  and groups of 
t rabeculae ,  whereas  in mixed tumors  s t rong induction was found in cel ls  of the t r a b e c u l a r  component.  To ex-  
plain d i f fe rences  in the r e sponse  of " p u r e "  t r abecu l a r  c a r c i n o m a s  and of t r abecu lae  in mixed tumors  to the 
inducer ,  s eve r a l  suggest ions may  be made.  Cells of both " p u r e "  t r a b e c u l a r  c a r c i n o m a s  and of t r abecu l a r  
a r ea s  in adenoca rc inomas  may perhaps  have equal potential  for  induction of cy tochrome P-450PB,  but the epi -  
thel ium of the glandular  component  of adenoca rc inomas  may  s t imula te  the cel ls  of these tumors .  

Another  poss ib i l i ty  is that cel ls  of the t r abecu l a r  component  of adenoca rc inomas  and of " p u r e "  t r a b e c u l a r  
c a r c inomas ,  although morphologica l ly  indist inguishable,  p o s s e s s  di f ferent  se ts  of exp re s s ib l e  genes.  This  may  
be connected with d i f fe rences  in the h is togenes is  of these t umors .  The poss ib i l i ty  cannot be ruled out that 
" p u r e "  t r abecu l a r  c a r c i n o m a s  a r i se  f rom neoplas t ic  nodules which, in turn, a r i s e  f rom foci of changed hepa t -  
ocytes,  whereas  mixed tumors  a r i s e  as a r e su l t  of mal ignant  t r ans fo rma t ion  of a r ea s  of " o v a l - c e l l "  p r o l i f e r -  
ation. Cells of these foci of proliferation, unlike foci of changed hepatocytes, evidently do not undergo rigid 
selection for resistance to the toxic action of carcinogens by virtue of the fact that enzymes of xenobiotic 
metabolism are not yet expressed in "oval" cells. It can be tentatively suggested that this is why only the 
progeny of "oval"cells may remain capable of inducing eytochrome P-450. 
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