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Effects of a Choline-deficient Diet and a Hypolipidemic Agent on Single Glutathione

S-Transferase Placental Form-positive Hepatocytes in Rat Liver

Kinichi Yokota,' Ushasi Singh and Hisashi Shinozuka®
Department of Pathology, University of Pittsburgh School of Medicine, Pittshurgh, PA 15261

Using the placental form of glutathione S-transferase (GST-P) as a marker of carcinogen-initiated
hepatocytes, we investigated how a choline-deficient (CD) diet and BR931, a carcinogenic
hypolipidemic agent, modify populations of single GST-P-positive hepatocytes. The liver of male
Fischer rats (6—7 weeks old) fed a CS or basal diet contained mostly single or double GST-P-positive
hepatocytes. Feeding a CD diet for 2-4 weeks led to increases in the number of aggregates of two and
three GST-P-positive hepatocytes. By 8-12 weeks, there was an emergence of discrete foci of
GST-P-positive hepatocytes consisting of more than 20 hepatocytes. Feeding a BR931 diet for 4-8
weeks resulted in no significant change in the number of single GST-P-positive hepatocytes in the liver
as compared to feeding a basal diet., Tt is suggested that single GST-P-positive hepatocytes in the liver
of relatively young rats maintained on a commercial diet may represent endogenously initiated cells.
A CD diet promotes endogenously initiated cells to form larger aggregates or foci of GST-P-positive

cells.
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A choline-deficient (CD) diet is a powerful promoting
regimen of the emergence of preneoplastic foci and the
development of hepatomas in experimental liver car-
cinogenesis."? It is uncertain whether the diet acts as a
complete carcinogen. Several investigators reported that
chronic feeding of a CD diet without administration of
known chemical carcinogens led to the development of
hepatocellular carcinomas.>™ Tt is now well documented
that many strains of rats develop spontaneous pre-
neoplastic lesions as well as hepatomas during their life
spans.”' Tumor promoters may enhance the develop-
ment of hepatocellular carcinomas by promoting these
spontaneous preneoplastic lesions, Thus, a stringent dis-
tinction between the carcinogenic and promotional
effects of many types of tumor promoters is often diffi-
cult.”®

Among many histological markers used to identify
precursor lesions of hepatocellular carcinomas in rats,
the placental form of glutathione S-transferase (GST-P)
has been shown to be extremely sensitive,'*'® and it has
been used to identify even single putative initiated
hepatocytes shortly after a single dose of various carcin-
ogens.'” ™ From these studies, it became evident that a
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small number of single or a few clusters of GST-P-
positive hepatocytes are present in the liver of rats main-
tained on a commercial diet. It is not known whether
these GST-P-positive cells represent spontaneously (en-
dogencusly) initiated cells which will evolve into sponta-
neous liver tumors in aged rats. In the present study, we
investigated how a CD diet and a selected hypolipidemic
agent might modify the progression of single GST-P-
positive hepatocytes to minifoci of a few cells to larger
discrete foci. Although many hypolipidemic agents are
known to induce hepatocellular carcinomas in rats and
mice, their mechanisms of action are currently un-
known.'»2

MATERIALS AND METHODS

Animals and diets Male Fischer rats (Harlan Sprague
Dawley Inc., Indianapolis, IN) weighing 120-30 g (6-7
weeks old) at the beginning of experiments were used.
They were housed individually in metal wire cages in a
room under a 12 h light-dark cycle and maintained at a
constant temperature (20£2°C) and humidity (50%
10%). Semisynthetic, semipurified CD or CS diets were
prepared according to the basal B diet of Young et al2"
and their composition has been previously described.??
BR931 (LPB Instituto Farmaceutico S.P.A., Milan,
Italy) was incorporated into a basal diet (Dyets Inc,
Bethlehem, PA) at the concentration of 0.16%. Diets
and water were given ad libitum,

In the first experiment a total of 40 rats were divided
into two groups. One group received a CS diet and the
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Fig. 1. a} A single GST-P-positive hepatocyte (arrow) in the liver of a rat fed a CS diet for 2 weeks. X 500. b} Doublet of
GST-P-positive hepatocytes in the liver of a rat fed a CS diet for 2 weeks. X 500. ¢} Doublet of GST-P-positive hepatocytes in
the liver of a rat fed a basal diet for 4 weeks. X 500. d) An aggregate of 4-5 GST-P-positive hepatocytes in the liver of a rat

fed a CS diet for 2 weeks. X 500. e) An aggregate of GST-P-positive hepatocytes in the liver of a rat fed a CD diet for 2 weeks.
X 500. f) A discrete focus of GST-P-positive hepatocytes in the liver of a rat fed a CD diet for 8 weeks. %130,
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other a CD diet. Five rats from each group were killed at
2, 4, 8 and 12 weeks after the beginning of the diet
feeding. In the second experiment, 18 rats were divided
into two groups. One group received a basal diet and the
other a BR931 diet. Five rats from each group were
killed after 4 weeks and 4 rats from each group were
killed after 8 weeks.

GST-P immunohistochemistry Anti rat GST-P antibody
was obtained from Bio Prep (Dublin, Ireland), and
the ABC method was used to stain GST-P-positive
hepatocytes.™ Affinity-purified biotin-labeled goat anti-
rabbit immunoglobulin IgG and avidin-biotin-peroxidase
complex (Vectastain ABC kit) was obtained from Vector
Laboratories Inc. (Burlingame, CA). Two tissue blocks
from each lobe of the liver were fixed in Bouin’s solution,
embedded in paraffin and sectioned at 5-6 gm thickness,
Deparaffinized sections were treated sequentially with
normal goat serum, anti GST-P, bictin-labeled goat anti-
rabbit IgG and avidin biotin peroxidase (ABC). The
site of peroxidase binding was detected by the diamino-
benzidine method of Graham and Karnovsky,” and the
sections were counterstained with hemotoxylin. As a
negative control, pre-immune rabbit serum was used
instead of anti GST-P, GST-P-positive hepatocytes were
quantitated on two slides from each rat covering 3.5-5.3
cm’ of the tissue sections and classified as single (8),
double (D} and triple (T} GST-P-positive hepatocytes,
lesions consisting of 4 to 19 GST-P-positive hepatocytes
(Q) and foci consisting of more than 20 GST-P positive
hepatocytes (F). Data were expressed as number per 5
cm? of the sections and were analyzed statistically by the
use of Student’s ¢ test.

Choline Deficiency and Liver Carcinogenesis

RESULTS

The livers of rats fed a CS or basal diet contained
mostly single or double GST-P-positive hepatocytes ( Fig.
1 a, b) and aggregates of more than 3 GST-P-positive
hepatocytes were extremely rare (Tables I and II, Fig. 1
¢, d). Within the time frame of the present experiments
(up to 12 weeks), there was no indication that the
number of single GST-P-positive hepatocytes increases
with the age of rats. Feeding a CD diet for 2 to 4 weeks
led to increases in the number of two or three cell
aggregates of GST-P-positive hepatocytes. A few aggre-
gates consisting of 4 to 19 cells were observed (Fig. 1 e).
By 8 weeks, there was an emergence of discrete foci of
GST-P-positive hepatocytes consisting of more than 20
hepatocytes (Fig. 1 f}. The number of single to triplet
GST-P-positive hepatocytes remained relatively constant
in the liver of rats fed a CD diet. Feeding a BR931 diet
for 4-8 weeks resulted in no significant change in the

Table II. GST-P-positive Hepatocytes after BR931
. Duration Subpopulations®

Diet

(weeks) 8 D T Q
Basal 4 205079 1.0£04 0 0
BR931 4 38106 1.4+08 0 0
Basal 8 4.120.6 0.6x06 12106 0
BR931 8 53109 1.1x0.6 12106 0

a, b} See footnotes a and b of Table 1.

Table I. GST-P-positive Hepatocytes after CD or CS Diet
Diet Duration Subpopulations®
(weeks) S D T Q F
Cs 2 714249 1.1+0.7 0 0.81£0.8 0
CcD 2 11.9%2.9 6.41+1.29 3.6+0.89 9+1 0
CSs 4 24757 2.4%1.1 0 0 0
CDh 4 205126 87132 5.1%£0.9% 7.3£0.49 0
CS8 8 8.81+2.5 1.7+0.8 06104 04104 ¢]
CD 8 163144 59+2.0 2.9+0.99 11.5£2.79 15.613.69
CS 12 9.3£1.6 0.8+0.5 0 0 0
Ch 12 9.0£2.2 6.4+1.7% 1.7%£1.2 12.7£2.62 12,7+1.29

a) §, single; D, double; T, triple; Q, 4 to 19 cells; F, foci consisting of more than 20 cells.
b) Each value represents the mean number per 5 cm® section =SEM of 5 rats.

¢) P<0.01 against CS.
d) P<0.05 against CS.
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number of single GST-P-positive hepatocytes as com-
pared to feeding a basal diet (Table IT). Only occasional
doublets or triplets were observed and no discrete foci
were found.

DISCUSSION

The results of the present experiments demonstrate
that there are substantial numbers of single GST-P-posi-
tive hepatocytes in the liver of relatively voung rais
maintained on commercial diets. The significance of
these single cells with altered phenotype is not known.
Rat GST-P has been shown to be elevated in putative
neoplastic hepatocellular foci, nodules and hepatomas
and used to identify histogenetic stages in the develop-

ment of hepatomas,'* %" Based on the observation that

administration of a hepatocarcinogen to rats gave rise to
dose-dependent increases in the number of single GS8T-P-
positive hepatocytes, Moore et al.'® postulated that single
GST-P-positive hepatocytes may represent putative ini-
tiated hepatocytes which progress to hepatomas, even
though some single GST-P-positive hepatocytes and
small aggregates of GST-P-positive cells were observed in
the liver of control animals in their experiments. It is,
thus, attractive to suggest that single hepatocytes express-
ing the placental form of GST in the liver of rats without
exposure to known chemical carcinogens represent the
earliest precursor cells (endogenously initiated cells) of
spontaneously developing hepatomas. On the basis of
data obtained with less sensitive markers for pre-
neoplastic lesions and hepatomas, such as y-glutamyl-
transpeptidase (y-GGT), it was concluded that altered
hepatocytes suggestive of spontaneously initiated cells
appear only in aged rats.®'?

It is evident from the present study that feeding a CD
diet to young rats resulted in a striking shift in the
populations of GST-P-positive hepatocytes. While single
GST-P-positive cells represent the majority of positive
cells in the liver of control groups, two to four weeks of
a CD diet led to significant increases in aggregate forms
of two or three GST-P-positive hepatocytes (Table I).
Aggregates of more than four GST-P-positive cells were
also present but no discrete foci, consisting of twenty or
more cells, were observed. Discrete foci of GST-P-
positive hepatocytes began to appear after 8 weeks of the
dietary feeding. It is not clear whether these small aggre-
gates of GST-P-positive hepatocytes in the liver of rats
fed a CD diet are the result of amplification of single
GST-P-positive cells present in control animals or repre-
sent de novo initiation of hepatocytes by a CD diet.
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Ghoshal et al®*® concluded that possible initiation of
hepatocytes by a diet low in methionine and choline
became apparent only after 10-11 weeks of feeding the
diet. Lombardi” also noted that 6 months’ feeding of a
CD diet is needed to observe the emergence of enzyme-
altered foci in the liver as determined by 7-GGT staining.
The presence of single GST-P-positive hepatocytes in the
liver of young rats without carcinogen exposure and the
progressive increases in small aggregates of GST-P-posi-
tive cells shortly after the start of CD diet feeding suggest
a possible selective effect of the diet on preexisting GST-
P-positive hepatocytes. The concept that tumor pro-
moters may act on endogenously initiated cells to develop
hepatocellular carcinomas has been introduced by several
investigators.” ' It would be worth examining how other
types of liver tumor promoters affect single GST-P-posi-
tive celis present in the liver of rats not exposed to known
chemical carcinogens.

In contrast to the effect of the CD diet, feeding of
BR931, a carcinogenic hypolipidemic agent, for four to
eight weeks resulted in no significant alteration in the
distribution of GST-P-positive hepatocytes (Table II).
This finding is consistent with the earlier observations
by several investigators that carcinogenic hypolipide-
mic agents suppressed the induction of enzyme-altered
putative preneoplastic foci in carcinogen-initiated rat
liver.”™ Although the hepatocarcinogenicity of hypo-
lipidemic agents has been well established,”*” the mech-
anisms of tumor induction remain unclear. Unlike hepa-
tomas and their precursor lesions induced by classical
hepatocarcinogens, those induced by hypolipidemic
agents do not express 7-GGT or GST-P.***" Thus, the
cellular lineage for the development of hepatocellular
carcinomas induced by hypolipidemic agents may differ
from that of the carcinomas induced by classical carcin-
ogens. Based on the present study, it is not likely that
hypolipidemic agents induce liver tumors by promoting
endogenously initiated cells. The concept of single GST-
P-positive hepatocytes as putative “initiated” cells may
be useful in further mechanistic studies of liver carcino-
genesis.
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