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ABSTRACT

Structurally unrelated peroxisonte proliferators induce altered areas
(AA), neoplastic nodules (NN), and hepatocellular carcinomas (HCC) in
rats and mice. In this study we have examined several AA, NN, and HCC
induced by Wy-14,643 and ciprofibrate in rats for 7-glutamyltranspep-
tidase (GGT) and the placenta! form of glutathione 5-transferase (GST-
P) by histochemical and immunohistochemical procedures, respectively.
In Wy-14,643-treated animals 96-100% of NN and HCC was negative
for both GGT and GST-P. Eighty-seven % of the AA was negative for
both GGT and GST-P, and only 2% was positive for both the marker
enzymes. In ciprofibrate-treated animals 52% and 75% of AA were
negative for GST-P and GGT, respectively, and 16% was positive for
both the enzymes. However, a large majority of NN and HCC (more
than 95%) was devoid of both these marker enzymes. Thus these studies
clearly indicate that the hepatic lesions induced by peroxisome prolifer
ators display different phenotypic properties as compared to the lesions
induced by commonly used classical liver carcinogens. We conclude that
GGT and GST-P are not the ideal markers for identifying AA, NN and
HCC induced by peroxisome proliferators.

Several structurally unrelated PP which induce hepatomegaly
were shown to be hepatocarcinogens in rats and mice (14-17).
The histochemical and functional properties of AA, NN, and
HCC induced by Wy-14,643 and ciprofibrate, two potent PP,
were similar in some respects to those induced by classical
carcinogens which act by interacting with or damaging the
DNA (18,19). However, the contrasting feature of these various
lesions induced by PP was the absence of GGT activity (20,
21). The lack of GGT activity persisted for several weeks after
withdrawal of PP treatment, thus signifying that the failure of
GGT expression is not due to adaptation to or inhibition by
PP(21).

In the present study we have examined several AA, NN, and
HCC induced by Wy-14,643 and ciprofibrate, two structurally
unrelated PP, for the expression of GST-P and GGT by im
munohistochemical and histochemical procedures, respectively.
Further, comparative analysis of various lesions for these two
enzymes was also done using adjacent serial sections.

INTRODUCTION

The putative preneoplastic and neoplastic lesions that de
velop during experimental hepatocarcinogenesis display several
characteristic morphological, functional, and biochemical ab
normalities. During recent years, major efforts are being made
to identify a definite marker which enable easy identification of
initiated cells. Currently several enzyme markers, such as
ATPase, glucose-6-phosphatase, GGT,3 and aldehyde dehydro-

genase, are frequently used to identify preneoplastic and neo
plastic lesions (1-4). Of these GGT has been claimed as one of
the sensitive phenotypic markers (2, 5) because it is consistently
expressed in hepatic lesions induced by different carcinogens in
rats (6-8). However, a major drawback with these various
marker enzymes is nonspecific induction of positive marker
(GGT) and depletion of negative markers glucose-6-phospha-
tase and ATPase) associated with administration of various
chemicals (9-11). The areas which show nonspecific induction
or depletion of these enzymes may be historically inseparable
from altered areas induced by carcinogens. Recently Sato et al.
(12) and Tatematsu et al. (13) have identified GST-P, which is
present at very low levels in normal liver, as a specific marker
for identification of putative preneoplastic lesions induced by
hepatocarcinogens. From these various studies it appears that
the induction of GST-P and GGT is a common phenotypic
expression of preneoplastic and neoplastic lesions induced by
many hepatocarcinogens.
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MATERIALS AND METHODS

Induction of Hepatic Lesions. Preneoplastic and neoplastic lesions
were induced in the livers of male F344 rats by feeding a diet containing
0.1% Wy-14,643 |[4-chloro-6-(2,3-xylidino)-2-pyrimidinylthio]acetic
acid; Wyeth Laboratories, Radnor, PA) or 0.025% ciprofibrate (Ster-
ling-Winthrop Research Institute, Rensselaer, NY) as described before
(17, 18). Three ciprofibrate-treated (15 to 19 mo) and 2 Wy-14,643-
treated (19 mo) rats were used in these studies. At necropsy, livers were
rapidly removed and cut into multiple thin slices of 1- to 2-mm
thickness. Some sections were fixed in 10% neutral buffered formalin
for routine histolÃ³gica! examination. The remaining slices were fixed
in cold acetone and embedded in paraffin for histochemical localization
of GGT and immunohistochemical localization of GST-P.

Staining Procedures. From each paraffin block, serial sections of 5-
fiin thickness were obtained. Adjacent sections were stained with he-
matoxylin and eosin; for GGT by the procedure described by Rutenberg
et al. (22), and for GST-P by the peroxidase-anti-peroxidase method
using anti-GST-P antibody raised in rabbits (13). The preparation of
purified GST-P from rat placenta and production of antibodies to GST-
P in rabbits were described previously (13, 23, 24).

RESULTS

The livers of all 5 rats contained multiple grossly visible
lesions of various sizes ranging from small foci of approxi
mately 1 mm in diameter to large tumors of several millimeters.
Using the histological criteria described before (18), the liver
lesions were classified into AA, NN, and HCC. The majority
of HCC were well differentiated and of trabecular type. In the
livers of 2 rats that were treated with Wy-14,643, a total of 107
AA, 75 NN, and 5 HCC was identified. In ciprofibrate-treated
rats also a total of 107 AA, 27 NN, and 16 HCC was identified.

The pattern of enzyme activity in AA, NN, and HCC in livers
of both the groups is summarized in Table 1. In Wy-14,643-
treated rats, 100% of HCC and 96 to 100% of NN were negative
for both GGT and GST-P (Figs. 1 and 2). In the category of
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Fig. 1. A, neoplaslic nodule negative for GGT. Bile ducts show positive reaction (arrows). Histochemical stain for GGT, X 100. For evaluation of the cytological

details, adjacent sections were stained with H & E. B, a serial section of the same nodule as in A stained for GST-P by immunohistochemical method. No GST-P
activity is present. Bile ducts show positive reaction (arrows), x 100.

Table 1 Incidence and pattern of GST-P and GGT expression in preneoplastic
and neoplastic lesions induced by two structurally different peroxisome

proliferators

Wy-14,643 Ciprofibrate

Enzyme AA NN HCC AA NN HCC
GST- 96 (90)"'* 75(100)* 5(100)*
GGT- 102(95) 72(96) 5(100)

56(52)c 27(100)c 16(100)c

80(75) 26(96) 15(94)

GST +
GGT+GST-

GGT-GST-

GGT+GST

+
GGT-2(2)94(87)2(2)9(8)072

(96)3(4)005(100)0017(16)46(43)10(9)34

(32)026

(96)1(4)0015(94)1(6)0

" Numbers in parentheses, percentage.
* The total number of lesions examined in

75; and HCC, 5.
' The total number of lesions examined in

27; and HCC, 16.

each category was: AA, 107; NN,

each category was: AA, 107; NN,

AA 95% was GGT negative, and 90% was GST-P negative.
Only 2% of AA was positive for both the markers, while 8%
and 2% were positive for GST-P and GGT alone, respectively
(Fig. 3).

In ciprofibrate-treated animals also a vast majority of NN
and HCC (more than 95%) was negative for both GST-P and
GGT. Fifty-two and 75% of AA were negative for GST-P and
GGT, respectively, and only 46% was negative for both GST-
P and GGT. About 16% of AA was positive for both markers.
GST-P or GGT alone was observed in 32% and 9% of AA,
respectively.

In the livers of all rats some nonspecific GGT-positive hepa-
tocytes were observed mostly in the periportal areas. No non
specific induction of GST-P was observed in any of these livers.

DISCUSSION

Preneoplastic and neoplastic lesions induced by DNA-dam-
aging and mutagenic chemical carcinogens display altered en
zyme expression. Enzymes involved in drug metabolism (Phase
1) are markedly decreased, whereas those that participate in
conjugation and detoxification of xenobiotics (Phase II) are
selectively increased (4, 23). Of the various Phase II enzymes
GST-P and GGT are claimed as sensitive and useful markers
for the identification of putative preneoplastic lesions (2, 5, 12,
13).

Results of this study corroborate our previous findings (20,
21) in that most of the AA, NN, and HCC induced by Wy-
14,643 and ciprofibrate did not express any GGT activity.
Interestingly, most of these hepatic lesions were also negative
for GST-P as demonstrated by immunoperoxidase stain. The
number and percentage of various lesions negative for GGT
and GST-P were comparable, and both the markers appear to
be equally sensitive. The only exception is in ciprofibrate-
treated animals where only about 52% of AA was GST-P
negative, and 75% was GGT negative. The reason for this
increased number of positive foci in this group was not clear.
One-hundred % of NN and HCC induced by both PP was
devoid of GST-P enzyme, and 94 to 96% was negative for
GGT. None of the NN and HCC contained both the markers.

From these studies it is clear that the preneoplastic and
neoplastic lesions induced by structurally different PP do not
exhibit increased levels of two of the Phase II enzymes thus far
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Fig. 2. Serial section of hepatocellular carcinoma stained for GGT (A) and GST-P (B). The tumor is negative for both the enzymes. In A bile ducts are strongly

positive for GGT (arrows), x 200.
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Fig. 3. Serial sections of altered areas stained for GGT and GST-P. A, negative for GGT; B, same altered area positive for GST-P. Bile ducts are positive for both
the enzymes (arrows), x 100.
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examined. Other Phase II enzymes, such as epoxide hydrolase,
UDP-glucuronyltransferases, and sulfotransferases, were also
decreased in HCC induced by ciprofibrate.4 In this regard, these
PP-induced lesions are strikingly different from hepatic lesions
induced by DNA-damaging or mutagenic chemical carcinogens.
Furukawa et al. (25) have shown that administration of nafen-
opin in the diet reduced the levels of glutathione transferase
and glutathione peroxidase in livers of rats. The mechanism
responsible for the absence of GGT and GST-P expression in
PP-induced hepatic lesions is not known. It is unlikely that the
suppression of these enzyme activities is related to the toxic
effect or adaptation to the presence of PP, because recently we
have shown discontinuation of PP treatment did not result in
GGT expression (21).

The significance of the absence of GST-P and GGT activity
in hepatic lesions induced by PP is not clear and may reflect on
the mechanism of action of these compounds. PP differ from
the other hepatocarcinogens in the following respects: (a) non-
mutagenic in the Salmonella/microsome assay system (26); and
(b) do not covalently bind and damage DNA (27). The carcin
ogenic effect of PP may be due to excessive production of
oxygen radicals that damage DNA (16). The absence of induc
tion of at least some of the Phase II enzymes appears to be a
common phenomenon in hepatocarcinogenesis induced by PP.
However, further studies are required to elucidate the mecha-
nism(s) responsible for the absence of certain marker enzymes
in PP-induced hepatic lesions. It would be of particular interest
to know why the GGT and GST-P genes are not derepressed
during PP-induced hepatocarcinogenesis.
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