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Hepatocarcinogenesis initiated withN-nitrosodiethylamine (DEN) and that initiated by feeding of
a choline-deficient,L-amino acid-defined (CDAA) diet wee compaed in transgenic maleWistar
rats harboring a rat glutathione S-transferase placental form(GST-P gene (GST-P-Tg rats) and
non-transgenic (N-Tg) rats. Eight-week-old GST-P-Tg and N-Tg rats we administeed DEN
intraperitoneally at 100 mg/kg body weight, subjected to a selectionrpcedue with 2-acetylami-
nofluorene and CCl|,, and killed at the end of weeks 5 and 12. Otherrgups wee fed the CDAA
diet for 12 weeks and killed. Five weeks after the DENreéatment, numbers and sizes foy-
glutamyltransferase (GGT)- or GST-P-positive lesions and 8-hy@xyguanine (8-OHG) levels in
the livers wee significantly less in GST-P-Tg rats than in N-Tg rats. The lesion nhumbers we
unchanged between the ends of weeks 5 and 12 in GST-P-Tg rats, butréesed in N-Tg rats. The
lesion sizes wee inaeased in GST-P-Tg rats, but unchanged in N-Tg rat While the proliferating
cell nuclear antigen labeling indices (PCNA L.1.) in and surounding the lesions wee deceased,
more prominently in GST-P-Tg rats than in N-Tg rats, the 8-OHG leels were also deceased but
similarly in both cases. After 12 weeks on the CDAA diet, the lesion incidences, numbers and
sizes, 8-OHG levels, PCNA L.I. in and suounding the lesions, and liver injury wee significantly
less in GST-P-Tg rats than in N-Tg rats. Theseesults indicate that insertion of a rat GST-P
transgene alters the early phase of exogenous and endogenous rat hepattinagenesis, pesum-
ably due to enhanced detoxification by GST-P exgssed both transiently during the initiation and
chronically in the adtered hepatocyte populations.

Key words:  Glutathion&-transferase placental form N-Nitrosodiethylamine — Choline-deficient,
L-amino acid-defined diet —Fransgenic rat — Rat liver carcinogenesis

The gluathioneStransferases (GIS; EC 2.5.1.18) are enhancer |, having 2 activator protein 1 binding site-like
a family of multifunctional, phase Il detoxification sequences at2.5 kb of the5' flanking regiont' Using
enzymes catalyzing the conjugation of the reduced formtransgenic rats, we have revealed that @&T-Pgene is
of glutathione with electrophilic metabolites of xeno- trans-activated by GST-P enhancer | playing an essential
biotics*? Among the isozymes of thd€5STs, GST role as a cis element, with at least partial mediation of
placental form (GST-P) is present in small quantities inactivator protein 1, in the induction of GST-P at the tran-
various rat tissues, but only in trace amounts in normakcriptional level in the livers of rats treated lwi-nitro-
liver>® It is lacking in fetal liver and not increased in sodiethylamine (DEN)*> or lead'”
regenerating live¥ but has attracted particular attention  With regard to biological roles, the expression of GST-
since it is highly expressed in putative preneoplastic, focaP within putative preneoplastic, focal lesions has been
lesions as well as in hepatocellular carcinomas induced bgonsidered to be a part of the “resistant phenotype” of ini-
most chemical carcinogef$.5” GST-P has been shown tiated hepatocytes, with a decrease in activation along
to be a very useful marker for quantitation of lesions inwith an increase in detoxification of the carcinodfet?
assessmerof both intiation and promabn?® However, This phenotype is believed to facilitate clonal expansion
the biologica roles and the mechanisms underlying GST-during the promotion phagg. It still remains lagely
P expression within the preneoplastic focal lesions arainknown, howewe what is the precise role of GST-P in
still largely obscure. the early phase of rat liver carcinogenesis. The aim of the

To cast light on thigproblem, we have cloned the rat present study was to explore this question in detail in
GST-Pgené® ™ and identified a strong enhanc&ST-P  transgenic rats using twoftéirent rat liver carcinogenesis
models; one featuring initiation with the exogenous car-
3To whom correspondence should be addressed. cinogen, [EN, and the ther, chronic feeding of a cho-
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line-deficient, L-amino acid-defined (CDAA) diet. While diet (see Table lIl), groups T-9 and N-9 were chronically
hepatocellular carcinomas are induced through the devefed the CDAA diet (Dyets Inc., Bethlehem, PA), while
opment of putative preneoplastic, focal lesions in bothgroups T-10 and N-10 were maintained on the control
models, DEN forms DNA adducts but does not producecholine-supplemented,-amino acid-defined (CSAA) diet
cirrhosis?t 22 whereas the CDAA diet, not containing any (Dyets). The composition of these diets was described
known carcinogen, causes continuous liver injury that ispreviously?® All rats were killed 12 weeks after the com-
reflected in intrahepatocellular fat accumulation, hepato-mencement.

cyte death, connective tissue deposition and frank cirrho- Animals were killed under light ether anesthesia by

Sig23-29) exsanguination from the abdominal aorta after collection
of blood to prepare serum samples, and livers were
MATERIALS AND METHODS excised and weighed. Five-millimeter-thick slices were

immediately taken from the left lateral, median and right
Animals  Wistar rats were originally obtained from lateral lobes of the livers, fixed in ice-cold acetone and
Charles River Japan, Inc., Atsugi. To produce transgeniprocessed for embedding in paraffin. Five seriging-
rats harboring &ST-Pgene, a plasmid, pEB 64, was pre- thick sections were prepared from each fixed liver slice.
pared by inserting a 6.4-kb fragment betwee¢h9 kb  Two were used for histological examination after routine
(EcoRIl) and +3.5 kb BanHI) of GST-Pgenomic DNA  hematoxylin-eosin and Azan-Mallory stainings, and the
into the Sal site of pUC 82 The pEB 64 was linearized other 3 were employed for histochemical and immunohis-
by Sal digestion and microinjected into male pronuclei of tochemical assessments. The remaining liver portions
fertilized eggs of rats, and the eggs were transferred tavere immediately frozen under liquid nitrogen and stored
oviducts of pseudopregnant rdtsMale transgenic ani- at—80°C until use for biochemical analyses.
mals were selected by Southern blot analysis of the high- During the experimental period, the animals were
molecular DNA extracted from the surgically removed weighed weekly. The diets were changed twice a week,
tails of newborn rat¥) which are hereafter referred to food consumption was monitored, and fresh water was
as GST-P-Tg rats. Non-transgenic (non-treated), agealways available.
matched male rats served as controls (N-Tg rats). ThQuantitative analysis of the development of putative
working of the transgene was confirmed by western blojpreneoplastic, focal lesions The development of the
analysis of GST-P protein levels. In total, 57 GST-P-Tgfocal lesions were quantitatively analyzed, by measuring
and 57 N-Tg rats were used in the present study at an adkeir y-glutamyltransferase (GGT; EC 2.3.2.2)- and GST-
of 8 weeks. P-positivities, as an end-point marker for carcinogenicity.
Animal treatment GST-P-Tg rats were divided into The GGT activity was histochemically demonstrated by
groups T-1, T-2, T-3, T-4, T-5, T-6, T-7, T-8, T-9 and T- the method of Rutenbergt al?*® GST-P was detected
10 consisting of 6, 5, 5, 5, 8, 5, 6, 5, 7 and 5 animalsimmunochistochemically by the avidin-biotin complex
respectively. N-Tg rats were similarly divided into groups method as previously describ&liusing a rabbit anti-rat-
N-1 to N-10. For the DEN experiments (see Tables | and5ST-P polyclonal antibody (Medical and Biological Lab-
II), groups T-1, T-5, N-1 and N-5 received a single intra-oratories Co., Nagoya) and a Vectast&ilite ABC kit
peritoneal administration of DEN (Wako Pure Chemicals(rabbit IgG, Vector Laboratories, Inc., Burlingame, CA).
Industries, Ltd., Kyoto) at the dose of 100 mg/kg bodyThe numbers and sizes of the lesions were determined
weight and were subjected to the selection procedure ofvith an image analyzing system as described elsewWhere
Cayamaet al?® in which 2-acetylaminofluorene (Wako) and the three-dimensional correction procedure of Camp-
and carbon tetrachloride (Wako) were administered at dell et al®? Only foci consisting of more than 10 altered
dietary concentration of 0.02% from the end of week 2 tohepatocytes were included in the assessment since these
that of week 4 and as a single dose of 1 ml/kg bodyare considered to be less reversible than single-positive
weight by gavage at the end of week 3, respectivelycells or foci of a few positive cells.
Groups T-2, T-6, N-2 and N-6 received DEN but were Proliferative activity of hepatocytes within GGT-posi-
not subjected to the selection procedure. Groups T-3, T-#jve lesions and in the background parenchyma The
N-3 and N-7 received the vehicle (0.9% sodium chlorideproliferative activity of hepatocytes was assessed by
solution) and were subjected to the selection procedureneans of immunohistochemical demonstration of prolifer-
Groups T-4, T-8, N-4 and N-8 received the vehicle, butating cell nuclear antigen (PCNA) using the enhanced
were not subjected to the selection procedure. Rats ipolymer one-step staining system (EPOS system; Dako A/
groups T-1 to T-4 and N-1 to N-4 were killed at the endS, Copenhagen, Denmark)*¥ The PCNA labeling indi-
of week 5, whereas those in groups T-5 to T-8 and N-5 tawes (PCNA L.l.) both inside the GGT-positive lesions
N-8 were killed 12 weeks after the beginning of the (when several large lesions were detected) and in the sur-
experiments. For the experiments featuring the CDAArounding (non-tumoral) areas, identified by reference to
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serial specimens stained for GGT, were calculated as petecyte lobuli of such rats. This was confirmed by western
centages of labeled cells among approximately 300Mlot analyses showing that the amounts of protein in the
(altered) hepatocytes, counted at the light microscopdivers and kidneys of GST-P-Tg rats were in the same
level. range as in those of N-Tg rats. Nevertheless, the transgene
Determination of the 8-hydroxyguanine (8-OHG) levels was working, since the amounts of GST-P protein in the
in liver DNA The levels of 8-OHG were assessed as divers and kidneys were significantly increased by 2.22-
parameter of oxidative DNA damage. The 8-hydroxy-and 2.10-fold in GST-P-Tg rats, respectively, while no
deoxyguanosine (8-OHdG) levels in the nucleoside samsignificant increments were obtained in N-Tg rats, when
ples were measured by electrochemical detection aftetO-week-old animals were treated with lead at 3 intraperi-
high-performance liquid chromatographic separation agoneal doses (every 24 h) of 100 mmol/kg body weight
detailed previousl¥y using liver portions weighing and left for another 24 h in a preliminary western blot
approximately 200 mg (groups T-9 and N-9) or 100 mgstudy (data for this paragraph not shown).

(the other groups) and a Sepagene kit (Sanko Jun-Yakuiver carcinogenesis initiated with DEN, 5-week study
Co., Ltd., Kyoto) for DNA extraction. Data were (Table I) All animals survived until the scheduled termi-
expressed as numbers of 8-OHdGs pet d€oxygua- nation. Final body weights were slightly higher in group
nosines (dGs) in deoxynucleosides by calibration against-4 than in group T-1, while values for groups N-2 to N-4
curves from runs of standard samples containing knowmwere slightly higher than the N-1 value. No differences
amounts of authentic 8-hydroxy-@G (Wako) and 2dG were found between matched groups of GST-P-Tg and N-
(Sigma). Tg rats. There were no intergroup differences in relative
Other biochemical determinations Liver triglyceride liver weights (data for this paragraph not shown).

(TG) and hydroxyproline (HP) contents were individually =~ The number of GGT-positive lesions in group T-1 was
measured in the samples of groups T-9, T-10, N-9 and Nsignificantly less than that in group N-1. Similarly, the
10. TG was extracted from 500 mg of wet tissue by theaverage size of the lesions in group T-1 was significantly
method of Folc#) and determined by the method of less than that in group N-1. Similar results were obtained
Spayd et al®? using a Triglyceride E-TESTWako kit for GST-P-positive lesions, and GST-P protein was
(Wako). The HP determination was performed accordingexpressed solely inside the putative preneoplastic lesions,
to Kivirikko et al,® as detailed elsewhef®.The alanine  both in the transgenic and non-transgenic cases, as previ-
aminotransferase (ALT; EC 2.6.1.2) activity in serum ously describe® (data not shown). There were no differ-
samples was individually measured with an ultraviolet-ences in terms of PCNA L.I. between the matched groups
assay methd® using an automatic Monarch Chemistry of GST-P-Tg and N-Tg rats. The 8-OHG levels in groups
System analyzer (Instrumentation Laboratory, Inc., Lex-T-1 and T-2 were lower than those in groups N-1 and N-
ington, MA). 2, respectively. The ALT activity in group T-1 was lower
Statistics Statistical analyses were carried out using athan that in group N-1.

personal computer, basically as previously descriBed. Liver carcinogenesis initiated with DEN, 12-week
The Student-Newman-Keuls multiple comparisons teststudy (Table II) All animals remained in good condition
was employed to assess the statistical significance aofintil the end of the experiment. There were no intergroup
intergroup differences of means for multiple groups afterdifferences in final body or relative liver weights. There
one-way analysis of variance to determine the variationsvere no particular histological changes in any of the
among group means, followed by Bartlett’s test to deter-groups other than the development of altered hepatocyte
mine the homogeneity of variance. For assessment dbcal lesions (data for this paragraph not shown).
intergroup differences of means for pairs of 2 particular No differences were seen in terms of GGT-positive
groups and the incidence data, the Mann-Whitney nonlesion numbers between matched groups of GST-P-Tg
parametric test and Fisher’'s exact test were performedand N-Tg rats. Comparing the data in Table Il with those
respectively. The intergroup difference was consideredn Table |, however, the number of lesions in group T-5

significant when thd value was less than 0.05. was in the same range as the group T-1 value, whereas
that in group N-5 was significantly less than the group N-
RESULTS 1 value. There were again no significant differences in

terms of the lesion sizes between matched groups of GST-
GST-P protein in non-treated GST-P-Tg rats Southern  P-Tg and N-Tg rats. The size of the lesions in group T-5
blot analyses revealed that each GST-P-Tg rat had 3®as significantly larger than the group T-1 value, while
copies of the transgene. No particular histological changethat in group N-5 was in the same range as the group N-1
were noted in the livers of non-treated GST-P-Tg rats avalue (compare Tables | and Il). Similar results were
20 weeks of age (group T-8), and no expression of GST-Bbtained for GST-P-positive lesions (data not shown).
protein was immunohistochemically detected in the hepaThere were significant changes in hepatocyte proliferative
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Table I. Incidences, Numbers and Sizes of GGT-positive Lesions, PCNA L.I. and 8-OHG LevelsrinabdeSerum AT Activities
in GST-P-Tg and N-Tg Rats Given DEN and Then Killed at the Entfesk 5

GGT-positive lesions PCNA L.I.

©) Effecéievre A Within (8-OHdG / (ALT/

Group Rats Treatment(s num ; verege -~ ; 8-OHdG unit

of rats Inc&e)nce Numbe/cm? volume p(cBJs(iBtiTve Surrglrjggmg 10° dG) liter)

(mnv) lesions

T-1 GST-P-Tg DEN+selection 6 100 170+50>Y 0.066+0.04® 302+20 303+1.8 20.71+6.919 32+1(P

T-2 GST-P-Tg DEN 5 100 9+13% 0.0R+0.003 191+6.3 174+3.(P 2.48+0.4%9 29+3

T-3 GST-P-Ty vehicle+selection 5 o~® 09 — — 123+2.19  2.75+0.99 33t4

T-4 GST-P-Tg vehicle 5 09 02 — — 39+0.2%9 0.55+0.1%) 28+2
N-1 N-Tg DEN+selection 6 100 35%+109 0.207+0.146 286+x29 270£3.0 26.713+£9.13 5414
N-2 N-Tg DEN 5 100 34+319 0.007+0.002 151+2.5) 151+1.3 13.82+4.22» 397
N-3 N-Tg vehick+selection 5 e o — — 142+3.4 2.%6+1.5» 33+»
N-4 N-Tg vehicle 5 (020 o — — 39+0.2240 0.47+0.2009 31+6»

a) The values other than the incidence data are sa.
b) Significantly dfferent from the group N-1 value.
¢) Significantly dfferent from the group T-1 value.
d) Significantly diferent from the group N-2 value.
€) Significantly dfferent from the group T-2 value.
f) Significantly diferent from the group N-3 value.
g) Significantly dfferent from the group T-3 value.

Table Il. Incidences, Numbers and Sizes of GGT-positive Lesions, PCNA L.I. and 8-OHG LevelsrirahideSerum AT Activities
in GST-P-Tg and N-Tg Rats Administered DEN and Killed at the Entfesk 12

GGT-positive lesions PCNA L.I.

© Effectt)igre R Within ( 8—OHC% / (ALT/

Group Rats Treatment(s) num ; verage -~ ; 8-OH unit
of rats "5 Numbe/cn  volume ogive rowdng - Bigac)  iten

(mmv) lesions

T-5 GST-P-Tg DEN+selection 8 100 150+79) 0.25+0.105 152+1.49 117+1.3 4.77+2.84 49+14
T-6 GST-P-Tg DEN 5 100 17+129% 0.006+£0.003" 123+0.8 123+1.5Y 0.88+0.64" 50+15
T-7 GST-P-Tg vehicle+selection 6 170 2+49  0.010+0.025" — 104+1.3 0.55+0.23" 384
T-8 GST-P-Tg vehicle 5 0%h oY — — 29+0.3"M 0.57£0.219 3315
N-5 N-Tg DEN+selection 8 100 186+64 0.32+0.202 231+2.3 211+1.4 6.01+3.31 46%9
N-6 N-Tg DEN 5 100 26+13 0.018+0.02# 165+1.7® 165+1.2 0.86+0.519 454
N-7 N-Tg vehicle+selection 6 09 09 — — 156+1.67 0.58+0.25) 43+4
N-8 N-Tg vehicle 5 09 09 — — 2.7+0.3%9 0.60£0.22 46+10

a) The values other than the incidence data are sa<D.

b) Significantly dfferent from the value in the surrounding area.
¢) Significantly dfferent from the group N-5 value.

d) Significantly dfferent from the group T-5 value.

e) Significantly dfferent from the group N-6 value.

f) Significantly dfferent from the group T-6 value.

g) Significantly dfferent from the group N-7 value.

h) Significantly dfferent from the group T-7 value.

activity between GST-P-Tg and N-Tg rats; i.e., PCNAT-5 was significantly lower than that of group N-5 also
L.I. of groups T-5, T-6 and T-7 werégsificantly lower inside the GGT-positive lesions. Furthermore, both within
than those of grouphl-5, N-6 and N-7, respectiyglin the lesions and in the surrounding areas, the values of
the surrounding area. Sitaily, the PCNA L.I. of group groups T-5 and N-5 were significantly less than those of
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groups T-1 and N-1, respectively, this decrease beingISCUSSION
more prominent in GST-P-Tg rats (compare Tables | and
II). There were no significant differences in terms of the The present results clearly indicate that the early phase
8-OHG levels or serum ALT activities between matchedof liver carcinogenesis due to exogenously administered
groups of GST-P-Tg and N-Tg rats. DEN is inhibited in GST-P-Tg rats as compared with N-
Liver carcinogenesis due to 12 weeks feeding of the Tg rats. The metabolic activation of DEN below 100 mg/
CDAA diet (Table Ill) No rats died during the course of kg body weight is completed within 3—24*haffording
the experiment. There were no intergroup differences imajor ethylated DNA adduct€Of-ethylthymidine, 7-eth-
final body weights. Relative liver weight in group T-10 ylguanine andOS-ethylguaning¥-*® and 8-OHG® Then,
was significantly less than that in group T-9, and that inat least a single round of cell proliferation is required
group N-10 was significantly less than that in N-9. Nofor the altered phenotype to appear in initiated
significant differences were found between matchedhepatocyted®?® We have shown that GST-P mRNA is
groups of GST-P-Tg and N-Tg rats. Histologically, in the over-expressed on a whole-liver basis as a part of the
livers of N-Tg rats fed the CDAA diet for 12 weeks immediate detoxifying reactions within 5 h after DEN
(group N-9), severe intrahepatocellular fat accumulationadministration, reaching a peak level at 12 h and then
and numerous dead hepatocytes were diffusely seen, wittieclining*® This phenomenon should be strictly distin-
the development of borderline cirrhosis, in good accor-guished from the persistent expression in putative preneo-
dance with our earlier findings on male Fischer 344plastic, focal lesion3*®" Since GST-P protein was
rats?+253%.42|n contrast, cirrhotic changes were limited in induced within 24 h after acute lead intoxication in the
GST-P-Tg rats (group T-9) with far fewer dead hepato-livers of GST-P-Tg, but not N-Tg rats as described above,
cytes, but no apparent alteration in intrahepatocellular fainsertion of ratGST-Pgenes could provide an additional
accumulation (data for this paragraph not shown). amount of GST-P protein, also shortly after DEN expo-
In the GST-P-Tg rats, GGT-positive lesions were foundsure, to enhance the detoxification. If so, DEN activation
in only 1 rat of group T-9 (14% incidence). In contrast, could, in turn, be inhibited, resulting in a reduction of the
all rats of group N-9 had such lesions. The incidencenumber of initiated cells and the magnitude of the alter-
number and size of the lesions in group T-9 were all sigations occurring in the initiated cells, which may then be
nificantly lower than those in group N-9. Similar results respectively reflected in the decrease of the numbers and
were obtained for the GST-P-positive lesions, with only 2sizes of GGT- and GST-P-positive lesions 5 weeks after
rats positive in group T-9 (29% incidence) (data notDEN administration in GST-P-Tg rats. The reduced 8-
shown). There were no significant differences in terms ofOHG formation and the absence of serum ALT activity
PCNA L.I. between matched groups of GST-P-Tg and N-increment in GST-P-Tg rats at the end of week 5 may be
Tg rats. The 8-OHG level in group T-9 was significantly supportive of the above ideas, because these changes
less than that in group N-9. Liver TG and HP contentsoccur as results of the metabolic activation of DEN. On
and serum ALT activity were all significantly less in the other hand, once the initiating process is accom-
group T-9 than in group N-9, essentially in line with the plished, the altered hepatocytes express the new

above-mentioned histological findings. phenotype? 9 As one of the enzymes involved, GST-P is
Table Ill. Incidences, Numbers and Sizes of GGT-positive Lesions, PCNA L.I., 8-OHG Levels, TG Contents and HP Contents in
Liver, and Serum ALT Activities in GST-P-Tg and N-Tg Rats Fed the CDAA Diet and Killed at the End of Week 12
GGT-positive lesions PCNA L.I.

Effective Within 8-OHG TG HP ALT
Group Rats Diet number |, cidence Number/  Average GGT- Surround- (8-OHdG/  (mg/g (mg/g (unit/

of rats (%) cn? volume positive ing area 1° dG) wet liver) dry liver) liter)

(mim) lesions

T-9 GST-P-Tg CDAA 7 18 2+729 0.008:0.00 18.6 22 27.0P 9.14+1.360281+33 1.23t0.43P) 37159
T-10 GST-P-Tg CSAA 5 0 O — — 2#40.3) 0.62£0.3¢° 44+12 0.86+0.1P 35+2
N-9 N-Tg CDAA 7 100 1&8 0.610:0.048 33.40.8) 27.3t3.4 14.9%251 33213 2.2%0.15 728
N-10 N-Tg CSAA 5 o o — — 2.4+£0.6” 0.62+0.3(P 53+7" 0.96+0.03 30+4”

a) The values other than the incidence data are me:Ds

b) Significantly different from the group N-9 value.

¢) Significantly different from the group T-9 value.

d) Significantly different from the value in the surrounding area.
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phenotypically expressed to act as a phase Il enzyme coffack of liver damage and proliferation with chronic expo-
ferring resistance against carcinogens in the vast majoritgure to the CDAA diet in GST-P-Tg rats. Since cell pro-
of these altered hepatocytes, and the putative preneoplakferation is a prerequisite for the initial stage of acquiring
tic, focal lesions are formed by clonal expansidr.” In the phenotypical changé&s?® GST-P appears to provide
GST-P-Tg rats, GST-P was expressed solely in the focaduch protection.
lesions as shown previousiyand herein. While over 90— In conclusion, the insertion of ra&ST-P transgenes
95% of such lesions become remodeled or redifferentiatedlters the early phase of rat liver carcinogenesis, presum-
to normal-appearing liver with reversion of the pheno-ably by providing enhanced detoxification and protection
type#-5Y the minority persist with a spontaneous prolifer- against damage to cells and DNA leading to carcinogene-
ation rate that is almost balanced by cell 8sso that sis. The present results suggest that, while GST-P itself
they grow very slowly? 5 In this context, the compari- always has the same functions, the enzyme at first acts in
son of the data at the end of week 5 with that at the enfhvor of the normal hepatocytes during the initiation stage
of week 12 may indicate that the focal lesions had proand then acts in favor of altered hepatocyte populations
gressed to a more advanced stage in GST-P-Tg rats thahereafter. However, further analyses will still be required
in N-Tg rats, since the lesions induced in the transgenito clarify the findings obtained in the present study. For
animals were more persistent than those in the non-transastance, it would be essential to measure directly the
genic animals, with an increase in size, and because th8ST-P protein level, enzyme activity, the levels of major
PCNA L.I. in the lesions, as well as in the surroundingethylated DNA adducts, the 8-OHG level and the magni-
areas, were decreased more prominently in GST-P-Tg ratside of liver toxicity in the initiation phase under the
than in N-Tg rats. present experimental protocols, especially the one featur-
The inhibitory effects of insertion ddST-Ptransgenes ing initiation with DEN.
were also prominent on rat liver carcinogenesis by
chronic feeding of the CDAA diet. In this case, oxidative ACKNOWLEDGMENTS
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