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Persistent and Remodeling Hepatic Preneoplastic Lesions
Present Differences in Cell Proliferation and Apoptosis,
as well as in p53, Bcl-2 and NF-kB Pathways

Rogério Pietro Mazzantini, Aline de Conti, and Fernando Salvador Moreno*

Laboratory of Diet, Nutrition and Cancer, Department of Food and Experimental Nutrition,
Faculty of Pharmaceutical Sciences, University of São Paulo, São Paulo, SP, Brazil

Abstract During rat hepatocarcinogenesis preneoplastic lesions (PNL) emerge which may persist (pPNL) and be
sites of progress to cancer or suffer remodeling (rPNL) tending to disappear. Cellular and molecular mechanisms involved
in both phenotypes are not sufficiently elucidated. pPNL and rPNL cellular proliferation and apoptosis were evaluated in
rats submitted to the resistant hepatocyte (RH) model, and an adjusted growth index (AGI) was established. p53, Bcl-2, and
NF-kB p65 subunit expression was evaluated by immunohistochemistry in pPNL and rPNL. p65 expression and NF-kB
activation was evaluated by Western blot assays in whole livers. A lower number of BrdU-stained hepatocyte nuclei/mm2

and higher number of apoptotic bodies (AB) per mm2 were observed in remodeling compared to pPNL. Cytoplasmic p53
accumulation is related to increased hepatocarcinoma malignancy. We observed that 71.3% pPNL and 25.4% rPNL
(P< 0.05) presented p53 staining in the cytoplasm. Similarly, 67.7% pPNL and 23.1 % rPNL (P< 0.05) presented
increased Bcl-2 staining. Thirty-two percent pPNL and 15.6% rPNL (P< 0.05) presented p65 staining. Compared to
normal rats, increase (P< 0.05) of hepatic p65 expression and NF-kB activation in rats submitted to the RH model was
observed. In agreement to previous studies hepatic pPNL and rPNL differ regarding cell proliferation and apoptosis.
Moreover, persistence and remodeling involve differences in p53, Bcl-2, and NF-kB pathways. These data point to
molecular pathways that may direct preneoplastic lesions to spontaneously regress or to progress to cancer. J. Cell.
Biochem. 103: 538–546, 2008. � 2007 Wiley-Liss, Inc.
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Rat hepatocarcinogenesis models are valu-
able for the study of carcinogenesis [Su and
Bannasch, 2003]. The development of hepato-
carcinoma in these animals is suggested to
be similar to human hepatocarcinogenesis
[Bannasch et al., 2003]. The ‘‘resistant hepato-
cyte’’ (RH) model is well characterized and is
able to induce preneoplastic lesions (PNL)

which can be detected by g-glutamyltranspepti-
dase (gGT) or glutathione S-transferase placen-
tal form (GST-P) markers. A typical and critical
property of these hepatocyte foci and nodules is
their capability of expressing one of two options:
spontaneous remodeling to a normal appearing
liver by the majority (95–98%) or persistence
with cell proliferation and evolution to cancer by
a small minority (2–5%).

These two kinds of hepatocyte foci and
nodules show characteristic and consistent
patterns of cell structure, biochemistry, histo-
chemistry, and tissue architecture phenotypi-
cally quite different from liver at any stage in
this normal development. During remodeling,
the hepatocytes become less positive, in a
patchy manner, for staining for some enzymes,
such as gGT and GST-p presenting irregular
borders and non-uniform staining [Enomoto
and Farber, 1982; Tatematsu et al., 1983;
Farber and Rubin, 1991; Imai et al., 1997].
PNL with regular borders and uniform stain-
ing for these markers are considered to be
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persistent (pPNL) [Farber et al., 1988; Wood
et al., 2002].

Redifferentiation was pointed as the mechan-
ism involved in PNL remodeling [Enomoto and
Farber, 1982; Tatematsu et al., 1983; Wood
et al., 2002]. In addition, a lower labeling index
and higher apoptotic index were observed in
remodeling compared to pPNL [Enomoto and
Farber, 1982; Schulte-Hermann et al., 1990].

Information on molecular mechanisms involv-
ed with PNL persistence or remodeling is
scarce. p53 accumulation in the cytoplasm was
related to the incapacity of hepatic PNL of rats
submitted to the RH model to respond to
genomic stress [Van Gijssel et al., 2000], and
to an increase in malignancy of hepatocarcino-
mas [Heinze et al., 1999] and other neoplasias
[Nikolaev et al., 2003]. Increase in Bcl-2 expres-
sion in basophilic PNL, considered to be aggres-
sive [Su and Bannasch, 2003] was observed
in mouse hepatocarcinogenesis [Christensen
et al., 1999]. Hepatic NF-kB aberrant activation
is an early event in the RH model suggesting
loss of its regulation [Carrasco-Legleu et al.,
2004; Espı́ndola et al., 2005; Simile et al., 2005].

In the present study, cell proliferation and
apoptosis, nuclear and cytoplasmic p53 com-
partmentalization and Bcl-2 and NF-kB p65
subunit expression were evaluated specifically
in hepatic pPNL and rPNL of rats submitted to
the RH model.

MATERIALS AND METHODS

Chemicals

2-Acetylaminofluorene (2-AAF), 5-bromo-2-
deoxyuridine (BrdU), 3,3-diaminobenzidine (DAB),
diethylnitrosamine (DEN), and dimethylsulf-
oxide were purchased from Sigma (St. Louis).
The commercial diet was purchased from
Purina (Campinas, Brazil). Corn oil (CO) was
Mazola1 (São Paulo, Brazil). Polyclonal anti-
placental glutathione S-transferase (GST-P)
rabbit antibody was purchased from Medical
and Biological Laboratories Co. (Tokyo, Japan).
Immunohistochemical double-stain system kit,
polyclonal anti-BrdU rat antibody, secondary
biotinylated antibody and the streptavidin–
biotin–peroxidase complex (StrepABComplex/
HRP Duet, Mouse/Rabbit) were purchased from
Dako (Glostrup, Denmark). BCA protein assay
kits, N-PERTM and T-PERTM were purchased
from Pierce (Rockford). Polyclonal anti-Bcl-2,
anti-p53, and anti-p65 antibodies and second-

ary antibody conjugated to horseradish peroxi-
dase were purchased from Santa Cruz
Biotechnology (Santa Cruz). ECL chemolumi-
nescence kit and nitrocellulose membrane
(HybondTM-C extra) were purchased from
Amersham Biosciences (Piscataway). Other
chemicals were of the highest available quality.

Animals and Experimental Protocol

Male F344 rats from the colony of the Faculty
of Pharmaceutical Sciences, initially weighing
55–60 g, maintained in cages of four animals, at
a constant temperature (228C), with 12-h light-
dark cycle and receiving water and commercial
diet ad libitum, were used.

At the end of a 7-day acclimatization period,
20 F344 rats were randomly divided into
2 groups: 11 not submitted to any experimental
procedure (normal [N] group), and 9 submitted
to the RH model [Solt and Farber, 1976]
modified by [Semple-Roberts et al., 1987] (RH
group). Rats of RH received an intraperitoneal
dose of DEN (20 mg/100 g body weight) for
initiation. Two weeks later the animals received
four intragastric doses of 2-AAF (2 mg/100 g of
body weight), the first three on 3 consecutive
days before partial (2/3) hepatectomy (PH) and
the remaining (0.5 mg/100 g of body weight)
4 days after PH. Two hours before sacrifice the
rats received a single i.p. injection of BrdU
(10 mg/100 g of body weight) dissolved in
dimethylsulfoxide and saline (1:3 v/v). Animals
were sacrificed 6 weeks after initiation with
DEN. The study was conducted in accordance
with NIH guidelines for the care and use of
laboratory animals.

Immunohistochemistry for GST-p,
BrdU, p53, Bcl-2, and p65

Representative fragments of each liver lobe
were fixed in Carnoy’s solution prepared as
previously described [Espı́ndola et al., 2005].
Serial histologic sections of the liver samples
were also processed to be submitted to immu-
nohistochemical reactions in order to detect
PNL (foci/nodules) positive for GST-P and
hepatocytes positive for BrdU, according to the
instruction of the Dako immunohistochemical
double-stain kit. The first used primary anti-
body was the monoclonal anti-BrdU antibody
(1:400), its chromogenic substrate being diami-
nobenzidine. The second used primary antibody
was the polyclonal anti-GST-P antibody (1:500)
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to stain pPNL or rPNL with Fast Red as
chromogenic substrate. Hepatocyte foci and
nodules staining uniformly and non-uniformly
for GST-P were classified as pPNL and rPNL,
respectively [Wood et al., 1999] (Fig. 1A,B).
They were measured with the Image Pro Plus
program (Media Cybernetic) using an Olympus
photomicroscope (Japan) connected to a micro-
computer. Data were expressed as GST-P
positive number (n/cm2) and area (mm2), and
% liver section occupied by these PNL. Reading
of the BrdU-stained hepatocyte nuclei was
performed by scanning the whole slide and the
result was expressed as the number of BrdU-
stained cells/mm2 of normal tissue, pPNL, rPNL
or surrounding area.

Other serial histologic sections were prepared
for immunohistochemical staining with anti-
p53, anti-Bcl-2, and anti-p65 antibodies, using
the ImmunoCruz Staining Systems kit, accord-
ing to the manufacturer’s instruction. The
diluted primary antibodies (1:100) were incu-
bated for 2 h. Coloring was developed with DAB
substrate (Sigma). The slides were counter-
stained with hematoxylin. Specificity of stain-
ing was controlled by subtracting the primary
antibody or by substituting it for non-immu-
nized goat serum. In all cases this resulted in
absence of staining. The reprodutibility of the
methods was checked by staining more than one
slide from the same animal, obtaining consis-
tent results. In addition a histologic section of
epidermoid cell carcinoma (DakoCytomation,
Carpinteria) was used as positive control for
p53.

Quantitative Evaluation of Immunohistochemical
p53, Bcl-2, and p65 Staining

The cytoplasmic staining of p53 in apparently
normal hepatocytes surrounding the preneo-
plastic cells was undetectable in all rats, while
Bcl-2 or p65 surrounding staining was low. We
compared staining of p53, Bcl-2, and p65
between the different rats submitted to the RH
protocol and found that staining was equal in all
rats. Therefore, we could use the cytoplasmic or
whole cell staining as an internal reference. The
intensity of staining in the cytoplasm (p53 and
Bcl-2) or whole cell (p65) of preneoplastic cells
was classified as higher than (positive p53, Bcl-
2, or p65 staining PNL) or equal to (negative
p53, Bcl-2, or p65 staining PNL) the reference
staining in the cytoplasm or whole cell of
surrounding hepatocytes. A PNL was classified

as positive for p53, Bcl-2, or p65 staining if
50% or more of the cells concerned were stained
more intensively than the staining in surround-
ing hepatocytes [Van Gijssel et al., 2000].
To verify if the PNL were pPNL or rPNL, all
the immunohistochemical evaluation analyses
of p53, Bcl-2, and p65 staining were made

Fig. 1. Persistent (A) and remodeling (B) GST-P positive PNL.
Hepatic histologic section of F344 rat submitted to the RH model
showing immunohistochemical double staining (C) for positive
pPNL GST-P (red area) and for BrdU (hepatocytes nucleous
indicated by arrows outside and inside pPNL); 40X objective.
Example of apoptotic body detected in hepatic histologic
section, stained with hematoxilin and eosin (H&E), of F344 rat
submitted to the RH model by transmitted light (D) and by
fluorescence microscopy (E). Arrow indicates pPNL hepatocyte
cytoplasmatic immunostaining for p53 (F). p53 immunostaining
(G). p53 nuclear immunostaining in squamous carcinoma cells
(positive control) (H). Bcl-2 immunostaining (10X objective) (I).
p65 immunostaining (10X objective) (J).
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comparing the serial histological sections with
those marked for GST-P.

Apoptosis Evaluation

For the evaluation of apoptosis a fluorescence
microscopy method [Stinchcombe et al., 1995;
Ong et al., 2005] was used for histologic sections
of N and RH group rats, the latter being
immunostained for GST-P, as previously
described, and counterstained with eosin. The
epifluorescence microscope (Nikon, Japan) was
used for quantification of the number of AB both
in the areas of normal tissues surrounding PNL
as well as in them, allowing to discriminate
between pPNL and rPNL. The total area of
histologic sections was analyzed with a 40X
objective and the results were confirmed accord-
ing to classical morphologic criteria described in
the literature, changing the epifluorescence
system to transmitted light [Grasl-Kraupp
et al., 1994]. Results were expressed as number
of AB/mm2 of total area of N group rat liver
section or areas of pPNL, rPNL or those
surrounding them in RH group animals.

Adjusted Growth Index (AGI) Calculation

To access the degree to which cellular pro-
liferation and apoptosis changes may affect net
growth potential of pPNL and rPNL, and (AGI)
was established. AGI was calculated as the
number of BrdU-positive hepatocytes/mm2

divided by the number of AB/mm2 of pPNL,
rPNL, and normal or surrounding area. Accord-
ing to this formula, when the number of BrdU-
positive hepatocytes/mm2 (numerator value) is
greater than the number of AB/mm2 (denomi-
nator value), the AGI will be greater than one
(predominance of cell proliferation over apopto-
sis). On the other hand, and AGI smaller than
one indicate the opposite condition (predomi-
nance of apoptosis over cell proliferation).
During the RH model, S phase of cell cycle
present a length of 5.9 h [Rotstein et al., 1986]
whereas AB are only visible for�3 h in the liver,

before they are completely degraded by other
cells [Wood et al., 1999].

p65 Western Blot Analysis

The method described by Espı́ndola et al.
(2005) was used. Basically, total and nuclear
protein extracts were prepared from liver
samples of the experimental rats, previously
stored at �788C, using the T-PERTM or N-
PERTM reagent, in order to evaluate NF-kB p65
subunit expression and NF-kB activation,
respectively. Control of the relative amount of
the protein of interest was made by previous
staining of the nitrocellulose membrane with
Coomassie blue [Tao et al., 2002; Espı́ndola
et al., 2005; Ong et al., 2005].

Statistical Analysis

For the statistical analysis the SigmaStat
program (Statwin Software—Copyright 1992–
1994) was used. When indicated the used tests
were Fisher’s exact and Student’s t-tests. Level
of significance was considered P< 0.05.

RESULTS

Morphometric Analysis

Table I shows the results of morphometric
quantification of number, mean area, and
percent of the histologic section occupied by
GST-P positive PNL in the liver of rats sub-
mitted to the RH model. No statistically sig-
nificant difference (P> 0.05) between the
number of pPNL and rPNL was observed. pPNL
presented a greater (P< 0.05) mean area and
occupied a higher (P< 0.05) percent of section
area than rPNL.

Cell Proliferation and Apoptosis

Immunohistochemical double staining was
used for BrdU-positive cell count, inside and
outside pPNL (Fig. 1C) and rPNL. Table II
shows the results of mean BrdU-positive hepa-
tocyte number of the histologic sections of N and

TABLE I. Morphometric Analysis of GST-P Positive PNL of F344 Rats
Submitted to the RH Model of Hepatocarcinogenesis*

PNL type
Mean number

of PNL/cm2
Mean area of
PNL (mm2)

% Area of section
occupied by PNL

Total (pPNLþ rPNL) 55.74� 16.65 0.60� 0.38 34.45�25.01
pPNL 31.51� 11.72 0.84� 0.50a 29.18� 24.60a

rPNL 24.22�8.01 0.24� 0.11 5.45�1.83

*Values are means�SD.
aStatistically significant difference compared to rPNL (Student’s t-test, P<0.05); n¼ 9.
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RH groups. Total PNL and pPNL presented a
higher mean number of BrdU-positive hepato-
cytes compared to their respective surround-
ings and to N group hepatic tissue, although
these differences were not significant. These
results agree with the information that during
hepatocarcinogenesis cell proliferation increas-
es [Espı́ndola et al., 2005; Ong et al., 2005] and
that pPNL present elevated levels of labeling
index compared to normal liver [Rotstein
et al., 1986]. Total PNL and the pPNL presented
a higher (P< 0.05) mean number of BrdU-
positive hepatocytes compared to rPNL. rPNL
mean number of BrdU-positive hepatocytes was
similar to that of N group hepatic tissue.

Table II shows the results of mean number of
AB (Fig. 1D,E) of the histologic sections of N and
RH groups. Total PNL, pPNL, and rPNL of the
RH group presented a higher mean number of
AB compared to their surroundings and to N
group, although the differences reached statis-
tical significance (P< 0.05) only when compar-
ing total PNL with normal rat tissue and rPNL
with their surrounding and normal rat tissue.
These results agree with the information that
during hepatocarcinogenesis apoptosis increas-
es [Talos et al., 2005; Zaika et al., 1999] and that
pPNL present elevated levels of cell death
compared to normal liver [Rotstein et al.,
1986]. pPNL presented lower (P< 0.05) mean
number of AB compared to rPNL.

As previously observed [Enomoto and Farber,
1982; Schulte-Hermann et al., 1990], a lower
number of BrdU-stained hepatocyte nuclei/
mm2 and higher number of AB/mm2 were
observed in remodeling compared to pPNL.

AGI

No differences (P> 0.05) were observed
between normal, surrounding, total and pPNL

tissues regarding AGI. Compared to rPNL, all
these tissues presented greater (P< 0.05) AGI.

Immunostaining for p53

Cytoplasmic p53 staining was observed only
in PNL hepatocytes, either in pPNL (Fig. 1F,G)
or in rPNL. In the positive control was observed
a nuclear staining for p53 (Fig. 1H). Figure 2A
shows that a higher (P< 0.05) percentage of
pPNL presented cytoplasmic p53 staining than
rPNL.

Immunostaining for Bcl-2

PNL presented a more intense cytoplasmic
Bcl-2 staining than the surrounding area

TABLE II. Mean Number of BrdU-Stained Hepatocytes/mm2 and of Hepatic Apoptotic
Bodies/mm2 and AGI of Rats Submitted and Not Submitted to the RH Model*

RH model

Normal Surrounding Total PNL (pPNLþ rPNL) pPNL rPNL

BrdU 1.44�0.92 1.52�1.13 1.99�0.87a 2.26� 1.11a 1.32�0.79
Apoptosis 0.54�0.40 0.74�0.36 1.83�0.69b 1.33� 1.07a 2.39�1.34b,c

AGI 3.22� 2.82a 2.44� 1.72a 1.97�1.21a 2.83� 2.03a 0.80�0.72

*Values are means�SD.
aStatistically significant difference compared to rPNL (Student’s t-test, P< 0.05); n¼ 9 submitted to the RH model and 11 normal
animals.
bStatistically significant difference compared to normal liver tissue (Student’s t-test, P<0.05).
cStatistically significant difference compared to surrounding (Student’s t-test, P<0.05).

Fig. 2. Percent pPNL and rPNL immunohistochemically
stained for cytoplasmatic p53 (A), Bcl-2 (B), p65 (C). n¼9 rats
submitted to the RH model. Abbreviations are: pPNL, persistent
PNL; rPNL, remodeling PNL. *P<0.05 as compared to pPNL
(Fisher’s exact test).
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(Fig. 1I). While pPNL Bcl-2 staining was
intense, rPNL staining was weak and similar
to the surrounding area. Figure 2B shows that a
higher (P< 0.05) percentage of pPNL presented
cytoplasmic Bcl-2 staining than rPNL.

Immunostaining for p65

PNL presented a more intense p65 staining
than the surrounding area (Fig. 1J). Figure 2C
shows that a higher (P< 0.05) percentage of
pPNL presented p65 staining than rPNL.

NF-kB Activation and Its p65
Subunit Expression

p65 activation and expression [Carrasco-
Legleu et al., 2004; Espı́ndola et al., 2005] were
evaluated by the presence of p65 in nuclear and
total protein extracts from whole livers, respec-
tively. Figure 3 shows p65 immunoblots per-
formed with whole liver (nodulesþnon-nodular
surrounding tissues) nuclear or total protein

extracts from N and RH groups (A), as well as
their densitometric analysis (B). Compared to
N group, RH group presented approximately a
20-fold increase (P< 0.05) of nuclear p65 levels
and about a 2.5-fold increase (P< 0.05) of p65
expression.

DISCUSSION

In the RH model total (persistentþ remodel-
remodeling) GSTPþpreneoplastic lesions cell
proliferation peak occur at day 4 after partial
hepatectomy and decrease to levels similar to
the surrounding from day 14 to 21 [Wood et al.,
1999]. Considering that in our study, cell
proliferation was measured at day 23 after
partial hepatectomy it would be expected that
no differences would be observed between pPNL
AGI and normal and surrounding AGI. In this
study, hepatic GST-P positive pPNL presented
an AGI over 1, indicating predominance of cell
proliferation as related to apoptosis [Kong and

Fig. 3. NF-kB p65 subunit Western blot analysis performed
with nuclear and whole-cell proteins extracted from whole livers
of normal F344 rats (N) and animals submitted to the RH model
(RH). Representative samples from two animals of each group.
Below, membrane Coomassie blue staining for protein equal
loading control (A). Quantification of p65 in nuclear and whole-
cell proteins extracted from whole livers of normal F344 rats (N)

and animals submitted to the RH model (RH). A total of four (N
group) and six (RH group) animals were analyzed in two
independent experiments. Results are expressed in relation to
normal animals’ p65 levels considered to be 1 (B). Values are
means� SD. *Statistics by Student’s t-test: significant differences
(P< 0.05) when compared to N group.
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Ringer, 1996]. rPNL, instead, presented an AGI
lower than 1 indicating predominance of apop-
tosis as compared to cell proliferation. Although
AGI can be useful, it must be carefully analyzed
since it could lead to misinterpretation of the
results. BrdU once in the nucleus has much
longer half-life. Even after the cell divides the
label is still there, albeit gets diluted with
progressive cell division. But still the cell is
counted as a BrdU-positive cell. The apoptotic
cell on the other hand has a very short half-life of
3–5 h [Bursch et al., 1990]. Because of this,
there could be a bias towards an AGI over 1.
The fact that rPNL presented an AGI lower
than 1 reinforces the observation that apoptosis
predominates as related to cell proliferation.
The results of this study are in agreement
with previous observations in rats also sub-
mitted hepatocarcinogenesis models that pPNL
presented a higher cell proliferation and a
lower apoptotic index when compared to rPNL
[Enomoto and Farber, 1982; Schulte-Hermann
et al., 1990].

Nuclear p53 localization has been considered
essential for its growth-suppressing activity in
late G1 [Shaulsky et al., 1991] although recently
it has been described that mitochondrially
targeted p53 has also tumor suppressor activ-
ities stimulating apoptosis in vivo without the
need of its translocation to the nucleus [Talos
et al., 2005]. Tumors might abrogate the
transactivating function of p53 by inhibiting
its access to the nucleus rather than by gene
mutation [Moll et al., 1995]. Thus, pathologic
accumulation of cytoplasmic wild-type p53 has
been related to alteration in differentiation,
increase in malignancy, tumor metastasis and
poor prognosis of hepatocarcinomas [Heinze
et al., 1999] and other cancers [Moll et al.,
1995; Jimenez et al., 1999]. p53 regulation
is effected by different control mechanisms
of nuclear-cytoplasmic shuttling [Fabbro and
Henderson, 2003], such as its interaction with
proteins which would inhibit its translocation or
promote its export from the nucleus [Kim et al.,
2000; Nikolaev et al., 2003].

Normally, the level of p53 protein is tightly
regulated and not detectable by immunohisto-
chemistry. Phenotypes with constitutive p53
nuclear or cytoplasmic accumulation are con-
sidered to be valuable systems in elucidat-
ing mechanisms that regulate p53 turnover
[Zaika et al., 1999]. Thus, a previous study in
PNL-bearing rats challenged with DEN has

documented that PNL has an attenuated p53
nuclear response. It was suggested that this
may facilitate clonal expansion of PNL under
stress induced by DNA-damaging chemicals
[Lennartsson et al., 1988]. In rats submitted to
the RH model X-ray-induced genotoxic stress
resulted in p53 accumulation in the cytoplasm
of GST 7-7-positive PNL hepatocytes and in
the nucleus of surrounding hepatocytes [Van
Gijssel et al., 2000]. However, in this study the
authors did not distinguish pPNL from rPNL
regarding cytoplasmic p53 accumulation in
contrast to our study. We observed for the first
time that a greater proportion of pPNL pre-
sented aberrant cytoplasmic p53 accumulation
compared to rPNL. The pPNL phenotype could
be related to alterations in p53 translocation
to the nucleus. This could be related to an
increased genomic instability early in hepato-
carcinogenesis, which not only sustains clonal
expansion, but also increases the probability of
further genetic changes leading towards malig-
nant transformation [Van Gijssel et al., 2000].
The rPNL phenotype could be related to a
normalization of the p53 pathway. Indeed,
accumulation of cytoplasmic p53 was more
frequent in undifferentiated neuroblastomas
than in those differentiated, suggesting that
the p53 alteration is potentially reversible and
may cause reconstitution of functional p53 [Moll
et al., 1995]. It would be interesting to evaluate
in the RH model if chemopreventive compounds
would interfere with p53 localization in pPNL
and rPNL.

Increased expression of Bcl-2 was previously
observed in PNL and hepatic cancers during
non-genotoxic hepatocarcinogenesis in mice
[Christensen et al., 1999] and in PNL of Wistar
rats submitted to the RH model [Van Gijssel
et al., 2000]. However, in this last study the
authors did not distinguish pPNL from rPNL
regarding Bcl-2 expression in contrast to our
study. We observed for the first time that a
greater proportion of pPNL presented increased
Bcl-2 expression compared to rPNL. While
pPNL Bcl-2 staining was intense, rPNL stain-
ing was weak and similar to the surrounding
area. This suggests that increased Bcl-2 expres-
sion is involved with persistence and that an
increase in apoptosis in rPNL could be attrib-
uted to a return of Bcl-2 expression to levels
similar to those of normal tissue. Bcl-2 gene
contains a negative response element through
which p53 may transcriptionally downregulate
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its expression [Miyashita et al., 1994]. The fact
that p53 was accumulated in the cytoplasm of
pPNL could result in absence of its nuclear
inhibitory effects, increasing Bcl-2 expression.

NF-kB activation is an early event during
hepatocarcinogenesis [Carrasco-Legleu et al.,
2004; Espı́ndola et al., 2005; Simile et al., 2005].
This study confirms this observation and shows
an increased NF-kB p65 subunit expression in
the liver of rats submitted to the RH model. It
was observed for the first time that a greater
proportion of pPNL presented increased NF-kB
p65 expression compared to rPNL. In this study
we observed increased levels of p53 in the
cytoplasm, but not in the nucleus of pPNL.
A persistent nuclear NF-kB could reduce p53
protein nuclear stabilization [Tergaonkar et al.,
2002]. Concomitant alterations in both path-
ways could be related to pPNL phenotype.
That a decreased proportion of rPNL presented
increased NF-kB p65 subunit expression sug-
gests that remodeling would also be followed by
a normalization of its expression.

Based on our previous investigations with the
RH model [Espı́ndola et al., 2005; Ong et al.,
2005] we have chosen to study pPNL and
rPNL 6 weeks after DEN initiation during a
phase in which the proportion of these PNL is
similar (around 50%). This allowed us to
analyze an adequate number of each PNL in
order to establish differences between them.
It is important to stress that the remodeling
process is a continuum and takes place over
several weeks, and the majority of PNL con-
sidered persistent at this time point will
remodel. Thus, in future studies it would be
interesting to evaluate if the few pPNL that
progress to cancer would be the ones presenting
simultaneous alterations in p53, Bcl-2, and
NF-kB pathways.

In agreement to previous studies hepatic
pPNL and rPNL differ regarding cell prolifera-
tion and apoptosis. Moreover, persistence and
remodeling involve differences in p53, Bcl-2,
and NF-kB pathways. These new data point to
molecular pathways that may direct preneo-
plastic lesions to spontaneously regress or to
progress to cancer.
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