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Abstract

Chronic and excessive alcohol consumption has been related to an increased risk of several cancers, including that of the

liver; however, studies in animal models have yet to conclusively determine whether ethanol acts as a tumor promoter in

hepatic tumorigenesis. We examined whether prolonged alcohol consumption could act as a hepatic tumor promoter after

initiation by diethylnitrosamine (DEN) in a rat model. Male Sprague-Dawley rats were injected with 20 mg DEN/kg body

weight 1 wk before introduction of either an ethanol liquid diet or an isoenergic control liquid diet. Hepatic pathological

lesions, hepatocyte proliferation, apoptosis, PPARa and PPARg, and plasma insulin-like growth factor 1 (IGF-1) levels were

assessed after 6 and 10 mo. Mean body and liver weights, plasma IGF-1 concentration, hepatic expressions of

proliferating cellular nuclear antigen and Ki-67, and cyclin D1 in ethanol-fed rats were all significantly lower after 10 mo of

treatment compared with control rats. In addition, levels of hepatic PPARg protein, not PPARa, were significantly higher in

the ethanol-fed rats after prolonged treatment. Although ethanol feeding also resulted in significantly fewer altered hepatic

foci, hepatocellular adenoma was detected in ethanol-fed rats at 10 mo, but not in control rats given the same dose of

DEN. Together, these results indicate that chronic, excessive ethanol consumption impairs normal hepatocyte

proliferation, which is associated with reduced IGF-1 levels, but promotes hepatic carcinogenesis. J. Nutr. 141: 1049–

1055, 2011.

Introduction

Primary liver cancer is responsible for over 1 million deaths
worldwide. Its poor prognosis and high fatality rate make it the
3rd leading cause of cancer mortality. Long-term, excessive
alcohol consumption is a significant independent risk factor for
liver cancer (1). When combined with other factors, such as
hepatitis viral infection, the risk of developing liver cancer
increases even further. In the United States, alcohol abuse is 5
times more prevalent than the incidence of hepatitis infection, and
chronic alcohol intake accounts for 32–45% of all liver cancer
cases (2). Furthermore, the incidence of liver cancer has been
dramatically increased (3).

Ethanol is not a carcinogen per se; however, there is
accumulating evidence in humans for the carcinogenicity of
acetaldehyde, the first metabolite of ethanol in the body (1).
Acetaldehyde has been shown to induce DNA strand breaks in
vitro and to act as a mutagenic and carcinogenic agent in vivo
(1). Numerous studies have provided evidence of a linkage
between ethanol and hepatocellular carcinoma; however,
whether alcohol can promote carcinogenesis by its own action
or it does so by acting as a cofactor in the presence of other risk
factors, such as hepatitis infection, dietary carcinogens, or
nutritional deficiencies, has not been well defined.

The multistage, chemically induced rat hepatocarcinogenesis
model has been widely reported in the literature, with
diethylnitrosamine (DEN)7 often used as the carcinogen of
choice. Because a normal liver has a low rate of proliferation and
hepatocytes are mainly found in the G0 phase of the cell cycle
(4), the induction of a highly proliferative state in the liver is an
important aspect of any model of hepatocellular carcinoma (5).
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Strategies used to increase hepatocyte proliferation include
partial hepatectomy (PH; surgical removal of two-thirds of the
liver tissue) and exposure to hepatotoxins like carbon tetrachlo-
ride (6). Several studies have investigated the effect of feeding
ethanol, either in drinking water or in a liquid diet, on the
development of DEN-induced hepatocarcinogenesis in rats (7–
10). However, these studies provide conflicting evidence, with
some reporting a promotional effect (7), some reporting inhibi-
tion (9,10), and others reporting no effects of ethanol on
hepatocarcinogenesis in rats (8). Although the exact mechanisms
are unclear, these differing observations in animal studies may be
related to the timing of ethanol feeding in relation to PH or
carcinogen injection. Among the studies where PH was used to
induce a regenerative-proliferative state, only Takada et al. (7)
fed ethanol after PH and were able to see a promoting effect of
ethanol on tumorigenesis. Studies that performed PH at the same
time as ethanol feeding reported either no effect (8) or inhibition
of promotion (9,10). Furthermore, previous studies that did not
use PH either reported a co-carcinogenic effect (11,12), a
promoting effect (13,14), or an inhibitory effect of ethanol on
hepatocellular carcinoma (15). The data from former studies
may be confounded by other factors that also influence che-
mically induced hepatic carcinogenesis, such as diets deficient in
labile methyl donors or low in carbohydrates, or coadministra-
tion of carbon tetrachloride. In previous reports of ethanol
inhibiting carcinogen-induced hepatocellular carcinoma, coad-
ministration of ethanol with the carcinogen may have compet-
itively inhibited activation of the carcinogen by cytochrome
P450 enzymes (1).

In this study, we investigated the effects of long-term ethanol
feeding for 6 and 10 mo with a nutritionally adequate Lieber-
DeCarli liquid diet in a chemicallyvinitiated carcinogenic rat
model without PH. We injected rats with a very low dose of
DEN carcinogen prior to ethanol administration to eliminate the
possible interaction between alcohol-induced CYP enzyme
activation and carcinogen metabolism and to focus on the
ability of ethanol to act on the promotion stage of carcinogen-
esis. We also investigated the effect of chronic ethanol consu-
mption on the normal hepatocyte proliferation by examining
cell proliferation and cyclin D1 and apoptosis, preneoplastic
placental form of glutathione S-transferase (pGST) positive
altered hepatic foci (AHF), and tumor formation in this study.
Further, we examined plasma insulin-like growth factor 1 (IGF-
1), an essential anabolic agent in the regulation of cellular
proliferation and apoptosis in a wide variety of cells and tissues.
Decreased IGF-1 levels in alcoholics have been attributed to
both liver damage and metabolic dysfunction due to their
prolonged and excessive alcohol consumption (16). In addition,
we examined hepatic expressions of PPARa and PPARg that
have been shown to be involved in the development of alcoholic
liver disease (17,18).

Materials and Methods

Rats and diets.Male Sprague-Dawley rats (Charles River Laboratories)

were maintained and fed as described in a previous report (19). To avoid
interactions between ethanol and carcinogen activation, DEN (Sigma)

was given as an i.p. injection of 20 mg/kg body weight 1 wk before the

ethanol feeding began. This low dose has been shown to initiate cells that

can develop into AHF without producing hepatic necrosis (13). The rats
were assigned to weight-matched groups and fed either an ethanol liquid

diet or a control liquid diet for a 6- or 10-mo period (n = 7 rats/group).

All ethanol-fed groups were given a Lieber-DeCarli liquid diet

(Dyets) containing 36% of the total energy as ethanol, yielding an

alcohol concentration of 6.2% (v:v). This liquid diet achieves higher

ethanol blood levels than ethanol administered in their drinking water

and maintains an adequate nutritional intake, as thoroughly demon-
strated by Lieber et al. (20). Ethanol was gradually introduced into

experimental diets over a 3-wk period before providing rats with the

final concentration. In the control diet, ethanol was replaced by an

isoenergic amount of maltose dextrin (Dyets). Both diets contained 18%
of their total energy as protein and 35% as fat; in the control diet, 47%

of the total energy was from carbohydrates, whereas 11% of the total

energy was from carbohydrates in the ethanol diet.

At the end of each experimental period, the rats were terminally
exsanguinated under isoflurane anesthesia (Aerrane, Fort Dodge Animal

Health). The body and liver weights were recorded at the time of death

for all rats. Liver tissue was collected and slices from the right and left
lobes were fixed in 10% buffered formalin for further embedding in

paraffin wax and immunohistochemical analysis. Remaining tissue was

snap-frozen in liquid nitrogen and stored at2808C until further analysis.

All animal protocols were approved by the Institutional Animal Care
and Use Committee at the USDA Human Nutrition Research Center on

Aging at Tufts University.

Histopathology. Liver samples were fixed with 10% buffered formalin

and embedded in paraffin wax. Five-microliter sections were stained

with hematoxylin and eosin. The slides were microscopically evaluated
for the presence of inflammation, hepatic steatosis, hepatic foci of

cellular alteration, adenoma, and carcinoma according to the criteria

proposed by the WHO/International Agency for Research on Cancer

(21). The sections were photographed and examined by 3 independent
investigators who were unaware of the treatment groups.

Immunohistochemistry. Liver tissue sections were immunostained
with rabbit polyclonal anti-pGST (Novocastra Laboratories) to visualize

the AHF. Hepatocyte proliferation in the liver was assessed by

immunostaining with mouse monoclonal anti-rat Ki-67 (clone MIB-5,
Dako) and mouse monoclonal anti-proliferating cellular nuclear antigen

(PCNA) (PC-10, Santa Cruz Biotechnology), using a previously de-

scribed method (22). Hepatocytes with brown-stained nuclei and

cytoplasm were counted as pGST-positive cells or foci and expressed
per unit area (cm2). At the 10-mo time point, AHF was also quantified

from a digital image of 2 sections. To do this, we used STEREO software

developed by Dr. Yihua Xu and Dr. Henry C. Pitot (23) to assess

formation and growth expressed as volume percent of the liver occupied
by AHF. For Ki-67 and PCNA staining, the sections were quantified

under light microscopy at 3400 by 2 independent investigators who

were blinded to the treatment groups, as described (22).

Western-blot analysis. Western blotting was performed with whole

cell homogenates of liver tissues by using the previously described

method (22). Antibodies against cyclin D1, PPARa, PPARg, andGAPDH

were purchased from Santa Cruz Biotechnology and anti-cleaved
caspase-3 was purchased from Cell Signaling. Blots were developed

using either ECLWestern Blotting system (Amersham) or Lumiglo (Cell

Signaling) depending on the antibody used and analyzed with a

densitometer (GS-710 calibrated imaging densitometer, Bio-Rad). Equal
protein loading was evaluated by staining membranes after transfer with

Ponceau S (Sigma-Aldrich) and performing densitometry analysis for

GAPDH.

Plasma IGF-1 concentration. Plasma levels of IGF-1 were measured by

enzyme immunoassay using a mouse IGF-1 DuoSet ELISA system (R&D
Systems) according to the manufacturer’s instructions.

Statistical methods. Mortality rates were compared by Fisher’s exact

test. Comparisons of the effect of ethanol on each gene or protein at the

2 different time points in the presence or absence of ethanol were made

using 2-way ANOVA. When there was a significant effect, t tests were
performed. Correlations were analyzed by means of Pearson coefficient.

Two-sided P-values , 0.05 were considered significant. All data are

presented as means 6 SE.
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Results

Mortality, body, and liver weight. Over the course of the
study, 1 rat died in each of the 6- and 10-mo control groups and
2 rats died in the 10-mo ethanol-fed group. No rats were lost
from the 6-mo ethanol-fed group. All deaths appeared unrelated
to carcinogen exposure or ethanol feeding, because deaths and
early mortality rates were not different between groups receiving
ethanol and control. Body weight and liver weight did not differ
between groups after 6 mo of treatment. Despite pair-feeding,
ethanol-treated rats had lower body weight (P , 0.01) and liver
weight (P , 0.05) at 10 mo compared with the control rats
(Table 1).

AHF quantification. In the control rats, the number of pGST-
positive AHF increased with time (Fig. 1). However, the number
of pGST-positive AHF was lower in ethanol-fed rats than in the
control groups at both 6 and 10 mo (P , 0.05). At 10 mo, the
volume of the liver occupied by AHF in control rats was 0.42 6
0.19%, whereas it was lower at only 0.05 6 0.02% in the
ethanol-fed group (P , 0.05).

Pathology. Massive hepatic steatosis and alcoholic foamy
degeneration with a mixed infiltrate of inflammatory cells were
detected in the all of the ethanol-fed rats after 6 and 10 mo of
treatment, but not in control rats given the same dose of the
DEN carcinogen (Fig. 2B,C). No tumors were detected on the
surface of the liver. However, hepatocellular adenoma under
microscopy (Fig. 2D) was detected in 4 of 5 ethanol-fed rats
after 10 mo of treatment, but was not present in ethanol-fed rats
after 6 mo of treatment nor in control rats given the same dose of
DEN carcinogen at either time point (Table 1).

Proliferation and apoptosis. The effect of ethanol feeding on
cell proliferation was assessed by both PCNA and Ki-67
immunohistochemistry. At both time points, PCNA labeling
tended to be lower in the ethanol-fed groups (P = 0.08 at 6 mo
and P = 0.06 at 10 mo) (Fig. 3A), and the ethanol-fed groups had
fewer cells labeled with Ki-67 (P , 0.01) (Fig. 3B) compared
with the control groups. At 10 mo, the number of Ki-67 was
positively correlated with the number of AHF/cm2 area (r =
0.87; P , 0.001) and with the volume percent of liver occupied
by AHF (r = 0.86; P , 0.01). Furthermore, the number of
PCNA-positive cells was correlated with the liver weights at
both time points (r = 0.46; P , 0.01) (data not shown).

Cyclin D1 protein levels in the liver were 44% lower in the
ethanol-fed groups after 6 mo of treatment and 54% lower in the
ethanol-fed groups after 10 mo of treatment compared with
control rats (P , 0.01 for both time points) (Fig. 3C). We also
examined the effect of ethanol feeding on apoptosis by Western

analysis of cleaved caspase-3. Hepatic cleaved caspase-3 levels
were not significantly different between treatment groups at
either time point (data not shown).

Plasma IGF-1 concentrations. Plasma IGF-1 concentrations
were lower in the ethanol-fed rats at 6 mo (267 6 55.5 mg/L)
compared with the control rats (631 6 122 mg/L; P , 0.05).
Similarly, plasma IGF-1 concentrations at 10 mowere also lower
in the ethanol-fed rats (3126 66.0 mg/L) compared with control
rats (499 6 87.1 mg/L; P , 0.05).

PPAR expressions. Hepatic PPARa levels in the ethanol-fed
groups at 6 and 10 mo did not differ from their respective
control groups (data not shown). However, hepatic PPARg
levels were 2-fold higher in the ethanol-fed group at 6 mo and
3-fold higher at 10 mo compared with the respective control
groups (P , 0.05 for both time points) (Fig. 4).

Discussion

The present study clearly shows that alcohol can act as a
promoter in hepatic carcinogenesis independently of any role in
carcinogen activation or tumor initiation and uncomplicated by
viral infection, inadequate diet, or PH of the liver. In addition,
chronic ethanol consumption led to impaired proliferation of
normal hepatocytes in this rat model, characterized by decreased
PCNA and Ki-67, decreased cyclin D1, and lower plasma IGF-1
levels. Whereas we observed declines in pGST-positive AHF in
rodent liver, we found that chronic ethanol consumption over a
10-mo period led to the development of hepatocellular adenoma
in the DEN-initiated rats but not in control rats given the same
dose of DEN. This suggests that traditional biomarkers associ-
ated with hepatic cancer risk such as pGST-positive AHF do not
accurately reflect the later stage of carcinogenic changes in
models of prolonged alcohol consumption due to alcohol-
related changes in the ability of liver cells to proliferate and
regenerate after insult. Instead, we see impaired compensatory
liver cell proliferation alongside increased tumor formation.

To our knowledge, this is the first report outside the context
of PH of ethanol-fed rats having a lower proliferation-labeling

TABLE 1 Body and liver weights and hepatocellular adenoma
incidence of rats that consumed control or ethanol
diet for 6 or 10 mo

Time,
mo Treatment n

Body
weight,1 g

Liver
weight,1 g

Rats with hepatocellular
adenoma, n

6 Control 6 623 6 12.7 12.9 6 1.40 0

Ethanol 7 582 6 14.6 14.9 6 0.60 0

10 Control 6 762 6 17.5# 21.7 6 0.80# 0

Ethanol 5 624 6 38.3* 17.9 6 0.90* 4

1 Values are mean 6 SE. *Different from control, P , 0.05. #Different from 6 mo, P ,

0.05.

FIGURE 1 Numbers of AHF expressing pGST in livers of rats fed

ethanol or control diets for 6 or 10 mo. Values are means6 SE, n = 5–

7. *Different from control at that time, P, 0.05. #Different from 6 mo,

P , 0.05. Inset: AHF from a 10-mo-old rat fed the control diet. C,

control rats; E, ethanol-fed rats.
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index in the liver. A decrease in proliferation by ethanol has been
well documented in liver regeneration after PH (24,25). Most
of the studies documenting negative effects of alcohol on liver
regeneration were carried out in a model involving a major
surgery (removal of two-thirds of the liver), and proliferative
changes were assessed only over a very short period of time
(days). Also, there are conflicting reports regarding whether
ethanol impairs the early proliferative response of hepatocytes
and inhibits the regeneration of hepatocytes after PH (26), with
some studies showing that ethanol feeding can induce a pro-
liferative state in the livers of rats after a relatively short time
(22,26,27). Our data complement previous research showing
that 8 mo of ethanol exposure can promote hepatic carcinogen-
esis after PH (7). We detected only hepatocellular adenoma, not
carcinoma, in alcohol-fed rats, which could be due to the low
dose of DEN and the duration of study being ,10 mo. The
traditional hepatocellular carcinoma model in rats was devel-
oped by i.p. injecting 200 mg/kg body weight of DEN. In our
preliminary study we observed that this dose of DEN resulted in
strong hepatic carcinogenetic responses with necrosis in both
alcohol diet-fed rats and control diet-fed rats. To investigate the
ability of ethanol to act as a promoter of hepatic carcinogenesis,
we injected rats with a very low dose of DEN (20 mg/kg i.p.)
carcinogen. This low dose did not result in tumor formation in
nonethanol-fed rats. In addition, given the absence of PH and
other complicating factors, e.g. the high dose of carcinogen

injection, our long-term alcohol-feeding model may offer a
useful method by which to study the effects of prolonged alcohol
consumption on liver malignant transformation and dietary
intervention.

The observed change in liver weight correlated with the
decreased levels of PCNA and cyclin D1 protein levels, sug-
gesting these markers are reflective of changes in the entire liver.
Hepatocyte proliferation, as assessed by Ki-67 immunohisto-
chemistry, was lower after 6 and 10 mo of ethanol feeding.
Although there were no significant changes in the PCNA levels in
the ethanol-fed groups, this could be due to increased DNA
repair, because PCNA measurements reflect change due to both
increased cellular proliferation and DNA repair. Lower levels of
hepatocyte proliferation in the ethanol-fed rats were associated
with lower protein levels of cyclin D1 at 6 and 10 mo. Cyclin D1
is upregulated after PH and cyclin D1 induction facilitates the
progress of hepatocytes through the G1 phase of the cell cycle
(28). In addition, ethanol inhibition of PH-induced liver reg-
eneration has previously been associated with decreased expres-
sion of cyclin D1 (24). In contrast, apoptosis, as assessed by
Western analysis of cleaved caspase-3, did not differ between the
ethanol-fed rats and control rats. These data indicate that a
lower hepatocyte proliferation index found in the ethanol-fed
groups could be leading to the lower numbers of AHF,
independent of apoptosis. In the present study, ethanol feeding
resulted in lower numbers of AHF at 6 and 10 mo and decreased

FIGURE 2 Hepatic lesions under hematoxylin and

eosin staining (upper, 340; lower, 3400): normal

(A); massive steatosis with tigroid basophilic focus

(B); alcoholic foamy degeneration with a mixed

infiltrate of inflammatory cells (C ); and hepatocellu-

lar adenoma (D). The tumor (indicated by arrow) is

composed of sheets of hepatocytes that are larger

than those of the surrounding liver, which shows

compression.

FIGURE 3 Number of hepatic PCNA and Ki-67 positively stained hepatocytes and hepatic cyclin D1 protein levels at in livers of rats fed ethanol

or control diets for 6 or 10 mo. Values are means 6 SE, n = 5–7. *Different from control at that time, P , 0.01. (A) PCNA-positive hepatocytes.

Insert: PCNA-positive hepatocyte from a 10-mo-old rat fed the control diet. (B) Ki-67-positive hepatocytes. Insert: Ki-67-positive hepatocytes from

a 10-mo-old rat fed the control diet. (C ) Hepatic cyclin D1 protein levels. C, control rats; E, ethanol-fed rats.
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the volume percentage of the liver occupied by the AHF at 10 mo
compared with the control rats. Lower levels of hepatic
proliferation can explain the lower numbers of AHF found in
the ethanol groups. We therefore conclude that the dysfunction
of either cell cycle control or differentiation machinery by
chronic alcohol feeding is responsible for dysregulated growth
and transformed phenotype. Previous studies, including ours,
showed that ethanol feeding can induce a proliferative state in
the livers of rats after 1 mo of treatment (22,26,27), which may
reflect a regenerative, proliferative response as a result of the
alcohol insult at a relatively short time. This proliferative
response at an earlier stage may increase genomic instability or
survival of carcinogen DEN-initiated hepatocytes, which could
then develop into tumors through both genetic or epigenetic
alterations. Indeed, certain dietary components, such as retinoic
acid (22,29), can inhibit acute or subacute, alcohol-induced cell
proliferation and reduce the risk of tumorigenesis. However, the
effects of long-term alcohol treatment are more dynamic,
causing a number of biochemical and molecular alterations
and pathological lesions (e.g. oxidative stress, steatohepatitis,
reduced vitamin A levels, fibrogenesis, etc.). In the present study,
alcohol significantly reduced levels of IGF-1 (stimulating factor
for cell growth) but markedly increased levels of PPAR
(inhibiting cell growth), after 6 and 10 mo of treatment, which
may contribute to inhibiting the proliferative activity of mature
hepatocytes. Because the transformed cells or tumor cells usually
become resistant to growth inhibition and differentiation, they
can therefore “escape” under certain conditions. Recently,
we observed that treatment with chlormethiazole, an inhibitor
of alcohol-induced cytochrome p4502E1 enzyme, for 10 mo
can counter the tumor-promoting action of ethanol by restoring
normal hepatic levels of retinoic acid, a strong anticancer
agent (P.R.G. Chavez, Q. Ye, H.K. Seitz, and X.D. Wang,
unpublished data). Therefore, we speculate that the alcohol-
reduced levels of hepatic vitamin A and retinoic acid could be a
potential mechanism for the promoting effect of long-term
ethanol consumption on hepatic tumorigenesis. This notion was

supported by our observation that the oval cells, as bipotent
hepatic progenitor cells that are capable of differentiating into
hepatocytes and are putative targets for transformation in liver
cancer (30,31), were detected in the ethanol-fed rats after 10 mo
of treatment but not in the ethanol-fed rats given the cytochrome
p4502E1 inhibitor (P.R.G. Chavez, C. Liu, and X.D. Wang,
unpublished data). Clearly, further studies are needed to eval-
uate this notion.

In agreement with previous research that showed chronic
ethanol feeding decreased plasma IGF-1 levels in rats (32,33),
we have shown that plasma IGF-1 concentrations in rats fed an
alcohol-based diet for 6 and 10 mo were decreased by 58 and
37%, respectively, compared with rats fed a control diet.
Experiments in liver-specific IGF-1 receptor knockout mice
suggest that IGF-1 may substantially contribute to liver regen-
eration after PH through a signaling pathway that controls
cyclins A and D, thereby controlling cell cycle progression (34).
Disruptions in IGF-1 system components leading to alterations
in cell cycle and survival signals have also been implicated in
carcinogenesis in that significantly lower levels of both plasma
IGF-1 and IGF-1 mRNA in tumor tissue have been shown in
patients with hepatocellular cancer (35,36). Correspondingly,
we found that decreased plasma IGF-1 in rats fed ethanol for
10 mo was associated with increased incidence of liver tumor.
This may be related to alcohol-reduced vitamin A status (37,38),
because low vitamin A levels have been associated with
decreased plasma IGF-1 and mRNA gene expression in liver,
lung, testis, and heart in Japanese quail and rats (39). We have
previously demonstrated that retinoic acid supplementation can
partially restore both the plasma IGF-1 and the hepatic IGF-1
expression in alcohol-fed rats (33), and evidence suggests that
this may provide beneficial protection against certain alcohol-
related injuries (22,29). Further investigation into the role of the
IGF axis in hepatic carcinogenesis is warranted.

The role of PPAR receptors in the development of alcohol
liver disease has been intensively investigated both in cell culture
systems and ethanol-fed rodents (40). In Sv/129 mice and rats,
ethanol administration decreased PPARa protein levels (41,42).
Activation of PPARa by clofibrate in ethanol-fed rats amelio-
rates fatty liver and decreases necroinflammatory injury (43). A
recent study showed that polyenephosphatidylcholine signifi-
cantly ameliorated ethanol-induced hepatocyte damage and
hepatitis in PPARa-null mice (44). Although we did not detect
any changes in hepatic PPARa levels in the ethanol-fed groups
at 6 and 10 mo in the present study, we cannot exclude alcohol-
impaired PPARa/RXR binding to DNA and downregulated
PPARa target genes, as was shown by a previous study in
ethanol-fed C57BL/6J mice (45). PPARg is normally expressed
in both human and murine livers at only 10230% of the levels
found in adipose tissue (46). In contrast to a previous study in
which PPARg expressions remained unchanged in chronic
alcohol-fed rats (47), we found that PPARg expressions were
upregulated in the livers of rats with alcohol feeding and were
correlated with severe fatty liver at both 6 and 10 mo. Our data
are in agreement with previous observations that PPARg is
expressed at markedly elevated levels in the fatty livers associ-
ated with a number of murine models of diabetes or obesity
(48,49). A recent study demonstrated that PPARg is capable of
activating the expression of genes involved in TG accumulation
in hepatocytes and promoting the generation of fatty liver (50).

In summary, these data indicate that the presence of
decreased hepatocyte proliferation alongside increased tumor
formation is an important facet of alcohol-induced hepatocarci-
nogenesis and should be examined in future investigations of the

FIGURE 4 PPARg protein levels in livers of rats fed ethanol or

control diet for 6 or 10 mo. Values are means 6 SE, n = 5–7. *Different

from control at that time, P , 0.01. C, control rats; E, ethanol-fed rats.

Insert: Hepatic PPARg of 3 rats from each group.
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etiology and prevention of alcoholic liver cancer. Our model of
alcohol-promoted hepatocarcinogenesis independent of dietary
deficiency and PH may be useful for the future research of the
effects of chronic ethanol consumption on the differentiation
and proliferation of different populations of liver progenitor
cells as well as for studying dietary interventions against alcohol-
related hepatic carcinogenesis.
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