
Ethanol-TGFα-MEK Signaling Promotes Growth of Human
Hepatocellular Carcinoma

Matthew Hennig, M.D.1, Michele T. Yip-Schneider, Ph.D.1, Patrick Klein, Ph.D.1, Sabrina
Wentz, M.D.1, Jesus M. Matos, M.D.1, Courtney Doyle, M.D.1, Jennifer Choi, M.D.1,
Huangbing Wu1,2, Amanda Norris1, Alex Menze, M.D.1, Stephen Noble, M.D.1, Iain H.
McKillop, Ph.D.3, and C. Max Schmidt, M.D., Ph.D.1,2,4,5,6
1Department of Surgery, Indiana University School of Medicine, Indianapolis, IN
2Walther Oncology Center, Indianapolis, IN
3Department of Biology, University of North Carolina-Charlotte, Charlotte, NC
4Indiana University Cancer Center, Indiana University School of Medicine, Indianapolis, IN
5Richard L. Roudebush VA Medical Center, Indianapolis, IN
6Department of Biochemistry and Molecular Biology, Indiana University School of Medicine
Indianapolis, IN

Abstract
Background—Chronic ethanol intake is a significant risk factor for the development of cirrhosis
and hepatocellular carcinoma (HCC). The effects of ethanol on extracellular signal-regulated kinase
(ERK) activation, transforming growth factor alpha (TGF-α) and HCC growth were examined in this
study.

Methods—HepG2, SKHep, Hep3B human HCC cells or normal human hepatocytes were treated
with ethanol (0-100mM), exogenous TGF-α, TGF-α neutralization antibody or the MEK inhibitor
U0126. TGF-α levels were quantified by ELISA. Growth was determined by trypan blue-excluded
cell counts. Cell cycle phase distribution was determined by flow cytometry. Protein expression was
determined by Western blot.

Results—Ethanol treatment (10-40mM) increased ERK activation in HepG2 and SKHep HCC cells
but not in Hep3B or human hepatocyte cells. Growth increased in HepG2 (174 ± 29 %, P<0.05) and
SKHep (149 ± 12 %, P<0.05) cells in response to ethanol treatment. Correspondingly, ethanol
increased S phase distribution in these cells. U0126 suppressed ethanol-induced growth increases.
Ethanol treatment for 24 hours also raised TGF-α levels in HepG2 cells (118-198 %) and SKHep
cells (112-177 %). Exogenous administration of recombinant TGF-α mimicked the ethanol-induced
growth in HepG2 and SKHep cells; TGF-α neutralization antibody effectively abrogated this effect.
The TGF-a neutralization antibody also prevented ERK activation by ethanol in HepG2 cells.
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Conclusion—These data demonstrate that clinically relevant doses of ethanol stimulate ERK-
dependent proliferation of HCC cells. Ethanol up-regulates TGF-α levels in HCC cells and enhances
growth through cell cycles changes, which appear to be mediated through TGF-α-MEK-ERK
signaling. Ethanol-MEK signaling in normal hepatocytes is absent, suggesting that ethanol promotion
of HCC growth may in part depend upon the acquisition of cancer-specific signaling by hepatocytes.
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INTRODUCTION
The incidence of hepatocellular carcinoma (HCC) is increasing at an alarming rate in the United
States and on a global scale (1-4). Unlike other common malignancies, HCC usually occurs
within the bounds of known risk factors of which underlying cirrhosis arising from viral
(hepatitis B [HBV] and C [HCV]) infection, exposure to aflatoxin, or chronic ethanol intake
is the most common precursor for HCC development (3-5). Considerable research effort over
the past 20 years has led to significant advances in our understanding of the physiological and
pathophysiological effects of moderate and chronic ethanol intake on liver function (3,5).
However, the effects of ethanol on mechanisms that regulate HCC proliferation and
progression following initial hepatocyte transformation remain poorly defined. In the clinical
setting, this may have significant consequences with regard to patients that are already at higher
risk for HCC development who continue to consume ethanol in either moderation or excess
(3,5,6). That is, while viral hepatitis-related, macronodular cirrhosis poses a greater HCC risk
than ethanol-induced, micronodular cirrhosis, a clear risk with alcohol exists that increases the
risk of both accelerated cirrhosis development and subsequent HCC development (3,7,8).

Several studies have identified a role for numerous cytokines, growth factors and signaling
pathways during tumor initiation and progression (9,10). Despite the diverse nature of many
of the signaling pathways believed to be important during hepatic tumorigenesis, increasing
evidence suggests the proliferative HCC phenotype may be caused and sustained, at least in
part, by increased expression and activity of extracellular signal-regulated kinase-mitogen-
activated protein kinase (ERK-MAPK) (11-15). Others studies have corroborated that alcohol
activates MAPK and nuclear factor kappa-B (NF-κB) signaling pathways as well as stimulates
the release of cytokines and growth factors including TNF-α, TGF-α, TGF-β1, and IL-6,
Il-1β (16-19). Furthermore, an increasing body of evidence suggests the effects of ethanol on
normal and transformed hepatocytes may be dependent on altered expression and/or activity
of ERK-MAPK-dependent signaling pathways (20-22).

The ERK-MAPK’s are serine/threonine kinases that represent a point of convergence for
diverse signaling pathways originating at the cell membrane, the small G-protein p21ras being
identified as a common intermediate for diverse receptor signaling pathways (11-13,23).
Activation of p21ras initiates a kinase phosphorylation cascade through a series of structurally
similar protein isoforms culminating in ERK activation. Phosphorylation of ERK proteins
resulting in cellular and/or nuclear responses depends upon the nature of the stimulus and the
specific ERK isoform activated.

The aims of the current study were to determine the effects of ethanol treatment on the
expression and activity of ERK-MAPK signaling cascades in HCC and establish whether these
changes affect cell growth. We report that the promotion of cell growth by ethanol is likely
related to P-ERK modulation of the cell cycle. Furthermore, ethanol treatment increases TGF-
α levels in association with ERK activation in HCC cells but without any change in AKT
expression or activation.
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MATERIAL AND METHODS
Materials

Human hepatocellular carcinoma cell lines (Hep3B, HepG2, and SKHep) were purchased from
American Type Culture Collection (ATCC; Manassas, VA). Freshly isolated human
hepatocytes from patients undergoing resection for benign/precancerous lesions of the liver
without a concomitant diagnosis of hepatitis or alcohol-associated liver disease were purchased
from Cellzdirect (Pittsboro, NC). Alpha minimum essential medium (MEMα), fetal calf serum
(FCS), and ITS-X were purchased from Gibco-Invitrogen (Carlsbad, CA). Antibiotics
(penicillin and streptomycin) were purchased from BioWhittaker (Walkersville, MD).
Dexamethasone and 200 proof ethanol were purchased from Sigma-Aldrich (St Louis, MO).

Cell Culture conditions and treatments
Human HCC cell lines were cultured in MEMα containing 10% (v/v) FCS, supplemented with
penicillin (100U/ml) and streptomycin (100mg/ml). Freshly isolated human hepatocytes
(Cellzdirect, Pittsboro, NC) were cultured in William’s E Medium supplemented with insulin
(6.25 μg/mL), transferrin (6.25 μg/mL), selenium (6.25 ng/mL), dexamethasone (0.1 mM),
100 U/mL penicillin and 100 mg/mL streptomycin (Cellzdirect, Pittsboro, NC). For all cell
types, cells were plated into T25 flasks with 0.22μm-vented, screw caps for ethanol
experiments or 6-well plates. 24 hours after initial plating, the cell culture medium was removed
and replaced with the appropriate high serum (10% (v/v) FCS) medium containing ethanol
(0-100mM). Ethanol concentrations were prepared via serial dilutions for each experiment.
Cells were treated with the following reagents in varying combinations: ethanol, U0126
(Calbiochem, La Jolla, CA), LY294002 (Calbiochem, La Jolla, CA), TGF-α (Calbiochem, La
Jolla, CA), and TGF-α antibody (Calbiochem, La Jolla, CA).

Cell Counts
At the end of the specified treatment times, cell viability was determined by staining with trypan
blue and counting using a hemacytometer. The mean number of cells for each treatment was
then compared to control (untreated) or vehicle (DMSO) treated cells and expressed as a
percentage relative to control (set equal to 100%).

Western blot analysis
Following ethanol treatment (0-100mM, 24 hours) cells were lysed using RIPA buffer (PBS,
1% Nonidet P-40, 0.5% sodium deoxycholate, 0.1% SDS, 1mM phenylmethylsulfonyl
fluoride, 10μg/ml aprotinin, 1mM Na3VO4) and cell debris removed by centrifugation (10,000
x g, 10 minutes, 4°C). Supernatants were collected and lysates resolved by SDS-PAGE
(10μg total protein). Following transfer and blocking (5% (w/v) non-fat dry milk [NFDM] in
0.1% (v/v) Tween-20-TBS [TTBS]), membranes were incubated with primary antibody
(1:1000 dilution) overnight at 4°C. Membranes were then washed (x3, TTBS) and incubated
with a horseradish peroxidase-conjugated IgG secondary antibody (1:5000) for 60 minutes at
room temperature. Detection was performed using enhanced chemiluminescence (Amersham
Pharmacia Biotech, Piscataway, NJ). The primary antibodies employed included a specific
phospho-p42/44 MAP Kinase (Thr202/Tyr204) antibody (Cell Signaling, Beverly, MA), total
ERK1/2 (K-23) antibody (Santa Cruz Biotech, Santa Cruz, CA), phospho-Akt (Ser473)
monoclonal antibody (Cell Signaling), total AKT antibody (Cell Signaling), and actin (C-11)
(Santa Cruz Biotech, Santa Cruz, CA). Densitometric analysis was performed using Totallab
software (Nonlinear Dynamics, Durham, NC).
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TGF-α ELISA
Conditioned media samples were taken at indicated timepoints after treatment with ethanol.
TGF-α levels were measured in control and conditioned cell culture media via ELISA
according to the manufacturer’s protocol (R&D Systems, Minneapolis, MN).

Cell Cycle Analysis
Cell cycle phase distribution was determined by flow cytometry. Cells were plated in T-25
flasks at a density of 10 × 105 cells per ml. The following day, cells were washed and then
incubated in serum-free media for 24 hours. After synchronization, cells were washed and
media containing 10% FBS with or without alcohol was added. After 24 hours, the cells were
trypsinized, washed, pelleted, and then treated with RNase A (2 μg/μl) and stained with
propidium iodide (50ng/μl) on ice for at least 30 minutes. Samples were analyzed by flow
cytometry. Cell cycle phase distribution was determined using Modfit software (Verity
Software House, Inc., Tupshin, ME) to analyze DNA content histograms.

Statistics
Statistical analyses were performed using T-test and one-way analysis of variance (ANOVA)
with Tukey post-hoc.

RESULTS
Ethanol treatment increases MEK activity in human HCC but not in non-transformed cells in
the absence of significant ethanol metabolism

HepG2, SKHep, and Hep3B human hepatocellular carcinoma lines were treated with different
concentrations of ethanol (0-100 mM) for 24 hours. Western blot analysis of cell lysates using
antibodies specific for active, phosphorylated ERK (P-ERK) demonstrated increased P-ERK
levels in HepG2 and SKHep HCC cells but not in Hep3B cells (Figure 1A). Cumulative
densitometric analysis (normalized to β-actin) demonstrated that in the HepG2 and SKHep
cells, ethanol treatment maximally stimulated ERK activation between 10-40 mM ethanol; no
significant increases in ERK activation were detected at concentrations higher than 40 mM
(Figure 1A). Similar results were observed at earlier 30 and 180 minute timepoints at the 10
mM and 40 mM concentrations of ethanol (data not shown). Interestingly, the 10-40 mM
ethanol concentration range corresponds to physiologic blood alcohol levels of between 0 and
0.18 mg/dl. Ethanol did not significantly alter total ERK or actin expression at any of the
concentrations employed (0-100 mM) in all three HCC cell lines (Figures 1B & 1C). Given
that many of deleterious effects of ethanol are associated with hepatic metabolism (3), we
measured the ethanol concentration in cell culture medium before and after treating the three
HCC cell lines for 24 hours and detected no significant changes in ethanol concentration (data
not shown).

Having demonstrated that ethanol treatment alters ERK activation in HCC cells, we next sought
to determine whether similar effects were evidenced in normal human hepatocytes. Human
hepatocytes were treated with ethanol (0-40 mM) for 24 hours and showed no change in P-
ERK levels at 10 mM ethanol and a slight decrease at 40 mM ethanol relative to β-actin (Figure
1D). The effect of ethanol on MEK activity (P-ERK) seen in human HCC, therefore, is not
apparent in normal hepatocytes. Similar results were observed in normal (NMH) and/or
precancerous (TAMH) murine hepatocytes (data not shown).

Ethanol treatment increases growth of human HCC cells
To determine the effects of ethanol on HCC progression, we next measured cell growth by
performing cell counts in the three human HCC cell lines in the absence (control) or presence

Hennig et al. Page 4

J Surg Res. Author manuscript; available in PMC 2010 June 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



of ethanol (10 and 40 mM). Treatment of HepG2 and SKHep cells with 10 and 40 mM ethanol
led to significant increases in cell growth versus control (131±8% and 174±29% [HepG2] and
131±10% and 149±12% [SKHep], Figures 2A & B). Ethanol treatment also increased Hep3B
cell growth, but significant differences were only detected at 40 mM ethanol (143 ± 14%,
Figure 2C).

The effect of ethanol on cell cycle phase distribution in HCC
We hypothesized that ethanol-induced growth may be mediated by increased cell cycling
through promotion of the G1-S phase transition. HepG2 cells were treated with ethanol for 24
hours and then cell cycle phase distribution was determined by flow cytometric analysis. A
representative cell cycle phase distribution of HepG2 cells treated with 10 or 40 mM ethanol
is shown in Table 1. Interestingly, 10 mM ethanol precipitated decreases in G0/G1 (-4%) and
G2M (-3%) and concomitant increases in S (+7%) phase distribution. At 40 mM ethanol, further
decreases in G0/G1 (-5%) and G2M (-10%) and increase in S (+15%) were noted indicating a
concentration-dependent effect of ethanol on cell cycle phase distribution. This data suggests
that ethanol’s effect on growth may in part be mediated through significant reductions in the
percentage of cells in G0/G1 and G2M with corresponding increases in S phase.

Ethanol-dependent increases in HCC growth are ERK-MAPK-dependent
The three human HCC cell lines were next treated with the MEK inhibitor U0126 (0.1-10μM)
in the absence or presence of ethanol. Western blot analysis of P-ERK expression confirmed
that U0126 inhibited ethanol-induced ERK activation to a level not significantly different from
control cells in all three human HCC cell lines (data not shown). To determine whether
inhibition of ethanol-induced MEK-ERK activity in HCC cell lines translates to altered cell
growth, we performed parallel cell count studies in which the three HCC cell lines were treated
with ethanol in the presence or absence of U0126 (0.1μM). These data demonstrated that
inhibition of MEK activity abrogated the effects of ethanol treatment on growth in all three
cell lines (Figure 3). Furthermore, the ethanol-induced accumulation of cells in S phase was
successfully blocked with U0126 (Table 1).

TGF-α levels are increased by ethanol in human HCC
TGF-α ligand interaction with the EGFR receptor has been reported to signal through both the
MEK/ERK and Pi3K/AKT pathways (24,25). The effects of alcohol on TGF-α levels in HCC
were therefore examined (Figures 4A & B). Conditioned cell culture media from HepG2 and
SKHep cells was assayed for the presence of TGF-α following 24 hour exposure to ethanol
(10 - 40 mM). In the HepG2 cell line, a baseline TGF-α level of approximately 5 pg/ml was
detected. Addition of 10 mM ethanol increased the level 118% compared to vehicle control;
40 mM ethanol increased TGF-α levels 198% compared to vehicle control, equivalent to
approximately 10 pg/ml. In the SKHep cell line, the baseline level of TGF-α detected was 1.8
fold higher than in the HepG2 cells (9 pg/ml). The TGF-α level increased to 112% and 177%
of control with 10 mM and 40 mM ethanol, respectively. Increases in TGF-α by 40 mM ethanol
were statistically significant in both cell lines.

The effect of exogenous TGF-α on human HCC growth
After finding that ethanol induced TGF-α levels in the media, we sought to mimic this by
adding exogenous TGF-α to untreated HCC cells to determine if (the expected) increases in
growth exhibited were comparable in scale to ethanol-induced growth. Human HCC cells were
treated with exogenous TGF-α (0-200 pg/ml) for 24 hours (Figures 4C & D). Significant growth
increases were observed at 10 and 200 pg/ml treatments in the HepG2 cell line. Exogenous
TGF-α produced increases in growth of 102 ± 21 percent with 2 pg/ml, 151 ± 18 percent with
10 pg/ml, and 215 ± 38 percent with 200 pg/ml as compared to control. The SKHep cell line

Hennig et al. Page 5

J Surg Res. Author manuscript; available in PMC 2010 June 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



showed growth increases of 145 ± 21 percent at 2 pg/ml, 140 ± 17 percent at 10 pg/ml, and
155 ± 13 percent at 200 pg/ml of exogenous TGF-α treatments as compared to control. Thus,
growth increases with exogenous TGF-α mimicked the scale of the ethanol-induced growth in
the SKHep cells. In HepG2 cells, the effects of ethanol on growth were greater than that
accounted for solely by the increase in TGF-α based upon these experiments.

The effect of TGF-α neutralization antibodies on ethanol-induced growth in human HCC
At this point, we wished to determine whether ethanol-TGF-α signaling (whether from existing
cellular TGF-α or “de novo” ethanol-induced TGF-α) would account for the ethanol-induced
increases in growth. With this in mind, TGF-α neutralization antibodies were employed to
block all TGF-α signaling. HepG2 and SKHep human HCC cell lines were treated with 10 or
40 mM ethanol and simultaneously given either vehicle control or 0.5 μg/ml of TGF-α
neutralization antibody. Growth was determined after 24 hours of treatment by trypan blue
excluded cell counts (Figures 5A & B). Growth increased in HepG2 (174 ± 29 %, P<0.05) and
SKHep (149 ± 12 %, P<0.05) cells in response to ethanol (10 - 40 mM) treatment. Addition
of TGF-α neutralization antibody completely reversed the ethanol-induced growth in both cell
lines. Specifically, in the HepG2 cells the ethanol-mediated growth increase at 10 mM ethanol
(138 ± 9 %) was reduced to basal levels (99 ± 8 %); growth with 40 mM of ethanol (174 ± 29
%) was reduced to basal levels (102 ± 11 %, p<0.05). In the SKHep cells, the ethanol-mediated
growth increase seen with 10 mM ethanol (131 ± 10 %) was reduced to basal level (100 ±
10%); at 40 mM of ethanol, growth (149 ± 12 %) was brought back to or below basal level (88
± 7 %, p<0.05). Furthermore, treatment with TGF-α neutralization antibody or the MEK
inhibitor U0126 blocked ethanol-induced increases in P-ERK (Figure 6 and data not shown).
Thus, ethanol-induced cell growth appears to be mediated through ethanol-TGF-α-MEK-ERK
signaling.

The effect of ethanol on Pi3Kinase activity in human HCC
In the previous section, we investigated the effect of ethanol-mediated increases in TGF-α on
downstream MEK-ERK. We also examined Pi3Kinase activity (P-AKT) and total AKT.
Western immunoblot studies were performed on both HepG2 and SKHep cell lines following
exposure to ethanol (0 - 40 mM) and TGF-α neutralization antibody for 30 minutes. P-AKT
levels were unchanged with ethanol or the addition of the TGF-α neutralization antibody
(Figure 6). Total AKT levels were likewise unchanged (data not shown). Thus, the ethanol-
TGF-α-growth signaling in HepG2 and SKHep HCC cells appears to be MEK-ERK dependent
and Pi3Kinase/AKT independent.

DISCUSSION
The incidence of HCC is on the rise in both the United States and Europe (2). Recent trends
suggest alcohol is the main etiological factor in a significant number of these cases (22). The
hepatotoxic effects of alcohol are well defined (10,21), and it is accepted that alcohol-induced
cirrhosis contributes to the development of HCC. Less clear is whether direct effects of ethanol
on cellular growth and survival signaling pathways contribute to hepatocarcinogenesis. The
purpose of these studies was to determine the effects of ethanol on MEK-ERK growth signaling
in HCC as well as normal hepatoctyes.

It has been previously shown that HCC increases activation of p42/p44 MAPK (MEK-ERK)
pathway intermediates (15,26-28). In the present study, we showed that MEK, a key enzyme
in this pathway, was activated after 24 hours of ethanol treatment (10 - 40 mM) in human HCC
lines. Noticeably, normal human hepatocyte cells showed no changes in MEK activity in the
presence of ethanol. This suggests that normal hepatocyte mitogenic signaling may not be
enhanced by ethanol, while neoplastic cells are in some way primed for this potentiation of
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their signaling. Thus, we hypothesize that ethanol promotion of HCC may depend upon
hepatocytes acquiring this cancer specific signaling.

Ethanol-induced activation of the MEK-ERK pathway also correlated with accelerated HCC
growth. Interestingly, although Hep3B cells did not show increased MEK activity in the
presence of ethanol, cell growth was still induced by ethanol. Consistent with this, MEK
inhibition failed to block ethanol-induced growth in Hep3B cells. Thus ethanol-mediated
growth appears to be MEK-independent in the Hep3B cell line. In contrast, ethanol-mediated
growth in the HepG2 and SKHep cell lines was associated with increased MEK activity that
was completely blocked with MEK inhibition, suggesting dependence on MEK.

In a review by Aroor and Shukla, the authors highlight the important role that MAPK pathways
play in the signaling effects of ethanol (29). These signaling effects vary among cell types and
can often be correlated with length of ethanol exposure. In liver, in vitro studies demonstrate
that ethanol enhances ERK activity in fetal hepatoctyes (30). Based upon our results, one may
speculate that HCC cells have reverted to this fetal hepatocyte signaling. In a rodent model of
HCC, ethanol treatment has been associated with higher expression/activity of inhibitory
guanine nucleotide regulatory proteins (Gi-proteins) and enhanced Gi-protein agonist-
stimulated MAPK activity (31). This is an example of how ethanol may indirectly affect
signaling through changes in protein expression. Interestingly, ethanol has also been shown to
increase levels of TGF-α (18) which is a positive regulator of the p42/p44 MAPK and Pi3K/
AKT pathways (32).

Similarly, in our studies, alcohol increased TGF-α levels in human HCC cells up to four fold.
In a previous study, induction of TGF-α expression by ethanol in HepG2 cells stimulated
collagen production by stellate cells (18). This study showed baseline TGF-α levels of
approximately 200 pg/ml compared with our baseline levels of 5 pg/ml in HepG2 cells. This
difference is likely explained by their use of dialysis and concentration of cell media prior to
assaying for TGF-α. We believe that our findings are not inconsistent with this prior study.

In normal hepatocytes, little TGF-α expression is present (33). TGF-α expression, however, is
increased in precancerous conditions such as hepatitis and regenerative nodules found in
cirrhotic livers (34,35). Hepatitis viral proteins have been implicated in the upregulation of
TGF-α in HCC (33,36,37). Importantly, TGF-α levels are elevated in the liver of rats
administered ethanol chronically, and this is thought to be due to a decreased ability to
internalize and degrade the cytokine (38). Finally, TGF-α transgenic mice, which overexpress
human TGF-α, have a 70% incidence of hepatocellular carcinoma at 15 months of life
suggesting that overexpression of human TGF-α may be sufficient to cause HCC (39).

TGF-α is a well known ligand of the epidermal growth factor receptor (40). Downstream
pathways that are affected by TGF-α activation include the p42/p44 MAPK pathway as well
as the Pi3K-AKT pathway (24,25). The studies presented here demonstrate that ethanol-
induced increases in TGF-α in HCC are associated with increased MEK-ERK signaling,
increased growth and cell accumulation in S phase. Exogenous TGF-α reproduces these
alcohol-induced endpoints of growth while TGF-α neutralization abrogates them. Furthermore,
ethanol-induced MEK-ERK signaling, growth and cell cycle changes are blocked with MEK
inhibition. Thus, ethanol enhances HCC growth through cell cycle regulatory changes mediated
through TGF-α-MEK-ERK signaling. In addition, the effects of TGF-α are independent of the
Pi3K/AKT pathway in these two human HCC lines.

CONCLUSION
The findings of this study suggest that the mechanism of alcohol-induced HCC may involve
increases in TGF-α and TGF-α MEK-ERK signaling. Increased TGF-α levels have been noted
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in a variety of cancers (41-47). Thus, the findings of our study may have broader relevance to
other cancers, particularly cancers which have alcohol as a known etiologic factor (22,48).

In conclusion, physiologically relevant doses of ethanol (10 - 40 mM) which correspond to
blood alcohol levels (BAL) of 0.05 to 0.18, were sufficient to induce increases in ERK
activation and TGF-α levels in HCC. Ethanol-TGF-α-MEK-ERK signaling resulted in
increased growth in HCC through cell cycle regulatory changes. Thus, TGF-α may be an
important molecule for therapeutic targeting in alcohol-induced HCC and/or patients at high
risk of alcohol-induced HCC. Future studies will focus on in vivo models to better understand
how ethanol-TGF-α-MEK-ERK signaling relates to hepatocarcinogenesis.
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Fig. 1.
ERK activation in human hepatocellular carcinoma (HCC) cell lines (Hep3B, SKhep, and
HepG2) following treatment with ethanol (0-100 mM) for 24 hours. Cell lysates were analyzed
by Western immunoblotting to detect (A) phosphorylated ERK1,2 - fold expression relative
to β-actin averaged from three independent experiments is shown; (B) total ERK1,2; and (C)
β-actin. (D) Human hepatocytes treated with ethanol (0-40 mM) for 24 hours. Phosphorylated
ERK1,2 with fold expression relative to β-actin, total ERK, and β-actin are shown.
Representative Western immunoblots are presented; similar results were obtained in at least
two independent experiments.
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Fig. 2.
Effect of ethanol on HCC cell growth: (A) HepG2, (B) SKHep, and (C) Hep3B. Actively
dividing cells were treated for 24 hours with ethanol (0 to 40 mM). Trypan blue excluded cell
counts were performed to determine growth relative to untreated, control cells. Each point on
the graph represents the mean of triplicate samples +/- SEM. Similar results were obtained in
at least three independent experiments. * = P < 0.05 compared to vehicle control.
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Fig. 3.
Effect of U0126 on ethanol-induced growth in HCC cells: (A) HepG2, (B) SKHep, and (C)
Hep3B. Cells were treated for 24 hours with ethanol (0 to 40 mM) alone or in combination
with U0126 (0.1 μM). Trypan blue excluded cell counts were used to determine growth relative
to control untreated cells. Each point on the graph represents the mean of triplicate samples
+/- SEM. Similar results were obtained in at least three independent experiments. * = P < 0.05
compared to vehicle control.
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Fig 4.
Effect of ethanol on transforming growth factor-alpha (TGF-α) levels in cell culture media:
(A) HepG2 and (B) SKHep. Cells were treated for 24 hours with ethanol (0 to 40 mM). A TGF-
α ELISA was performed to measure TGF-α (pg/ml) in culture media. Each point on the graph
represents the mean of triplicate samples +/- SEM. Similar results were obtained in at least
three independent experiments. * = P < 0.01 compared to vehicle control. Effect of exogenous
TGF-α on cell proliferation: (C) HepG2 and (D) SKHep. Cells were treated for 24 hours with
exogenous TGF-α (0 to 200 pg/ml). Trypan blue excluded cell counts were used to determine
growth relative to control untreated cells. Each point on the graph represents the mean of
triplicate samples +/- SEM. Similar results were obtained in at least three independent
experiments. * = P < 0.05 compared to vehicle control.
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Fig. 5.
Effect of TGF-α antibody on ethanol-induced growth: (A) HepG2 and (B) SKHep. Actively
dividing cells were treated for 24 hours with ethanol (0 to 40 mM) alone or in combination
with TGF-α antibody (0.5 ng/ml). Trypan blue excluded cell counts were used to determine
proliferation relative to control untreated cells. Data represent the mean +/- SD from a
representative experiment. * = P < 0.05 compared to vehicle control.
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Fig. 6.
Phosphorylated ERK and AKT levels in HepG2 cells following treatment with ethanol (10
mM) and TGF-α antibody for 30 minutes. Cell lysates were prepared for analysis by Western
immunoblotting to detect phosphorylated ERK and AKT as indicated. A representative
Western immunoblot is shown; similar results were obtained in at least two independent
experiments.
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Table 1
Cell cycle phase distribution of HepG2 Cells after treatment with ethanol (0 - 40 mM) in the presence or absence of
MEK inhibitor, U0126 (10 μM) for 24 hours. Values from a representative experiment are shown

Treatment G0/G1 (%) S (%) G2/M (%)

Control 38 40 22

U012610μM 39 42 19

EtOH10mM 34 47 19

EtOH40mM 33 55 12

EtOH40mM + U012610μM 36 45 19
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