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ABSTRACT Ribosomal S6 kinase is a family of serine/threonine protein kinases
involved in the regulation of cell viability. There are two subfamilies of ribosomal s6
kinase, (p90rsk, p70rsk). Especially, p90rsk is known to be an important downstream
kinase of p44/42 MAPK. We investigated the role of p90rsk on ethanol-induced cell
proliferation of HepG2 cells. HepG2 cells were treated with 10~50 mM of ethanol
with or without ERK and p90rsk inhibitors. Cell viability was measured by MTT assay.
The expression of pERK1, NHET was measured by Western blots. The phosphorylation
of p90rsk was measured by ELISA kits. The expression of Bcl-2 was measured by
gRT-PCR. When the cells were treated with 10~30 mM of ethanol for 24 hour, it
showed significant increase in cell viability versus control group. Besides, 10~30
mM of ethanol induced increased expression of pERK1, p-p90rsk, NHE1 and Bcl-2.
Moreover treatment of p90rsk inhibitor attenuated the ethanol-induced increase in
cell viability and NHE1 and Bcl-2 expression. In summary, these results suggest that
p90rsk, a downstream kinase of ERK, plays a stimulatory role on ethanol-induced
hepatocellular carcinoma progression by activating anti-apoptotic factor Bcl-2 and
NHE1 known to regulate cell survival.

INTRODUCTION

The p90 ribosomal s6 kinase (p90rsk) is a family of serine/
threonine kinases that is located downstream of MAPK cascade
[1]. In humans, three isoforms of p90rsk have been identified
which show similar overall structures with two kinase domains,
amino- and carboxy-terminal domains. The amino-terminal is
similar to p70 ribosomal s6 kinase showing ~60% of sequence
identity, whereas carboxy-terminal kinase is most closely related
to calcium/calmodulin-dependent kinase group of kinases (35%
sequence identity) [2]. Activation of the amino-terminal domain
leads to phosphorylation of all known targets of p90rsk, whereas
activation of carboxy-terminal is involved in autophosphorylation
[3]. MAPK-catalyzed phosphorylation of Ser364 and Thr574 is

essential for activation of amino-terminal domain and carboxy-
terminal domain, respectively [4].

P90rsk is revealed to play an essential role in the cell survival
and cell cycle regulation with the ability to phosphorylate and
regulate the activity of several substrates, including many
transcription factors and kinases, the cyclin-dependent kinase
inhibitor, tumor suppressor, several cell survival factors [5].
Activation of p90rsk accompanies oncogenic transformation,
stimulation of GO/GI transition and differentiation of many types
of cells [6-8]. Besides, increased activation of p90rsk is reported
during meijotic maturation [9]. During maturation of Xenopus
oocytes, activation of p90rsk is needed at the start of meiosis to
suppress entry into S phase and to facilitate cyclin accumulation
[10]. P90rsk is also related to anti-apoptotic effect. In various
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cancer cells, p90rsk is generally overexpressed for anti-apoptotic
regulation [1,5,11,12]. Moreover, a recent study reported that
p90rsk directly promotes cancer cell survival by interacting with
heat shock protein 27 [13]. However, the detailed mechanism
related to p90rsk is still elusive.

Among targets downstream of p90rsk is NHE1 (Na'/H" ex-
changer isoform-1) [14]. NHELI is expressed ubiquitously both
in the plasma membrane and mitochondrial inner membrane
of mammalian cells and extrude intracellular H' in exchange
for extracellular Na® to regulate intracellular pH and the con-
centration of intracellular Na* [15]. In normal cells, the activity
of NHE1 remains inactive at the resting pH, while in malignancy
cells, it is usually hyperactive [16]. NHE1-dependent H' efflux
leads to intracellular alkalinization, which prevents apoptotic
event [17,18] and promotes cell proliferation and mitogenic
stimulation [19]. For instance, NHE1 defends against apoptotic
stress by inhibiting of caspase activity and is reported to be
involved in the survival of several cell lines [20,21]. Furthermore,
Inhibition of NHEI has been reported in an early signal trans-
duction that may participate in the regulation of apoptotic
response by many drugs [22-25]. Many data also suggest that
anti-apoptotic event of Bcl-2 family is shown to be dependent on
NHEI1-assocaited cellular alkalinization [26-28].

A series of studies have demonstrated that bcl-2 family mem-
bers are associated with ERK-p90rsk pathway [29,30]. Bcl-2 family
members can induce or inhibit cell death, with the ratios of pro-
apoptotic protein family members to anti-apoptotic protein
family members representing a critical indicator of sensitivity of
mammalian cells to many kinds of apoptotic stress [31]. Several
members of anti-apoptotic Bcl-2 family proteins can physically
interact with each other, forming hetero- or homo-dimers [32].
Bcl-2 family members contain up to four Bcl-2 homology (BH)
domains: BH1, BH2, BH3, and BH4. Some Bcl-2 family members
contain only a BH3 domain. BH3-only subfamily of Bcl-2
family proteins heterodimerizes and antagonizes the activity of
prosurvival proteins (Bcl-2, Bcl-xL) and promotes apoptosis [33].

Many studies have established that the increased activity
of ERK is critical to progression of hepatocellular carcinoma
[34]. Furthermore, recent studies have established that ethanol-
induced growth of hepatocellular carcinoma involve increases in
ERK-MAPK signaling [35]. Among the substrates downstream
of ERK is the p90rsk. Importance of p90rsk in many diseases
such as cancer is being appreciated. In prostate cancer, over-
expression of p90rsk has been reported [5]. In HepG2 cells,
among p90rsk subtype, rskl is known to be expressed [36].
Therefore, we questioned whether p90rsk, especially rsk1, may
play an important role in ethanol-induced growth of human
hepatocellular carcinoma in association with several substrates,
which are known to regulate cell survival and apoptosis,
downstream of p90rsk. In this study, we explored molecular
changes within HepG2 cells treated with ethanol (10~50 mM)
with or without various kinds of inhibitors associated with ERK-

Korean J Physiol Pharmacol 2016;20(6):595-603

p90rsk signaling pathway.

METHODS
Reagents

Aprotinin, leupeptin, bovine serum albumin (BSA), B-mer-
captoethanol, ethylene glycol-bis-(B-aminoethylether)-N,N,N’,N*-
tetraacetic acid (EGTA), phenylmethyl-sulfonylfluoride (PMSEF),
thiazolyl blue tetrazolium bromide, ethylenediamine tetra
acetic acid (EDTA), Hank’s Balanced Salt Solution-Modified
(HBSS), Phosphatase Inhibitor Cocktail 3 and PD98059 were
purchased from Sigma Chemical Co. (St. Louis, MO, USA);
Fetal bovine serum (FBS), Antibiotic-Antimycotic (penicillin,
streptomycin, amphotericin B), TRIzol reagent and trypsin-
EDTA from Invitrogen (Grand Island, NY, USA); Ethanol
from Merck (Darmstadt, Germany) Tris-buffered Saline(TBS),
Dulbecco’s modified Eagle’s medium (DMEM) and phosphate-
buffered saline (PBS) from Welgene Inc. (Daegu, South Korea);
p90rsk ELISA kit from Cell Signaling Technology (Beverly,
MA, USA); Actin antibody SL-0101 and cariporide and ERK1
antibody from Santa Cruz Biotechnology (Santa Cruz, CA,
USA) goat anti-rabbit IgG-HRP and goat anti-mouse IgG-HRP
from Bethyl (Montgomery, TX, USA); NHEI antibody from
Abcam (Cambridge, UK); Raddinbow prestained molecular
weight marker from Amersham (Arlington Heights, IL, USA);
Ammonium persulfate from PerkinElmer Life Sciences (Boston,
MA, USA); nitrocellulose (NC) membrane, Tris/Glycine/
SDS buffer, Tris/Glycine buffer, Restore TM Western Blot
Stripping Buffer from Thermo (Rockford, IL, USA); DEPC-DW
from BIONEER (Daejeon, South Korea); TOPscript™ ¢cDNA
Synthesis kit and TOPreal™ qPCR 2X PreMIX (SYBR Green
with low ROX) from Enzynomics (Daejeon, South Korea); 30%
acrylamide/bis solution from BioRad (Richmond, CA, USA).

Cultures of HepG2 cells

Human hepatoma HepG2 cells were obtained from Korean
Cell Line Bank (KCLB, Seoul, Korea). Cells were cultured in
DMEM supplemented with 10% FBS containing 100 U/ml
penicillin, 0.1 mg/ml streptomycin, and 0.25 pg/ml amphotericin
B and incubated in a humidified atmosphere of 5% CO, and 95%
air at 37°C. After reaching confluence, the cells were detached
using 1% trypsin-EDTA in HBSS with bicarbonate. The cells were
then counted, seeded at 2x10° cells/mL on 100 mm culture dishes,
and maintained in DMEM containing 10% FBS. The medium
was changed every 48 hours until the cells reached confluence.

Measurement of cell viability

The cell viability was measured using the conventional
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3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide
(MTT) reduction assay. In this assay, viable cells convert MTT
to insoluble blue formazan crystals via the mitochondrial
respiratory chain enzyme succinate dehydrogenase. The cells
were plated at a density of 2.5x10°/well in 6-well plates and grown
in DMEM with 10% FBS and Antibiotic-Antimycotic. When the
cells were made quiescent at confluence by incubation, the cells
were synchronized in serum-free medium for 24 hours, followed
by treatment with each indicated agent for the indicated time
periods. After incubation, the cells were rapidly washed twice
with PBS and incubated with MTT solution (final concentration,
5 mg/mL) for 4 hours at 37°C. Then, the supernatant was removed
and the formazan crystals were dissolved in DMSO with gently
shaking for 15 min. Absorbance was monitored at 570 nm with a
microplate reader (Molecular Devices, Sunnyvale, CA, USA).

Preparation of cell extracts

The cells were plated at a density of 2.5x10° cells/well in 6-well
plates. After the incubation of 48 hours they were serum starved
by incubation in serum-free DMEM for 24 hours. The cells were
then stimulated with each compound for the indicated time
periods or at the indicated concentrations. After incubation, the
cells were rapidly washed twice with PBS and lysed on ice for 5
min in 200 pl of lysis buffer (20 mM Tris-HCl (pH7.4), 0.5 mM
EDTA, 0.5 mM EGTA, 1% (w/v) Triton X-100, 0.01% (w/v) SDS,
10 pug/mL leupeptin, 10 pg/mL aprotinin, I mM PMSF, and 0.7
ug/mL B-mercaptoethanol, Phosphatase inhibitor cocktail-3 10
ul/mL). The lysates were scraped with a cell scraper and collected
in Eppendorf tubes. They were then sonicated (6 seconds, 2x) and
centrifuged for 15 min at 13,000 rpm at 4°C to remove cellular
debris. After denaturation, the supernatants were collected and
stored at ~80°C for protein assay and Western blot analysis.

Protein assays

The protein concentration of the supernatant in each lysate
was determined spectrophotometrically by the Bradford reagents
according to the instructions of the manufacturer (Bio-Rad
Chemical Division, Richmond, CA, USA). Absorption was
measured at a wavelength of 595 nm.

Western blot analysis

Equal amounts of proteins from each sample were subjected
to electrophoresis on a 7.5% SDS-polyacrylamide gel and
transferred to a NC membrane using the Power Pac 1000 (Bio-
Rad, Melville, NY, U.S.A.) power supply. After blocking the NC
membrane with 5% nonfat dried milk powder/ TBS containing
0.1% Tween 20 for 60 min followed by three rinses in milk-
free TBS, the membranes were probed overnight at 4°C with
primary antibodies against p-ERK1, NHEI and Actin. Primary
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antibodies were then removed by washing the membranes 3
times in TBS containing 0.1% Tween 20. This was followed by 70
min incubation in horseradish peroxidase-conjugated secondary
antibody. Immunoreactive proteins were detected with ECL
agent. Molecular masses were estimated by comparison with a
prestained molecular mass marker. To confirm the uniformity
of protein loading, the same blots were subsequently stripped
with Western blot stripping buffer and reprobed with Actin
antibodies. The results were analyzed by Quantity One analysis
software (Bio-Rad Chemical Division, Richmond, CA, USA).
Percent of p-ERK1 or NHEI activation was calculated as the ratio
of p-ERK1 or NHEI to Actin.

Quantitative real-time PCR

At the end of the each treatment, total RNA was isolated
from HepG2 cells using TRIzol reagent. The quality of RNA
preparation was verified by NanoDrop ND-1000 Spec-
trophotometer (NanoDrop Technologies Inc, Rockland, DE)
First-strand cDNA was generated by reverse transcription of the
isolated RNA using the TOPscript cDNA synthesis kit according
to the manufacturer’s instruction. Quantitative real-time PCR
reactions were performed with TOPreal™ qPCR 2X PreMIX
(SYBR Green with low ROX) and CFX Connect Real-Time
System (Bio-Rad, Richmond, CA, USA). In brief, each reaction
included 1.5 pL of diluted cDNA, 2 L of primer mix, 10 pL of
TOPreal™ qPCR 2X PreMIX and 6.5 uL of distilled water in a
final reaction volume of 20uL. Each sample was quantified in
duplicate. PCR conditions were initial denaturation of 15 min at
95°C, followed by cycles of 10 s at 95°C and 30 s at 54°C. Data were
analyzed using the Bio-Rad CFX Manager software. The Bcl-2
gene expression was normalized to the B-actin gene expression
after the analysis. The primer sequences were as follows: Bcl-2; 5-
GTG AAC TGG GGG AGG ATT GT-3’ (forward) and 5-GGA
GAA ATC AAA CAG AGG CC-3’ (reverse), B-actin; 5-CGA
GCT GTC TTC CCA TCC A-3’ (forward) and 5-TCA CCA ACG
TAG CTG TCT TTC TG-3’ (reverse).

Measurements of phosphorylated-p90rsk from
HepG2 cells

Cells were cultured in 100-mm culture dishes. HepG2 cells
were then stimulated with ethanol in the presence or absence
with PD98059 at the indicated concentration. The cell lysates
were obtained as the manual and stored at —-70°C until the assays.
The levels of phosphorylated p90rsk were quantified using
p-p90rsk ELISA kit. Assays were performed according to the
manufacturer’s instructions.

Data analysis

Differences among the groups were analyzed using one way
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ANOVA and Student’s t-test. Data are expressed as the means=S.
E.M. of 3~6 experiments and differences between groups were
considered significant at p<0.05.

RESULTS
Ethanol induces cell proliferation of HepG2 cells

To investigate the effect of ethanol on the proliferation of
HepG2 cells, MTT assays were performed in HepG2 cells in the
absence or presence of ethanol. The cells were incubated with
ethanol at the indicated concentration for 24 hours, and then cell
viability was measured using the MTT assay (Fig. 1). Addition
of 10~30 mM ethanol led to significant increases in cell viability
compared to control. The maximal viability of cells was observed
when exposed to 20 mM ethanol (150% versus control).

Activity of ERK is increased after ethanol treatment in
HepG2 cells

To examine whether ethanol induces activation ERK in HepG2
cells, serum starved cells were exposed to 10~50 mM ethanol for
24 hr, and then phosporylated-ERK1 expression was measured by
Western blot (Fig. 2A). Densitometric analysis demonstrated that
ethanol treatment stimulated ERK1 activation between 10~40
mM ethanol, and the maximal stimulation was occurred at 20
mM (Fig. 2B), suggesting that ethanol is involved in activation of
ERK pathway.
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Fig. 1. Effect of ethanol on the growth of HepG2 cell line. Serum-
starved HepG2 cells were incubated with ethanol for 24 hours at the
indicated concentration. The cell viability was estimated using MTT
assay. Data are expressed as means+S.E of three experiments (student’s
t-test; *p<0.05 vs. control).
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Ethanol treatment activates ERK-p90rsk pathway in
HepG2 cells

P90rsk, which is the substrate downstream of ERK, regulates
cell proliferation and survival [5]. Thus, to investigate whether
ethanol induces activation of p90rsk in HepG2 cells, we measured
the amount of phosphorylated-p90rsk after the treatment of
ethanol (10~50 mM) for 24 hr. As shown in Fig. 3, HepG2 cells
maintained high expression of phosphorylated-p90rsk versus
control with the treatment of 20~30 mM ethanol. To analyze
the effect of ethanol upstream of p90rsk, we tested the changes
in phosphorylated-p90rsk expression after the treatment of
ethanol in the presence or absence of PD98059 (ERK inhibitor).
Fig. 4 shows that PD98059 suppresses increased expression of
phosphorylated-p90rsk in ethanol-stimulated HepG2 cells. These
results suggest that ethanol induces p90rsk activation in HepG2
cells via activation of MAPK-p90rsk pathway.

Ethanol-induced cell proliferation of HepG2 cells is
reduced by inhibition of p90rsk activity

To identify the cell viability after the inhibition of p90rsk,
MTT assay had been performed with the treatment of ethanol in
the presence or absence of SL0101 (selective inhibitor of p90rsk).
Serum-starved HepG2 cells were exposed to ethanol (20 mM)
with or without SL0101 (10, 20, 30 uM) for 24 hours. As shown
in Fig. 5 treatment with SL0101 diminished ethanol-induced
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Fig. 2. Activation of ERK in HepG2 cell lines after the treatment
with ethanol (10~50 mM) for 24 hours. (A) Cell lysates were analyzed
by Western blot to detect pERK1. (B) The graph represents fold
expression of pERK1 relative to B-actin averaged from four independent
experiments. Representative Western immunoblots are presented.
Actin expression is shown for a control loading. Data are expressed as
meansS.E of four experiments (student’s t-test; *p<0.05 vs. control).
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Fig. 3. Activation of p90rsk in HepG2 cell lines after the treatment
with ethanol (10~50 mM) for 24 hours. Serum-starved HepG2
cells were incubated with ethanol for 24 hours at the indicated
concentration. The concentration of phosphorylated-p90rsk in the cell
lysate was determined by ELISA. Data are expressed as means=S.E of
four experiments (student’s t-test; *p<0.05 vs. control).
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Fig. 4. The effect of inhibitor of ERK on the expression of p90rsk
in HepG2 cell lines after the treatment with ethanol (20 mM) for
24 hours. Serum-starved HepG2 cells were incubated with ethanol
for 24 hours with or without PD98059 (ERK inhibitor) at the indicated
concentration. The concentration of phosphorylated-p90rsk in the
cell lysate was determined by ELISA. Data are expressed as meanszS.
E of four experiments (student’s t-test; *p<0.05 vs. control, p<0.05 vs.
ethanol alone).

cell proliferation of HepG2 cells in a dose-dependent manner,
demonstrating that activation of p90rsk is associated with
ethanol-induced cell proliferation of HepG2 cells.

Stimulation of NHE1 activity induced by ethanol

treatment in HepG2 cells depends on activation of
p90rsk

Next, we tested the effect of ethanol on the expression of
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Fig. 5. The effect of inhibitor of p90rsk on the ethanol-induced
growth of HepG2 cells. Serum-starved HepG2 cells were treated for
24 hours with ethanol (20 mM) alone or in combination with SLO101
(p90rsk inhibitor) at each concentration. Cell viability was assessed
with MTT assay. Data are expressed as means=S.E of three experiments
(student’s t-test; *p<0.05 vs. normal group, “p<0.05 vs. ethanol alone).
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Fig. 6. Activation of NHE1 in HepG2 cell lines after the treatment
with ethanol (10~50 mM) for 24 hours. A, serum-starved HepG2 cells
were treated with ethanol for 24 hours at the indicated concentration.
Identical amounts of lysate proteins were subjected to 7.5% SDS-PAGE
and immunoblotted (IB) with anti-NHE1 antibody. B-actin content
within lystates is shown as an loading control. B, the graph represents
fold expression of NHE1 relative to B-actin averaged from four
independent experiments. Data are expressed as means+S.E of four
experiments (student'’s t-test; *p<0.05 vs. control).

NHE], which is stimulated by ERK-p90rsk signaling pathway.
In our study, to determine the effect of ethanol on expression of
NHE], the cells were treated with 10~50 mM ethanol. Western
blot analysis of lysates from HepG2 cells treated with 10~30
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mM ethanol showed upregulation in the expression of NHEI
compared with lysates from naive cells (Fig. 6A, 6B). To further
explore the mechanism by which ethanol influences NHEI ex-
pression, HepG2 cells were exposed to ethanol (20 mM) with or
without SL0101 (5, 10, 15 uM). As shown in Fig. 7, inhibition of
p90rsk by the treatment of SL0101 diminished the upregulation
in the expression of NHEI induced by ethanol, suggesting
that activation of NHEI in ethanol-stimulated HepG2 cells is
mediated by p90rsk activation.

Ethanol-induced increase in expression of Bcl-2 in
HepG2 cells is mediated by p90rsk-NHE1 signaling
pathway

To examine whether inhibition of p90rsk or NHEI down-
regulates Bcl-2 expression in HepG2 cells, cells were treated with
or Cariporide (10 pM) SL0101 (15 uM) and exposed to 20 mM
ethanol, and then Bcl-2 expression in mRNA level was measured
by qRT-PCR (Fig. 8). The expression of Bcl-2 was upregulated
when treated with 20 mM ethanol and this effect was diminished
with the treatment of SL0101 or Cariporide.
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Fig. 7. The effect of inhibitor of p90rsk on the expression of NHE1
in HepG2 cell lines after the treatment with ethanol (20 mM) for
24 hours. A, Serum-starved HepG2 cells were treated for 24 hours
with ethanol (20 mM) alone or in combination with SL0101 (p90rsk
inhibitor) at each concentration. Identical amounts of lysate proteins
were subjected to 7.5% SDS-PAGE and immunoblotted (IB) with anti-
NHET antibody. B-actin content within lystates is shown as an loading
control. B, the graph represents fold expression of NHE1 relative to
B-actin averaged from three independent experiments. Data are
expressed as means+S.E of four experiments (student’s t-test; *p<0.05
vs. control, *p<0.05 vs. ethanol alone).
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DISCUSSION

It has been previously shown that 10~40 mM of ethanol
treatment increases ERK activity, resulting in growth of a series of
human hepatocellular carcinoma cells, while it showed no effect
in normal liver cells [35]. The detailed mechanism downstream
of ERK is not well understood. P90rsk, which is a well-known
downstream substrate of ERK and an important regulator of
apoptosis, is reported to be associated with cancer progression in
various types of cells [13,37]. In this study, we investigated the role
of p90rsk and its downstream substrates mediating the ethanol-
induced cell proliferation.

Ethanol induces cell proliferation of HepG2 cells
through ERK-p90rsk pathway

In the present study, ethanol, which is widely known to be
hepatotoxic, exhibited stimulatory effect on growth of HepG2
cells. This stimulatory effect of ethanol on carcinoma cell
proliferation is related with its ability to activate ERK-p90rsk
pathway, suggesting an increase in cell cycle progression and
decrease in apoptosis. The results showed that 24 hr of ethanol
treatment (10~30 mM) induced increase in cell viability and
the maximal increase in cell viability was occurred in the group
treated with 20 mM of ethanol, which is consistent to the results
of ERK1 and p90rsk activation confirmed by western blot
analysis and ELISA, respectively. Ethanol treatment (10~30 mM)
enhanced the activities of ERK1 and p90rsk, and the maximal
effects were shown at the concentration of 20 mM both. Moreover,
the elevated level of phosphorylated p90rsk was diminished with
the treatment of ERK inhibitor, PD98059, demonstrating that
ethanol increases p90rsk activity by ERK pathway.
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Fig. 8. The effect of inhibitor of p90rsk and NHE1 on the expression
of Bcl-2 in HepG2 cell lines after the treatment with ethanol (20
mM) for 24 hours. HepG2 cells were treated with 20 mM of ethanol
alone or in combination of p90rsk or NHE1 inhibitor for 24 hours. Total
RNA was extracted and subjected to quantitative RT-PCR (qRT-PCR) for
Bcl-2 mRNA. Data are expressed as means+S.E of three experiments
(student’s t-test; *p<0.05 vs. control, ‘p<0.05 vs. ethanol alone).
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Ethanol activates NHE1 and anti-apopotitc Bcl-2
through p90rsk pathway

Herein, SL0101 which inhibits p90rsk specifically was used
to further explore the role of p90rsk in ethanol-induced cell
proliferation of HepG2 cells. Inhibition of p90rsk has been
studied and showed the efficacy in many types of cells. For
example, inhibition of p90rsk was effective in radiation-induced
cell proliferation of human breast carcinoma cells [38]. In this
study, inhibition of p90rsk activity diminished ethanol-induced
increase in cell viability dose-dependently implicating that
ethanol-induced hepatocellular carcinoma cell proliferation is
mediated by p90rsk activation.

Among downstream substrates of p90rsk is NHE1 which
can increase cellular pH by extruding intracellular H' [15]. It is
previously studied that activation of NHEI leads to increases
in intracellular pH and anti-apoptotic effect of Bcl-2 family is
dependent on its ability to alkalinize the cell [39]. Besides, NHE1-
dependent intracellular alkalinization is reported to be critical
in malignant transformation [40]. Because activation of p90rsk
was also responsible for regulation both of anti-apoptotic Bcl-
2 family and NHEI [29,30], we examined whether ethanol can
induce increases in NHEI and Bcl-2 expression, and this ethanol-
induced upregulation of Bcl-2 was mediated by ERK-p90rsk
pathway and stimulation of NHEL.

When treated with ethanol (10~30 mM), the expression of
NHEI was increased and the maximal increase was shown at
the concentration of 20 mM, which is same with previous results
about ERK1 and p90rsk activation. Furthermore, this ethanol-
induced elevation in expression of NHE1 was abrogated with
the treatment of SL0101 (5~15 uM) which can selectively inhibit
p90rsk activity.

Bcl-2 is a well-known anti-apoptotic factor. Upstream pathways
that affect bcl-2 expression include ERK pathway as well as many
other pathways [29,30]. Several recent studies have revealed a
survival pathway leading to activation of anti-apoptotic Bcl-2
that involves p90rsk pathway [41,42]. The studies presented here
demonstrate that ethanol can induce increases in Bcl-2 expression
and these effects are mediated by p90rsk and NHEI] activation.
Treatment of ethanol (20 mM) increased Bcl-2 expression up to
2-fold. Since Bcl-2 is a major anti-apoptotic factor this suggests
that 20 mM of ethanol can inhibit apoptosis. Moreover, ethanol-
induced increase in expression of Bcl-2 was abrogated with the
treatment of cariporide or SL0101. Inhibition of p90rsk with
the treatment of SL0101 diminished ethanol-induced Bcl-2
upregulation, demonstrating that ethanol induces anti-apoptotic
Bcl-2 activation through p90rsk pathway, while the results when
treated with ethanol in the presence of cariporide implicate that
increased intracellular pH may contribute to activation of anti-
apoptotic Bcl-2, since NHE1 extrudes intracellular H' out and
increases intracellular pH [39].

The present study provides that mechanism of alcohol-induced
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hepatocellular carcinoma progression may involve increases
in ERK-p90rsk pathways and activation of NHEI, resulting
in decreased apoptosis. There have been many therapeutic
approaches targeting p90rsk and many researches demonstrate
that elevated levels of p90rsk are reported during stimulation of
cell proliferation in many types of carcinoma cell lines [43,44].
Besides p90rsk, hyperactive NHEI even at the resting pH and
the resulting cellular alkalinization have been reported to be
directly related to uncontrolled proliferation in malignancy cells
[39]. Thus, p90rsk that regulates cellular proliferation, as well as
NHE], may be an important molecule for therapeutic targeting in
ethanol-induced hepatocellular carcinoma progression.
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