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Abstract
The major risk factors for hepatocellular carcinoma (HCC) are chronic liver diseases that include
hepatitis B, hepatitis C, alcoholic liver disease and non-alcoholic steatohepatitis. However, the
mechanisms of alcohol-associated HCC remain to be elucidated. The products of RNA Pol III
(RNA polymerase III) dependent genes are elevated in both transformation cells and tumor cells.
TBP (TATA-box binding protein) is a central transcription factor, which regulates Pol I, Pol II and
Pol III gene activity. Our studies have demonstrated that alcohol increases TBP expression and Pol
III gene transcription to promote liver tumor formation. We continue to investigate how ethanol
mediates TBP expression. Here, we report that ethanol induces TBP promoter activity and the
induction is ethanol dose dependent. Blocking the JNK1 pathway by a chemical inhibitor and
siRNA reduce this ethanol-induced activity. Furthermore, mutating G>A at a −46bp Elk1 binding
site of the TBP promoter or mutating AP-1 binding site at −37bp (A>G) and −38bp (C>T) reduces
the TBP promoter activity. Mutation of both Elk1 and AP-1 binding sites dramatically represses
this induction. Together, these studies demonstrate that, for the first time, alcohol increases Pol III
gene transcription through a response element, which is composed of the overlapping the Elk1 and
AP-1 binding sites of the TBP promoter. It suggests that these binding sites may play a critical
role in alcohol-induced deregulation of Pol III genes in liver tumor development.
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1. Introduction
Alcohol-induced liver injury, including liver steatosis, fibrosis, and cirrhosis, increases the
risk of development of hepatocellular carcinoma (HCC) (El-Serag and Rudolph, 2007).
Although small amounts of alcohol by itself are not considered a carcinogen, alcohol in
combination with viruses (hepatitis C or B), carcinogens (aflatoxin), obesity, or diabetes
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mellitus, promotes liver cancer development (Maeda et al, 2005; Machida et al, 2009; Ha et
al, 2001). However, the mechanisms of alcohol-associated HCC remain to be elucidated.

Cancer cells have a consistent cytological feature of nucleolar hypertrophy, where rRNAs
are synthesized by RNA polymerase (Pol) I and III within a nucleolus. Pathologists have
been using enlarged nucleoli as a strong diagnostic indicator of cell transformation and
neoplasia. RNA Pol III transcribes a variety of untranslated RNAs, including tRNAs, 5S
rRNAs, 7SL RNA, 7SK RNA and U6 RNA (Ullu and Tschudi, 1984; Dieci et al, 2007;
Raha et al, 2010), whereas tRNA and 5S rRNA control the translational and growth capacity
of cells (White RJ, 2001; Goodfellow et al, 2006)10, 14). Oncogenic proteins, such as Ras,
c-Jun, and c-Myc stimulate RNA Pol III-dependent gene (Pol III gene) transcription (Zhong
et al, 2004; Zhong et al, 2007; Johnson and Johnson, 2008). In contrast, tumor suppressors,
such as pRb, p53, PTEN and Maf1 repress transcription of this class of genes (White, 2001;
Johnson and Johnson, 2008; Woiwode et al, 2008). Studies have indicated that RNA Pol III
transcription products are elevated in both transformed and tumor cells suggesting that they
play a crucial role in tumorigenesis (White, 2001; Woiwode et al, 2008; Winter et al, 2007;
Zhong et al, 2011). Enhanced Pol III transcription is required for oncogenic transformation
(Johnson et al, 2008). The ability of these oncogenic and tumor suppressor proteins to alter
Pol III transcription result from their capacity to regulate the TFIIIB complex, which is a
component of the Pol III gene transcription machinery. The TFIIIB complex consists of TBP
and its associated factors, Brf1 and Bdp1. TFIIIB, together with TFIIIC and RNA Pol III,
are required to transcribe tRNA genes, whereas TFIIIB, together with TFIIIA, TFIIIC and
RNA Pol III, are required to transcribe 5S rRNA genes. TBP is a central transcription
initiation factor, which is required for directing transcription from all three nuclear RNA
polymerases. Studies have indicated that TBP can be limiting for the transcription of RNA
Pol I and Pol III genes (Zhong et al, 2004; Zhang et al, 2005).

Our recent studies have demonstrated that alcohol increased TBP expression and Pol III
gene transcription in vivo and in vitro (Zhong et al, 2011). This induction of TBP and Pol III
genes by ethanol was associated with liver tumor formation in HCV NS5A transgenic mice
(Zhong et al, 2011). Increasing TBP expression promoted tumor formation in mice (Johnson
et al, 2003). Further analysis indicates that alteration of cellular level of TBP affected Bdp1
expression, but did not affect Brf1 expression (Zhong and Johnson, 2009). This implies that
ethanol-induced alteration of TBP expression is critically important for deregulation of Pol
III genes in liver tumor development. However, it remains to be established how ethanol
modulates TBP expression by identifying the alcohol-response elements at the TBP
promoter. Our results indicate that ethanol activated JNK1 and induced TBP promoter
activity. Inhibition of JNK1 by a chemical inhibitor (SP 600125) or JNK1 siRNA reduced
the induction of TBP promoter by ethanol. Mutagenesis of Elk-1 (−46bp) and/or AP-1
(−37bp and −38bp) binding sites of TBP promoter eliminated this induction. These studies
support the idea that ethanol mediates the ethanol-induced TBP expression and Pol III gene
transcription through JNK1, Elk1 and AP-1 pathway. Elk1 and AP-1 sites, which overlap,
may be an alcohol-response element at TBP promoter region. These novel findings will be
of great interest both to the basic and clinical research communities and provide a potential
approach of treatment for alcohol-associated HCC patients.

2. Materials and methods
2.1. Reagents and antibodies

Cell culture medium DMEM, Zeocin, Lipofectin reagent, Lipofectamine 2000, TRIzol
reagent and OPTI-MEM were from Life Technologies. Ethanol was from Sigma-Aldrich.
Antibodies against TBP and β-actin were obtained from San Cruz. JNK and phosphor-JNK
antibodies were from Cell Signaling. JNK inhibitor, SP600125 was from A.G. Scientific,
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Inc. The sequences of TBP, tRNAleu and 5S rRNA primers and JNK1 and TBP siRNAs
were as indicated (Zhong et al, 2004; Zhong et al, 2007). Plasmids of TBP expression and
human TBP-luciferase reporter (TBP-Luc) constructs (p-84/+66hTBP, p-54/-1hTBP,
p-54/-1ΔElk-1-hTBP, p-54/-1ΔAP-1-hTBP and p-54/-1ΔElk-1-ΔAP-1-hTBP) were kindly
provided by Dr. Debbie Johnson (University of Southern California, USA). Engineered
HepG2 (hepatocellular carcinoma G2) cell lines, stably expressing ADH (alcohol
dehydrogenase, HepG2-ADH), or vector alone (HepG2-vector) were kindly provided by Dr.
D.L. Clemens (Clement et al, 2002). Mice expressing the HCV NS5A gene under control of
the apoE promoter were obtained from Ratna Ray (Mechida et al, 2009). Wild type and
NS5A transgenic mice on the C57BL/6 strain were fed with Lieber–DeCarli diet containing
3.5% ethanol or isocaloric dextrin for long-term alcohol feeding ((Mechida et al, 2009). All
animal experiments were performed with age- and sex-matched mice from same littermates
and conducted in accordance with the approved Institutional Animal Care and Use
Committee protocol at the University of Southern California.

2.1. RNA isolation and RT-qPCR
Total RNA was isolated from HepG2-ADH and HepG2-vector cells treated with alcohol
using a TRIzol reagent (Life Technologies). Total RNA samples were quantified and
reverse-transcribed in a 20 μl reaction containing 1 x RT (reverse transcription) buffer. After
first-strand cDNA synthesis, the cDNAs were diluted in DNase-free water and real time
qPCR (RT-qPCR) were performed with specific primers as indicated before (Zhong et al,
2004; Zhong et al, 2007) and PCR reagent kits (Bio-Rad Biotech) in the ABI prism 7700
Sequence Detection System. Precursor of tRNALeu and 5S rRNA transcripts and mRNAs of
TBP and GAPDH were measured by RT-qPCT as described previously (Zhong et al, 2004;
Zhong et al, 2007).

2.2. Transfection and TBP-luciferase reporter assays
For transient transfection assays, the cells were transfected with hTBP-Luc plasmids or plus
siRNAs as described previously (Zhong et al, 2011). Serum-free medium was added to each
dish with Lipofectin-DNA or Lipofectamine2000-siRNA complexes, and cells were further
incubated for 4h. The medium was changed with 10% FBS/DMEM. Cells were incubated
for 48h before harvesting. Protein concentrations of the resultant lysates were measured by
the Bradford method. For TBP-Luc reporter activity assays, cells were transfected with 0.2
μg of the TBP-Luc constructs or plus JNK1 siRNA for 48 h. Cells were starved in serum-
free DMEM for 3 h and treated with 50mM ethanol for 60min. Cell pellets were
resuspended in Promega reporter lysis buffer. The lysates were analyzed for luciferase
activity using a luminometer and the Promega Luciferase Assay System as described
(Promega). Resultant luciferase activities were normalized to the amount of protein in each
lysate as described (Zhong et al, 2004; Zhong et al, 2011). The fold change in luciferase
activity was calculated by determining the level of luciferase activity in the absence of
alcohol. This value will be set at 1 for each independent experiment. Values are means ± SE
of at least three independent experiments.

2.3. SDS-PAGE and immunoblot analysis
HepG2 cells were incubated with 50mM ethanol for 60 min after starvation 3h. Cells were
collected with lysis buffer and sonicated. The suspensions were centrifuged to save the
supernatants. Protein concentrations were determined by the Bradford method. Lysates (50
μg of protein) were subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE). Proteins were transferred from the SDS-PAGE gel to Hybond-P membrane
and immunoblot analysis were performed with specific antibodies. Membranes were probed
with either antibodies against TBP, JNKs, phosphor-JNK and β-actin as described (Zhong et
al, 2011). Bound primary antibody was visualized using horseradish peroxidase-conjugated
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secondary antibody (Vector Laboratories) and enhancing chemiluminscence reagents
(Amersham).

3. Results
3.1. Alcohol-induced TBP and RNA Pol III gene expression is ADH dependent

The products of Pol III genes, such as tRNAs and 5S rRNA, are elevated in both
transformed and tumor cells suggesting that they play a crucial role in tumorigenesis. To
investigate the mechanism of alcohol-associated HCC, HepG2-ADH and HepG2-vector
cells were treated with ethanol and the amounts of precursor tRNALeu and 5S rRNA
transcript were measured by RT-qPCR. Ethanol treatment increased pre-tRNALeu and 5S
rRNA transcription at the ethanol concentration of 50mM for 60min in HepG2-ADH cells
(Fig. 1A). The results indicate that the induction of Pol III genes by ethanol was in HepG2-
ADH cells, but not in HepG2-vector cells (Fig. 1B), which suggests that alcohol-induced Pol
III gene transcription was correlated with ADH expression. Primary mouse hepatocytes
(PMH) treated with ethanol also displayed an increase in Pol III gene transcription (Fig. 1C).
Ethanol treatment increased cellular levels of TBP protein and mRNA in HepG2-ADH cells
(Fig. 2A). Animal experiments reveal that TBP protein and mRNA levels were increased in
the livers of ethanol-fed mice (Fig. 2B upper panel). Interestingly, TBP mRNA level in
liver tumor tissues was higher than in non-tumor liver tissue (Fig. 2B lower panel). Further
analysis indicates that increasing cellular level of TBP by its expression construct enhanced
Pol III gene transcription (Fig. 3A). In contrast, decreasing TBP expression by its siRNA
reduced this transcription (Fig. 3B). These studies suggest that TBP is a limiting factor for
Pol III gene activity, increasing TBP expression and Pol III gene transcription were
associated with liver tumor formation in ethanol-fed mice (Zhong et al, 2011).

3.2. Alcohol induces TBP promoter activity and JNK1 activation
To determine how ethanol mediates TBP transcription, we examined potential changes in
TBP promoter activity. Given that ethanol affected TBP expression and Pol III gene
transcription (Fig. 1,2), we further investigated whether ADH expression was able to alter
TBP promoter activity. HepG2-ADH or HepG2-vector cells were transiently transfected
with TBP-Luc (p-84/+66hTBP) construct for 48h and treated with ethanol for another 1h.
The results indicate that alcohol increased the TBP promoter activity in HepG2-ADH cells
in a dose dependent manner (Fig. 4A). In contrast, there was not a significant induction of
this activity in HepG2-vector cells after ethanol treatment (Fig. 4B). These results were
consistent with the induction of Pol III gene by ethanol (Fig. 1). These studies indicate that
ethanol-induce TBP and Pol III gene transcription are correlated with ADH expression.

Given that alcohol has been shown to induce JNK activation (Zhong et al, 2011) and that the
JNKs play an important role in regulating Pol III gene transcription (Zhong and Johnson,
2009), we examined the role of JNKs in alcohol-mediated TBP promoter activity. Ethanol
induced a strong activation of JNK1 in the HepG2-ADH cells (Fig. 5A). Next, we assessed
whether JNK1 mediated TBP expression. The results reveal that JNK1 siRNA repressed
JNK1 expression and decreased cellular level of TBP protein (Fig. 5B). Therefore, we
further determined whether alcohol-activated JNK1 mediates TBP promoter activity. The
results indicate that either the JNK chemical inhibitor SP 600125 or JNK1 siRNA reduced
alcohol-increased TBP promoter activity (Fig. 5C). Together, these studies support the idea
that alcohol-mediated TBP expression requires the activation of JNK1. It suggests that
alcohol-induced TBP expression and Pol III gene transcription in HepG2-ADH cells go
through JNK1 pathway.
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3.3. Alcohol-mediates TBP transcription through Elk1 and AP-1 binding sites
Although our study has indicated that ethanol induced c-jun expression and Elk-1
phosphorylation and ethanol enhanced the activities of both AP-1- and Elk-1-dependent
promoters (Zhong et al, 2011), it remains to be established whether there exists an alcohol
response element in the TBP promoter region. The TBP promoter is regulated through the
recruitment of either Elk-1 (Zhong et al, 2007; Fromm et al, 2008) to overlapping sites
within the promoter (Fig. 6A). To identify a specific element affected by ethanol, we
transiently transfected HepG2-ADH cells with TBP-Luc reporter constructs of wild type
(p-54/-1hTBP), mutant Elk-1 site (p-54/-1ΔElk-1-hTBP), AP-1 mutant site (p-54/-1ΔAP-1-
hTBP) or mutant both sites (p-54/-1ΔElk-1-ΔAP-1-hTBP) (Fromm et al, 2008).
Comparable activities of the wild-type, mutant Elk-1 binding site (at −46bp G>A) and
mutant AP-1 binding site (at −37 A>G, −38bp C>T) TBP promoters were observed in the
absence of alcohol (Fig. 6B). The result indicates that the basic levels of TBP promoter
activity were slightly decreased in mutant Elk-1 or AP-1 site of TBP-Lue reporters. Upon
alcohol treatment, however, mutation of either the Elk-1 or AP-1 binding site significantly
reduced alcohol-mediated induction of the promoter. Mutation of both Elk-1 and AP-1 sites
resulted in the lowest basal activity of the promoter which could not be stimulated upon
alcohol treatment (Fig. 6B). These results indicate that both Elk-1 and AP-1 binding sites are
required for alcohol-mediated stimulation of the TBP promoter and they may be an alcohol-
induced response element.

Discussion
This study presents a mechanistic analysis characterizing the effect of ethanol on TBP
promoter. In this study, results demonstrate that alcohol increased TBP promoter activity
and this induction is correlated with ADH expression. Repression of TBP decreases Pol III
gene transcription, whereas overexpression of TBP enhances this transcription. Our studies
identified a mechanism, by which alcohol activated JNK1 to mediate TBP promoter activity.
Elk1 and AP-1 binding sites are critically important for ethanol-induced TBP transcription.
Mutations of Elk-1 binding site at −46bp and/or AP-1 binding sites at −37bp and −38bp of
TBP promoter abrogate the induction of TBP promoter activity. These findings support the
notion that overlapping Elk-1 and AP-1 binding sites may be the response element of
alcohol. Alcohol increases Elk-1 and AP-1 activity to enhance TBP expression, resulting in
augmentation of Pol III gene transcription.

Alcohol consumption has consistently been associated with an increased risk for cancer
development (El-Serag and Rudolph, 2007; Luedemann et al, 2008; Petri et al, 2004;
singletary and Gapstur, 2001). Study by Wang et al have demonstrated that alcohol
increased MCP-1 and CRR2 expression, which promoted mammary tumor growth in
alcohol-fed mice (Wang et al, 2012). A recent study indicates that alcohol increased ERα
expression to promote breast tumor formation in mice (Wong et al, 2012). Alcohol-fed HCV
NS5A transgenic mice induced liver tumors in ~23% of these mice (Machida et al, 2009).
These studies demonstrated alcohol consumption is associated with tumor development.
However, the mechanism for alcohol-associated tumor formation remains to be established.
Our studies have demonstrated that ethanol treatment augmented Pol III gene transcription
in both liver cells (HepG2-ADH) or breast cells (MCF-7) (Zhong et al, 2011; Zhang et al,
2011), whereas increase in these gene activities are tightly linked to cell transformation and
tumor formation (Zhong et al, 2011; Johnson et al, 2008; Zhang et al, 2011). This implies
that increasing Pol III gene transcription is a potential mechanism for the formation of
alcohol-associated tumors. Our earlier studies have demonstrated that alteration of TBP
expression affected Pol III gene transcription (Zhong et al, 2004; Zhong et al, 2007). c-Jun
and c-Fos are the subunits of AP-1. Our recent study indicates that alcohol induced TBP
expression by enhancing Elk-1, c-Jun and c-Fos occupancy on the TBP promoter (Zhong et
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al, 2011). We have found that both Elk-1 and AP-1 activation are required for the TBP
promoter induction (Zhong et al, 2004). However, it is not clear which region is affected by
ethanol and whether there exists an alcohol-response element. In this present study by
mutagenesis of the TBP promoter, we have demonstrated that mutations of Elk-1 binding
site at −46bp G>A and/or AP-1 binding sites at −37bp A>G and −38bp C>T abrogate the
induction of TBP promoter activity by ethanol. More interestingly, the Elk1 and AP-1
binding sites are overlapping at TBP promoter. It suggests that this overlapped region may
be an alcohol-response element.

We have reported that JNK1 positively, whereas JNK2 negatively, mediated TBP expression
and Pol III gene transcription (Zhong and Johnson, 2009). Our studies have revealed that
ethanol induced JNK1 activation, but not JNK2 in both human liver cells and breast cells
(Zhong et al, 2011; Zhang et al, 2011). The ethanol-induced activation of JNK1 was in
HepG2-ADH cells; in contrast, ethanol could not activate JNK1 in HepG2-vector cells
(Zhong et al, 2011). Previous analysis of these cells revealed that parental HepG2 cells did
not exhibit detectable ADH activity, whereas the HepG2-ADH cells effectively metabolized
ethanol to acetaldehyde (Clemens et al, 2002). This implies that alcohol metabolism induced
the activation of JNK1. Inhibition of JNK1 reduced TBP expression and Pol III gene
transcription (Zhong et al, 2007; Zhong and Johnson, 2009). Alteration of TBP expression
affects Pol III gene transcription (Johnson et al, 2003; Zhong and Johnson, 2009). In the
present study, we demonstrate that blocking JNK1 signaling inhibits TBP promoter
induction by ethanol. As Elk-1 and AP-1 are the downstream components of JNK1 pathway,
this indicates that alcohol activated JNK1 to enhance TBP transcription, resulted in
increasing Pol III gene transcription. Thus, a possible mechanism of alcohol-induced liver
tumor development is characterized by an alcohol-affected response element (Fig. 7).

In summary, the present study provides evidence that alcohol-induced JNK1 activation
enhances TBP promoter activity through Elk-1 and AP-1 binding sites, which are critically
important at this promoter in the alcohol-induced response (Fig. 7). The overlapping Elk-1
and AP-1sites may be an alcohol response element. It is the first report that this element
mediates TBP transcription induced by alcohol. The novel findings suggest the possibility
that inhibition of TBP expression may be a potential approach to repress alcohol-promoted
HCC development.
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Abbreviations

JNKs c-Jun N-terminal kinases

AP-1 activator protein 1

Elk-1 ETS domain-containing protein

HCC hepatocellular carcinoma

Pol III polymerase III

ADH Alcohol dehydrogenases

Luc luciferase

HCV hepatitis C virus
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NS5A non-structure protein 5A
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Highlights

• Our studies demonstrate that JNK1 mediates alcohol-induces TBP promoter
activity.

• Alteration of TBP expression affects RNA Pol III-dependent gene transcription;

• Mutation of Elk1 or AP-1 binding sites in TBP promoter region repress this
induction by alcohol;

• Alcohol affects Pol III gene transcription through the Elk1 and AP-1 binding
sites in TBP promoter;

• The binding sites may play a critical role in alcohol-induced deregulation of Pol
III genes of HCC.
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Fig. 1. Alcohol induces RNA Pol III-dependent transcription
(A) Ethanol enhances the transcription in HepG2-ADH cells. The cells were starved in
DMEM for 3h and treated with or without 50 mM ethanol for 1h. RNA was isolated from
the cells and pre-tRNALeu, 5S rRNA, and GAPDH transcripts were measured by RT-qPCR.
(B) Ethanol does not stimulate the transcription in HepG2-vector cells. HepG2-vector cells
were treated with or without ethanol as described above. (C) Ethanol increases Pol III gene
transcription in primary mouse hepatocytes (PMH). The hepatocytes were isolated from
mouse and treated with ethanol as described in (A). RT-qPCR was performed to measure the
amounts of pre-tRNALeu and 5S rRNA. The fold change was calculated by normalizing to
the amount of GAPDH mRNA. The bars represent Mean ± SE of at least three independent
determinations.
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Fig. 2. Ethanol increases TBP expression in vivo and in vitro
(A) Ethanol increased TBP expression in HepG2-ADH cells. HepG2-ADH cells were
starved in DMEM for 3 h and treated with 50mM ethanol for 1 h. The total RNA and cell
lysates from these cells were extracted to determine TBP mRNA by RT-qPCT. Resultant
protein lysates were subjected to perform immunoblot analysis. The antibodies were
indicated (A lower panel). (B) Chronic alcohol administration in mice induced TBP
expression. C57BL/6 transgenic mice harboring the HCV NS5A gene that is selectively
expressed in hepatocytes were chronically fed with control diet or 3.5% of ethanol in the
Lieber-DeCarli liquid diet for 12 months. Liver tissues were harvested from these mice, Cell
lysates and RNA were extracted from non-tumor or tumor portions of the livers. RT-qPCR
was used to measure the amounts of TBP transcript relative to GAPDH. The values
represent ± SE from three independent experiments. The lysates of the livers were subjected
to immunoblot analysis with antibodies of TBP and β-actin. Each group of mouse includes
at least three mice. The bars represent Mean ± SE of at least three independent
determinations. **: p<0.01. The fold change was calculated in each group by normalizing to
mice fed with control diet.

Zhong et al. Page 11

Gene. Author manuscript; available in PMC 2014 August 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 3. Alteration of TBP expression affects RNA pol III-dependent transcription
(A) overexpressing TBP enhanced Pol III gene transcription. HepG2-ADH cells were
transiently transfected with a TBP expression plasmids or control vector for 48 hours. RT-
qPCR was performed on RNA derived from these cells to measure pre-tRNALeu transcripts
(B) Repression of TBP reduced RNA pol III-dependent transcription. HepG2-ADH cells
were transfected with TBP siRNA or mismatch RNA (mm RNA) for 48 hours. RT-qPCR
was performed on RNA isolated from these cells to measure pre-tRNALeu transcripts. The
fold change was calculated by normalizing to the amount of transcript in cells transfected
with vector control plasmid or mm RNA. The bars represent Mean ± SE of at least three
independent determinations.
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Fig. 4. Alcohol induces TBP promoter activity in HepG2-ADH cells, but not hepG2-vector cells
HepG2-ADH and HepG2-vector cells were transfected with TBP-Luc reporter construct for
48 h; the cells were starved in DMEM for 3 h. Cells were then treated with or without
ethanol for another 1h. The cell lysates was extracted from these cells and luciferase activity
assay was performed to measure the TBP-Luc activity as described in Materials and
Methods. The change in TBP promoter activity was calculated relative to that with no
ethanol treatment. The values represent mean ± SE from three independent experiments.
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Fig. 5. Alcohol-mediated activation of JNK1 is required for induction of Pol III genes
(A) Ethanol induces JNK1 activation. HepG2-ADH cells were treated with or without
ethanol. Immunoblot analysis was performed using protein lysates derived from these cells
and antibodies against phosphorylated JNK1 and 2, and JNK1 and JNK2 as designated. A
representative blot from three independent determinations is shown. (B) Inhibition of JNK1
represses TBP expression. HepG2-ADH cells were transfected with JNK1 siRNA or mm
RNA for 48h. Immunoblot analysis was performed using the lysates derived from the cells
to measure the levels of JNK1, TBP and β-actin proteins. A representative blot from three
independent determinations is shown). (C) JNK1 mediates TBP transcription. HepG2-ADH
cells were transfected with TBP-Luc reporter construct or plus JNK1 siRNA (right) for 48 h;
HepG2 cells were pretreated with 5μM SP600125 (JNK inhibitor) for 1 h (left). Cells were
then treated with or without ethanol. The cell lysates was extracted from these cells and

Zhong et al. Page 14

Gene. Author manuscript; available in PMC 2014 August 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



luciferase activity assay was performed to measure the TBP-dependent promoter activity.
The values represent mean ± SE from three independent experiments.
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Fig. 6. Elk-1 and AP-1 binding sites at TBP promoter are required for alcohol-induced response
(A) The nucleotide sequence of the most proximal TBP promoter depicting Elk-1 and AP-1
sites. (B) Ethanol-mediated stimulation of the TBP promoter requires both Elk-1 and AP-1
binding sites. The human TBP promoter sequence denoting the Elk-1 and AP-1 sites located
between −54 and −1 of transcriptional start site (top). The TBP-Luc reporter constructs of
the wild type (WT), mutant Elk-1 binding site (Elk-1 mt), mutant AP-1 binding site (AP-1
mt), or mutant both Elk-1 and AP-1 binding sites were transfected into HepG2-ADH cells.
Where designated, cells were treated with 50 mM ethanol for 60 min. Luciferase activity
was normalized to total protein levels, and changes were calculated based on untreated
control. Fold change was calculated based on normalization to luciferase activity in WT
TBP-Luc reporter transfected cells. All values shown are the means ± SEM of at least three
independent experiments.
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Fig. 7. Schematic illustration of Alcohol mediating TBP promoter activity
Ethanol activates JNK1 and increases Elk-1 and AP-1 activities to enhance TBP
transcription, which in turn up-regulates Pol III gene transcription to promote alcohol-
induced hepatocellular carcinoma.
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