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Abstract
Alcohol use and hepatitis C virus (HCV) infection synergize to cause liver damage and
microRNA-122 (miR-122) appears to play a key role in this process. Argonaute 2 (Ago2), a key
component of the RNA-induced silencing complex, has been shown to be important in modulating
miR-122 function during HCV infection. However, GW182, a critical component of processing
bodies (GW-bodies) that is recruited by Ago2 to target mRNA has not been assessed in HCV
infection. To characterize the role of GW182 in the pathogenesis of HCV infection, we
determined its transcription and protein expression in an HCV J6/JFH1 culture system. Here we
show that transcript and protein levels of GW182 as well as HCV RNA and protein expression
increased with alcohol exposure. Specific silencing of mRNA expression by short interference (si)
RNA against GW182 significantly decreased HCV RNA and protein expression. Over-expression
of GW182 significantly increased HCV RNA and protein expression in HCV J6/JFH1 infected
Huh-7.5 cells. Furthermore, GW182 co-localized and co-immunoprecipitated with HSP90 which
increased on alcohol exposure with and without HCV infection and enhanced HCV gene
expression. The use of an HSP90 inhibitor or knockdown of HSP90 decreased GW182 and
miR-122 expression and significantly reduced HCV replication. Overall, our results suggest that
GW182 protein that is linked to miR-122 biogenesis and HSP90, which has been shown to
stabilize the RNA-induced silencing complex, are novel host proteins that regulate HCV infection
during alcohol abuse.
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INTRODUCTION
Hepatitis C virus (HCV) is estimated to infect at least 2–3 % of the world’s population.
Despite clinical observation and medical advice of the devastating consequence of alcohol
use during HCV infection, some patients consume alcohol with the increased risk of rapid
disease progression to liver cirrhosis, fibrosis and even hepatocellular carcinoma (1–6). The
molecular mechanisms of how alcohol exacerbates HCV infection and worsens HCV
disease outcome remain to be elucidated.
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HCV, a positive-sense RNA virus of the Flaviviridae family can hijack host cofactors to
facilitate its replication. Of those, microRNA-122 (miR-122), a miRNA representing 70% of
all miRNAs in hepatocytes (7, 8), was recently identified to play a critical role in the HCV
life cycle (9–11) and has been a promising target for antiviral drug development (12).
Several groups including ours have demonstrated that ethanol can modulate microRNAs
expression in the liver (13–16). Traditionally miRNAs function by binding to the 3′UTR of
target genes suppressing gene transcription and translation. However, miR-122 binds to the
5′ UTR of the viral genome promoting HCV replication (9, 17, 18). It is unknown if
miR-122 regulation of HCV RNA translation or RNA accumulation requires direct
association with protein complexes similar to the miRNA-induced silencing complex
(miRISC), or if the activity of miR-122 involves HCV RNA translocation to mRNA-
processing bodies (P-bodies) (19). Recently, GW-body components and associated proteins
such as DDX3 (16), PATL1 (20), DDX6 (20, 21), and Ago2 (22) a key component of the
RNA-induced silencing complex have been shown as essential host cofactors for HCV
replication. However, GW182, a critical component of GW bodies (GWBs) (23) distinct
from P-bodies (24) and having binding pockets for Ago2 (25), has not been assessed in
HCV infection.

In this study, we tested the hypothesis that ethanol facilitates HCV replication through
modulation of GW182 expression. We found that ethanol increased expression of GW182
and HSP90 and that GW182 colocalized with HSP90 and promoted HCV gene expression.
Specific silencing of mRNA expression by short interference (si) RNA against GW182 and
HSP90 decreased miR-122, HCV RNA and protein expression. Our data suggest a role for
HSP90 and GW182 which are linked to miR-122 biogenesis as novel important factors in
the pathomechanism of alcohol-induced augmentation of HCV replication.

MATERIALS AND METHODS
Cells and virus

Huh-7.5 cells highly permissive for HCV infection and Huh-7.5 cells harboring Con1
(genotype 1b) full-length replicon were cultured as previously described (26). An infectious
clone of HCV J6/JFH1, generated by plasmid pFL-J6/JFH1, was transfected into Huh-7.5
cells and cultured as previously described (27). Huh-7.5 cells and Con1/FL replicon cells
were a gift of Dr. Charles Rice (Rockefeller University, New York, NY). Plasmid pFL-J6/
JFH1 was a gift of Dr. Charles Rice and Dr. Takaji Wakita (National Institute of Infectious
Diseases, Tokyo, Japan).

Alcohol Treatment and HSP90 Inhibition
For ethanol exposure, cells were placed in culture chambers (C. B. S. Scientific Co., San
Diego, CA) to maintain a stable alcohol concentration, as described previously (28). To
inhibit HSP90 activity, J6/JFH1-infected Huh7.5 cells were treated with 17-DMAG HCl
(Alvespimycin) (Selleckchem Cat. # S1142).

Transfection
Lipofectamine™ RNAiMAX (Invitrogen, cat. #13778-075) and FugeneHD (Roche, cat.
#04709705001) was used for transfection of siRNA or over-expression plasmid according to
the manufacturer’s specification. The siRNA (Santa Cruz Biotechnology Inc., Santa Cruz,
CA) used in this study were as follows: Control siRNA (FITC Conjugate)-A sc-36869;
Control siRNA-A sc-37007; Control shRNA Plasmid-A sc-108060; GW182 siRNA (h)
sc-45516; HSP 90α/β siRNA (h) sc-35608. GW182 (pFRT/TO/FLAG/HA-DEST TNRC6A
Gene Bank ID NM_014494) plasmid was purchased from Addgene (Addgene plasmid
19883).
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Quantification of miRNA Expression
After specific treatment as indicated MicroRNAs were extracted with miRNeasy kit (Qiagen
Sciences, Valencia, CA) according to the manufacturer’s specification. miR-122 expression
was determined using the Taqman® microRNA assay (Applied Biosystems, Carlsbad, CA).
To normalize the expression levels of miR-122, RNU6B was used as an endogenous control.

Virus Quantification in culture supernatant for MOI determination
Virus supernatants containing the HCV virus was quantified and supernatants used such that
infections were done using an MOI of 1 or 0.5 as indicated. Briefly RNA was extracted from
200μL of virus supernatant using the RNeasy kit (Qiagen) according to the manufacturer’s
protocol. Viral RNA was then eluted in 50μL of RNase free water. 10μL of viral RNA was
then reverse transcribed to cDNA using the Promega Reverse Transcription System (Cat #
A3500) in a 20μL final reaction volume. 5μL of viral DNA was then used for real time PCR
along with 5uL of plasmid standard (pFL-J6/JFH1 plasmid) to contain 10; 100; 1000,
10,000; 100,000; 1000,000; 10,000,000 copies per 5μL. This standard allowed for the
quantification of the amount of viruses in our supernatant.

Real Time Reverse Transcription Polymerase Chain Reaction
Real-time quantitative reverse transcription polymerase chain reaction (RT-qPCR) was
performed with the CFX96 Real-Time System (Bio-Rad Laboratories, Inc, Hercules, CA)
and SYBR Green PCR Master Mix (Eurogentec, Fremont, CA) using 18S for normalization
of the relative gene expression. Data were analyzed using the comparative ΔΔCt method.
Primers for detection of HCV RNA were described previously(29). Specific primers used
included the following:

DDX3X sense gtggaacaaacactcgctt,

DDX3X antisense acctttagtagcttctcggtt;

DDX6 sense caggaacatcgaaatcgtg,

DDX6 antisense tccaatacgatggagatagg;

EIF2C2 sense cggacaatcagacctcaacca,

EIF2C2 antisense cccagtcacgtctgtcatctc;

HSP90 sense acaaggatctgcagccatt,

HSP90 antisense gtcaagctttcataccggatt;

PATL1 sense tcctgctccctatggtgagag,

PATL1 antisense catggcagcaagtggactacc;

GW182 sense ctgaacctccctcacggaa;

GW182 antisense ggctttgtgcaaagaaacgac.

Western Blotting and Immunoprecipitation
Anti-NS5A (9E10, kindly provided by Dr. Charles Rice); anti-NS3 (ViroStat, Portland, Me)
or anti-CORE (ViroStat, Portland, Me); anti-HSP90 (Cell signaling cat. #4874); GW182
antibody (Aviva Systems Biology cat. # ARP40956_P050); anti-HA tag antibody (Abcam
cat. #ab18181); anti–β-actin (Abcam, Cambridge, MA) were used as primary antibody,
followed by horseradish peroxidase–labeled secondary antibody (Santa Cruz Biotechnology
Inc.). For immunoprecipitation after specific treatment as indicated, cells where washed
twice with ice-cold phosphate buffer saline (Gibco cat. #14190) lysed with
immunoprecipitation (IP) lysis buffer (Thermo Scientific cat. #87788) supplemented with
protease inhibitor cocktail (Roche Cat. #11836153001). 2μg of each specific
immunoprecipitation antibody was then added to each specific sample and a control sample
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immunoprescipitated with 2μg of IgG control antibody from Santa Cruz (Mouse IgG cat. #
SC2025 or Rabbit IgG cat. # 2027) to match the animal species in which the antibody of
interest was generated from. After immunoprecipitation samples were subjected to western
blot analysis with specific antibodies of interest as indicated.

Confocal Microscopy/Immunofluorescence microcopy
Intracellular staining was performed as previously described(29). Antibodies used in this
study were listed as follows:

GW182 (2D6) (Mouse, monoclonal, SANTA CRUZ, sc-56313);

GW182 (Rabbit, polyclonal, Sigma-Aldrich, G5922);

HCV CORE (Mouse, monoclonal, Thermo Fisher Scientific, MA1-7368);

HCV NS3 (Mouse, monoclonal, ViroStat,1847);

HCV NS3 (Mouse monoclonal, Abcam Cat. #ab13830);

HCV NS5A (9E10, kindly provided by Dr. Charles Rice);

HSP 90α/β (H-114) (Rabbit, polyclonal, SANTA CRUZ, sc-7947);

HSP 90 (Rabbit polyclonal, Cell Signaling cat. #4874)

Confocal imaging was performed on a Leica TCS SP2 confocal microscope (Leica
Microsystems, Wetzlar, Germany), and Leica confocal software (LCS) was used for the
acquisition of images. Immunofluorescence images were acquired using an Olympus BX51
fluorescence microscope and the Nixon NIS-Element BR 3.10 software for image analysis.
GW182-bodies sizes and numbers were quantified using the NIH ImageJ 1.46 software for
35 cells in each experimental condition selected randomly from different fields and slides
from four independent repeat experiments.

Cytotoxicity Analysis of chemicals and siRNA used
Cytotoxicity of DMAG, HSP90 siRNA and GW182 siRNA was performed using the LDH-
Cytotoxicity Assay Kit (Abcam, cat #65393) according to the manufacturer’s specification.

Statistical Analysis
Data presented as mean ± standard error of the mean (SEM) and statistically analyzed by the
two tailed Student’s t test; and P values less than 0.05 were considered statistically
significant. Analysis of variance (ANOVA) was used when comparing variation with more
than two experimental means.

RESULTS
GW182, a GW-body component, is essential for HCV replication

GW-body-associated proteins have recently been shown as essential host factors for HCV
replication (16, 20–22). This prompted us to surmise that ethanol might modulate HCV
replication by affecting the expression of GW-body proteins. We found that among the GW-
body components, GW182 mRNA and protein was selectively up-regulated by ethanol
exposure (Fig. 1A&B) compared to no changes in the expression of EIF2C2 (Ago2),
DDX3X, DDX6 and PALT1 mRNA (Supplementary Fig. 1A, B, C, D&E). Ethanol
treatment upregulated HCV RNA levels as well as HCV protein expression in genotype 2
J6/JFH 1 virus infection (Fig. 1C&D). Fluorescence microscopy analysis revealed that
endogenous GW182 was localized to intensely stained, punctuate peri-nuclear cytoplasmic
structures consistent with GW-bodies and within 24 hours of ethanol exposure the number
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of GW-bodies (GW182 antibody as marker) was significantly increased compared to
untreated cells (Fig. 1E and supplementary Fig. 2A–D).

To determine the effect of GW182 on HCV RNA accumulation, we used FITC-conjugated
control or GW182 siRNAs to ensure transfection efficiency (data not shown) and knock-
down was confirmed by decreased GW182 mRNA(Fig. 2A). Compared to the siRNA
control, GW182-specific siRNA-transfected J6/JFH1-infected Huh-7.5 cells showed
significantly reduced expression of HCV RNA (Fig. 2B) and protein (Fig. 2C). Next we
sought to evaluate the mechanisms by which GW182 could facilitate HCV replication and
asked whether GW182 influenced miR-122 abundance. We found a significant reduction in
miR-122 levels after transfection of J6/JFH1-infected Huh-7.5 cells with the GW182-
specific siRNA compared to controls (Fig. 2D). These results indicated that the ethanol
triggered induction of miR-122 might be mediated, at least partially, by GW182. We did not
observe any changes in miR-370 which can regulate miR-122 expression with alcohol
exposure in Huh-7.5 cell with and without HCV J6/JFH1 infection (Supplementary Fig. 1F).

In contrast, over-expression of GW182 prior to HCV infection significantly increased HCV
protein expression compared to the empty vector control in Huh-7.5 cells (Fig. 2E) with and
without alcohol exposure. GW182 over-expression was also associated with an increase in
miR-122 transcript levels with no significant difference observed in the presence or absence
of alcohol (Fig. 2F). We also found upregulation of HCV RNA and not HCV proteins after
24hours acute ethanol treatment in Con1/FL replicon cells (data not shown) and acute
alcohol treatment did not increase GW182 protein expression in Con/FL replicon cells
(Supplementary Fig. 2E) though HCV RNA increased significantly (Supplemental Fig 2F).
The observation that ethanol exposure had no effect on GW182 expression in replicon cells
reflect differences among the two cell lines which may deserve further investigation.

HSP90 interacts with GW182 and HCV viral proteins
Previous studies have shown that heat shock protein 90 was important in mediating HCV
replication through recruiting FKBP8 and NS5A (30), NS3 (31) and hB-ind1 (32) and that
HSP90 inhibition decreases GW182 expression (33). Given that GW182 was increased by
alcohol exposure, we evaluated the intracellular localization and interaction of endogenous
GW182 with HCV and HSP90 proteins. We found differential extents of co-localization of
GW182 with the viral NS3, Core and NS5A proteins in J6/JFH1-infected Huh-7.5 cells
ranging between 40–80% using fluorescence microscopy (Fig. 3A and supplementary Fig.
3). These interactions were confirmed in co-immunoprecipitation experiments (Fig. 3B&C).
HSP90 is one of the most conserved heat shock proteins (HSPs) that can stabilize Argonaute
proteins associated with P-bodies as well as stress granules (SGs) in human Hela cells (33–
35). Thus, we hypothesized that HSP90 might interact with GW182 in hepatoma cells.
Indeed, we found that GW182 and HSP90 co-localized and co-immunoprecipitated in J6/
JFH1-infected and uninfected Huh-7.5 cells (Fig. 3D&E).

Ethanol-induced HSP90 expression has a mechanistic role in regulation of HCV replication
through miR-122

It has recently been shown that HSP90 could directly interact with HCV NS3 and NS5A to
exert its role in HCV replication (36, 37). Also, inhibition of HSP90 by use of 17-DMAG
has been shown to inhibit HCV replication by disrupting HSP90 stabilization of Argonaute
complexes and P-body components (33). Given that HSP90 interacts with and can stabilize
RISC complexes, we resorted to confirm if HSP90 can indeed interact with HCV viral
proteins. We found that HSP90 and HCV proteins co-localized in 50–80% of HCV J6/JFH1
infected cells (Fig. 4A and supplementary Fig. 4). These interactions were confirmed by co-
immunoprecipitation in J6/JFH1-infected Huh-7.5 cells (Fig. 4B) and Con1/FL replicon
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cells (Data not shown). Thus, we evaluated whether ethanol could modulate HCV
replication via affecting HSP90 expression and if so, can HSP90 also modulate miR-122
expression that has been shown to regulate HCV infection. Interestingly, we found that
ethanol synergized with HCV to significantly increase protein levels of HSP90 (Fig. 5A).
Inhibition of HSP90 with 17-DMAG (Fig. 5A) or an HSP90-specific siRNA (Fig. 5B)
reduced HCV protein (Fig. 5A&B) and RNA (Supplementary Fig. 5A) levels in J6/JFH1-
infected Huh-7.5 cells as well as in Con1/FL replicon cells (Data not shown). The efficiency
of HSP90 knockdown was confirmed in alcohol-naïve and alcohol-treated Huh 7.5 or J6/
JFH1-Huh 7.5 cells at protein (Fig. 5B) and RNA (Fig. 5C) levels. DMAG treatment (Fig.
5D) or Knock-down of HSP90 (Fig. 5E) also significantly decreased miR-122 levels. HSP90
Knock-down was also associated with a decrease in GW182 RNA (Fig. 5F) and protein
(Supplementary Fig. 5B) and this closely correlated with a significant reduction in
intracellular HCV RNA (Supplementary Fig. 5A) and HCV NS3 protein (Fig. 5B). The
concentrations of 17-DMAG, HSP90 siRNA and GW182 siRNA used showed no toxicity to
cells (Supplementary Fig. 6A&B).

Acute ethanol treatment increases HCV replication via miR-122 induction
Using Huh-7.5 cells and the HCV J6/JFH system we found that acute ethanol (25 mM)
treatment resulted in a significant increase in HCV RNA (Fig. 1C) and HCV NS3 protein
expression (Fig. 1D) compared to ethanol naïve matching controls. The ethanol
concentration used did not induce cytotoxicity as assessed by light microcopy cell
morphology and LDH-Cytotoxicity assay (data not shown). MiR-122, a highly abundant
microRNA in hepatocytes has been shown to modulate HCV replication(9) and we recently
found that microRNA expression can be regulated by alcohol in Kupffer cells and in the
liver tissue in vivo(13). Based on our earlier observation that ethanol treatment significantly
upregulated miR-122 levels Huh-7.5 cells with and without HCV J6/JFH1 infection (Fig.
2D), we hypothesized that ethanol affects miR-122 expression and thereby regulates HCV
replication. The functional role of the ethanol-induced miR-122 increase in HCV replication
was evaluated by using an anti-miR-122 inhibitor. Our results show that the anti-miR-122
inhibitor, and not the anti-miR-122 negative control, attenuated HCV replication in ethanol-
naïve cells and prevented the ethanol-induced increase in HCV RNA (Fig 6A) and HCV
NS3 protein levels (Fig. 6B). These observations suggested that alcohol-induced miR-122
induction has a mechanistic role in regulating HCV replication.

DISCUSSION
In this study, we report a novel mechanism in which ethanol regulates GW-body proteins
and enhances HCV replication in human hepatoma cells involving GW182 and HSP90. We
demonstrate here that alcohol increases HSP90, GW182 and miR-122 that are host factors in
the regulation of HCV infection. Together with previous findings that GW182 is an
important component in the RISC complex binding to miRNA/siRNA(38, 39) and HSP90
stabilizing RISC complexes(40), our observations support a model in which alcohol-induced
increase of miR-122, GW182 and HSP90 abundance enhances HCV replication through
increased HCV UTR binding sustained by increased miR-122-GW182 complex formations
stabilized by HSP90. These observations provide new concepts that underlie host and HCV
interactions and the mechanisms for alcohol-induced regulation of HCV replication.

First, we discovered that GW182, a GW-body marker, is up-regulated after alcohol exposure
(25mM) in Huh-7.5 cells with and without HCV infection suggesting a possible role for
GW182 as an important mediator of the biological effects of alcohol to increase HCV
replication. We show for the first time that knockdown of GW182 by an RNAi approach
reduces intracellular HCV RNA and protein levels even in the absence of alcohol exposure.
GW182 (TNRC6A) is a 182-kDa protein characterized by multiple glycine (G) and
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tryptophan (W) motifs and an essential component of GW-bodies (41–43). It was
controversial whether these structures are required for small RNA-mediated gene silencing
or whether they simply form as a consequence of silencing (25, 44). Recent evidence
suggests the latter scenario; it was observed that P-body formation was a consequence of
RNA-mediated gene silencing indicating that GW-body components such as GW182 may
increase the efficiency or kinetics of miRNA-mediated gene silencing despite their spatial
concentration in discrete domains termed P-bodies(45).

Modulation of HCV replication by GW182 might involve multiple pathways. Our
observations raise the possibility of a cross-regulation between GW182 and miR-122
expression because we found a significant reduction of miR-122 abundance after
transfection of hepatoma cells with a GW182-specific siRNA similar to findings by Roberts
et al (46). Previous reports indicated that some P-body components had no effect on
microRNA expression in Hela cells (34); however, our results imply that GW182, a GW-
body component can modulate miR-122 expression in human hepatoma cells. This
speculation is also supported by the observation of reduced endogenous miR-122 levels
following Ago1–4 RNAi administration (47). Another consideration is that modulation of
HCV replication by GW182 may occur through the presence of small amounts of GW182 at
the membrane-associated replication complex with NS3 leading to new HCV RNA
synthesis. This possibility is supported by our observation of significant co-
immunoprecipitation of GW182 with the viral NS3 proteins in J6/JFH1 infected Huh7.5
cells.

Based on the co-localization and co-immunoprecipitation of GW182 and HSP90 in naïve
and J6/JFH1 infected Huh-7.5 and in Con1/FL replicon cells (data not shown), we identified
that GW182 might be a new client protein of the chaperone, HSP90. We found that HSP90
activity was important for GW182 as well as HCV gene expression because the HSP90
knock-down or chemical inhibition significantly decreased both GW182 and HCV protein
levels implying a mechanistic role for HSP90 in regulation of HCV replication. The results
suggested that the alcohol-induced increase in expression of HSP90 might augment HCV
replication by stabilizing miR-122 binding to the HCV genome and or enhancing GW182
gene expression. We speculate that HSP90 regulation of GW182 expression depends on the
chaperone and/or the stabilizing effect of HSP90 and not by direct transcriptional regulation
by HSP90 as the GW182 promoter has no consensus binding motif for heat shock elements
(NCBI GW182 Reference Sequences: NM_018996.3 and NM_001142640.1). Additionally,
inhibition of HSP90 activity, similar to GW182 inhibition, affected the abundance of
miR-122 supporting the hypothesis that HSP90 could promote GW182 expression which
can regulate miR-122 expression. These observations cannot rule out participation of other
co-chaperones. Our results together with previous reports (37, 48) suggest that HSP90 has
multiple roles in HCV replication including direct interaction with viral proteins, regulating
GW182 gene expression, and the abundance of miR-122. We demonstrated that HSP90
works as a regulator of miR-122 abundance since inhibiting HSP90 activity with an inhibitor
or HSP90-specific siRNAs, significantly reduced miR-122 expression. These data suggested
that ethanol as a cellular stress inducer acts through the stress-responsive transcription
factor, HSP90, to regulate miR-122 expression. Interestingly, we also found GW182, a GW-
body component, to affect the expression of miR-122 and future studies may reveal roles of
other GW-body components in miR-122 abundance or other miRNAs. However, we found
that ethanol exposure had no effects on miR-370 (supplementary Fig. 1F) that also
modulates miR-122 expression (49) indicating that miR-370 might not be involved in this
process.

In summary, our data suggest that ethanol facilitates HCV replication involving GW182 and
HSP90 modulation. In the context of alcohol abuse, we show for the first time that GW182
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and HSP90 are host factors that spur disease progression in HCV infection. Our studies
provide experimental evidence for the possible use of GW182 and HSP90 inhibitors as
feasible targets to interfere with HCV replication and the undesirable effects of alcohol use
in HCV infection.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

HCV hepatitis C Virus

NS3 HCV nonstructural protein 3

NS5 HCV nonstructural protein 5

MOI multiplicity of infection

miR-122 microRNA-122

GW-body GW182 mRNA-processing bodies

HSP90 heat-shock protein 90

RISC RNA-induced silencing complex
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Figure 1. Acute ethanol treatment modulated the expression of GW182
(A–E) The expression of GW182 mRNA, GW182 protein, HCV RNA, HCV NS3 and GW-
bodies was assessed as indicated. (A) GW182 mRNA (B) GW182 protein (C) HCV RNA
(D) HCV NS3 protein were evaluated 24hr after ethanol exposure in J6/JFH1-infected and
non-infected Huh-7.5 cells. (E) Huh-7.5 cells were treated with ethanol (0mM or 25mM).
The expression of GW-bodies with GW182 as marker was examined by fluorescence
microscopy after 24hr ethanol exposure. Fixed cells were stained with a rabbit polyclonal
antibody to GW182 (red). GW182 foci levels were determined for at least 35 cells chosen
randomly from different fields using the Olympus BX51 fluorescence microscope for
imaging and the Nixon Nikon NIS-Element BR 3.10 software for acquisition and the NIH
ImageJ 1.46 software quantification. Results presented are representative of 3–4
independent repeat experiments and data expressed as SEM, p< 0.05 were considered
statistically significant (by two-tailed Student’s t test. Multiplicity of infection (MOI) of 1
was used for all infections.
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Figure 2. GW182 is essential for HCV replication
J6/JFH1-infected or uninfected Huh-7.5 cells with and without ethanol exposure were
transfected with GW182 siRNA (50nM) or control siRNA (50nM). 48hr after transfection,
(A) GW182 mRNA (RT-qPCR), (B) intracellular HCV RNA (RT-qPCR), (C) HCV NS3
protein (western blot) expression and (D) the miR-122 relative expression was quantified.
(E) Over-expression of GW182 confirmed with an anti-HA antibody in J6/JFH1-infected
cells and NS3HCV protein expression compared to controls with and without alcohol
exposure. (F) miR-122 expression determined with and without alcohol exposure following
GW182 over expression.
Results presented are representative of 3–4 independent repeat experiments and data
expressed as SEM, p< 0.05 were considered statistically significant (by two-tailed Student’s
t test). Multiplicity of infection (MOI) of 1 was used for all infections.
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Figure 3. GW182 co-localized and co-immunoprecipitated with viral proteins and HSP 90
(A) The co-localization of GW182 (stained with rabbit polyclonal antibody to GW182 (Red)
and HCV protein (Green) were evaluated by fluorescence microscopy in J6/JFH1-infected
Huh-7.5 cells. (B & C) Co-immunoprecipitation of GW182 with HSP 90 and viral proteins
was evaluated in J6/JFH1-infected Huh 7.5 cells. (D) The co-localization of GW182 (stained
with a mouse monoclonal antibody to GW182 (Red) and HSP 90 protein (Green) were
evaluated by confocal microscopy in J6/JFH1-infected and uninfected Huh-7.5 cells. (E) Co-
immunoprecipitation of HSP 90 with GW182 was evaluated in J6/JFH1-infected and
uninfected Huh 7.5 cells. Results presented are representative of 3–4 independent repeat
experiments with at least 10 fields sequential analyzed for each microscopy slide to
minimize spectral bleed-through artifacts. Multiplicity of infection (MOI) of 1 was used for
IP infections and MOI of 0.5 for microscopy slides.
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Figure 4. HSP90 co-localized and co-immunoprecipitated with HCV proteins
(A) The co-localization of HSP90 (Red) and HCV proteins (Green) were evaluated by
fluorescence microscopy and (B) co-immunoprecipitation in J6/JFH1-infected Huh-7.5
cells. (A) Representative slides with at least 10 fields sequential analyzed for each
microscopy slide to minimize spectral bleed-through artifacts. Results presented are
representative of 3 independent repeat experiments. Multiplicity of infection (MOI) of 1 was
used for IP infections and MOI of 0.5 for microscopy slides.
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Figure 5. HSP90 has a mechanistic role in regulation of HCV replication and miR-122
(A) Huh-7.5 and J6/JFH1-infected Huh-7.5 cells were treated with ethanol, 17-DMAG or
not for 24hr and HCV NS3 and HSP90 protein analyzed. (B) Huh-7.5 and J6/JFH1-infected
Huh-7.5 cells with and without ethanol exposure were transfected with HSP90 (50nM), or
control siRNA; HCV NS3 protein (B), HSP90 RNA (C), HSP90 protein (B), miR-122 (E)
and GW182 RNA (F) was evaluated after 24hrs. (D) Huh-7.5 and J6/JFH1-infected Huh-7.5
cells were treated with ethanol, 17-DMAG or not for 24hr and miR-122 expression
determined. (C, D, E&F) Data expressed as SEM, p< 0.05 were considered statistically
significant (by two-tailed Student’s t test).

Bukong et al. Page 16

Hepatology. Author manuscript; available in PMC 2014 January 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



Figure 6. Acute ethanol treatment induces miR-122 and activates hepatitis C virus replication
(A&B) J6/JFH-infected and uninfected Huh-7.5 cells were transfected with a miR-122
inhibitor (50nM) or negative control (50nM) prior to ethanol treatment (0mM or 25mM).
Intracellular HCV RNA (A) and NS3 protein (B) was quantified (RT-qPCR) 24hr after
ethanol exposure. Results presented are representative of 3 independent repeat experiments
and data expressed as SEM, p< 0.05 were considered statistically significant (by two-tailed
Student’s t test). Multiplicity of infection (MOI) of 1 was used for these infections.

Bukong et al. Page 17

Hepatology. Author manuscript; available in PMC 2014 January 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text


