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Abstract
Epigallocatechin gallate (EGCG) is the most abundant component in green tea extract, that has powerful antioxidant and 
antiviral effects. It has been previously reported to inhibit HCV entry via several mechanisms. Hence, this study aimed at 
further investigating the potential impact of EGCG on HCV entry through regulation of the expression of tetraspanin recep-
tor CD81 by the novel predicted miR-548m. Liver biopsies were obtained from 29 HCV patients and 10 healthy controls for 
expression profiling. Huh7 cells were stimulated with EGCG and subsequently miR-548m expression was assessed. Naïve, 
HCV- ED43/JFH-1 and HCV-JFH-1 infected Huh7 cells were transfected by miR-548m mimics and inhibitors. Consequently, 
CD81 protein and mRNA levels were assessed using flow cytometry and qRT-PCR, respectively. Additionally, these cells 
were used to investigate HCV permissiveness into Huh7 cells using qRT-PCR for viral quantification. Direct binding con-
firmation of miR-548m to CD81 was done using luciferase reporter assay. In-silico analysis revealed miR-548m to have two 
potential binding sites in the 3’UTR of CD81 mRNA. EGCG boosted miR-548m expression in Huh7 cells. Additionally, 
miR-548m caused a downregulation of CD81 protein and mRNA levels as well as reduction in HCV infectivity of Huh7 cells. 
Luciferase binding assay confirmed the binding of miR-548m to CD81 mRNA at the two predicted binding sites. Intriguingly, 
miR-548m expression was not detected in healthy liver biopsies but was found in liver biopsies of HCV patients. This study 
shows that EGCG might act as an anti-HCV agent that reduces cellular infectivity via enhancing miR-548m expression and 
repressing CD81 receptor.
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HCC  Hepatocellular carcinoma
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Introduction

Epigallocatechin-3-gallate (EGCG), a phenolic antioxi-
dant, is the most abundant flavonoid among the catechins 
present in green tea extract [1]. It acts by inhibiting cel-
lular oxidation and preventing free radical damage to cells. 
Many studies have revealed that EGCG is well tolerated in 
healthy human volunteers and hence is considered a safe 
inexpensive treatment choice [2]. Consequently, EGCG 
was accounted for having an anti-inflammatory, anti-oxi-
dative, anti-bacterial, anti-tumorigenic, anti-proliferative, 
and antiviral activities [3, 4]. Additionally, EGCG has 
robust preventive effects against cardiovascular disease, 
metabolic syndrome and neurodegenerative diseases [5]. 
EGCG has been reported to have a potent antiviral activ-
ity against various viruses, including Epstein-Barr virus, 
human immunodeficiency virus (HIV), hepatitis B virus 
(HBV), influenza virus as well as hepatitis C virus (HCV) 
[3, 6–9].

EGCG was found to directly deform the HCV envelope 
thus inhibiting virus attachment to cell surface as well 
as cell-to-cell transmission between neighboring cells [1, 
6, 10, 11]. Furthermore, it has been reported that EGCG 
interferes with HCV binding to heparin sulfates, which 
is a crucial step in HCV entry [12]. A study by Wang, Y. 
et al. has demonstrated that EGCG enhances HCV dsR-
NAs induced antiviral innate immune responses, which is 
imperative as first line of defense against viral infections 
[13].

EGCG was reported to have a great impact on an array 
of microRNAs, including miR-125b, miR-27a, miR-15b, 
miR-23a, miR-182*, miR-93 and many others in liver cells 
[14]. Moreover, our research group has previously shown 
that EGCG can inhibit HCV viral entry via boosting the 
expression of miR-194 which in turn represses CD81 
expression [15]. Therefore, it was interesting to look for 
other novel miRNAs that can target CD81 receptor, main 
port of HCV entry, and could be possibly regulated by 
EGCG. Our bioinformatics analysis has predicted the 
rarely studied hsa-miR-548m as a potential upstream regu-
lator of CD81 receptor with the highest binding scores.

hsa-miR-548 is a large family that is distributed on 
approximately all the human chromosomes, particularly 
chromosomes X, 6 and 8. This family is composed of 
74 mature miRNAs [16] with great extent of nucleotide 
divergence and hence is a poorly conserved miRNA family 
[17]. miR-548 has been reported to be involved in several 
biological processes including MAPK signaling pathway, 
actin cytoskeleton, tight junctions, ubiquitin-mediated pro-
teolysis. It was also shown to have a great impact in the 
regulation of the immune system involving natural killer 
cell-mediated cytotoxicity as well as B and T cell receptor 

signaling pathways [17]. Furthermore, 5 members of the 
miR-548 family were found to downregulate the antiviral 
response via direct targeting of IFN-λ1 [18]. However, up 
to our knowledge its impact on HCV as well as on liver 
cells has never been investigated. Therefore, we aimed at 
investigating the effect of EGCG on miR-548m expression 
and hence on CD81 receptor expression and HCV entry.

Subjects and methods

HCV patient sample collection

Twenty-nine liver biopsies were acquired from HCV-
Genotype 4 patients, while ten healthy liver biopsies were 
obtained from donors during liver transplantation. In this 
study, all of the participated HCV patients are non-cirrhotic, 
naïve HCV positive and HBV negative subjects. Informed 
consent was obtained from the patients and the study fol-
lowed the ethical guidelines of the 1975 Declaration of 
Helsinki.

In‑silico analysis of miRNAs targeting CD81

Bioinformatics software miRanda “microrna.org” was 
used to identify a possible microRNA that might bind to 
3’untranslated region (3’UTR) of CD81. Among all the 
miRNAs with good scores, the one with the highest binding 
score was chosen.

Cell culture of Huh7 cell lines

Huh7 cell line was cultured in Dulbecco’s modified Eagle’s 
medium supplemented with L-glutamine and 4.5 g/L glu-
cose (DMEM, Lonza, Belgium), containing 10% fetal bovine 
serum (FBS; Lonza, Belgium) and 100 IU/mL of penicillin 
and 100 mg/mL streptomycin (Lonza, Belgium).

Huh7 HCVcc cell model

In order to establish Huh7 HCVcc cell models, HCV 
constructs (chimeric ED43/JFH-1 and JFH-1 full length 
genome) were provided by Prof. Jens Bukh and Prof. Wak-
ita, respectively. First, HCV RNA had to be generated from 
the constructs via restriction digestion using Xba I restric-
tion enzyme (ThermoScientific, USA). Linearized DNA was 
purified in order to undergo in-vitro transcription using the 
MEGAscript T7 polymerase kit (Ambion-Life Technolo-
gies, USA). 10 mg of the in vitro-transcribed HCV RNA 
were transfected inside Huh7 cells using Superfect (Qiagen, 
Germany). Supernatant of 72-hour post-transfection was col-
lected to be filtered through 0.45 µm filters and then stored at 
-80°C to be used in infection of naive Huh7 cells.
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Epigallocatechin gallate stimulation of Huh7 cells

Huh7 cells were stimulated with the main component of 
green tea, epigallocatechin gallate (EGCG; Sigma-Aldrich, 
Germany). EGCG treatment was done using 2 ×  105 Huh7 
cells/well in a 24-well plate at a final concentration of 10 μg/
ml. After 48 hours, cells were collected for RNA extraction 
to analyze downstream target expression using qRT-PCR.

RNA extraction and quantification using qRT‑PCR

mirVana isolation Kit (Ambion-Life Technologies, USA) 
was utilized for RNA extraction from liver biopsies of 
patients, controls and Huh7 cells. Total RNA as well as 
microRNA were reverse transcribed to be quantified using 
TaqMan real time quantitative polymerase chain reaction 
(PCR) via StepOne (Applied Biosystems, USA). RNU6B 
was used as housekeeping for microRNA quantification 
while β-actin was employed as a housekeeping gene for 
CD81 expression.

Transfection of Huh7 cell lines

Naïve or HCV-infected Huh7 cells were seeded in a 24-well 
plate and kept for 24 hours at 37 °C and 5%  CO2. Trans-
fection of Huh7 cells was done via HiPerfect Transfection 
Reagent (Qiagen, Germany), along with siRNA against 
CD81, miR-548m mimics (MSY0005917) or antagomirs 
(MIN0005917) (all provided from Qiagen, Germany).

Flow cytometric analysis

CD81 protein quantification was executed using a Coul-
ter Epics XL flow cytometer (Beckman-coulter, Florida, 
USA). miR-548m mimic, or miR-548m inhibitor or CD81 
siRNAs transfected cells along with mock cells were col-
lected. Cells were kept for 30 minutes at 4°C along with 
FITC-conjugated CD81 antibody or its isotype control 
(Both supplied by Life technologies, California, USA). 
Washing was done with FACS buffer (PBS with 2% FCS). 

Dr. Joe Trotter (Salk Institute, La Jolla, CA, USA) pro-
vided the WinMDI software for analysis of flow cytometry 
data.

Firefly luciferase reporter assay

In order to confirm the direct binding of miR-548m to CD81 
3’UTR, pmirGLO firefly luciferase reporter construct was 
utilized (Promega, USA). pmirGLO vector was double 
digested using Xba I and Sac I restriction enzymes (Ther-
moScientific, USA), followed by ligation of the inserts using 
T4 Ligase (Takara Shuzo Co. Ltd., Japan). The sequences for 
the forward and reverse primers were designed as shown in 
Table 1, where deletion of each of the binding sites was done 
in each of the mutant vectors, respectively. Transfection of 
either empty pmirGLO or pmirGLO holding each of the wild 
types or each of the mutant miR-548m target regions, was 
performed using Superfect transfection reagent (Qiagen, 
Germany) and incubated overnight. Next, cells were kept 
untransfected or else transfected with miR-548m mimics or 
antagomirs or scrambled miRNAs using Hiperfect trans-
fection reagent and left for 48 hours. Steady-Glo luciferase 
reporter assay kit (Promega, USA) was employed to measure 
the luciferase activity.

Huh7 cells infection and HCV RNA quantification

To assess the effect of miR-548m on manipulating HCV 
entry, Huh7 cells were transfected with miR-548m mimic or 
antagomir or CD81 siRNA. This was followed by infection 
of the cells with 200 µl of supernatant derived from JFH-1 
or ED43/JFH-1infected cells. After 24 hours, the cells were 
harvested and extraction of viral RNA was executed using 
HCV RNA extraction Kit (Invisorb Spin virus RNA mini kit, 
Germany). HCV Genesig OneStep quantification kit (Primer 
design, Ltd., UK) was used to quantify viral titers, where 
standards of known HCV quantity were placed in each run 
to obtain a standard curve for exact quantification.

Table 1  Designed forward and reverse primers for binding confirmation of miR-548m to CD81 mRNA 3’UTR for the 2 different binding sites.

Forward Primer Reverse Primer

Wild Type - Binding Site 1 5’ CGG TAT TAC TCT GCTAC 
ACG TAG CCT TTT TAC TTT TT 3’

5’ CTA GAA AAA GTA AAA AGG CTAC 
GTG TAG CAG AGT AAT ACC GAGCT 3’

Mutant Type - Binding Site 1 5’ CGG TAT TAC TCT GCTAC 
ACG TTA CTT TTT  3’

5’ CTA GAA AAA GTA ACG TGT AGC 
AGA GTA ATA CCG AGCT 3’

Wild Type - Binding Site 2 5’ CTT GTT CTG AAC TTTCC 
TGT TAC CTT TTC AGG GCT  3’

5’ CTA GAG CCC TGA AAA GGT AAC 
AGG  AAA GTT CAG AAC AAG AGC 
T 3’

Mutant Type - Binding Site 2 5’ CTT GTT CTG AAC TTTC 
CTG TTC AGG GCT  3’

5’ CTA GAG CCC TGA ACA GGA AA
GTT CAG AAC AAG AGCT 3’
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Statistical analysis

Relative quantification of qRT-PCR results was calculated 
using comparative CT method  (2-∆∆CT). Screening of miR-
NAs and CD81 mRNA quantification were done using 
Mann Whitney test. Flow cytometry experiments as well 
as luciferase reporter assay were analyzed using Student’s 
t-test. Each experiment was independently done at least three 
times. Analysis was done using the GraphPad Prism 5.00 
software, where a p-value less than 0.05 was considered sta-
tistically significant.

Results

Bioinformatics tools-miRanda software (www.micro rna.
org) was employed in order to suggest potential miRNAs 
that could target CD81 mRNA. hsa-miR-548m, was selected 
due to its possession of the highest binding score to CD81 
among all other miRNAs. Moreover, hsa-miR-548m was the 

only potential miRNA that can bind to CD81 at 2 different 
binding sites (Figure 1).

As mentioned earlier, epigallocatechin gallate (EGCG) 
has a potent antiviral effect via affecting HCV entry. Hence, 
Huh7 cells were stimulated with EGCG, after which CD81 
mRNA was quantified using qRT-PCR. CD81 was found to 
be significantly downregulated upon stimulation with EGCG 
compared to control Huh7 cells (p = 0.0262) (Figure 2a). 
Furthermore, it was crucial to assess the impact of EGCG on 
miR-548m levels in Huh7 stimulated cells, simultaneously 
with its downstream target CD81. Therefore, RNA extrac-
tion was done from unstimulated as well as EGCG-stim-
ulated Huh7 cells, after which miR-548m expression was 
quantified. As shown in figure 2b, stimulation with EGCG 
significantly elevated miR-548m expression (p = 0.0360).

CD81 has been previously assessed by our group where 
it was reported to be upregulated in liver biopsies of HCV 
patients [15]. However, miR-548m has never been studied 
before in HCV patients, and thus it was essential to assess 
its expression levels in liver biopsies of genotype 4 HCV 
patients. Interestingly, miR-548m was undetectable by real 

Fig. 1  In silico analysis of potential miRNAs targeting CD81 3’UTR. Using microrna.org, bioinformatics analysis shows that miR-548m has 
potential 2 binding sites (at 104 and 151 positions) on CD81 3’ UTR (accession number, NM_004356) with good scores

Fig. 2  Effect of Epigallocatechin gallate (EGCG) on expression of 
CD81 and miR-548m in Huh7 cells. (a) EGCG stimulation in Huh7 
cells resulted in a significant decline in CD81 mRNA expression (p 
= 0.0262). (b) Huh7 cells were either treated with EGCG or kept 

unstimulated as control, after which miR-548m expression was quan-
tified, where treatment with EGCG significantly increased miR-548m 
expression level (p = 0.0360) (*indicates that it is statistically signifi-
cant with a p value ≤ 0.05)

http://www.microrna.org
http://www.microrna.org
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time qRT-PCR in liver biopsies of healthy controls. Never-
theless, miR-548m was detectable in the liver biopsies of the 
HCV patients. miR-548m/U6 ratio was calculated in order 
to assess any differential pattern between HCV patients 
and controls. As illustrated in Figure 3, the ratio of miR-
548m/U6 was much higher in HCV patients in comparison 
to healthy controls. Hence, this highlights that miR-548m 
could be a re-expressed miRNA upon HCV infection.

miR-548m was suggested by in silico analysis to be an 
upstream target to CD81 mRNA, and hence this has to be 
investigated in vitro. Huh7 cells, whether naïve, JFH-1 or 
ED43/JFH-1 infected Huh7 were transfected miR-548m 
mimics or antagomirs after which CD81 mRNA was quan-
tified. First, efficient transfection had to be guaranteed by 
measuring the expression of miR-548m upon transfection 
in naïve, ED43/JFH-1 as well as JFH-1 infected Huh7 cells. 
Indeed, miR-548m expression increased upon transfection 
with mimics compared to mock untransfected cells in naïve 
(1443 folds), ED43/JFH-1 (584 folds), and JFH-1 (400 folds) 
infected cells (Figure 4a).

As illustrated in figure 4b, forcing the expression of 
miR-548m triggered a significant downregulation in CD81 
expression compared to untransfected cells in naïve(p = 
0.0498), ED43/JFH-1 (p = 0.0357) as well as JFH-1 (p = 
0.0498) infected Huh7 cells. Additionally, CD81 expression 
was reduced upon transfection with CD81 siRNAs compared 
to untransfected cells in naïve (p = 0.0294), ED43/JFH-1 (p 
= 0.0159) and JFH-1 (p = 0.0294) infected cells. Further-
more, miR-548m antagomirs showed no differential expres-
sion with untransfected mock cells in naïve (p = 0.8917), 
ED43/JFH-1 (p = 0.7857) and JFH-1 (p = 0.4715) infected 
Huh7 cells (Figure 4b).

miR-548m mimics significantly downregulated CD81 
protein expression compared to mock untransfected in 
naïve (p < 0.0001), ED43/JFH-1 (p < 0.0001) and JFH-1 

(p < 0.0001) infected Huh7 cells (Figure 4c). On the con-
trary, miR-548m antagomirs showed a comparable expres-
sion pattern of CD81 as mock untransfected cells in naïve 
(p = 0.7804), ED43/JFH-1 (p = 0.2929) and JFH-1 (p = 
0.1088) infected Huh7 cells (Figure 4c). Moreover, CD81 
siRNAs transfection in Huh7 cells displayed a downregula-
tion in CD81 expression compared to those untransfected 
mock Huh7 cells in either naïve, ED43/JFH-1 or JFH-1 (p 
= 0.0003, p < 0.0001, and p = 0.0002 respectively), as indi-
cated in Figure 4c.

CD81 is a key entry receptor for HCV and hence it was 
vital to investigate the impact of miR-548m on infectivity 
of HCVcc Huh7 cells. Huh7 cells, whether ED43/JFH-1 or 
JFH-1 infected Huh7 were transfected miR-548m mimics or 
antagomirs after which viral RNA was extracted and quan-
tified. Figure 5 shows that forcing the expression of miR-
548m reduced the viral load in ED43/JFH-1 (p = 0.0498) 
infected Huh7 cells. Similarly, miR-548m was able to reduce 
the viral load in JFH-1 (p = 0.0286) infected cells compared 
to untransfected mock cells. Therefore, miR-548m might 
lessen HCV infectivity in the liver via manipulating CD81 
expression.

To confirm the direct effect of miR-548m on CD81, fire-
fly luciferase reporter assay was implemented. Since miR-
548m can bind to CD81 mRNA at 2 different binding sites, 
each one was selected separately where wild and mutant 
constructs were generated using pmirGlo vector. As shown 
in figure 6a, miR-548m mimics led to a decrease in firefly 
luciferase activity in Huh7 cells transfected with pmirGLO-
wild type of binding site 1 of CD81 mRNA 3’UTR when 
compared to untransfected cells (p = 0.0020). On the other 
hand, this decline was not found in miR-548m mimicked 
cells transfected with pmirGLO harboring either empty (p 
= 0.8186) or mutant type of binding site 1 (p = 0.9285) of 
CD81 mRNA 3’UTR (Figure 6a).

A similar pattern of reduction in luciferase activity was 
observed in Huh7 cells transfected with miR-548m mim-
ics along with wild type of binding site 2 of CD81 mRNA 
3’UTR (p = 0.0058) (Figure 6b). Nevertheless, this reduc-
tion was not present in those cells transfected with miR-
548m mimics along with empty pmirGlo (p = 0.8186) or 
mutant type of binding site 2 (p = 0.3334) of CD81 mRNA 
3’UTR, as illustrated in figure 6b.

Discussion

Direct-acting Anti-virals (DAAs) have caused a vast pro-
gress in HCV therapy, where a sustained virological 
response above 90% was accomplished in most genotypes 
[19]. Despite the rapid advancement in DAA development, 
many patients are ineligible for treatment and remain as 
sources of transmission “reservoirs” of HCV infection. 

Fig. 3  Screening of miR-548m in liver biopsies of HCV genotype 
4 infected patients. miR-548m/U6 ratio was calculated in order to 
assess differential pattern between HCV patients and controls. miR-
548m was undetected in the liver biopsies of healthy controls and the 
ratio of miR-548m/U6 was much higher in HCV patients compared to 
healthy controls
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Moreover, some recent work has reported HCV recurrence 
or progression to hepatocellular carcinoma (HCC) in HCV 
patients with cirrhosis upon treatment with DAAs [20–22]. 
Hence, other alternative natural agents with less side effects 
than DAAs, are required. The flavonoid, epigallocatechin-
3-gallate (EGCG), is highly abundant in green tea extract 
and possess a powerful antiviral effect against HCV [1, 6]. 
The mechanism of its action is still under investigation, but 
many have reported that it could be through direct inhibi-
tion of HCV entry, either via distorting its attachment to cell 
surface or cell to cell transmission [6, 10, 11]. Our current 
results have shown that EGCG displayed a decline in CD81 

expression. This goes in line with our previous study stating 
that EGCG affects CD81 expression, 48 hours post stimula-
tion [15], and in contrast to the study by Ciesek et al. where 
no differential CD81 expression was found upon 4 hours 
EGCG stimulation [11].

We have previously reported that EGCG decreases CD81 
expression in Huh7 cells, through enhancing the expression 
of miR-194, a validated upstream regulator of CD81 [15]. 
Our further in-silico analysis has revealed miR-548m as a 
potential upstream regulator that binds to CD81 at 2 differ-
ent binding sites with a very good score. Up to our knowl-
edge, hsa-miR-548m is a novel miRNA that has not been 

Fig. 4  Impact of miR-548m on CD81 mRNA and protein expres-
sion in naïve, ED43/JFH-1, and JFH-1 HCVcc cell models. Trans-
fection of CD81 siRNAs, miR-548m mimics and antagomirs was 
performed in naïve, ED43/JFH-1 as well as JFH-1 infected Huh7 
cells. (a) Upon transfection using mimics, miR-548m expression has 
increased by 1443 folds, 584 folds and 400 folds in naïve, ED43/
JFH-1, and JFH-1 infected cells, respectively, in comparison to mock 
untransfected cells. (b) Transfection using CD81 siRNAs decreased 
CD81 mRNA expression in naïve (p = 0.0294), ED43/JFH-1 (p = 
0.0159) and JFH-1 (p = 0.0294) infected cells compared to mock 
untransfected cells. Additionally, forcing the expression of miR-
548m caused a significant downregulation in CD81 expression in 
naïve(p = 0.0498), ED43/JFH-1 (p = 0.0357) as well as JFH-1 (p = 

0.0498) infected Huh7 cells compared to mock untransfected cells. 
However, miR-548m antagomirs showed no differential expression 
with untransfected mock cells. (c) Similarly, CD81 protein expres-
sion was decreased upon transfection with miR-548m mimics in naïve 
(p < 0.0001), ED43/JFH-1 (p < 0.0001) and JFH-1 (p < 0.0001) 
infected Huh7 cells compared to mock untransfected cells. CD81 siR-
NAs transfection in Huh7 cells exhibited a downregulation in CD81 
expression in either naïve (p = 0.0003), ED43/JFH-1 (p < 0.0001) 
or JFH-1 (p = 0.0002) infected Huh7 cells, compared to untrans-
fected mock Huh7 cells. miR-548m antagomirs showed no differen-
tial expression of CD81 whether in naïve, ED43/JFH-1 and JFH-1 
infected Huh7 cells, compared to mock untransfected cells (*indicates 
that it is statistically significant with a p value ≤ 0.05)
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extensively studied. Furthermore, miR-548m has never been 
investigated in HCV infection or any liver studies.

In a similar pattern to miR-194, EGCG was found to 
enhance the expression of miR-548m in Huh7 cells. Our 
finding goes in line with several studies that show the impact 
of EGCG in manipulating the expression of miRNAs in liver 
cells. A study by Arffa M.L showed that EGCG acts as a 
protective agent in hepatic fibrosis by increasing the expres-
sion of miR-181a, miR-10b, and miR-221, via accelerating 
the degradation of osteopontin [23]. Furthermore, EGCG 
was able to induce the expression of miR-16 and downregu-
late Bcl-2, leading to apoptosis of HepG2 hepatic cells [24]. 
Interestingly, EGCG was found to bind directly to miRNAs 
such as miR-122 and miR-33a and thus modify their expres-
sion in HepG2 cells [25]. Next, it was crucial to perform 
expression profiling of miR-548m in HCV infection. Intrigu-
ingly, miR-548m was only found to be expressed in liver 
biopsies of HCV patients compared to healthy controls. 
This stands as a novel finding where microRNA dynam-
ics is altered upon viral infection, similar to that previously 
reported expression of miR-615-5p in HCC [26].

Consequently, it was pivotal to explore the impact of 
miR-548m on CD81 in naïve or ED43/JFH-1 or JFH-1 
Huh7 HCVcc infected cell models. miR-548m signifi-
cantly reduced CD81 mRNA and protein levels in naïve 
and HCVcc Huh7 cell models. Likewise, transfection with 
CD81 siRNAs caused a significant decline in CD81 mRNA 
and protein levels. However, miR-548m antagomirs caused 

Fig. 5  Impact of miR-548m on HCV viral entry in HCVcc HuH7 cell 
models. miR-548m mimics and antagomirs were transfected in ED43/
JFH-1 as well as JFH-1 cells, after which viral RNA was quantified. 
Forcing the expression of miR-548m reduced the viral load in ED43/
JFH-1 (p = 0.0498) infected Huh7 cells, as well as in JFH-1 (p = 
0.0286) infected cells compared to untransfected mock cells (* indi-
cates that it is statistically significant with a p value ≤ 0.05)

Fig. 6  Luciferase reporter assay for binding confirmation of miR-
548m to CD81 mRNA 3’UTR. Huh7 cells were transfected with each 
of the pmirGLO vectors along with miR-548m mimics or anatgo-
moirs. (a) Upon co-transfecting Huh7 cells with miR-548m mimics 
and pmirGLO harboring wild type of binding site 1 of miR-548m on 
CD81 mRNA 3’UTR, the firefly luciferase activity had reduced com-
pared to those untransfected cells (p = 0.0020). However, this reduc-
tion was not observed in cells transfected with empty (p = 0.8186) 

or mutant type (p = 0.9285) pmirGLO vector along with miR-548m 
mimics. (b) Likewise, firefly luciferase activity was reduced in Huh7 
transfected with miR-548m mimics along with wild type of binding 
site 2 of CD81 mRNA 3’UTR (p = 0.0058). However, this reduc-
tion was not present in those cells transfected with miR-548m mimics 
along with either empty pmirGlo (p = 0.8186) or mutant of binding 
site 2 (p = 0.3334) of CD81 mRNA 3’UTR(* indicates that it is sta-
tistically significant with a p value ≤ 0.05)
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no significant difference compared to control untransfected 
cells.

In order to elucidate the role of miR-548m in HCV entry, 
transfection with miR-548m mimics and antagomirs was 
done in ED43/JFH-1 and JFH-1 Huh7 cells. Upon transfec-
tion with miR-548m mimics, the number of HCV copies 
was reduced in ED43/JFH-1 as well as JFH-1 Huh7 cells. 
These results suggest that miR-548m has a robust impact on 
HCV entry possibly through the tetraspanin CD81 molecule. 
Several studies by our group have documented that miRNAs 
affect HCV permissiveness of Huh7 cells via manipulating 
CD81 and junction proteins such as claudin and occludin 
[15, 27, 28].

It was quite fundamental to investigate if the effect of 
miR-548m is through direct binding to CD81 mRNA 3’UTR 
at the two suggested binding sites. Therefore, firefly lucif-
erase assay was performed using wild and mutant harboring 
pmirGlo vectors of each of the binding sites. There was a 
significant decrease in luciferase activity upon co-transfec-
tion of wild type pmirGlo vector of either binding site 1 or 
2 along with miR-548 mimics. However, this reduction was 
not observed with the co-transfection with empty pmirGlo 
or any of the mutant types. This verifies that the impact of 
miR-548m is due to direct binding to CD81 mRNA at the 2 
binding sites. Our results confirm previous work stating that 
miRNAs affect CD81 expression in various diseases, where 
miR-483-3p, a BALF exosomal miRNA, was reported to 
facilitate an anti-inflammatory and antiviral effect through 
targeting CD81 [29]. Additionally, in H.pylori infection, 
miR-155 elevated CD81 expression by stimulating an 
inflammatory response [30].

In conclusion, this study obtained a clear finding that 
EGCG possess an anti-HCV effect via targeting CD81 and 
enhancing miR-548m expression. Moreover, this study is the 
first to report that miR-548m holds an anti-HCV role where 
it plays a host defensive mechanism being only detectable 
in HCV patients.
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