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INTRODUCTION

Hepatitis C virus (HCV), a hepatotropic RNA virus of the ge-
nus Hepacivirus in the Flaviviridae family, is a serious global 
health problem, with approximately 170−200 million individ-
uals infected worldwide.1 HCV infection has been reported to 

be able to trigger acute and chronic hepatitis, liver cirrhosis, 
and even hepatocellular carcinoma.2 Despite enormous ad-
vances in diagnosis and therapy, there are still many obstacles 
to the clinical application of antivirals.3,4 Therefore, understand-
ing the molecular pathogenesis and identifying effective mo-
lecular targets for HCV treatment are of great significance.

microRNAs (miRNAs), a class of endogenous short RNAs 
consisting of 18−25 nucleotides without protein-coding capaci-
ty, downregulate gene expression through translation inhibi-
tion or mRNA degradation by binding to the 3’-untranslated 
region (3’UTR) of target mRNA.5 Increasing evidence suggests 
that miRNAs play essential roles in a variety of physiological 
and pathological processes, ranging from metabolic disorders 
to viral infections.6 Recently, miRNAs have been shown to be 
associated with HCV infection and host-cell fate:7 For exam-
ple, miR-122 facilitated HCV replication by binding to the 5’ 
non-coding region of the viral genome.8 A previous study dem-
onstrated that expressions of miR-149 and miR-638 were ad-
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Materials and Methods: The expression levels of miR-215 and TRIM22 were detected by quantitative real-time PCR (qRT-PCR) 
and western blot analysis in Con1b subgenomic genotype 1b HCV replicon cells (Con1b cells) and JFH1 full genome infecting 
Huh7.5.1 cells (Huh7.5.1 cells). HCV RNA levels were measured by qRT-PCR. The protein levels of NS3, NS5A, p65 subunit of NF-
κB (p65), and phosphorylated p65 (p-p65) were determined by western blot analysis. The relationship between miR-215 and 
TRIM22 were explored by target prediction and luciferase reporter analysis.
Results: miR-215 overexpression enhanced HCV replication in Con1b cells, while miR-215 knockdown suppressed HCV replica-
tion in Huh7.5.1 cells. TRIM22 was confirmed to be a direct target of miR-215. TRIM22 upregulation resulted in a decline in HCV 
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versed the facilitating effect of miR-215 on HCV replication, while TRIM22 downregulation counteracted the inhibitory effect of 
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vantageous for HCV propagation, while miR-24 repressed 
HCV replication.9 Additionally, miR-130a inhibited HCV repli-
cation in both HCV replicon and J6-/JFH1-infected cells by re-
storing host innate immune responses.10 miR-215, identified 
at chromosome 1q41, has been proven as a tumor suppressor 
in epithelial ovarian cancer,11 breast cancer,12 and colorectal 
cancer13 and as an oncogene in gastric cancer14 and high-
grade glioma.15 Moreover, Ishida, et al.16 demonstrated that 
miR-215 is upregulated in HCV-infected Huh7 cells using miR-
NA array analysis and found that miR-215 could increase HCV 
replication. However, the functions and mechanisms of miR-
215 in HCV replication require further investigation.

The tripartite motif (TRIM) protein family is defined by a 
highly conserved RBCC signature domain, containing a RING 
finger domain, one or two B-Box domains, and a coiled-coil 
domain.17 TRIM proteins are implicated in several diseases 
wherein they have been shown to modulate intracellular events, 
such as signal transduction, protein quality control, transcrip-
tion, cell cycle, apoptosis, and development.18 In addition, sev-
eral TRIM proteins have been found to exhibit anti-viral activity, 
and may be involved in innate immunity response.19 TRIM22 
was previously identified as a natural antiviral effector of human 
immunodeficiency virus (HIV) and hepatitis B virus (HBV).20,21 
Moreover, Yang and his colleagues22 uncovered that TRIM22 
upregulation suppressed HCV replication possibly by ubiqui-
tination of NS5A. Nevertheless, the molecular mechanisms 
thereof are still unknown.

In the present study, we aimed to explore the functional roles 
of miR-215 in HCV replication and its underlying molecular 
mechanisms. Our study demonstrated that miR-215 promotes 
HCV replication by targeting TRIM22, providing a potential 
therapeutic target for HCV infection.

MATERIALS AND METHODS

Cell culture
Con1b subgenomic genotype 1b HCV replicon cell line (Con1b) 
containing the full-length HCV genotype 1b replicon was ob-
tained from Dr. Ian McGilvray (University of Toronto, Canada). 
The JFH1 full genome infecting Huh7.5.1 cells were generated 
as previously described.23 Con1b and Huh7.5.1 cells were cul-
tured in DMEM (Gibco, Grand Island, NY, USA) containing 
10% fetal bovine serum, penicillin (100 U/mL), and streptomy-
cin (100 μg/mL) at 37°C in a humidified incubator with 5% CO2.

Cell transfection
To upregulate or suppress miR-215 expression, miR-215 mim-
ics (miR-215) or miR-215 inhibitor (anti-miR-215) was respec-
tively transfected into Con1b and Huh7.5.1 cells, with scram-
bled miRNAs (miR-con or anti-miR-con) as a corresponding 
control. To overexpress TRIM22, pcDNA3.1-TRIM22 (TRIM22) 
was introduced into Con1b and Huh7.5.1 cells, with pcDNA3.1 

empty vector (Vector) as a control. To downregulate TRIM22 
expression, siRNA specific targeting TRIM22 (si-TRIM22) was 
transfected into Con1b and Huh7.5.1 cells, with non-specific 
scrambled siRNA (si-con) as a control. All plasmids and oligo-
nucleotides (Genechem, Inc., Shanghai, China) were trans-
fected into cells at the indicated concentrations using Lipo-
fectamine 2000 (Invitrogen, Carlsbad, CA, USA) according to 
the manufacturer’s protocol.

Quantitative real-time PCR
Total RNA was isolated from Con1b and Huh7.5.1 cells using 
TRIzol Reagent (Invitrogen). The cDNAs for mRNA and miR-
215 were synthesized using random primers (Life Technolo-
gies Inc., Rockville, MD, USA) and miRNA-specific stemloop 
primers (Applied Biosystems, Foster City, CA, USA), respective-
ly. Quantitative real-time PCR (qRT-PCR) reactions for mRNA 
and miR-215 were performed on the Applied Biosystems 7900 
Sequence Detection system (Applied Biosystems) using the 
SYBR Premix Ex TaqTM kit (TaKaRa, Dalian, China) and Taq-
Man MicroRNA Assays (Applied Biosystems), respectively. 
GAPDH and U6 were used as endogenous references to nor-
malize mRNA and miR-215 expression.

Western blot
Equivalent proteins were separated on a 10% SDS-PAGE and 
then transferred to nitrocellulose membranes. After incubation 
with primary and second antibodies, the protein bands were 
visualized using the ECL detection system (Pierce, Rockford, IL, 
USA). The primary antibodies were as follows: anti-TRIM22 
(HPA003575; Sigma Prestige, St Louis, MO, USA), anti-GAP-
DH (Clone 6C5; Abcam, Cambridge, MA, USA), antibody 
against p65 subunit of NF-κB (p65) (SC 372; Santa Cruz Bio-
technology, Santa Cruz, CA, USA), and antibody against phos-
phorylated p65 subunit of NF-κB (p-p65) (#5733; Cell Signaling, 
Beverly, MA, USA).

Luciferase reporter assay
TRIM22-3’UTR containing the predicted miR-215 binding 
sites were amplified and cloned into a pGL3 reporter plasmid. 
Con1b cells were cotransfected with the wild type (WT) or mu-
tant (MUT) TRIM22-3’UTR reporter vector (WT-TRIM22 or 
MUT-TRIM22) and miR-215 or miR-con. Huh7.5.1 cells were 
cotransfected with the WT-TRIM22 or MUT-TRIM22 and anti-
miR-215 or anti-miR-con. At 48 h post transfection, luciferase 
activities were detected using the Dual-Luciferase Reporter 
Assay System (Promega, Madison, WI, USA) according to the 
manufacturer’s instructions.

Statistical analysis
All data were derived from at least three independent experi-
ments, and are presented as mean±SD. Student’s t test or one-
way analysis of variance was used to determine the statistical 
significance of differences using SPSS software, version 19.0 
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(IBM Corp., Armonk, NY, USA). A p value <0.05 was consid-
ered significant.

RESULTS

miR-215 overexpression promotes HCV replication
To explore the effect of miR-215 on HCV replication, gain- and 
loss-of-function assays were performed in Con1b and Huh7.5.1 
cells. The expression levels of miR-215 were increased in 
Con1b cells transfected with miR-215 mimics, compared with 
miR-con (Fig. 1A), while Huh7.5.1 cells introduced with anti-
miR-215 showed lower miR-215 expression than that of anti-
miR-con group (Fig. 1B). miR-215 overexpression led to a sig-
nificant increase in HCV RNA replication, compared with 
miR-con in Con1b cells (Fig. 1C); however, miR-215 inhibition 
reduced HCV RNA replication, compared with anti-miR-con 
in Huh7.5.1 cells (Fig. 1D). To further assess the influence of 
miR-215 on HCV protein, western blot was performed to de-
tect the expression levels of HCV specific proteins NS3 and 
NS5A. As expected, overexpression of miR-215 elevated the 
protein levels of NS3 and NS5A in Con1b cells (Fig. 1E). On 
the contrary, suppression of miR-215 resulted in a decrease in 
NS3 and NS5A expression in Huh7.5.1 cells (Fig. 1F). All these 
data suggested that miR-215 plays a vital role in facilitating 
HCV replication in Con1b and Huh7.5.1 cells.
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Fig. 1. miR-215 promotes HCV replication in Con1b and Huh7.5.1 cells. Con1b cells transfected with miR-con or miR-215 and Huh7.5.1 cells introduced 
with anti-miR-con or anti-miR-215 were incubated for 48 h. (A and B) qRT-PCR analysis was performed to detect miR-215 expression. (C and D) The 
levels of HCV RNA were measured by qRT-PCR. (E and F) The expression levels of HCV NS5A and NS3 proteins were determined by western blot 
analysis.*p<0.05. HCV, hepatitis C virus; qRT-PCR, quantitative real-time PCR. 

Table 1. Predicted Target Genes of miR-215

Target gene Gene name
VGLL3 Vestigial like 3 
CORT Cortistatin
SIVA1 SIVA1, apoptosis-inducing factor
RNF103 Ring finger protein 103
COX7B2 Cytochrome c oxidase subunit VIIb2
WBP2NL WBP2 N-terminal like
ZNF684 Zinc finger protein 684
TMPRSS5 Transmembrane protease, serine 5
CUL2 Cullin 2
APITD1-CORT APITD1-CORT readthrough
STX8 Syntaxin 8
SIRT4 Sirtuin 4
TRIM22 Tripartite motif 22

TRIM22 is a direct target of miR-215
It is well known that miRNAs exert their functional roles by 
suppressing their target genes. Therefore, the miRNA target 
prediction tool Targetscan was used to search for the potential 
targets of miR-215. The predicted targets of miR-215 are 
shown in Table 1. Among these genes, TRIM22 was found to 
be natural antiviral effectors of HIV-1 and HBV.20,21 It was also 
reported that TRIM22 played an important role in controlling 
HCV replication.22 Thus, TRIM22 was further explored. The 
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binding sequences of miR-215 in 3’UTR of TRIM22 are dis-
played in Fig. 2A. To confirm whether TRIM22 was a functional 
target of miR-215, dual luciferase reporter assay was conduct-
ed in Con1b and Huh7.5.1 cells. As expected, miR-215 overex-
pression significantly restrained the luciferase activity of the 
wild type reporter (WT-TRIM22) in Con1b cells (Fig. 2B), while 
the luciferase activity of WT-TRIM22 was enhanced by anti-
miR-215 in Huh7.5.1 cells (Fig. 2C). However, no change was 
observed in the luciferase activity of the mutant reporter (MUT-
TRIM22) following the alteration of miR-215 expression in 
both Con1b and Huh7.5.1 cells. Then, the effects of miR-215 on 
TRIM22 expression were further investigated in Con1b and 
Huh7.5.1 cells. Enforced expression of miR-215 decreased 
TRIM22 mRNA and protein levels in Con1b cells (Fig. 2D and F). 
Inversely, downregulation of miR-215 led to a significant in-
crease in TRIM22 mRNA and protein expressions in Huh7.5.1 
cells (Fig. 2E and G). Altogether, TRIM22 was confirmed as a 
direct target of miR-215 in Con1b and Huh7.5.1 cells.

TRIM22 upregulation inhibited HCV replication
To demonstrate the functional roles of TRIM22 in HCV repli-
cation, Con1b cells were transfected with TRIM22-overex-
pressing plasmid (pcDNA-TRIM22), and Huh7.5.1 cells were 
transfected with siRNA against TRIM22 (si-TRIM22). TRIM22 
overexpression and knockdown was successfully established 
in Con1b and Huh7.5.1 cells, presented as enhancement of 
TRIM expression in pcDNA-TRIM22-transfected Con1b cells 
(Fig. 3A and B) and reduction of TRIM levels in si-TRIM22-in-
troduced Huh7.5.1 cells (Fig. 3E and F). qRT-PCR analysis re-
vealed that HCV RNA levels were lowered by TRIM22 overex-
pression in Con1b cells (Fig. 3C) and were elevated by TRIM22 
knockdown in Huh7.5.1 cells (Fig. 3G). Moreover, exogenous 
expression of TRIM22 resulted in a significant decrease in NS3 
and NS5A protein levels in Con1b cells (Fig. 3D), while TRIM22 
downregulation remarkably increased NS3 and NS5A protein 
levels in Huh7.5.1 cells (Fig. 3H). Taken together, these results 
indicated that TRIM22 could suppress HCV replication in 
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*

Con1b and Huh7.5.1 cells.

miR-215 enhances HCV replication by targeting TRIM22
To further investigate whether the facilitating effect of miR-
215 on HCV replication is mediated by TRIM22, Con1b cells 
were transfected with miR-215 alone or cotransfected with 
TRIM22; meanwhile, Huh7.5.1 cells were transfected with an-
ti-miR-215 alone or cotransfected with si-TRIM22. Then, qRT-
PCR analysis and western blot were performed to detect HCV 
RNA levels and NS3 and NS5A protein expressions in Con1b 
and Huh7.5.1 cells. As expected, TRIM22 overexpression re-
versed the promoting effect of miR-215 on HCV RNA levels 
and NS3 and NS5A protein expressions in Con1b cells (Fig. 4A 
and C). Additionally, anti-miR-215-induced decreases in HCV 
RNA levels and NS3 and NS5A protein expression were recov-
ered following TRIM22 knockdown in Huh7.5.1 cells (Fig. 4B 
and D). Collectively, miR-215 was deemed to induce HCV rep-
lication by inhibiting TRIM22 expression.

miR-215 promotes HCV replication through 
inactivation of NF-κB signaling
A previous study indicated that TRIM22 is a novel NF-κB acti-
vator.24 Therefore, we further explored whether miR-215 and 
TRIM22 exerted their functional roles in HCV replication 
through regulating NF-κB signaling. miR-215 overexpression 
inhibited the activity of NF-κB p65 subunit (p-p65/p65), which 
could be reversed by TRIM22 upregulation in Con1b cells (Fig. 
5A). TRIM22 knockdown eliminated the facilitating effect of 

anti-miR-215 on the activity of p65 (p-p65/p65) in Huh7.5.1 
cells (Fig. 5D). To further confirm the role of NF-κB signaling 
in miR-215/TRIM22-mediated HCV regulation, the NF-κB ag-
onist TNF-α and its antagonist pyrrolidinedithiocarbamate 
(PDTC) were used to treat Con1b and Huh7.5.1 cells, respec-
tively. As we might expect, activation of NF-κB signaling path-
way by TNF-α suppressed HCV RNA and NS3 and NS5A pro-
tein expressions in Con1b cells (Fig. 5B and C); however, the 
levels of HCV RNA and NS3 and NS5A proteins were obvious-
ly increased by PDTC-mediated inactivation of NF-κB signal-
ing in Huh7.5.1 cells (Fig. 5E and F). All these data demonstrat-
ed that miR-215 facilitates HCV replication by inactivation of 
NF-κB signaling via TRIM22.

DISCUSSION

Increasing evidence has highlighted the importance of cellu-
lar miRNAs in regulating HCV pathogenesis due to their ver-
satility.25 However, the mechanisms by which miRNAs modu-
late HCV replication are still far from being elucidated. 
miRNAs have been discovered to exert their functions by mod-
ulating cellular factors related to viral replication or host innate 
immune responses.26,27 In the present study, we demonstrated 
that miR-215 promotes HCV replication by targeting TRIM22 
and suppressing the NF-κB signaling pathway.

Previous studies have shown that miR-215 functions as an 
oncogene or tumor suppressor depending on different targets. 
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For example, miR-215 could promote glioma cell proliferation, 
clone formation, and migration, as well as inhibit apoptosis, 
by targeting PCDH9.28 In contrast, miR-215 has also been found 
to inhibit NSCLC cell proliferation, invasion, and migration 
and to promote apoptosis by suppressing ZEB2.29 Recently, 
miR-215 was found to be upregulated in serum of patients with 
chronic Hepatitis C and HCV-associated hepatocellular carci-
noma.30,31 Moreover, a previous study disclosed that miR-215 
could promote HCV replication,16 although little is known re-
garding its mechanism in facilitating HCV replication. Consis-
tent with these studies, we also found that miR-215 overexpres-
sion enhances HCV replication in Con1b and Huh7.5.1 cells, 
as evidenced by elevated HCV RNA, as well as increased NS3 
and NS5A protein levels.

Subsequently, we further explored the possible molecular 
basis of miR-215 in inducing HCV replication. Bioinformatic 
analysis and luciferase reporter experiments revealed that 
TRIM22 is a direct of miR-215. TRIM22 was firstly identified as 
an IFN-inducible protein that restricts HIV-1 transcription.32 
Also, the antiviral effects of TRIM22 have been delineated in 
HIV-1,33 HBV,21 and influenza A virus.34 In line with the report by 
Yang, et al,22  the present study demonstrated that enforced ex-
pression of TRIM22 represses HCV replication in Con1b and 
Huh7.5.1 cells, embodied by decreased HCV RNA, as well as 

lower NS3 and NS5A protein levels. Moreover, miR-215-elicit-
ed HCV replication was undermined by the upregulation of 
TRIM22 in Con1b and Huh7.5.1 cells, indicating that miR-215 
promotes HCV replication by inhibiting TRIM22 expression. 
Our study is the first to validate the targeted relationship be-
tween miR-215 and TRIM22 in HCV infection.

NF-κB signaling pathway was initially identified as a host fac-
tor supporting HCV subgenomic replicon replication in Huh7 
and Huh7.5 cells.35,36 Moreover, a previous report documented 
that NF-κB inactivation leads to enhanced HCV replication and 
increased expression of core proteins.37 However, whether miR-
215 and TRIM22 modulate HCV replication through NF-κB sig-
naling pathway is unclear. TRIM22 was previously highlighted 
as a positive regulator of NF-κB-mediated transcription.24 In 
this study, we found that miR-215 overexpression blocked NF-κB 
signaling, while this effect was abrogated following TRIM22 
upregulation. Moreover, TNF-α-induced NF-κB stimulation 
suppressed HCV replication. Therefore, we speculate that miR-
215 may exert its function in HCV replication by inactivating 
NF-κB signaling via inhibition of TRIM22.

In conclusion, miR-215 was found to facilitate HCV replica-
tion in Con1b and Huh7.5.1 cells. Moreover, the promotive ef-
fect of miR-215 in HCV replication was shown to be mediated 
by TRIM22/NF-κB pathway. Our study outlines a novel miR-
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Fig. 4. miR-215 promotes HCV replication by targeting TRIM22. (A and B) Con1b cells were transfected with either miR-215 alone or in combination 
with TRIM22, after which the levels of HCV RNA and NS5A and NS3 proteins were assessed. (C and D) Huh7.5.1 cells were transfected with anti-
miR-215 or cotransfected with anti-miR-215 and si-TRIM22, and then the levels of HCV RNA and NS5A and NS3 proteins were measured. *p<0.05. 
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215-TRIM22-NF-κB pathway regulating HCV replication, and 
may provide a theoretical basis from which to develop target-
ed therapies against HCV.
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