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Abstract: Human Papillomavirus (HPV) 16 infection has led to clinical disorders and is considered one of the im-
portant causes of human cervical cancer. Recently, microRNAs (miRNAs) have been proven to play an important 
role in many viral infections through regulating the Type I IFN immune response. However, reports concerning the 
role of miRNAs in HPV 16 infection are unclear. The aim of this study was to identify and evaluate the potential 
functions of miRNAs in HPV 16 replication and reveal the detailed mechanism for regulating IFN immune response. 
Using microarray and qRT-PCR assays, microRNA-221 (miR-221) was found to be significantly up-regulated in the 
serum samples from patients with HPV 16 infection, as well as in HPV 16-positive cervical cancer cells. miR-221 
overexpression inhibited, while miR-221 knockdown facilitated HPV 16 E1-E2 mediated DNA replication in vitro. 
Moreover, overexpression of miR-221 was associated with upregulation of IFN-α and IFN-β at mRNA and protein 
levels in infected cells. Conversely, IFN-α and IFN-β mRNA or protein expression was significantly downregulated dur-
ing inhibition of miR-221. Subsequently, we demonstrated that upregulation of miR-221 promoted the expression 
of representative interferon stimulated genes (ISGs) such as myxovirus protein A (MxA), 2’,5’-oligoadenylate syn-
thetases (OAS) and murine IFN-stimulated gene 15 (ISG15). In contrast, miR-221 inhibition significantly decreased 
ISGs expression. Furthermore, we found that suppressor of cytokine signaling 1 (SOCS1), a suppressor of interferon 
signaling pathway, was a direct target of miR-221 and overexpression of SOCS1 reversed the effects of miR-221 
on the IFN-I response and HPV 16 E1-E2 mediated DNA replication. Collectively, the findings provide new evidence 
that miR-221 could inhibit HPV 16 E1-E2 mediated DNA replication through the SOCS1/Type I IFN signaling pathway 
suggesting it may be a novel anti-HPV therapeutic target.
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Introduction

Human cervical cancer (CC) is a malignant neo-
plasm and the 4th most common cancer in 
women, which results in an estimated 500,000 
cases every year [1, 2]. Many studies reveal 
that human papillomavirus (HPV) infection is 
the most common cause of cervical cancer [3]. 
Consequently, reduction of HPV infection could 
be benefit for treatment of cervical cancer.

MicroRNAs (miRNAs) are a conserved group of 
small noncoding RNAs comprising of 18-22 
nucleotides, that regulate gene expression at 
post-transcription level [4-6]. Recently, miRNAs 
have been implicated in response to virus infec-
tion. For example, dengue virus (DENV) induced 

miR-146a has been shown to intensify viral rep-
lication partially through impairment of IFN-β by 
targeting TNFR-associated factor 6 (TRAF6) [7]. 
Another study showed that miR-130a has been 
shown to increase virus replication of HCV 
through downregulating IFN-induced transme- 
mbrane protein 1 (IFITM1) protein levels [8, 9]. 
As with HPV 16, differential expression of cel-
lular microRNAs in HPV 16 transfected cells 
was observed including miR-125a-5p, miR-
129-3p, miR-363, and others [10]. However, 
the functions of those differently expressed 
miRNAs during HPV 16 infection are still not 
completely understood. Therefore, identifica-
tion of more miRNAs and elucidation of their 
functional mechanisms may provide better con-
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trol strategies for the treatment of HPV 16 
infection.

In the present study, the differentially expressed 
miRNAs in serums of patients with HPV 16 
infection were tested by using microarray tech-
nology, and then the biological functions of the 
aimed miRNAs on HPV 16 E1-E2 mediated DNA 
replication and Type I IFN response were exam-
ined, which will provide potential mechanisms 
and new targets for the treatment of HPV 16 
infection.

Materials and methods

Samples

In total, 32 serum samples were collected from 
January 2015 to January 2016 in Department 
of Sexually Transmitted Disease Institute, 
Shanghai Skin Disease Hospital, including 16 
from HPV 16 infected patients and 16 healthy 
persons. All patients were diagnosed by patho-
logical tests and imaging examinations. Human 
papillomavirus (HPV) infection was detected by 
highly sensitive polymerase chain reaction 
(PCR) techniques. This study has been approved 
by the ethics committee of Shanghai Skin 
Disease Hospital. 

Microarray

Total RNA was isolated from 3 paired serum 
samples by miRNeasy isolation kit (Qiagen, 
Milan, Italy) and Cy3- or Cy5-labeled cDNAs 
were hybridized on the miRCURYTM LNA Array 
(v.16.0) according to the manufacturer’s in- 
struction. After washing, the slides were sca- 
nned using an Axon GenePix 4000 B microar-
ray scanner (Axon Instruments, Foster City, CA, 
USA). Scanned images were then imported into 
the GenePix Pro6.0 program (Axon Instruments) 
for grid alignment and data extraction. Re- 
plicated miRNAs were averaged, and miRNAs 
with intensities ≥ 50 in all samples were used 
to calculate a normalization factor. Expressed 
data were normalized by median normalization. 
After normalization, the miRNAs that were sig-
nificantly differentially expressed were identi-
fied by Volcano plot filtering. Finally, the expres-
sion data were subjected to hierarchical clus-
tering and subsequently depicted in a heat map 
format using GeneSpring GX, version 7.3 (Agi- 
lent Technologies, California, United Stages). 
The most differentially expressed miRNAs were 

confirmed by quantitative reverse transcription 
polymerase chain reaction (qRT-PCR).

qRT-PCR 

miRNA was extracted using a miRNeasy mini kit 
(Qiagen, USA) and total RNA was extracted with 
the TRIzol reagent (Invitrogen, USA) according 
to the manufacturer’s protocol. For miRNA 
reverse transcription, cDNA was synthesized 
using a universal tag by using a miScript II RT 
kit (Qiagen, USA). For mRNA reverse transcrip-
tion, cDNA was synthesized using the Pri- 
meScriptTM First Strand cDNA Synthesis (Takara 
Bio, China). Real-time PCR for miRNA and mRNA 
were performed using a standard protocol from 
the SYBR Green PCR kit (Toyobo, Osaka, Japan) 
on an ABI 7900HT Fast Real-Time PCR System 
(Life Technologies, USA). Relative quantifica-
tion was determined by normalization to U6 or 
GAPDH. The primers for qRT-PCR analysis were 
as follows: miR-221 forward: 5’-GTTGGTGGGA- 
GCTACATTGTCTGC-3’; miR-221 reverse: 5’-GT- 
GTCGTGGACTCGGCAATTC-3’; U6 forward: 5’-T- 
GCGGGTGCTCGCTTCGCAGC-3’; U6 reverse: 5’- 
CCAGTGCAGGGTCCGAGGT-3’; IFN-α forward: 5’- 
GCCTGAAGGACAGACATGACTTT-3’, IFN-α rever- 
se: 5’-GGATGGTTTGAGCCTTTTGG-3’; IFN-β for-
ward: 5’-AAACTCATGAGCAGTCTGCA-3’, IFN-β re- 
verse: 5’-AGGAGATCTTCAGTTTCGGAGG-3’; OAS 
forward: 5’-AGGTGGTAAAGGGTGGCT-3’, OAS re- 
verse: 5’-TGCTTGACTAGGCGGATG-3’ MxA for-
ward: 5’-GGGAAGGTGAAGGTCGGAGT-3’, MxA 
reverse: 5’-TTGAGGTCAATGAAGGGGTCA-3’; mu- 
rine IFN-stimulated gene 15 (ISG15) forward: 
5’-GGTGTCCGTGACTAACTCCAT-3’, ISG15 rever- 
se: 5’-TGGAAAGGGTAAGACCGTCCT-3’; SOCS1 
forward: 5’-CTGGGATGCCGTGTTATTT-3’, SOCS1 
reverse: 5’-TAGGAGGTGCGAGTTCAGGT-3’; GAP- 
DH forward: 5’-AGGTCGGTGTGAACGGATTTG-3’, 
GAPDH reverse: 5’-TGTAGACCATGTAGTTGAGGT- 
CA-3’. The PCR amplification protocol was as 
follows: an initial 95°C for 5 min and 40 cycles 
of 94°C for 15 s, 55°C for 30 s, and 70°C for 
30 s. The qRT-PCR assays were performed in 
triplicate and the change in expression level 
was calculated using the 2-ΔΔCt method.

Cell culture and plasmids

Human cervical squamous cell carcinoma cell 
lines SiHa (1-2 copies of HPV16 per cell), HeLa 
(HPV18 positive), and C33A [11] (HPV negative) 
were included. At the same time, 293 cell line 
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was used as a control group. All cell lines were 
purchased from the American Type Culture 
Collection (ATCC, Manassas, VA) and cultured 
in Dulbecco Modified Eagle Medium (DMEM) 
(Invitrogen, Carlsbad, CA) containing 5% or 10% 
fetal bovine serum (Gibco, Grand Island, NY, 
USA) at 37°C in a humidified atmosphere of 
95% air and 5% CO2. Plasmids used in this 
study such as HPV16-E2, hemagglutinin-E1 
(HAE1), pOri plasmid are already described [12, 
13].

Transfection

The miR-221 mimics, mimic negative control 
(mimics NC), miR-221 inhibitor, and inhibitor NC 
were bought from GenePharm (Shanghai, 
China). The coding domain sequences of SO- 
CS1 mRNA were amplified by PCR, and inserted 
into pcDNA 3.0 vector to enhance its expres-
sion (Invitrogen, Grand Island, NY, USA), named 
as pcDNA-SOCS1. Transfections of the miRNAs 
were performed using Lipofectamine 2000 
(Invitrogen), according to the manufacturer’s 
instructions. 

DNA replication assay

SiHa cells (5 × 105 cells) were plated into 100 
mm2 tissue culture dishes for 24 h, and cells 
were then transfected using the calcium phos-
phate method using indicated plasmids. The 
cells were washed the following day with PBS 
and replenished with fresh media and allowed 
to grow for 48 h. The cells were then harvested 
using HIRT solution (0.6% SDS, 10 mM EDTA) 
and low molecular weight DNA extracted and 
processed for quantitative PCR as previously 
reported [12, 14].

ELISA assay

IFN-β and IFN-α in supernatant were measured 
by ELISA kit (both from PBL Biomedical La- 
boratories, Piscataway, NJ, USA) according to 
manufacture. SiHa cells were transfected with 
miR-221 inhibitor, inhibitor NC or miR-221 mim-
ics and mimics NC. At 24 h post-transfection, 
SiHa cells were transfected with E1/E2/pOri 
plasmids, and cell culture supernatants were 
collected 24 h after transfection to perform 
ELISA assay.

Target genes prediction of miR-221

The target genes of miR-221 were predicted by 
bioinformatics analysis. The analysis was per-

formed by TargetScan 5.1 (http://targetscan.
org/), miRanda (http://microRNA.org) and Pic- 
Tar5 (http://pictar.mdcberlin.de/). 

Luciferase reporter assay 

The 3’-UTR of SOCS1 and the fragment of 
SOCS1 3’-UTR mutant were individually insert-
ed into the pGL3 control vector (Promega 
Corporation, Madison, WI, USA) to construct wt 
SOCS1-3’-UTR vector and mutant SOCS1-3’-
UTR vector, respectively. For reporter assay, 
293 cells were co-transfected with wild-type 
(mutant) reporter plasmid and miR-221 mim-
ics, miR-221 inhibitor using Lipofectamine 
2000 (Invitrogen). 48 hours after transfection, 
the dual-luciferase reporter assay system 
(Promega, Shanghai, the People’s Republic of 
China) were used to measure the luciferase 
activity according to the manufacturer’s instruc-
tions (Promega, Madison, WI, USA). All experi-
ments were performed in triplicate.

Western blot

After 48 h transfection, total protein was 
extracted from cells using radio immunoprecipi-
tation assay (RIPA) lysis buffer (Beyotime 
Biotechnology, Shanghai, China). Cell lysates 
were centrifuged at 12,000 × g for 20 min at 
4°C, and the protein concentrations of super-
natant were determined using a BCA protein 
assay reagent kit (Beyotime). Then, the super-
natant lysates were run on 8% SDS-polyacry- 
lamide gels (40 μg/lane), and proteins were 
transferred to polyvinylidene difluoride (PVDF) 
membranes (GE Healthcare, Freiburg, DE) by 
electroblotting. Primary antibodies against 
SOCS1 (Cell Signaling Technology, 1:1,000 dilu-
tion) and β-actin (Santa Cruz Biotechnology, 
1:2000 dilution) were probed with proteins on 
the membrane at 4°C overnight. After incubat-
ing with secondary antibodies (1:10000, Cell 
Signaling Technology, Danvers, MA), Bands 
were detected by enhanced chemilumines-
cence (ECL) kit (GE Healthcare, Freiburg, DE). 
The intensity of the bands of interest was ana-
lyzed by ImageJ software (Rawak Software, Inc. 
Munich, Germany).

Statistical analysis

Statistical analysis was performed using the 
SPSS program (version 18.0; SPSS, Chicago, 
IL, USA). Data are presented as mean ± S.D. 
Student’s t-test or one-way ANOVA was used to 
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analyze the difference among/between sample 
groups. P ≤ 0.05 was considered significant.

Results

miR-221 expression was upregulated by HPV 
16 infection

To determine the potential involvement of miR-
NAs in HPV 16 infection, we performed miRNA 
microarray profiling to determine miRNA levels 
in serum from 3 HPV infected patients and 3 
healthy persons. Our data revealed that com-
pared with the control group, 23 miRNAs were 
upregulated and 34 miRNAs were downregu-
lated in the HPV group (Figure 1A). Among the 
differentially expressed miRNAs, miR-221 was 
one of the most upregulated miRNAs and many 
studies have shown that miR-221 has been 
found to be highly expressed in response to 
virus infection, such as hepatitis C virus (HCV) 
[15] and human immunodeficiency virus type 1 
(HIV-1) [16], and inhibited virus replication  
by promoting the Type I IFN response [17]. 
However, the function and mechanism of miR-

221 in HPV 16 infection have not been charac-
terized. Thus, we chose miR-221 for further 
analysis. Next, the expression levels of miR-
221 in 32 serum samples from 16 HPV infected 
patients and 16 healthy persons were validated 
by qRT-PCR. Consistent with the array data, the 
level of miR-221 expression in serums of HPV 
infected patients was significantly higher than 
those of healthy persons (Figure 1B). Moreover, 
the expression of miR-221 was higher in human 
cervical squamous cell carcinoma cell lines 
SiHa, HeLa and C33A compared with that in 
293 cells, especially in SiHa cells. Collectively, 
these results indicate that miR-221 is upregu-
lated after HPV 16 infection and it may be 
involved in the host-virus response of HPV 16 
infection.

The effects of miR-221 on HPV 16 E1-E2 medi-
ated DNA replication

To examine whether miR-221 can influence 
HPV 16 E1-E2 mediated DNA replication, we 
overexpressed or knocked down the expres-
sion of miR-221 in SiHa cells using miR-221 

Figure 1. miR-221 expression is upregulated by HPV infection. A. Heatmap of normalized expression levels of miR-
NAs in serum samples from HPV 16 infected patients (n = 3) and healthy persons (n = 3). Green indicates low 
expression levels; red indicates high expression levels. B. The expression of miR-221 was detected by qRT-PCR in 
serum samples from HPV 16 infected patients (n = 16) and healthy persons (n = 16). P  <  0.01 vs. Control group. 
C. The expression of miR-221 was detected by qRT-PCR in human cervical squamous cell carcinoma cell lines SiHa, 
HeLa and C33A and 293 cells used as control. Data represent the mean ± SD of three independent experiments. 
**P < 0.01 vs. 293.
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ISG expression

It has been reported that the antiviral effectors 
interferon stimulated genes (ISGs) induced by 
the JAK/STAT pathway play critical roles in the 
antiviral responses of type I IFN [19, 20]. Thus, 
we sought to determine whether the expression 
of ISGs was influenced by miR-221 expression. 
The results of qRT-PCR showed that overex-
pression of miR-221 promoted the expressions 
of ISGs like MxA, OAS1 and ISG15 (Figure 
4A-C). In contrast, miR-221 inhibition obviously 
reduced the expressions of these ISGs (Figure 
4D-F). These data suggest that miR-221 posi-
tively regulates the expressions of ISGs during 
HPV 16 infection.

SOCS1 was a direct target of miR-221

To illustrate the possible mechanism by which 
miR-221 functions in the regulation of HPV 16 
E1-E2 mediated DNA replication and Type I IFN 
immune response, the potential targets of miR-
221 were screened by TargetScan, miRanda 

Figure 2. The effects of miR-221 on HPV 16 E1-E2 mediated DNA replica-
tion. A, C. The efficiency of miR-221 mimics and inhibitor was confirmed 
through qRT-PCR assay. B, D. SiHa cells were transfected with miR-221 mim-
ics or inhibitor for 24 h, followed by treatment using the calcium phosphate 
protocol with E2, E1 and pOri (a plasmid containing the HPV16 origin of 
replication) plasmids. Then, real time PCR was applied to quantify the levels 
of HPV 16 E1-E2 mediated DNA replication. Data represent the mean ± SD 
of three independent experiments. *P < 0.05, **P < 0.01 vs. mimics NC or 
inhibitor NC; ##P < 0.01 vs. E1/E2/pOri.

mimics or inhibitor. As shown in Figure 2A, 2C, 
miR-221 mimics or inhibitor effectively overex-
pressed or inhibited the expression of miR-221. 
Subsequently, SiHa cells were transfected with 
miR-221 mimics or inhibitor for 24 h, followed 
treatment using the calcium phosphate proto-
col with E2, E1 and pOri (a plasmid containing 
the HPV16 origin of replication) plasmids [13, 
18]. Then, real time PCR was applied to quan-
tify the levels of viral DNA replication. As shown 
in Figure 2B, 2D, we found that miR-221 over-
expression inhibited HPV 16 E1-E2 mediated 
DNA replication, while miR-221 knockdown 
facilitated it in vitro. Together, these results 
indicate that upregulation of miR-221 inhibits 
HPV 16 E1-E2 mediated DNA replication in 
vitro.

miR-221 positively regulate HPV 16 induced 
IFN-I production 

A previous study revealed that miR-221 could 
positively regulate type I IFN in HCV infection 
[17]. It is probable that miR-221 may be involved 

in the HPV 16-triggered 
response in host cells. To fur-
ther determine whether HPV 
16-induced miR-221 upregu-
lation could affect HPV 16-trig-
gered immune response in 
host cells, we investigated the 
role of miR-221 in type I IFN 
production after HPV 16 infec-
tion. As shown in Figure 3A, 
miR-221 overexpression en- 
hanced IFN-α and IFN-β mRNA 
expression in E1/E2/pOri tr- 
ansfected SiHa cells. Simi- 
larly, the protein levels of 
IFN-α and IFN-β were signifi-
cantly increased in E1/E2/
pOri transfected cells that 
overexpressed miR-221 (Fi- 
gure 3B). Conversely, IFN-α 
and IFN-β mRNA or protein 
expression was significantly 
reduced during inhibition of 
miR-221 (Figure 3C, 3D). All 
data indicate that miR-221 
may positively regulate the 
production of type I IFN in HPV 
16 infection.

miR-221 positively regulates 
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and PicTar databases. According to bioinfor-
matic analysis, we focused on suppressor of 
cytokine signaling-1 (SOCS1), a suppressor of 
interferon signaling pathway. As shown in 
Figure 5A, the RNA sequence alignment show- 
ed that the 3’-UTR of SOCS1 mRNA contained a 
complementary site for the seed region of miR-
221. To validate whether SOCS1 is the target of 
miR-221, 3’UTR fragment of SOCS1 containing 
miR-221 binding sequence were subcloned 
downstream of a luciferase reporter vector. The 
reporters were co-transfected with either miR-
221 mimic/inhibitor or with negative control 
(NC) mimic/inhibitor into 293 cells, and lucifer-
ase activity was then measured. We observed 
that overexpression of miR-221 decreased rela-
tive luciferase activity in the presence of the 
wild-type 3’-UTR, whereas knockdown of miR-
221 increased the relative luciferase activity 
(Figure 5B). Similarly, we observed that the 
luciferase activity did not change significantly 

E1-E2 mediated DNA replication, we co-trans-
fected miR-221 mimics and pcDNA SOCS1 into 
SiHa cells, followed by treatment of E1/E2/pOri 
plasmids. As shown in Figure 6A, the protein 
level of SOCS1 was greatly decreased in E1/
E2/pOri transfected SiHa cells by transfection 
of miR-221 mimics, whereas co-transfection of 
pcDNA-SOCS1 significantly reversed this effect. 
Consistently, HPV 16 E1-E2 mediated DNA rep-
lication in E1/E2/pOri transfected SiHa cells 
was dramatically reduced by miR-221 overex-
pression. However, the antiviral effect was obvi-
ously impaired by transfection of pcDNA-SOCS1 
(Figure 6B). Moreover, the induction of IFN α 
and IFN β by miR-221 mimics at both mRNA 
level and protein levels was significantly 
reduced by transfection of pcDNA-SOCS1 
(Figure 6C, 6D). Our findings suggest that the 
antiviral function of miR-221 during HPV 16 
infection is mainly through targeting SOCS1 
and subsequently promoting type I IFN.

Figure 3. miR-221 positively regulates HPV 16 induced IFN-I production. 
SiHa cells were transfected with miR-221 mimics or inhibitor for 24 h, fol-
lowed by treatment using the calcium phosphate protocol with E2, E1 and 
pOri (a plasmid containing the HPV16 origin of replication) plasmids. A, C. 
Real-time PCR was performed to measure IFN-α and IFN β mRNA expres-
sion. B, D. The protein expression levels of IFN-α and IFN β weredetermined 
by ELISA. Data represent the mean ± SD of three independent experiments. 
**P < 0.01 vs. mimics NC or inhibitor NC.

when the targeted sequence 
of SOCS1 was mutated in the 
miR-221-binding site. To fur-
ther confirm that SOCS1 was 
negatively regulated by miR-
221, the levels of SOCS1 
mRNA and protein expres-
sions were analyzed by qRT-
PCR and western blot analy-
sis. We found that SOCS1 lev-
els were significantly downreg-
ulated after miR-221 mimics 
transfection, while transfec-
tion with miR-221 inhibitor 
enhanced SOCS1 expression 
at mRNA and protein levels 
(Figure 5C, 5D). Together, th- 
ese results showed that miR-
221 could regulate the expres-
sions of human SOCS1 by 
directly targeting the 3’-UTR of 
SOCS1 mRNA.

Overexpression of miR-221 
inhibited HPV 16 E1-E2 medi-
ated DNA replication by tar-
geting SOCS1

In order to further confirm 
whether SOCS1 mediates the 
inhibitory effect of miR-221 
overexpression on the HPV 16 
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Discussion

In the present study, we first found that the 
expression of miR-221 was significantly upreg-
ulated in HPV infected cell lines and serum in 
HPV infected patients. We have also demon-
strated, in vitro, that overexpression of miR-
221 inhibited HPV 16 E1-E2 mediated DNA rep-
lication through positively regulating IFN-I pro-
duction and ISGs expression. Further work 
revealed that miR-221 works mainly through 
targeting SOCS1 to promote IFN-I immune 
response, and thus inhibited HPV 16 E1-E2 
mediated DNA replication. On this basis, miR-
221 may serve as a potential therapeutic tar-
get for HPV 16 infected patients.

Increasing evidence has indicated that miRNAs 
are involved in the complicated regulation of 
host-pathogens interactions and emerge as 
important regulators of immune response [21-
23]. Recently, a large number of studies have 
investigated miRNA expression profiles in host 
cell or viruses and have reported it to play an 
important role in virus replication [24-26]. For 
example, miR-373 was found to be upregulated 
after HSV-1 infection and promote HSV-1 repli-
cation in Hela cell lines by suppressing IRF1 
[27]. He et al. showed that miR-182 inhibited 
HCMV replication by targeting FOXO3 in neural 
cells [28]. Moreover, Li et al. showed that miR-
9-5p suppresses Enterovirus 71 (EV71) replica-
tion through retinoic acid-induced gene 1 (RIG-

Figure 4. miR-221 positively regulates ISGs expression. SiHa cells were transfected with miR-221 mimics or inhibitor 
for 24 h, followed treatment using the calcium phosphate protocol with E2, E1 and pOri plasmids. Expression level 
of MxA (A, D), OAS (B, E) and ISG15 (C, F) were examined by qRT-PCR assay. Data represent the mean ± SD of three 
independent experiments. **P < 0.01 vs. mimics NC or inhibitor NC.
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I)-mediated innate immune response [29]. Liu 
et al. found that miR-26b could inhibit vesicular 
stomatitis virus (VSV) replication through posi-
tively regulating type-I IFN signaling [30]. In the 
current study, we found that the expression of 
miR-221 was significantly increased in serum 
of HPV 16 infected patients and HPV 16 infect-
ed cell lines. miR-221 has also been confirmed 
to play fundamental roles in the replication of 
HCV [31], HIV [32] and avian leukosis virus sub-
group J (ALV-J) [33]. However, little previous 
research attention has been paid to the func-
tions of miR-221 in HPV 16 infection. Our fur-
ther studies showed that overexpression of 
miR-221 led to decreased HPV 16 E1-E2 medi-
ated DNA replication and increased IFN-α and 
IFN-β expressions, as well as increased ISGs 
expression. However, knockdown of miR-221 

has an opposite result. All data suggest that 
that overexpression of miR-221 may affect HPV 
16 E1-E2 mediated DNA replication through 
promoting a type I IFN response.

How did miR-221 inhibit HPV 16 E1-E2 mediat-
ed DNA replication? Based on the database 
and double-luciferase reporter assay, the 
results showed that miR-221 can directly target 
SOCS1, which is a negative regulator of type I 
IFN signaling pathway [34]. Thus, miR-221 may 
rely on adjusting SOCS1/IFN I signaling path-
way to influence the HPV 16 E1-E2 mediated 
DNA replication. SOCS1 belongs to members of 
the SOCS family, and acts as a suppressor of 
type I IFN function against several phylogeneti-
cally distinct viruses infections, such as herpes 
simplex virus, influenza A virus and hepatitis C 

Figure 5. SOCS1 is a direct target of miR-221. A. Schematic diagram of the predicted target sites of miR-221 in 
SOCS1 3’-UTRs. The predicted target sites are underlined and mutated as indicated. B. Luciferase assay of 293 
cells co-transfected with firefly luciferase constructs containing the SOCS1 wild-type or mutated 3’-UTRs and miR-
221 mimic, mimic NC, miR-221 inhibitor or inhibitor NC, as indicated (n = 3). Data represent the mean ± SD of 
three independent experiments. **P < 0.01 vs. mimic NC, ## P < 0.01 vs. inhibitor NC. C, D. The expressions of 
SOCS1 mRNA and protein after transfection with miR-221 mimic or miR-221 inhibitor were measured by qRT-PCR 
and western blot. Data represent the mean ± SD of three independent experiments. **P < 0.01 vs. mimics NC or 
inhibitor NC.
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virus [35, 36]. For example, Shao et al. found 
that SOCS1 negatively regulated the antiviral 
effect of IFN in HCV infection and the upregula-
tion of classical ISGs by IFN is reduced when 
SOCS1 is overexpressed [37]. Zheng et al. 
showed that respiratory syncytial virus (RSV) 
infection upregulated the expression of SOCS1, 
which utilized a feedback loop to inhibit the 
type I interferon dependent antiviral signaling 
pathway [38]. In our study, SOCS1 was proven 
to be a direct target of miR-221 and SOCS1 was 
negatively regulated by miR-221, which is con-
sistent with a previous report [39]. Given the 
important role of SOCS1 in the Type I IFN 
response, it is reasonable for us to infer that 
miR-221 suppress SOCS1 and thus decreases 
HPV 16 E1-E2 mediated DNA replication. As 
expected, enhanced SOCS1 expression by pcD-
NA-SOCS1 transfection reversed the anti-virus 
effects and type I IFN production of miR-221 
overexpression. These data indicate that miR-
221 suppresses HPV 16 E1-E2 mediated DNA 
replication through regulating the SOCS1/type I 
IFN signaling pathway.

In conclusion, this study demonstrated for the 
first time that miR-221 is up-regulated during 
HPV 16 infection and overexpression of miR-
221 inhibited HPV 16 E1-E2 mediated DNA rep-
lication in SiHa cell lines by activating the 
SOCS1/Type I IFN response. These findings 
provide new evidence regarding the role of host 
miRNAs in HPV 16 infection and suggest that 
miR-221 is a novel promising anti-HPV 16 ther-
apeutic target.
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cells were co-transfected with miR-221 mimics and pcDNA-SOCS1 for 24 h, followed treatment using the calcium 
phosphate protocol with E2, E1 and pOri (a plasmid containing the HPV16 origin of replication) plasmids. A. The 
protein expression of SOCS1 was measured by western blot. B. Real time PCR was applied to quantify the levels of 
HPV 16 E1-E2 mediated DNA replication. C, D. Real-time PCR and ELISA assay were performed to measure IFN-α and 
IFN-β expression. Data represent the mean ± SD of three independent experiments. *P < 0.05, **P < 0.01 vs. E1/
E2/pOri; ##P < 0.01 vs. E1/E2/pOri + miR-221 mimics + pcDNA vector.
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