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cytosolic microtubule-associated protein 1 
LC3-I is converted into LC3-II (a phosphatidyl-
ethanolamine-conjugated form) which then tar-
gets autophagic membranes [20]. Moreover, 
LC3-I was the upper band and LC3-II was the 
lower band in W.B. images. The results dis-

played a remarkably increase of LC3-II in the 
Huh7-1.3 group compared with the NC group, 
while the expression of LC3-II in Huh7-1.3 + 
3MA and Huh7-1.3 + miR-224 groups was 
markedly lower than that in Huh7-1.3 group 
(Figure 2B). Furthermore, it was also discov-

Figure 2. miR-224 suppresses autophagy induced by HBV. A. Autophagosomes were observed by transmission elec-
tron microscopy. Images were captured at ×5,000 magnifcation. The representative features in each group were 
enlarged on the right. B. The expression of LC3 was examined by Western blotting in Huh7-1.3 cells with different 
treatments. C. The expression of LC3 in Huh7-1.3 cells was assayed using immunofluorescence. The representative 
images presented on the left panel, and the number of LC3 dots by GraphPad 5 was given in the histogram on the 
right panel. **indicates P < 0.01.
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ered that the number of LC3 dots determined 
by IF presented a similar expression trend with 
the W.B. results (Figure 2C). Hence, these 
results suggest that miR-224 might hinder 
autophagy induced by HBV.

of miR-224 (Figure 4A). To investigate whether 
miR-224 regulates SIRT1 mRNA expression by 
directly targeting the predicted sequence, the 
SIRT1 3’-UTR fragments containing the normal 
or mutant binding site for miR-224 were cloned 

Figure 3. Western-blot analysis for autophagic proteins in Huh7-1.3 cells 
treated with miR-224 mimic and miR-224 inhibitor. Representative graphs 
were presented (A) and the intensity quantifed by GraphPad 5 were calcu-
lated in the histogram (B). 

Figure 4. Direct targeting of the 3’-untranslated region (UTR) of SIRT1 mRNA 
by miR-224. A, B. Conserved miR-224 binding site in the 3’-UTR of SIRT1 
mRNA. Predicted consequential pairing of the target regions and miR-224 
(framed) was based on bioinformatic analysis. B. Analysis of luciferase activ-
ity in the 293T cells transfected with psiCHECK-2-SIRT1-WT and psiCHECK-
2-SIRT1-mutant along with miR-224 mimic, miR-224 inhibitor, NC or NC in-
hibitor. **P < 0.01.

miR-224 changed the expres-
sion of SIRT1 and autophagic 
proteins in Huh7-1.3 cells

SIRT1 has been demonstrated 
to play an important role in 
regulating the autophagy by 
deacetylation of autophagy-
related proteins [21]. Therefo- 
re, expression levels of SIRT1 
and autophagic proteins were 
detected to further explore 
the role of miR-224. As illus-
trated in Figure 3A, our data 
show that the expression of 
SIRT1 was dramatically redu- 
ced when given 3MA or miR-
224 mimic in Huh7-1.3 cells 
as compared to Huh7-1.3 and 
Huh7-1.3 + NC groups, where-
as it was sharply enhanced  
in Huh7-1.3 cells transfected 
with miR-224 inhibitor. Mean- 
while, LC3-II protein appeared 
to have a similar expression 
pattern as SIRT1 in each gro- 
up. However, the expression 
of p62 was notably and slight-
ly up-regulated in Huh7-1.3 
cells treated with 3MA and 
miR-224, respectively, while it 
was clearly down-regulated in 
Huh7-1.3 cells treated with 
miR-224 inhibitor. The statisti-
cal graph of protein band den-
sity is presented in Figure 3B. 
Thereby, these data point out 
that miR-224 might impede 
the autophagy formation by 
repressing expression of SIR- 
T1 and autophagic proteins in 
Huh7-1.3 cells. 

SIRT1 might be the target of 
miR-224

Using the target prediction 
analysis, we found that a con-
served sequence in the 3’-UTR 
of SIRT1 mRNA was a perfect 
match to the seed sequence 
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down-stream of the firefly luciferase coding 
region in the psiCHECK-2 to replace the lucifer-
ase 3’-UTR. Our results demonstrate that mim-
ics of miR-224 could significantly attenuate the 
luciferase activity of the wild-type SIRT1 3’-UTR 
reporter but not that with mutated miR-224 
binding site (Figure 4B). In contrast, inhibition 
of endogenous miR-224 by miR-224 inhibitor 
significantly increased the luciferase activity of 
the wild-type reporter but not that of the mutant 
(Figure 4B). Thus, this result hinted that miR-
224 might directly target to SIRT1 3’-UTR. 

SIRT1 treatments in Huh7-1.3 cells altered the 
expression of SIRT1 and autophagic proteins 
in Huh7-1.3 cells

W.B. analysis were performed in Huh7-1.3 cells 
after transfection with NC plasmid, SITR1 
siRNA and miR-224 mimic, or treating with 
rapamycin, 3MA, or rapamycin + SIRT1 siRNA 
to address the role of SIRT1. It was uncovered 
that expression of SIRT1 and LC3 was signifi-

cantly decreased in Huh7-1.3 cells treated with 
3MA, SIRT1 siRNA, or rapamycin + SIRT1 siRNA 
as well as miR-224 mimic when compared to 
Huh7-1.3 and Huh7-1.3 + NC groups, while they 
were obviously increased in Huh7-1.3 cells 
treated with rapamycin. Furthermore, the 
decreased degrees of SIRT1 and LC3 in Huh7-
1.3 + rapamycin + SIRT1 siRNA group were 
apparently lower than those in Huh7-1.3 + 
SIRT1 siRNA group compared with Huh7-1.3 
and Huh7-1.3 + NC groups. Additionally, p62 
expression in Huh7-1.3 cells with 3MA, SIRT1 
siRNA, rapamycin + SIRT1 siRNA as well as 
miR-224 mimic treatments was remarkably up-
regulated as compared with Huh7-1.3 and 
Huh7-1.3 + NC groups, whereas it was marked-
ly down-regulated in Huh7-1.3 cells with 
rapamycin treatment (Figure 5A). Moreover, the 
band intensities of each protein were calculat-
ed and shown in a histogram (Figure 5B). 
Hence, these data show that SIRT1 might be 
involved in the autophagy process in Huh7-1.3 
cells via being regulated by miR-224. 

Figure 5. Western blot was utilized to analyze the protein expression of SIRT1, LC3, and p62 in Huh7-1.3 cells with 
different treatments. A. Representative images of protein bands are shown. B. The ratios of SIRT1/GAPDH, LC3/
GAPDH and p62/GAPDH are represented as mean ± SD data from three independent experiments. **, P < 0.01.
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Discussion

HBV is the one of etiological factors for liver 
damage [1]. It has been estimated that nearly 
5% of world population is chronically infected 
with HBV, which could develop a necroinflam-
matory liver disease with different patterns of 
severity and course, ranging from persistent 
injury to cirrhosis, hepatic failure and hepato-
cellular carcinoma; thereby it remains a major 
public health concern worldwide [2]. It is well-
known that miRNAs act as key factors in sever-
al biological processes, such as cell prolifera-
tion, differentiation and apoptosis, etc [22]. 
Moreover, evidence is emerging that miRNAs 
are key mediators in the replication and propa-
gation of viruses [23]. For example, miR-23b 
detected in Enterovirus 71(EV71)-infected cells 
could inhibit virus replication by targeting the 
EV71 VP1 RNA coding region [24]; miR-548g-
3p suppressed the recruitment of the viral 
RNA-dependent RNA polymerase (NS5) to the 
viral genome which ultimately resulted in a 
blockade of viral replication via targeting the 
stem loop A promoter element of Dengue virus 
(DENV) 5’-UTR [25]. In the present study, we 
found that miR-224 overexpression by trans-
fection of a miR-224 mimic into Huh7-1.3 cells 
inhibited HBV antigen secretions, including 
HBeAg and HBsAg, and viral cccDNA replica-
tion. The released levels of HBeAg and HBsAg 
are commonly used to analyze the conditions  
of HBV replication [19]. Therefore, our results 
suggest that miR-224 might repress HBV 
replication. 

Autophagy, a catabolic process that is impor-
tant for maintaining cellular homeostasis and 
can act as an important regulator of the cell 
immune response in viral infection [26]. For 
example, HCV use autophagy to augment repli-
cation by providing membrane sources for the 
assembly of HCV RNA replication complexes 
[27, 28]. Autophagy induced by porcine epidem-
ic diarrhea virus (PEDV) infection accelerates 
expression of inflammatory cytokines and has 
a positive feedback loop with the NF-κB signal-
ing pathway during PEDV infection, which could 
further benefit PEDV replication [29]. In addi-
tion, a growing set of studies have demonstrat-
ed that deregulated miRNAs induced by virus 
infection could regulate autophagy which can 
further promote development of virus infection 
[5]. For instance, miR-30a-5p facilitated repli-
cation of porcine circovirus type 2 (PCV2) 

through enhancing autophagy by targeting 
14-3-3 gene [30]; EV71 infection resulted in 
the reduction of cellular miR-30a, which led to 
the inhibition of autophagosome formation  
and eventually enhanced virus replication [31]. 
Hence, in our study, we also investigated the 
interacting roles of autophagy and miR-224 in 
HBV infection and it was discovered that auto- 
phagosome was affected, LC3-II expression 
was increased, and the number of LC3 dots 
was elevated in Huh7-1.3 cells. In contrast, 
after transfecting with miR-224 these phenom-
ena were reversed. Thus, these findings indi-
cate that miR-224 might hinder autophago-
some formation caused by HBV replication. 

SIRT1, functions as both metabolic sensor and 
transcriptional regulator, has broad cellular 
functions, such as metabolic homeostasis, 
stress response, tumorigenesis, and autopha-
gy [32]. The role of SIRT1 in the life cycle of 
viruses has gradually been revealed in past 
years [33-35]. For example, SIRT1 inhibits EV71 
genome replication and RNA translation by in- 
terfering with the viral polymerase and 5’-UTR 
RNA [36]; SIRT1 also regulates HIV-1 transcrip-
tion through deacetylating Tat protein [37]. 
Additionally, several recent in vitro studies de- 
monstrate that deacetylation of LC3 by SIRT1 
allows LC3 to bind with Atg7 and other ele-
ments that are involved in autophagy, suggest-
ing that SIRT1 could regulate autophagy induc-
tion [38]. Hence, we speculated that miR-224 
might reduce HBV replication through attenuat-
ing SIRT1-mediated autophagy. LC3-II and p62 
both are essential markers of autophagy [39]. 
LC3-II converted from LC3-I via proteolytic 
cleavage is regarded as a hallmark of mamma-
lian autophagy, whereas p62 mainly mediates 
the recruitment of cargo in the autophago-
somes [39, 40]. We next examined the two pro-
teins and W.B. results displayed that miR-224 
dramatically down-regulated the expression of 
SIRT1 and LC3-II and up-regulated the expres-
sion of p62. 

Subsequently, based on the inverse expression 
of miR-224 and SIRT1, dual-luciferase reporter 
assay was used to identify the interaction 
between miR-224 and SIRT1 and the data 
revealed that miR-224 could directly target 
3’-UTR of SITR1. Finally, down-regulation of 
SIRT1 with siRNA and miR-224 mimic transfec-
tion in Huh7-1.3 cells further verified that dimin-
ished SIRT1 sharply descended LC3-II level and 
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ascended p62 level, concluding that miR-224 
might regulate autophagy via targeting SIRT1. 

In summary, we uncovered that miR-224 could 
impede HBV replication by declining the secre-
tions of HBV surface antigen and cccDNA repli-
cation in Huh7-1.3 cells. Furthermore, the for-
mation of autophagosome induced by HBV and 
the expression of LC3-II were suppressed in 
Huh7-1.3 cells transfected with miR-224 mimic. 
Additionally, miR-224 also inhibited SIRT1 
expression and promoted p62 expression. The 
target interaction between miR-224 and SIRT1 
was demonstrated. Ultimately, it was further 
found that when Huh7-1.3 cells were treated 
with si-SIRT1, LC3-II protein was down-regulat-
ed and p62 protein was up-regulated. Taken 
together, these data suggest that the miR-224/
SIRT1/autophagy axis is closely associated 
with HBV replication. Furthermore, the data 
also offer the possibility of targeting the miR-
224/SIRT1/autophagy pathway for the treat-
ment of HBV patients. 
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