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Background: Circular RNAs (circRNAs) play an important regulatory role in various
cancers, including hepatocellular carcinoma (HCC). This study aimed to investigate the
function of hsa_circ 0006942 (circ-ATP5H) in hepatitis B virus (HBV)-associated HCC
and its underlying mechanism.

Methods: The levels of circ-ATP5H, miR-138-5p and tumor necrosis factor alpha-induced
protein 3 (TNFAIP3) were determined using quantitative real-time polymerase chain reaction
(qRT-PCR) or Western blot assay. The copies of HBV DNA were examined using qRT-PCR.
The levels of hepatitis B surface antigen (HBsAg) and hepatitis B e antigen (HBeAg) were
detected via enzyme-linked immunosorbent assay (ELISA). Dual-luciferase reporter assay
was used to analyze the interactions among circ-ATP5SH, miR-138-5p and TNFAIP3.
Results: Circ-ATP5H and TNFAIP3 levels were increased, while miR-138-5p level was
reduced in HBV-positive HCC tissues and cells. Knockdown of circ-ATP5H hindered HBV
DNA replication and decreased HBsAg and HBeAg levels in HBV-infected cells. Circ-
ATP5H silencing suppressed HBV replication and expression by regulating miR-138-5p.
Moreover, miR-138-5p blocked HBV replication and expression via targeting TNFAIP3.
Furthermore, circ-ATP5H up-regulated TNFAIP3 via absorbing miR-138-5p.

Conclusion: Circ-ATP5H promoted HBV replication and expression through modulating
miR-138-5p/TNFAIP3 axis, suggesting a new biomarker for HBV-related HCC treatment.
Keywords: hepatitis B virus, hepatocellular carcinoma, circ-ATP5H, miR-138-5p, TNFAIP3

Introduction

Hepatocellular carcinoma (HCC) is one of the most frequent malignancies, and its
five-year survival rate is as low as 18%." Chronic hepatitis B virus (HBV) infection
is a common etiology of liver diseases, including liver failure, cirrhosis and HCC.>?
To date, 3.5% of the global population is suffering from HBV infection.* Although
antiviral therapy effectively inhibits HBV replication, the existence of HBV cova-
lently closed circular DNA (cccDNA) prevents the virus from being completely
eliminated.”® Therefore, exploring the potential mechanism of HBV replication is
crucial to discovering new strategies for HBV treatment.

Circular RNAs (circRNAs) possess a covalent closed-loop structure formed by
joining 5'end and 3’end.” Mechanically, circRNAs participate in gene regulation by
serving as mictoRNA (miRNA) sponges.® Besides, mounting evidence has demon-
strated that circRNAs are involved in the biological and pathological processes of
various diseases, including cancer.”'® In addition, Yu et al revealed that some
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plasma circRNAs had important diagnostic value in HBV-
associated HCC."" In 2018, Cui et al found a large number
of aberrantly expressed circRNAs in HBV-infected HCC
patients and verified that hsa circ_ 0006942 derived from
ATP synthase peripheral stalk subunit d (47P5H) was up-
regulated in HBV-positive HCC tissues.'” Nevertheless,
the role and potential mechanism of circ-ATP5SH in HBV-
related HCC have not been studied.

Moreover, abnormal expression of miRNAs plays
a critical role in a variety of tumors."® Furthermore, accu-
mulating evidence has manifested that miRNAs are impli-
cated in the pathogenesis of HBV-related HCC via
modulating gene expression and pathway activity.'*'> For
example, miR-325-3p attenuated cell viability and triggered
apoptosis in HBV-specific HCC cells by down-regulating
aquaporin 5 (A0P5).'® Also, miR-3928v facilitated the
development of HBV-positive HCC via repressing VDAC3
and regulating NF-kB/EGR1 pathway.'” Moreover, miR-
302c-3p impeded tumor metastasis in HBV-associated HCC
by binding to TRAF 4."® In this research, we unveiled that
miR-138-5p level was overtly reduced in HBV-producing
HCC tissues and cells. However, the function of miR-138-
5p in HBV-positive HCC remains unknown.

Tumor necrosis factor alpha-induced protein 3
(TNFAIP3) is a critical regulator in immune and inflam-
matory diseases.'’ Additionally, TNFAIP3 is strongly
related to malignant diseases by modulating ubiquitin-
dependent signaling.?® In the current study, TNFAIP3 was
inversely related to miR-138-5p in HBV-producing HBV
tissues, so we speculated that TNFAIP3 might be a target
of miR-138-5p.

In this research, we investigated the abundance of circ-
ATP5H in HBV-positive HCC patients and cells. Further,
we explored the function of circ-ATP5H in HBV replica-
tion and expression. Also, we verified that the circ-ATPSH
/miR-138-5p/TNFAIP3 regulatory axis might provide
a novel approach for HBV-related HCC treatment.

Materials and Methods

Specimen Collection

HBV-associated HCC tissues (n=31) and adjacent non-
tumor tissues (n=31) were obtained from HBV-related
HCC patients enrolled in The People’s Hospital of
Affiliated Danyang Hospital
University. This research was approved by the Ethics

Danyang, of Nantong

Committee of The People’s Hospital of Danyang,

Affiliated Danyang Hospital of Nantong University. All

participants carefully read and signed the written informed
consent. The demographic data of HBV-related HCC
patients are shown in Table 1.

Cell Culture

HCC cell lines (Huh7 and HepG2) and HBV-infected cell
line HepG2.2.15 were bought from China Center for Type
Culture Collection (CCTCC; Wuhan, China). Huh7 and
HepG?2 cells were cultured in Dulbecco’s modified Eagle
medium (DMEM; Hyclone, Logan, UT, USA) supplemen-
ted with 10% fetal bovine serum (FBS; Hyclone) and 1%
penicillin/streptomycin. HepG2.2.15 cells were incubated
in minimum Eagle’s medium (MEM; Hyclone) containing
10% FBS and 300 pg/mL G418 (Solarbio, Beijing, China).
Huh7-1.3 cells were constructed by transfecting Huh7
cells with recombinant pcDNA 3.0-1.3 mer containing
HBV genomic DNA 1.3 mer fragment. All cells were
cultured in a 5% CO, incubator at 37°C.

Cell Transfection

Small interfering RNA (siRNA) against circ-ATPS5H (si-circ-
ATPSH) and the negative control (si-NC), miR-138-5p
mimics (miR-138-5p) and the control (miR-NC), circ-
ATP5SH or TNFAIP3 overexpression vector (circ-ATPSH or
TNFAIP3) and the control vector (pcDNA), miR-138-5p
inhibitor (anti-miR-138-5p) and the negative control (anti-
miR-NC) were purchased from Ribobio (Guangzhou,
China). When cells were cultured to ~80% confluence, oli-
gonucleotides and vectors (50 nM) were transfected into cells
using Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA)

according to the manufacturer’s instructions.

Table | Clinicopathological Features of HBV-Related HCC
Patients (n=31)

Clinicopathological Features Total=31

Ages =50 19
=50 12
Tumor stage -l 21
-v 10
Lymph node metastasis Negative 18
Positive 13
Tumor size <3 cm 14
>3 cm 17
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Quantitative Real-Time Polymerase Chain

Reaction (qRT-PCR)

RNA was isolated using Trizol Reagent (Solarbio). Then, the
complementary DNA was synthesized via the specific Reverse
Transcription kit (Qiagen, Frankfurt, Germany). Subsequently,
quantitative PCR was carried out using SYBR Green PCR
Master Mix (LMAI Bio, Shanghai, China), and the relative
expression was calculated via the 2" method. The primers
were exhibited below: circ-ATPSH-F: 5-TAATGCGCTG
AAGGTTCCCG-3', circ-ATP5H-R: 5-GAGAGACACCCA
CTCAGCAC-3"; miR-138-5p-F: 5-GCGAGCTGGTGTTG
TGAATC-3', miR-138-5p-R: 5-AGTGCAGGGTCCGAGG
TATT-3'; TNFAIP3-F: 5'-TCCTCAGGCTTTGTATTTGA
GC-3', TNFAIP3-R: 5'-TGTGTATCGGTGCATGGTTTTA
-3'; GAPDH-F: 5-GGTCTCCTCTGACTTCAACA-3', GA
PDH-R: 5-GTGAGGGTCTCTCTCTTCCT-3'; U6-F: 5'-CG
CTTCGGCAGCACATATAC-3', U6-R: 5-AAATATGGAA
CGCTTCACGA-3". GAPDH or U6 was employed as an
internal control.

HBV Replication Analysis

After 48 h of transfection, the culture medium was collected
and centrifuged to obtain the supernatant. Subsequently,
Column Viral DNAout kit (Zhen Shanghai and Shanghai
Industrial Co., Ltd., Shanghai, China) was used to extract
HBV DNA from the supernatant. Then, HBV DNA levels
were detected using a careHBV PCR Assay (Qiagen). The
HBV primers used were: HBV-F: 5-ATCCTGCTGCTA
TGCCTCATCTT-3', HBV-R: 5-ACAGTGGGGGAAAGC
CTACGAA-3'.

Enzyme-Linked Immunosorbent Assay
(ELISA)

The supernatant was separated from the culture medium
after transfection for 48 h. Then, the levels of hepatitis
B surface antigen (HBsAg) and hepatitis B e antigen
(HBeAg) in the supernatant were examined using the
corresponding ELISA kit (CUSABIO, Wuhan, China) fol-
lowing the manufacturer’s requirements.

Dual-Luciferase Reporter Assay

The fragment of circ-ATPSH or TNFAIP3 3'UTR contain-
ing miR-138-5p binding sites was cloned to pmirGLO
vector (LMAI Bio) to generate WT-circ-ATP5H or
TNFAIP3 3'UTR-WT. To form the mutant reporters
(MUT-circ-ATPSH or TNFAIP3 3'UTR-MUT), the bind-
ing sequence was mutated. Then, the constructed plasmids

were transfected into HBV-infected cells together with
miR-NC or miR-138-5p. Final, the luciferase intensity
was examined via Dual-Lucy Assay Kit (Solarbio).

Western Blot Assay

After extracting protein with RIPA buffer (Beyotime,
Shanghai, China), the equal amount of protein samples
were separated with 12% polyacrylamide gel electrophoresis
and transferred to polyvinylidene fluoride (PVDF) mem-
branes (Millipore, Billerica, MA, USA). Subsequently, the
membranes were incubated with primary antibodies against
TNFAIP3 (1:1000, ab74037; Abcam, Cambridge, UK) or
GAPDH (1:2500, ab9485; Abcam) overnight at 4°C after
reacting with 5% skim milk. Then, the membranes were
combined with secondary antibody conjugated with horse-
radish peroxidase (1:20,000, ab205718; Abcam). The protein
intensity was measured using an ECL reagent (Millipore).

Statistical Analysis

Data were expressed as mean + standard deviation in three
independent experiments by using Graphpad Prism 7.0 soft-
ware (GraphPad, San Diego, CA, USA). Student’s ¢-test was
used to compare the differences between two groups. One-
way analysis of variance was utilized to assess differences
between more than two groups. The linear relationship
between miR-138-5p and circ-ATPSH or TNFAIP3 was
detected using Spearman correlation coefficient. P < 0.05
was considered statistically significant.

Results

Circ-ATP5H Was Up-Regulated, and
miR-138-5p Was Down-Regulated in
HBV-Related HCC Tissues and Cells

Firstly, we examined the abundance of circ-ATP5H in
HBV-associated HCC tissues and adjacent non-tumor tis-
sues. As depicted in Figure 1A, circ-ATPSH level was
remarkably increased in HBV-associated HCC tissues rela-
tive to adjacent non-cancer tissues (P<0.0001). In addition,
the expression of circ-ATPSH was significantly elevated in
HBV-specific cells compared to HCC cells (P<0.0001,
P<0.0001, Figure 1B). Secondly, we detected miR-138-
5p level in HBV-related HCC tissues and adjacent normal
tissues. As shown in Figure 1C, miR-138-5p was markedly
down-regulated in HBV-associated HCC tissues compared
with adjacent non-tumor tissues (P<0.0001). Moreover,
miR-138-5p level in Huh7-1.3 and HepG2.2.15 cells was
strikingly declined in comparison with Huh7 and HepG2
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Figure | Expression of circ-ATP5H and miR-138-5p in HBV-related HCC tissues and HBV-infected cells. (A and C) The levels of circ-ATP5H and miR-138-5p were
measured in HBV-associated HCC tissues (n=31) and adjacent normal tissues (n=31). (B and D) The expression of circ-ATP5H and miR-138-5p was examined in HBV-
infected cells (Huh7-1.3 and HepG2.2.15) and HCC cells (Huh7 and HepG2). (E) The correlation between circ-ATP5H and miR-138-5p was detected via Spearman

correlation coefficient. ***P < 0.001, ***P < 0.0001.

cells (P=0.0003, P<0.0001, Figure 1D). Furthermore, circ-
ATP5H expression was negatively correlated with miR-
138-5p expression in HBV-related HCC tissues (P<0.001,
Figure 1E).

Circ-ATP5H Silencing Inhibits HBV
Replication and Expression in
HBV-Infected Cells

To investigate the effect of circ-ATPSH on HBV replication
and expression, Huh7-1.3 and HepG2.2.15 cells were trans-
duced with si-NC or si-circ-ATP5SH. First, qRT-PCR analysis
was used to determine the knockdown efficiency of circ-
ATPSH (P<0.0001, P<0.0001, Figure 2A and B). Next, qRT-
PCR and ELISA assays were performed to assess HBY DNA
replication and the levels of HBsAg and HBeAg. The results
indicated that circ-ATP5H silencing resulted in a marked
decrease in HBV DNA replication (P=0.001, P=0.0003,
Figure 2C and D). Additionally, ELISA analysis suggested
that circ-ATPSH down-regulation overtly reduced the levels
of HBsAg and HBeAg relative to the controls (P=0.0003,
P<0.0001, P=0.0031, P<0.0001, Figure 2E-H). Overall,
these data demonstrated that depletion of circ-ATPSH sup-
pressed HBV replication and expression in HBV-infected cells.

Circ-ATP5H Directly Interacts with
miR-138-5p

The online database starBase v2.0 predicted that circ-ATP5SH
and miR-138-5p had a putative binding sequence (Figure 3A).
Subsequently, dual-luciferase reporter analysis exhibited that
miR-138-5p mimics strikingly reduced the luciferase activity
of WT-circ-ATP5H reporter, but did not affect MUT-circ-
ATP5H reporter (P<0.0001, P<0.0001, Figure 3B and C).
Besides, transfection with si-circ-:ATPSH  remarkably
decreased circ-ATP5H level, and introduction of circ-ATP5SH
overtly increased circ-ATPSH level, indicating a significant
knockdown and overexpression efficiency (P<0.0001,
P<0.0001, P<0.0001, P<0.0001, Figure 3D). In addition,
down-regulation of circ-ATP5H elevated miR-138-5p level,
and overexpression of circ-ATP5H repressed miR-138-5p
expression (P<0.0001, P<0.0001, P<0.0001, P<0.0001,
Figure 3E). To explore whether circ-ATPSH affected HBV
replication and expression via regulating miR-138-5p, Huh7-
1.3 and HepG2.2.15 cells were transfected with si-NC, si-circ-
ATPS5H, si-circ-ATP5H+anti-miR-NC or si-circ-ATPSH+anti-
miR-138-5p, respectively. First, transfection with anti-miR
-138-5p abated the increase in miR-138-5p level caused by
circ-ATPSH knockdown (P<0.0001, P<0.0001, P<0.0001,
P<0.0001, Figure 3F). Moreover, silence of circ-ATPSH
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Figure 2 Circ-ATP5H silencing inhibits HBV replication and expression in HBV-infected cells. Huh7-1.3 and HepG2.2.15 cells were transfected with si-NC or si-circ-ATP5H.
(A and B) Expression of circ-ATP5H was estimated using qRT-PCR analysis. (C and D) HBV DNA copies were examined in culture supernatant by qRT-PCR analysis. (E-H)
The levels of HBsAg and HBeAg were measured in culture supernatant via ELISA. **P < 0.01, ***P < 0.001, ***P < 0.0001.

suppressed HBV DNA replication and the levels of HBsAg
and HBeAg, while these impacts were reversed after introduc-
tion of anti-miR-138-5p (P<0.0001, P<0.0001, P<0.0001,
P<0.0001, P<0.0001, P<0.0001, P<0.0001, P<0.0001,
P<0.0001, P=0.0001, P<0.0001, P<0.0001, Figure 3G-I).
Collectively, these results indicated that circ-ATPSH knock-
down impeded HBV replication and expression via sponging
miR-138-5p.

TNFAIP3 is a Target of miR-138-5p

Next, the target genes of miR-138-5p were predicted using
the online database starBase v2.0, and TNFAIP3 was
selected as the candidate gene (Figure 4A). To illuminate
the relationship between miR-138-5p and TNFAIP3, dual-
luciferase reporter analysis was carried out. As illustrated

in Figure 4B and C, miR-138-5p mimics significantly
decreased the luciferase activity of TNFAIP3 3'UTR-WT
reporter (P<0.0001, P<0.0001). Compared with adjacent
non-tumor tissues, TNFAIP3 mRNA and protein levels
were prominently increased in HBV-associated HCC tis-
sues (P<0.0001, P=0.0002, Figure 4D and E). Moreover,
we examined the protein expression of TNFAIP3 in HCC
cells with or without HBV infection, and the results
showed that TNFAIP3 protein level in Huh7-1.3 and
HepG2.2.15 cells was remarkably raised in comparison
with Huh7 and HepG2 cells (P<0.0001, P<0.0001,
Figure 4F). Additionally, miR-138-5p and TNFAIP3 levels
were negatively correlated in HBV-related HCC tissues
(P<0.001, Figure 4G). These data evidenced that miR-
138-5p directly interacted with TNFAIP3.
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Figure 3 Circ-ATP5H directly interacts with miR-138-5p. (A) The binding sites between circ-ATP5H and miR-138-5p were displayed. (B and C) Luciferase activity was
tested in Huh7-1.3 and HepG2.2.15 cells co-transfected with WT-circ-ATP5H or MUT-circ-ATP5H and miR-NC or miR-138-5p. (D and E) The levels of circ-ATP5H and

miR-138-5p were measured in Huh7-1.3 and HepG2.2.15 cells transfected with

si-NC, si-circ-ATP5H, pcDNA or circ-ATP5H. Huh7-1.3 and HepG2.2.15 cells were

introduced with si-NC, si-circ-ATP5H, si-circ-ATP5H+anti-miR-NC or si-circ-ATP5H+anti-miR-138-5p, and miR-138-5p expression (F), HBY DNA copies (G), HBsAg and

HBeAg levels (H and 1) were determined using appropriate methods. ***P < 0.001

MiR-138-5p Hinders HBV Replication and
Expression by Modulating TNFAIP3

First, the inhibition and overexpression efficiency of miR-
138-5p was verified by transfecting anti-miR-138-5p or
miR-138-5p into HBV-specific cells (P=0.0086, P<0.0001,
P=0.0035, P<0.0001, Figure 5A). Then, suppression of
miR-138-5p elevated TNFAIP3 protein level, and overex-
pression of miR-138-5p reduced TNFAIP3 protein level
(P<0.0001, P<0.0001, P<0.0001, P<0.0001, Figure 5B).
To elucidate the roles of miR-138-5p and 7NFAIP3 in
HBYV replication and expression, a series of rescue experi-
ments were performed in Huh7-1.3 and HepG2.2.15 cells
introduced with miR-NC, miR-138-5p, miR-138-5p
+pcDNA or miR-138-5p+TNFAIP3. As displayed in
Figure 5C, introduction of TNFAIP3 alleviated the reduction
of TNFAIP3 protein expression induced by miR-138-5p up-
regulation (P<0.0001, P<0.0001, P<0.0001, P<0.0001).
Furthermore, miR-138-5p overexpression restrained HBV

, ¥R < 0,0001.

DNA replication and the levels of HBsAg and HBeAg,
whereas these effects were attenuated by up-regulating
TNFAIP3 (P<0.0001, P<0.0001, P<0.0001, P<0.0001,
P<0.0001, P=0.0004, P<0.0001, P<0.0001, P<0.0001,
P=0.0002, P<0.0001, P<0.0001, Figure 5D—F). Thus, these
data indicated that TNFAIP3 overturned the inhibition of
miR-138-5p on HBV replication and expression.

Circ-ATP5H Regulates TNFAIP3
Expression by Sponging miR-138-5p

To explore the association among circ-ATP5H, miR-138-5p
and TNFAIP3, TNFAIP3 expression was determined in
Huh7-1.3 and HepG2.2.15 cells introduced with si-NC, si-
circ-ATP5H, si-circ-ATP5H+anti-miR-NC or si-circ-ATPSH
+anti-miR-138-5p. The results revealed that TNFAIP3
mRNA and protein levels were significantly declined in
the si-circ-ATPSH group relative to the si-NC group, while
transfection with anti-miR-138-5p abolished the decrease in
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TNFAIP3 expression caused by circ-ATPSH silencing
(P<0.0001, P=0.0007, P<0.0001, P=0.0007, P<0.0001,
P=0.0001, P<0.0001, P<0.0001, Figure 6A and B).
Overall, these results evidenced that circ-ATP5SH sponged
miR-138-5p to up-regulate TNFAIP3.

Discussion

HBV replication is the primary driving force for HBV-
associated diseases, leading to the ultimate goal of HBV
treatment is to continuously inhibit or eliminate HBV
replication.?’ Hepatitis B surface antigen (HBsAg) is
a hallmark of HBV infection, and hepatitis B e antigen

(HBeAg) represents the activity of HBV replication.”*
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Nevertheless, the molecular mechanisms of HBV replication
and expression are still poorly studied. In the present study, we
revealed a new regulatory mechanism for HBV-associated
HCC.

Recently, a growing number of studies have elaborated that
circRNAs serve as biomarkers for monitoring tumor develop-
ment based on its stable structure.® In HBV-positive HCC,
Zhu et al suggested that plasma hsa circ 0027089 was
a promising marker for tumor diagnosis.** Our research vali-
dated that circ-ATP5H level was strikingly elevated in HBV-
positive HCC tissues and cells. More importantly, interference
of circ-ATP5H blocked HBV replication and expression in
HBV-specific cells. Thereafter, we further studied the potential
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Figure 6 Circ-ATP5H regulates TNFAIP3 expression by sponging miR-138-5p. (A and B) The mRNA and protein levels of TNFAIP3 were determined in Huh7-1.3 and
HepG2.2.15 cells transfected with si-NC, si-circ-ATP5H, si-circ-ATP5H+anti-miR-NC or si-circ-ATP5H+anti-miR-138-5p. ***P < 0.001, ***P < 0.0001.
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basis of circ-ATP5H. According to bioinformatics analysis, we
conjectured that circ-ATP5SH was a sponge for miR-138-5p.
Compelling evidence has highlighted that circRNAs mediate
the pathogenesis of various diseases by acting as competing
endogenous RNAs (ceRNAs) for miRNA.?* For instance, up-
regulation of circRNA-5692 ameliorated the malignancy of
HCC via functioning as a ceRNA for miR-328-5p to elevate
DAB2IP level *® Besides, circ-TCF4.85 depletion impeded
regulating miR-486-5p/ABCF?2
pathway.”” In the current research, circ-ATPSH sponged

HCC progression by

miR-138-5p to regulate HBV replication and expression.

Mounting evidence has illuminated that miR-138-5p
plays a pivotal regulatory role in multifarious cancers by
mediating a series of biological processes. For example,
up-regulation of miR-138-5p restrained cell growth and
metastasis in prostate cancer via combining with
FOXCI.*® In breast carcinoma, miR-138-5p hindered
tumor development by binding to RHBDDI.* In hepato-
cellular carcinoma, miR-138 functioned as a tumor-
suppressing factor.®® Shiu et al disclosed that miR-138
accelerated HCC cell senescence via repressing telomerase
reverse transcriptase (TERT) in hepatitis C virus (HCV)-
associated HCC.*' In addition, Wang et al unveiled
a marked reduction of miR-138 in HBV-related HCC
tissues through Tagman low-density miRNA array.*?
Herein, we verified that miR-138-5p level was declined
in HBV-producing HCC. Furthermore, rescue experiments
manifested that knockdown of miR-138-5p reversed the
suppression of circ-ATP5SH depletion on HBV replication
and expression.

Moreover, increasing evidence has demonstrated that
miRNAs widely affect gene expression by base-pairing
with the 3'UTR of mRNA.* In this research, dual-
luciferase reporter analysis evidenced that miR-138-5p
targeted TNFAIP3. Previous studies corroborated that
TNFAIP3 (also known as A20) participates in tumorigen-
esis induced by uncontrolled ubiquitination by modulating
inflammatory signaling cascade.**>> Feng et al revealed
that down-regulation of TNFAIP3 induced HCC progres-
sion via interacting with PFKL.*® In HBV-related HCC,
miR-29c blocked HBV DNA replication by targeting
TNFAIP3>" In this report, we discovered that miR-138-
5p impaired HBV replication and expression by down-
regulating TNFAIP3. Additionally, circ-ATP5H enhanced
TNFAIP3 expression via sponging miR-138-5p.

In short, these findings concluded that circ-ATPSH
contributed to HBV replication and expression by mediat-
ing miR-138-5p/TNFAIP3 regulatory pathway. Therefore,

circ-ATP5SH might be a potential therapeutic target for
HBV-associated HCC.
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