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Abstract: Background and Objective: Hepatitis B virus (HBV) infection is the main reason for liver cirrhosis. The
purpose of this research was to probe into the role and underlying mechanism of circ_myotubularin 1 (circ_MTM1)
in HBV-related liver fibrosis (LF). Methods: HBV surface antigen (HBsAg) and e antigen (HBeAg), as well as the
levels of HBV DNA and HBV covalently closed circular DNA were measured by HBsAg and HBeAg ELISA kits or RT-
gPCR. Western blot or immunohistochemistry assays were conducted to measure protein levels. The expression of
circ_MTM1, microRNA-122-5p (miR-122-5p) and interleukin 7 receptor (IL7R) were measured using RT-gPCR. MTT
and cell colony formation assays were performed to detect cell proliferation. In vivo assays were carried out to re-
veal the effect of circ_MTM1 silencing on the tumor growth in HBV-related hepatocellular carcinoma (HCC). Results:
Circ_MTM1 and IL7R were highly expressed, whereas miR-122-5p was lowly expressed in HBV-infected LX-2 cells.
Circ_MTM1 knockdown inhibited the progression of HBV-related LF. Circ_MTM1 could target miR-122-5p to regulate
the expression of IL7R by adsorbing miR-122-5p, thus mediating the progression of HBV-related LF. Circ_MTM1
silencing repressed cell proliferation of HepG2.2.15 cells and growth of HCC. Conclusion: Circ_MTM1 could serve
as a promoter in HBV-related LF through miR-122-5p/IL7R axis.
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Introduction

Hepatitis B virus (HBV) is a hepatotropic DNA
virus that selectively infects hepatocytes, and
it is closely related to hepatocellular carcinoma
(HCC), liver cirrhosis and liver-related deaths
[1]. Chronic HBV infection can induce liver
fibrosis (LF), which is common in advanced
stages of liver damage and liver diseases [2]. It
is reported that about 350 million people are
infected with HBV globally [3]. Moreover, HBV
infection-induced LF increases social burdens
and medical costs of patients infected with
HBV.

Circular RNAs (circRNAs) are a group of tran-
scribed RNA sequences with stable structure,
and they are involved in various pathological
and physiological processes [4, 5]. Several

circRNAs have been shown to act in a pivotal
way in HCC. For example, circ-ADD3 is lowly
expressed in HCC cells and exerts suppressive
effects on cell migratory and invasive abilities
in HCC [6]. Circ_101280 boosts HCC tumor
growth, which is correlated with HCC develop-
ment [7]. Circ_0000567 is confirmed to be
lowly expressed and have an inhibitory effect
on the progression of HCC [8]. However, the
effects of circ_MTM1 on HBV-induced LF are
still unknown.

MicroRNAs (miRNAs) have important influences
on a series of cell biological behaviors [9, 10].
There is growing evidence that dysregulation
of miRNAs occurs in many types of human dis-
eases [11]. It has been confirmed that microR-
NA-122-5p (miR-122-5p) participates in human
tumors and other diseases, such as glioma
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[12], uric acid nephropathy [13], breast cancer
[14], and HCC [15]. However, it is still unclear
whether miR-122-5p mediates the pathogene-
sis of HBV-related LF. Moreover, miRNAs can
interact with the 3’untranslated region of targ-
et genes to regulate the downstream gene
expression and exert functional effects. For
instance, miR-122-5p suppresses the meta-
stasis of gastric cancer cell [16]. Moreover,
TargetScan predicted that miR-122-5p could
directly target the interleukin 7 receptor (IL7R).
Polymorphism of IL7R has been revealed in LF
evolution [17]. Additionally, Li et al. found that
IL7R could suppress the proliferative ability of
HCC cells [18]. Therefore, the functional role of
IL7R in HBV-related LF and its potential molecu-
lar pathogenesis need further investigation.

In this research, the expression of circ_MTM1
in HBV-related LF was determined, and the role
and underlying mechanism of circ_MTM1 in
HBV-related LF were studied.

Materials and methods
Tissue collection

Thirty-two pairs of LF tissues and the adjacent
tissues were harvested from patients with HBV-
related LF diagnosed at our hospital, and were
immediately frozen and stored at -80°C. All
patients were diagnosed with HBV-related LF
for the first time and verified by B-ultrasound,
serological detection and liver biopsy, and
were without tumors, diabetes or other immu-
nological diseases. Serum containing HBV DNA
7.5 x 10% copies/mL was acquired from a
patient with chronic hepatitis B positive for
hepatitis B surface antigen (HBsAg) and e anti-
gen (HBeAg).

Each patient participating in the research pro-
vided informed consent. The research acquired
the approval by the Human Research Ethics
Committee of Jinzhou Medical University (NCT-
01563254).

Cell culture and treatment

LX-2 cells and HepG2.2.15 cells were pur-
chased from Shanghai Zishi Biological Techno-
logy Co., Ltd. LX-2 cells were cultivated with
Dulbecco’s modified Eagle’s medium (CA, USA)
containing streptomycin/penicillin (100 U/mL)
and 10% fetal bovine serum (Invitrogen), fol-
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lowed by incubation in a humidified chamber
with 5% CO, at 37°C. LX-2 cells were infected
with 10%*2/L HBV at 37°C for 36 h, followed
by treatment with 10 ng/mL TGF-1 (R&D
Systems, Minneapolis, USA) for 36 h.

HBsAg and HBeAg detection

The culture supernatant from LX-2 cells was
collected after infection with HBV, treatment
with TGF-B1 (H8541, Sigma-Aldrich, US), or
transfection at different times. Afterwards, the
supernatant was centrifuged at 2500 rpm for
5 min and kept at -20°C until further use.
HBsAg and HBeAg were determined using
HBsAg and HBeAg ELISA kits (Lantu Biotech.,
Hubei, China), respectively.

HBV DNA and HBV cccDNA determination

HBV DNA was isolated and determined by the
Blood & Cell Culture DNA kit (QIAGEN, Germany)
and a diagnostic kit for detection of HBV DNA
(Da An Gene, Guangzhou, China), respectively.
The specific primers of cccDNA are as follows:
GCCTATTGATTGGAAAGTATGT (sense) and AGC-
TGAGGCGGTATCTA (antisense). The monomeric
genotype D HBV inserted into the plasmid
served as the quantification standards.

Western blot (WB)

Total protein was extracted from HBV-related
liver fibrosis tissues and cells (LFTCs) with
RIPA lysis buffer (Beyotime, Shanghai, China).
Briefly, the equivalent amount of protein was
separated by 10%-12% SDS-PAGE, and then
electro-transferred to polyvinylidene fluoride
membranes. The membranes were sealed
with 5% skim milk at room temperature for 2 h.
Afterwards, the membranes were incubated
with primary antibodies against alpha-smooth
muscle actin (a-SMA, 1:2000, ab32575, Ab-
cam, Cambridge, UK), collagen type | alpha |
(COL1A1, 1:1000, ab260043, Cell Signaling
Technology, Boston, USA), matrix metallopro-
teinase 2 (MMP2, 1:1000, 40994, Cell Signal-
ing Technology), proliferating cell nuclear anti-
gen (PCNA, 1:1000, ab18197, Abcam), IL7R
(1:2500, ab180521, Abcam), and glyceralde-
hyde 3-phosphate dehydrogenase (GAPDH,
1:1000, ab9485, Abcam) overnight at 4°C, and
then incubated with the secondary antibody
against rabbit 1gG H&L (1:2000, ab6721,
Abcam) at room temperature for 1.5 h. Next,
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Table 1. The primer sequences for PCR

Primers Sequences

circ_MTM1 GCGACAAGTAGAGGAGAA (sense)
AGAAGTTGATGCAGAAGC (antisense)

miR-122-5p GTGACAATGGTGGAATGTGG (sense)
AAAGCAAACGATGCCAAGAC (antisense)

IL7R GAGTGTCGTCTATCGGGAAGG (sense)
TGGCGGTAAGCTACATCGTG (antisense)
ue CTCGCTTCGGCAGCACA (sense)

AACGCTTCACGAATTTGCGT (antisense)
GAPDH AAGGCTGAGAATGGGAAAC (sense)
TTCAGGGACTTGTCATACTTC (antisense)

the membranes were visualized using an elec-
tro chemiluminescent system. GAPDH was
adopted as an internal control.

RNA isolation and RT-gPCR

Total RNA was isolated from HBV-related
LFTCs using Trizol reagent (Invitrogen). cDNA
was synthesized using the SuperScript IV
CellsDirect cDNA synthesis kit (ThermoFisher
Scientific) or miRNA First Strand cDNA Synth-
esis kit (Sangon Biotech). The transcription
level of specific gene amplification was deter-
mined by a RT-qPCR system using SYBR Green
Master Mix (ThermoFisher). U6 and GAPDH
were adopted as internal controls to normalize
miR-122-5p, circ_MTM1 and IL7R. The specific
primers are listed in Table 1. MiR-122-5p, circ_
MTM1 and IL7R expression were measured
using the 222t method.

Dual-luciferase reporter assay (DLRA)

The sequences of circ_MTM1 or IL7R contain-
ing wild type (WT) or mutant type (MUT) miR-
122-5p binding sites were inserted into pGL3
promoter vectors (Invitrogen) to construct
reporter vectors, and named as circ_MTM1-
WT, circ_MTM1-MUT, IL7R-WT, or IL7R-MUT.
Afterwards, HBV-infected LX-2 cells and LX-2
cells co-treated with HBV and TGF-B1 were co-
transfected with firefly luciferase reporter vec-
tors (circ_MTM1-WT, IL7R-WT or circ_MTM1-
MUT, IL7R-MUT), renilla luciferase reporter vec-
tors, and miR-NC or miR-122-5p using Lipo-
fectamine 2000 kit (Invitrogen, catalog no.
11668-019). The transfection concentration
was 10 nM and lipofectamine 2000 was used
for transfection. After being transfected 48 h,
the cells were used for subsequent experi-
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ments. Firefly and renilla luciferase activities
(internal control) were measured by the DLRA
system kit (Promega).

Cell colony formation assay

HepG2.2.15 cells were cultured in 6-well
plates for 16 h, and then transfected with
sh-circ_MTM1 and sh-NC, respectively. The
transfection concentration was 10 nM and
lipofectamine 2000 (Invitrogen, catalog no.
11668-019) was used for transfection. After
being transfected for 48 h, the cells were used
for subsequent experiments. Subsequently, 1 x
10® transfected HepG2.2.15 cells were culti-
vated in 6-well plates for 10 days to enable
colony formation. The medium was removed,
and cells were incubated with 4% paraformal-
dehyde (Beyotime) and stained with crystal
violet (Beyotime) for 15 min. Colonies consist-
ing of 50 or more cells were counted.

MTT assay

MTT assay was used to detect cell viability.
Briefly, 5 x 10° HepG2.2.15 cells were seeded
in 96-well plates by using 8-channel multi-
pipette (Eppendorf AG, Hamburg, Germany),
and transfected with sh-circ_MTM1 and sh-
NC using Lipofectamine 2000 kit (Invitrogen,
catalog no. 11668-019), respectively. Then,
the transfected cells were incubated at 37°C
under 5% CO, for 24 h to get a confluence of
about 80%. Three multiple wells were set up in
each group, and the whole process of transfec-
tion was operated by the same person to main-
tain consistency of tansfection efficiency in
each well. The transfection concentration was
10 nM and lipofectamine 2000 was used for
transfection. After being transfected for 48 h,
the cells were used for subsequent experi-
ments. After being cultured for O, 1, 2 and 3
days, the cell supernatant was discarded, and
cells were incubated with 10 yL MTT solution
(Beyotime) for 4 h. Dimethyl sulfoxide (Sigma,
St. Louis, USA) was used to dissolve the gener-
ated formazan. OD value was detected at 570
nm with a microplate reader (BioTek, Winooski,
USA).

In vivo assay
Five-week old male BALB/c nude mice were

bought from Charles River, Beijing, China and
raised in a pathogen-free environment, and the
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mice were randomly grouped into sh-circ_
MTM1 group and sh-NC group (6 mice per
group). To obtain HepG2.2.15 cells that were
stable expressing sh-circ_MTM1 or sh-NC, the
lentiviral vectors expressing sh-circ_MTM1 (5-
CACTGGTACAAGGGTTGGGAGA-3’) or sh-NC (5-
TTCTCCGAACGTGTCACGTTT-3’), constructed by
Hanbio Biotechnology Co. Ltd. (Wuhan, China),
were transfected into the cells to generate the
stable cell line. 5 x 10° HepG2.2.15 cells stably
transfected with sh-circ_MTM1 or sh-NC were
diluted with 200 pyL PBS (Thermo Fisher) and
were subcutaneously injected into the mice.
After injection for 10 days, tumor volume was
estimated every 5 days. Tumor size was mea-
sured according to the formula: Volume =
(Length x Width?)/2. After 30 days of injection,
all mice were euthanized with an overdose
of pentobarbital (100 mg/kg), the xenograft
tumors were weighted. The xenograft tumor
tissues were embedded in paraffin for immu-
nohistochemistry (IHC) staining or stored for
RT-gPCR analysis. The animal experiments
were conducted in line with an institution-
approved Animal Care and Usage Protocol
approved by the Animal Care and Use
Committee of Jinzhou Medical University.

IHC

The level of IL7R in the xenograft tissues of
nude mice was detected by IHC assay. In brief,
tissue sections were baked at 65°C for 2 h,
and then were placed in xylene (Millipore,
Bradford, MA, USA) and hydrogen peroxide
solution (Millipore) in turn. Subsequently, tissue
sections were incubated with Citrate Antigen
Retrieval Solution (Millipore). Next, the primary
antibody against IL7R (1:100; Affinity, Nanjing,
China) and secondary antibody labeled with
HRP (1:200; Affinity) were incubated with the
tissue sections, respectively. The tissues were
stained with diaminobenzidine tetrahydrochlo-
ride (Millipore) and Mayer’s hematoxylin (Milli-
pore). Finally, IHC staining was captured with
a DP72 Olympus camera mounted on an
Olympus BX43 microscope. The IL7R expres-
sion was quantified using ImageJ (National
Institutes of Health, Bethesda, USA).

Statistical analysis

SPSS 18.0 software was applied for statistical
analysis. Data were represented by the mean +
SD. Intergroup comparisons were analyzed by
one-way ANOVA with post hoc Bonferroni test,
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and the intragroup differences were analyzed
by Student’s t-test. P < 0.05 denoted statisti-
cally significant.

Results

Circ_MTM1 was highly expressed in HBV-
infected LX-2 cells and LF tissues

LX-2 cells were incubated with HBV stock for
36 h to probe into the effect of HBV replication.
HBV could transiently infect and replicate in
cultured LX-2 cells and express HBs and HBe
in vitro. HBsAg and HBeAg were upregulated in
HBV-infected LX-2 cells rather than untreated
LX-2 cells (Figure 1A). Consistently, HBV infec-
tion also upregulated HBV DNA levels in LX-2
cells (Figure 1B). Meanwhile, viral transcrip-
tion template cccDNA was detected in HBV-
infected LX-2 cells (Figure 1C). These results
indicated a successful infection. WB assay
showed that TGF-B1 markedly upregulated
protein levels of a-SMA, COL1A1, MMP2 and
PCNA in HBV-infected LX-2 cells as compared
with HBV-infected LX-2 cells without TGF-B1
treatment (Figure 1D). The expression of circ_
MTM1 was detected in HBV-infected LX-2 cells
and LF tissues, and the results showed that
Circ_MTM1 expression in HBV-infected LX-2
cells was increased compared with untreated
cells, and was further increased in cells with
TGF-B1 and HBV co-treatment (Figure 1E).
Moreover, the expression of circ_MTM1 was
upregulated in HBV-related LF tissues (n = 32),
in contrast with the normal liver tissues (Figure
1F). The results indicated that circ_MTM1 was
highly expressed in HBV-related LFTCs.

Circ_MTM1 knockdown attenuated HBV-
induced LF

RT-gPCR indicated that transfection of si-circ_
MTM1 noticeably inhibited circ_MTM1 expres-
sion, not its linear transcription MTM1 mRNA
expression, in HBV-infected LX-2 cells, as well
as in HBV-infected and TGF-Bl-triggered LX-
2 cells (Figure 2A, 2B). Knockdown of circ_
MTM1 could noticeably inhibit HBsAg and
HBeAg levels in HBV-infected LX-2 cells (Figure
2C). Moreover, HBV DNA and cccDNA levels
were downregulated in HBV-infected LX-2 cells
with circ_MTM1 knockdown (Figure 2D, 2E).
WB assay suggested that circ_MTM1 knock-
down also inhibited the protein levels of a-SMA,
COL1A1, MMP2 and PCNA in LX-2 cells with
HBV and TGF-B1 co-treatment (Figure 2F).
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Figure 1. Circ_MTM1 was upregulated in HBV-related liver fibrosis tissues and cells. A. Detection of HBsAg and
HBeAg levels by HBsAg and HBeAg ELISA kits n = 3. B, C. Determination of HBV DNA and cccDNA levels by RT-qPCR.
n = 3. A-C. *P < 0.05, HBV infection group compare with the control group. D. Measurement of a-SMA, COL1A1,
MMP2 and PCNA expression by WB assay. n = 3. E. Determination of circ_MTM1 level in LX-2 cells RT-gPCR. n = 3.
F. Examination of circ_MTM1 expression in HBV-related liver fibrosis tissues by RT-qPCR. D-F. *P < 0.05, HBV infec-
tion + TGF-B1 compared with HBV infection + PBS group, n = 32. Intergroup comparisons were analyzed by one-way
ANOVA with post hoc Bonferroni test, and the intragroup differences were analyzed by Student’s t-test.
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Figure 2. Circ_MTM1 knockdown attenuated HBV-related liver fibrosis. HBV-infected LX-2 cells, and LX-2 cells with
HBV and TGF-B1 co-treatment were transfected with si-circ_MTM1 or si-NC. A, B. Circ_MTM1 and MTM1 levels were
measured by RT-gPCR. n = 3. C. HBsAg and HBeAg in HBV-infected LX-2 cells were detected by HBsAg and HBeAg
ELISA Kits, respectively. n = 3. D. Measurement HBV DNA level in HBV-infected LX-2 cells by RT-qPCR. n = 3. E. De-
termination of cccDNA level in HBV-infected LX-2 cells by RT-qPCR assay. n = 3. F. Determination of a-SMA, COL1A1,
MMP2 and PCNA expression in LX-2 cells with HBV and TGF-B1 co-treatment by WB. A-F. *P < 0.05, si-circ_MTM1
group compare with si-NC group, n = 6. Intergroup comparisons were analyzed by one-way ANOVA with post hoc
Bonferroni test, and the intragroup differences were analyzed by Student’s t-test.

Circ_MTM1 directly targeted miR-122-5p transfected LX-2 cells treated with HBV or
HBV and TGF-B1, transfection of miR-122-5p
remarkably decreased the luciferase activity of
circ_MTM1-WT group but showed little effect

on that of circ_MTM1-MUT group (Figure 3B,

Bioinformatics software StarBaseV3.0 predict-
ed that miR-122-5p was the binding site of
circ_MTM1 (Figure 3A). Compared with miR-NC
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Figure 3. Circ_MTM1 directly targeted miR-122-5p. A. The predicted binding sites between miR-122-5p and circ_
MTML1. B, C. Determination of the luciferase activity of cells co-transfected with miR-NC or miR-122-5p and circ_
MTM1-WT or circ_MTM1-MUT by DLRA. n = 6. A-C. *P < 0.05, miR-122-5p group compared with miR-NC group. D,
E. Examination of miR-122-5p level in HBV-infected LX-2 cells and LX-2 cells with HBV and TGF-B1 co-treatment
that transfected with si-circ_MTM1 or si-NC by RT-gPCR. D, E. *P < 0.05, si-circ_MTM1 group compared with si-NC
group, n = 6. F. Determination of miR-122-5p expression in LX-2 cells with HBV or TGF-B1 treatment by RT-gPCR. n
= 6. *P < 0.05, HBV infection group compared with the control group, HBV infection + TGF-B1 compared with HBV
infection + PBS group. G. Examination of miR-122-5p level in HBV-related liver fibrosis tissues by RT-qPCR. n = 32.
*P < 0.05, HBV infection group compared with the control group. H. Pearson’s correlation analysis was applied for
analyzing the correlation between circ_MTM1 and miR-122-5p (r = -0.4961, P = 0.0039). Intergroup comparisons
were analyzed by one-way ANOVA with post hoc Bonferroni test, and the intragroup differences were analyzed by

Student’s t-test.

3C). RT-gPCR results indicated that circ_MTM1
knockdown facilitated the expression of miR-
122-5p in HBV-infected LX-2 cells and LX-2
cells with HBV and TGF-B1 co-treatment (Figure
3D, 3E). Besides, a downregulation of miR-122-
5p in HBV-infected LX-2 cells was observed,
while TGF-B1 treatment induced lower miR-
122-5p expression (Figure 3F). Furthermore,
the expression of miR-122-5p was decreased
in HBV-related LF tissues (n = 32) (Figure 3G).
Circ_MTM1 expression had a negative correla-
tion with miR-122-5p level (r = -0.4961, P =
0.0039) (Figure 3H). All results implied that
miR-122-5p was a target of circ_MTM1 and
was negatively regulated by circ_MTM1.

MiR-122-5p inhibitor reversed the effects of
circ_MTM1 downregulation on HBV-related LF

miR-122-5p inhibitor significantly reversed the
upregulation effect of circ_MTM1 knockdown
on miR-122-5p expression in HBV-infected LX-2
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cells, as well as in LX-2 cells with HBV and TGF-
B1 co-treatment (Figure 4A, 4B). In HBV-
infected LX-2 cells, it was observed that HBsAg
and HBeAg levels were markedly attenuated by
circ_MTM1 knockdown, while these effects
were partly rescued by miR-122-5p inhibitor
(Figure 4C). Besides, miR-122-5p inhibitor
blocked the inhibition of circ_MTM1 knock-
down on HBV DNA and cccDNA levels in HBV-
infected LX-2 cells (Figure 4D, 4E). WB assay
indicated that miR-122-5p downregulation sig-
nificantly reversed the inhibitory effects of circ_
MTM1 depletion on protein levels of a-SMA,
COL1A1, MMP2 and PCNA in LX-2 cells with
HBV and TGF-B1 co-treatment (Figure 4F).
Overall, circ_MTM1 promoted HBV infection by
regulating miR-122-5p.

MIRNA-122-5p targeted the IL7R expression
Bioinformatics Targetscan predicted that IL7R

was a target of miR-122-5p (Figure 5A). DLRA
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Figure 4. MiR-122-5p inhibitor reversed the effects of circ_MTM1 knockdown on HBV-related liver fibrosis. HBV-
infected LX-2 cells and LX-2 cells with HBV and TGF-B1 co-treatment were transfected with si-NC, si-circ_MTM1,
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RT-gPCR. F. Determination of COL1A1, a-SMA, MMP2 and PCNA protein levels by WB. A-F. *P < 0.05, si-circ_MTM1
compared with si-NC, si-circ_MTM1 + anti-miR-122-5p compared with si-circ_MTM1 + anti-miR-NC, n = 6. Intergroup
comparisons were analyzed by one-way ANOVA with post hoc Bonferroni test, and the intragroup differences were

analyzed by Student’s t-test.
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Figure 5. IL7R was a target of miR-122-5p. A. Targetscan showed that IL7R was the binding site of miR-122-5p.
B, C. Determination of relative luciferase activity of cells with miR-NC or miR-122-5p and IL7R-WT or IL7R-MUT co-
transfection by DLRA. D, G. Transfection efficiency of miR-122-5p mimic or miR-NC was calculated by RT-qPCR. E, F,
H, I. Determination of IL7R mRNA and protein levels by RT-gPCR and WB. B-I. *P < 0.05, miR-122-5p mimic group
compared with miR-NC group. J, K. Determination of IL7R expression in control, HBV infection, HBV infection + PBS,
or HBV infection + TGF-B1 LX-2 cells by RT-gPCR and WB. J, K. *P < 0.05, HBV infection group compared with control
group, HBV infection + TGF-B1 compared with HBV infection + PBS group. L, M. Detection of IL7R mRNA and protein
levels by RT-gPCR and WB. L, M. *P < 0.05, HBV infection group compared with normal group, n = 6. N. Analysis of
the relationship between IL7R expression and miR-122-5p level through Pearson’s correlation analysis (r =-0.6523,
P < 0.0001). Intergroup comparisons were analyzed by one-way ANOVA with post hoc Bonferroni test, and the intra-
group differences were analyzed by Student’s t-test.
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Figure 6. Circ_MTM1 targeted miR-122-5p to regulate IL7R expression. HBV-infected LX-2 cells and LX-2 cells with
HBV and TGF-B1 co-treatment were transfected with si-NC, si-circ_MTM1, si-circ_MTM1 + anti-miR-NC, or si-circ_
MTM1 + anti-miR-122-5p, respectively. A-D. IL7R expression was detected in HBV-infected LX-2 cells and LX-2 cells
with HBV and TGF-B1 co-treatment. A-D. *P < 0.05, si-circ_MTM1 group compared with si-NC group; si-circ_MTM1 +
anti-miR-122-5p group compared with si-circ_MTM1 + anti-miR-NC group, n = 6. Intergroup comparisons were ana-
lyzed by one-way ANOVA with post hoc Bonferroni test, and the intragroup differences were analyzed by Student’s
t-test.

indicated a noticeable decrease in the lucifer-
ase activity of cells co-transfected with IL7R-
WT and miR-122-5p, while that of cells co-
transfected with IL7R-MUT and miR-122-5p
was not altered (Figure 5B, 5C). miR-122-5p
expression was deceased more than 14-fold
in HBV-infected LX-2 cells and in HBV and
TGF-B1 co-treated LX-2 cells (Figure 5D, 5QG).
Besides, upregulation of miR-122-5p remark-
ably decreased mRNA and protein expression
levels of IL7R in HBV-infected LX-2 cells (Figure
5E, 5F). Consistently, miR-122-5p mimic also
reduced mRNA and protein expression levels
of IL7R in LX-2 cells with HBV and TGF-31 co-
treatment (Figure 5H, 5I). Furthermore, it was
observed that HBV infection facilitated the
mRNA and protein levels of IL7R in HBV-infected
LX-2 cells and in LX-2 cells with HBV and TGF-
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B4 co-treatment (Figure 5J, 5K). The mRNA and
protein levels of IL7TR were increased (Figure
5L, 5M), and exhibited a negative relationship
(r=-0.6523, P < 0.0001) with miR-122-5p level
in HBV-related LF tissues (n = 32) (Figure 5N).
Thus, IL7R was highly expressed in HBV-related
LFTCs and was negatively regulated by miR-
122-5p.

Circ_MTM1 targeted miR-122-5p to regulate
IL7R expression

In HBV-infected LX-2 cells, it was found that
the downregulation of circ_MTM1 significantly
downregulated IL7R expression, and miR-122-
5p inhibitor could block the repression effect
of circ_MTM1 knockdown on IL7R expression
(Figure 6A, 6B). Moreover, miR-122-5p inhibitor
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Figure 7. IL7R overexpression reversed the effects of

miR-122-5p mimic on HBV-related liver fibrosis. HBV-infected

LX-2 cells and LX-2 cells with HBV and TGF-B1 co-treatment were transfected with miR-NC, miR-122-5p, miR-122-5p
+ pcDNA, or miR-122-5p + IL7R, respectively. A-D. Determination of IL7R expression in HBV-infected LX-2 cells and
LX-2 cells with HBV and TGF-B1 co-treatment. E. Measurement of HBsAg and HBeAg levels. F, G. Detection of HBV

DNA and cccDNA levels by RT-gPCR. H. Determination
< 0.05, miR-122-5p group compared with miR-NC g

of COL1A1, a-SMA, MMP2 and PCNA protein levels by WB. *P
oup or miR-122-5p + IL7R group compared with miR-122-5p

+ pcDNA group, n = 6. Intergroup comparisons were analyzed by one-way ANOVA with post hoc Bonferroni test, and
the intragroup differences were analyzed by Student’s t-test.

also reversed the decrease in the expression of
IL7R that was mediated by circ_MTM1 knock-
down in HBV and TGF-B1 co-treated LX-2 cells
(Figure 6C, 6D). These data confirmed that
circ_MTM1 upregulated IL7R expression by tar-
geting miR-122-5p.

IL7R overexpression reversed the effects of
miR-122-5p mimic on HBV-related LF

ILY7R overexpression partly reversed the sup-
pression effects of miR-122-5p mimic on mRNA
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and protein levels of IL7R in HBV-treated
LX-2 cells (Figure 7A, 7B) and LX-2 cells with
HBV and TGF-B1 co-treatment (Figure 7C, 7D).
Besides, IL7R overexpression partly reversed
the suppression effect of miR-122-5p mimic
on the levels of HBsAg, HBeAg, DNA and cccD-
NA (Figure 7E-G). MMP2, a-SMA, COL1A1, and
PCNA protein levels were inhibited by miR-122-
5p mimic, while they were increased by co-
transfection of IL7R overexpression plasmids
(Figure 7H). These findings uncovered the fact
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Figure 8. Circ_MTM1 silencing suppressed tumor growth in vivo. A, B. Detection of the effect of circ_MTM1 silencing
on the proliferation of HepG2.2.15 cells by cell colony formation and MTT assays. N = 3. C, D. Effect of circ_MTM1
silencing on tumor volume and weight. n = 6. E-H. Determination of the expression of circ_MTM1, miR-122-5p, IL7R
mRNA and protein levels in xenograft tumor tissues by RT-qPCR. n = 3. |. Detection of IL7R level in xenograft tumor
tissues by IHC assays, n = 3. *P < 0.05, sh-circ-MTM1 group compared with sh-NC group. Intergroup comparisons
were analyzed by one-way ANOVA with post hoc Bonferroni test, and the intragroup differences were analyzed by

Student’s t-test.

that circ_MTM1 could regulate HBV infection
through miR-122-5p/IL7R axis.

Circ_MTM1 knockdown repressed HepG2.2.15
cell proliferation and tumor formation of HCC

An in vivo nude mouse model was established
using HepG2.2.15 cells which integrated the
complete gene sequence of HBV and express-
ed HBV virus particles in cells. Circ_MTM1
knockdown inhibited the clone formation and
viability of HepG2.2.15 cells, suggesting that
circ_MTM1 knockdown could suppress the
proliferation of HepG2.2.15 cells (Figure 8A,
8B). Circ_MTM1 knockdown decreased tumor
volume and weight, suggesting the inhibitory
effect of circ_MTM1 knockdown on tumor
growth (Figure 8C, 8D). Besides, circ_MTM1
(Figure 8E) and IL7R (Figure 8G, 8H) expres-
sion was downregulated, whereas miR-122-5p
expression (Figure 8F) was increased in xeno-
graft tissues with sh-circ_MTM1 transfection.
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Furthermore, IHC assay also revealed that
IL7R-positive cells were significantly fewer in
nude mice with circ_MTM1 knockdown com-
pared with sh-NC group (Figure 8l). Therefore,
circ_MTM1 knockdown inhibited the growth of
HepG2.2.15 xenograft tumors in vivo by miR-
122-5p/IL7R axis. The schematic diagram of
the mechanism is exhibited in Figure 9.

Discussion

HBV DNA level is a key factor for HBV infection,
and it is strongly connected with an increasing
risk of cirrhosis [19]. Moreover, HBV cccDNA
acts a pivotal part in antiviral therapy resis-
tance and viral persistence; it is also a marker
of HBV infection. TGF-B1 plays a vital role in LF
by activating hepatic stellate cells in HBV-
related liver injury [20]. The findings in this
study suggested that TGF-B1 promoted LF in
HBV-infected LX-2 cells. CircRNAs play vital
roles in LF. Circ_0004018 [21] and circ_007-

Am J Transl Res 2022;14(4):2199-2211
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0963 [22] have been reported to inhibit LF. In
our research, circRNA circ_MTM1 was revealed
to be involved in the regulation of HBV-related
LF development for the first time. Herein, circ_
MTM1 level in HBV-related LF was determin-
ed. Circ_MTM1 was highly expressed in HBV-
related LFTCs. It was also found that circ_
MTM1 served as a promoter in HBV-infected
LF, and circ_MTM1 downregulation markedly
attenuated the levels of HBV infection mark-
ers. Meanwhile, circ_MTM1 knockdown mark-
edly inhibited COL1A1, a-SMA, MMP2 and
PCNA expression. Circ_MTM1 knockdown also
repressed proliferation of HepG2.2.15 cells
and tumor growth of HCC.

Multiple studies have confirmed that miRNAs
play a crucial role in LF progression [23]. For
instance, miR-33a is related to LF progression
[24]. Moreover, IncRNA NEAT1 has been dem-
onstrated to accelerate LF progression via reg-
ulating miR-122 [25]. Li et al. have indicated
that miR-148a is inhibited by IncRNA HOTTIP
and exerts a suppressive effect on the activa-
tion of hepatic stellate cells [26]. TUG1 can
facilitate LF through regulating miR-29b and is
involved in hepatic stellate cell activation [27].
In this study, it was observed that miR-122-5p
was a target of circ_MTM1 and was negatively

2209

_I Inhibit

regulated by circ_MTM1. Downregulated miR-
122-5p was discovered in HBV-related LFTCs.
Moreover, miR-122-5p inhibitor partly reversed
the suppressive effects of circ_MTM1 knock-
down on HBV infection and HBV-related LF.

ILY7R is closely correlated with human liver
diseases. A previous study indicated that the
polymorphisms at the a-chain of IL7R were
correlated with liver disease in HCV/HIV co-
infection suffers [28]. In addition, the rs689-
7932 polymorphism of IL7TR promoted the
evolution of LF in HCV-infected cases [17].
Furthermore, IL7R was overexpressed in hepa-
toma cells, and promoted HCC cell prolifera-
tion and migration [18]. In this research, IL7R
expression was elevated in HBV-related LFTCs.
IL7R expression was regulated by circ_MTM1
through targeting miR-122-5p in HBV-related
LF cells. These findings indicated that IL7R
overexpression blocked the effect of miR-122-
5p mimic on HBV infection.

In conclusion, circ_MTM1 was highly express-
ed in HBV-related LFTCs. It was found that
circ_MTM1 served as a promoter in the pro-
gression of HBV-related LF by regulating the
levels of LF-related proteins. Additionally, circ_
MTM1 silencing repressed tumor growth of

Am J Transl Res 2022;14(4):2199-2211



Effects and underlying mechanism of Circ_MTM1

HBV-related HCC. Collectively, circ_MTM1 was
involved in HBV-related LF progression through
regulating miR-122-5p/IL7R axis.

However, this study was limited by not exploring
the mechanism of circ_MTM1, which will be
improved by analyzing the role of pathways and
interactions with cellular proteins in the future.
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