
Summary. Background. Hepatitis B virus (HBV) is a 
top contributor to hepatoma. Circular RNAs (circRNAs) 
have been elucidated to have a close connection with 
HBV-induced hepatoma. This study aimed to explore the 
role of circRNA BTB domain and CNC homolog 1 
(circBACH1) in HBV replication and hepatoma 
progression, as well as the potential mechanistic 
pathway. 
      Methods. Quantitative real-time polymerase chain 
reaction (qRT-PCR) assay was performed to assess the 
expression of circBACH1, microRNA (miR)-200a-3p, 
and mitogen-activated protein kinase kinase kinase 2 
(MAP3K2). HBV replication was determined by 
enzyme-linked immunosorbent assay (ELISA) and qRT-
PCR assay. Cell viability and clonogenicity were 
detected via Cell Counting Kit-8 (CCK-8) assay and 
colony formation assay, respectively. Cell metastasis was 
examined by Transwell assay and wound healing assay. 
Annexing-V/PI staining was employed to monitor cell 
apoptosis using flow cytometry. Levels of MAP3K2, 
proliferation- and apoptosis-related proteins were 
analyzed by Western blotting. Target interaction between 
miR-200a-3p and circBACH1 or MAP3K2 was 
confirmed by dual-luciferase reporter assay and RNA 
immunoprecipitation (RIP) assay. The role of 
circBACH1 in vivo was investigated by xenograft model 
assay. 
      Results. Expression of circBACH1 and MAP3K2 
was increased, while miR-200a-3p expression was 
decreased in HCC tissues and HBV-transfected 
hepatoma cells. Depletion of circBACH1 or miR-200a-
3p overexpression impeded HBV replication, 
proliferation, and metastasis in HBV-transfected 

hepatoma cells. CircBACH1 was able to regulate 
MAP3K2 expression by sponging miR-200a-3p. 
CircBACH1 regulated HBV replication and hepatoma 
progression through the miR-200a-3p/MAP3K2 
pathway. Moreover, circBACH1 deficiency hampered 
tumor growth in vivo. 
      Conclusion. CircBACH1 knockdown had inhibitory 
effects on HBV replication and hepatoma progression, at 
least partly by modulating the miR-200a-3p/MAP3K2 
axis. 
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Introduction 
 
      Hepatoma remains one of the most prevalent 
malignancies all over the world, triggering one million 
new cases and 7×105 deaths per year, and its 5-year 
survival rate is low (Balogh et al., 2016). Hepatocellular 
carcinoma (HCC) ranks as the most common liver 
cancer, whose initiation is chiefly attributed to infection 
with Hepatitis B virus (HBV) (Fares and Peron, 2013). 
HBV is a hepatotropic virus that attacks approximately 
3.5% of people worldwide (Yuen et al., 2018). After 
viral infection, HBV continues to replicate. And 
covalently closed circular DNA (cccDNA) is vital for 
HBV persistent infection (Sun et al., 2018). Therefore, 
further exploration of HBV replication might be helpful 
for developing a novel drug for HBV treatment. 
      Circular RNAs (circRNAs) can be back-spliced from 
exons of linear RNAs, with high abundance in the 
eukaryotic transcriptome and diverse biological 
functions in eukaryotic cells (Qu et al., 2015). Due to the 
special covalently closed loop shape, circRNAs are more 
resistant to RNA enzyme degradation (Chen, 2016). 
CircRNAs have been documented to have diverse roles 
in hepatoma cell proliferation, apoptosis, and 
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metabolism (Song et al. 2018). In addition, certain 
circRNAs also have an association with HBV-related 
liver cancers (Cui et al., 2018). Derived from the BTB 
domain and CNC homolog 1 (BACH1) gene, 
circBACH1 was identified to exert an oncogenic role in 
HCC progression (Liu et al., 2020). Whether 
circBACH1 is involved in HBV replication remains to 
be explored. 
      MicroRNAs (miRNAs) are small non-coding RNAs 
that alter gene expression by complementarily binding to 
3’ untranslated region (3’UTR) of involved target genes, 
thereby participating in cancer progression (Lai, 2002; 
Paulmurugan, 2013). Furthermore, many miRNAs exert 
a tumor-suppressing role in HBV-related HCC, like miR-
29c (Wang et al., 2011), miR-152 (Huang et al., 2010), 
and miR-22 (Jiang et al., 2011). Shi et al. alleged that 
miR-200a-3p could impede the malignant properties of 
HBV-positive cells (Shi et al., 2017). In this paper, 
Starbase 3.0 analysis forecasted that miR-200a-3p was a 
possible target of circBACH1. However, the association 
between miR-200a-3p and circBACH1-mediated HBV 
replication is unclear. 
      Mitogen-activated protein kinase kinase kinase 2 
(MAP3K2) is a member of the serine/threonine-protein 
kinase family, which is involved in the growth of several 
human tumors, including non-small cell lung cancer 
(Huang et al., 2016), breast cancer (Wang and Wen, 
2020), cutaneous malignant melanoma (Chen et al., 
2019b), neuroblastoma (Zhu et al., 2021), and HCC 
(Zhang et al., 2021). Moreover, MAP3K2 participates in 
miR-122-mediated inhibitory impact on hepatoblastoma 
cell migration and HBV replication (Chen et al., 2019a). 
MAP3K2 was estimated to be a target gene of miR-
200a-3p. Regrettably, evidence on the connection 
between miR-200a-3p and MAP3K2 in HBV replication 
is scarce. 
      In this work, the expression of circBACH1 in HCC 
tissues and HBV-transfected hepatoma cells was 
detected. The effects of circBACH1 on HBV replication 
and hepatoma development were investigated. The 
molecular mechanism by which circBACH1 functioned 
in hepatoma cells was also explored. 
  
Materials and methods 
 
Collection of clinical specimens 
 
      Thirty-one HCC tissues and paired adjacent healthy 
tissues were procured from Suizhou Central Hospital 
Affiliated to Hubei Medical College. Tissues were 
collected from HCC patients during surgery, and all 
patients submitted written informed consent. This study 
was ethically ratified by the Ethics Committees of 
Suizhou Central Hospital Affiliated to Hubei Medical 
College. 
 
Cell culture and HBV infection 
 
      Hepatoma cell lines HepG2 and Huh7 (CL-0120; 

Procell, Wuhan, China), as well as 293T cells (CRL-
1573; American Type Culture Collection, Manassas, VA, 
USA) were cultivated in Dulbecco’s Modified Eagle 
Medium (Thermo Fisher, Rockford, IL, USA) mixed 
with 10% fetal bovine serum (Gibco, Grand Island, NY, 
USA) and 1% penicillin/streptomycin (Gibco) in a 
humidified atmosphere containing 5% CO2 at 37°C. 
      HepG2.2.15 and Huh7-1.3 cells were established by 
transfection of pHBV1.3 (plasmids containing the 
genomic sequence of HBV) into HepG2 and Huh7 cells, 
respectively (Zhang and Wang, 2020). 
 
Cell transfection 
 
      Small interfering RNAs of circBACH1 si-
circBACH1#1 (5’-GAG AAG CTG GTG ACA GTT 
AAA-3’), si-circBACH1#2 (5’-AGC TGG TGA CAG 
TTA AAG GAT-3’) and si-circBACH1#3 (5’-AAG CTG 
GTG ACA GTT AAA GGA-3’) were constructed to 
silence circBACH1 expression, with si-NC (5’-AAG 
TCG GGT CAA GAG AAG CTT-3’) as a negative 
control, which all were furnished by GenePharma Co. 
Ltd. (Shanghai, China). MiR-200a-3p mimic (5’-ACA 
UCG UUA CCA GAC AGU GUU A-3’), miR-200a-3p 
inhibitor (5’-UGU AGC AAU GGU CUG UCA CAA U-
3’), and their negative control: mimic NC (5’-UUU UCC 
GAA CGU UCA CGU TT-3’) and inhibitor NC (5’-
CUA ACG CAU GCA CAG UCG UAC G-3’) were 
supplied by GeneCopoeia (Guangzhou, China). The 
overexpression plasmid of MAP3K2 (pcDNA-
MAP3K2) was synthesized by cloning its 
complementary DNA (cDNA) sequence into pcDNA 3.1 
vector (Invitrogen, Carlsbad, CA, USA), with an empty 
vector (pcDNA) as the negative control. Cell 
transfection assay was implemented with Lipofectamine 
3000 (Invitrogen). 
 
Quantitative real-time polymerase chain reaction (qRT-
PCR) 
 
      Clinical specimens and cells were incubated with 
TRIzol reagent (Invitrogen) for isolating total RNA. The 
quality of RNA was measured with a NanoDrop ND-
1000 spectrophotometer (Thermo Fisher). 1 μg RNA 
was subjected for cDNA synthesis with cDNA Reverse 
Transcription Kit (Applied Biosystems, Foster City, CA, 
USA) or miRNA Reverse Transcription Kit (Applied 
Biosystems), followed by qRT-PCR assay utilizing 
SYBR Green Master Mix (Applied Biosystems) or 
TaqMan MiRNA Assay Kit (Applied Biosystems). 
Relative expression was assessed by the 2-ΔΔCt method 
(Livak and Schmittgen, 2001), and glyceraldehyde 3-
phosphate dehydrogenase (GAPDH, for circBACH1, 
linear BACH1 and MAP3K2) or U6 (for miR-200a-3p) 
served as an internal control. Sequence information of 
qRT-PCR assay was as follows: circBACH1-forward 
(F), 5’-GCTGTCGCAAGAGAAAACTTG-3’ and 
circBACH1-reverse (R), 5’-CCACACATTTGCAC 
ACTTCA-3’; linear BACH1-F, 5’-CACCGAAGGAG 
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ACAGTGAATCC-3’ and linear BACH1-R, 5’-
GCTGTTCTGGAGTAAGCTTGTGC-3’; miR-200a-3p-
F, 5’-TAACACTGTCTGGTAACGATGT-3’ and miR-
200a-3p-R, 5’-CATCTTACCGGACAGTGCTGGA-3’; 
MAP3K2-F, 5’-TACACCCGTCAGATTCTGGAGG-3’ 
and MAP3K2-R, 5’-ATGGTCTGAAGCCGTTTGC 
TGG-3’; GAPDH-F, 5’-TGCACCACCAACTGCTT 
AGC-3’ and GAPDH-R, 5’-AGCTCAGGGATGACC 
TTGCC-3’; U6-F, 5’-CTCGCTTCGGCAGCACA-3’ 
and U6-R, 5’-AACGCTTCACGAATTTGCGT-3’. 
 
RNase R digestion and Actinomycin D treatment 
 
      Total RNA (5 μg) derived from Huh7-1.3 and 
HepG2.2.15 cells were treated with RNase R (Epicentre 
Biotechnologies, Shanghai, China) (RNase R+) or not 
(RNase R-) at 37°C for 0.5 h. The resulting RNA was 
subjected to qRT-PCR assay to detect the expression of 
circBACH1 and linear BACH1. 
      Actinomycin D treatment was also carried out to test 
the stability of circBACH1. 2 mg/mL actinomycin D 
(Cell Signaling Technology, Danvers, MA, USA) or 
dimethyl sulfoxide (DMSO) reagent (Cell Signaling 
Technology) was added into Medium of HepG2.2.15 and 
Huh7-1.3 cells and incubated for the indicated time (0 h, 
4 h, 8 h, 12 h, 20 h or 24 h). Then, the levels of 
circBACH1 and linear BACH1 were assessed via qRT-
PCR assay. 
 
HBV replication detection 
 
      After transfection, enzyme-linked immunosorbent 
assay (ELISA) kits (Cell Biolabs, Inc., San Diego, CA, 
USA) were applied to examine the levels of HBV 
replication markers HBeAg (VPK-5003) and HBsAg 
(VPK-5004) in the supernatant of HepG2.2.15 and 
Huh7-1.3 cells as per the supplier’s instructions. 
      For the determination of HBV DNA copy, qRT-PCR 
was implemented referring to a former report (Song et 
al., 2013). And HBV cccDNA was detected as 
previously reported (Tajik et al., 2015). 
 
Cell viability assay 
 
      Cell Counting Kit-8 (CCK-8) assay was adopted to 
assess cell viability. After transfection, Huh7-1.3 and 
HepG2.2.15 cells were maintained in 96-well plates for 
the indicated time (0 h, 24 h, 48 h or 72 h), 10 µL CCK-
8 solution (Sigma-Aldrich, St. Louis, MO, USA) was 
dropped into every well. After incubation for 2 h, the 
optical density (OD) at 450 nm was determined by 
exploiting a microplate reader (Molecular Devices, 
Sunnyvale, CA, USA). 
 
Colony formation assay 
 
      1×103 transfected Huh7-1.3 and HepG2.2.15 cells 
were inoculated into 6-well plates and cultivated for 10 

d. Colonies in each well were fastened using 4% 
paraformaldehyde (PFA; Sigma-Aldrich) and dyed with 
crystal violet (Sigma-Aldrich), then counted using Image 
J software (NIH, Bethesda, MD, USA) and 
photographed. 
 
Cell metastasis assay 
 
      Transwell chambers (Costar, Corning, NY, USA) 
were applied for cell invasion examination. After 
transfection, 5×104 Huh7-1.3 and HepG2.2.15 cells were 
suspended in Medium without serum then transferred 
into upper chambers pre-enveloped with Matrigel (BD 
Bioscience, Franklin Lakes, NJ, USA). Meanwhile, 
complete Medium was added into lower chambers. At 
incubation for 24 h, cells remaining on the top side were 
washed away by phosphate buffer saline (PBS; Sigma-
Aldrich), while invading cells were subjected to 
immobilization with 4% PFA (Sigma-Aldrich), dyed 
using crystal violet (Sigma-Aldrich), observed (100×) 
and counted under a microscope (Olympus, Tokyo, 
Japan). 
      Wound healing assay was carried out to evaluate the 
migratory capacity of HBV-transfected cells. Transfected 
Huh7-1.3 and HepG2.2.15 cells were placed into 24-well 
plates containing complete Medium until cell confluence 
reached 90%. Subsequently, scratches were made using 
sterile pipette tips (10 μL). Detached cells were removed 
by PBS (Sigma-Aldrich), then images were taken at 0 h 
and 24 h post-incubation at 37°C. 
 
Flow cytometry 
 
      An Apoptosis Detection kit (BD Bioscience) was 
applied to analyze cell apoptosis referring to the user’s 
manual. Transfected Huh7-1.3 and HepG2.2.15 cells 
were harvested and dyed with Annexin V-fluorescein 
isothiocyanate (FITC) and propidium iodide (PI) 
solution. Then apoptotic HBV-transfected cells were 
identified by a flow cytometer (BD Bioscience) and 
apoptosis rate was computed by the feat of Cell Quest 
6.0 software (BD Bioscience). 
 
Western blotting 
 
      Clinical specimens and cells were exposed to Radio-
Immunoprecipitation Assay buffer (Cell Signaling 
Technology) to isolate total protein samples, followed by 
concentration quantification using a bicinchoninic acid 
protein assay kit (Sigma-Aldrich). Afterward, 40 μL 
protein samples were run on 12% sodium dodecyl 
sulfate (SDS)-polyacrylamide gels (PAGE), then 
transferred on polyvinylidene difluoride membranes 
(Millipore, Billerica, MA, USA). Later, membranes were 
blocked with blocking reagent (5% non-fat milk) and 
incubated rabbit primary antibody against Proliferating 
Cell Nuclear Antigen (PCNA; ab92552; Abcam, 
Cambridge, MA, USA), BCL2-Associated X (Bax; 
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ab182733; Abcam), B-cell lymphoma-2 (Bcl-2; 
ab237892; Abcam), MAP3K2 (ab33918; Abcam) or 
loading control GAPDH (ab181602; Abcam), then 
probed with goat anti-rabbit secondary antibody 
(ab205718; Abcam). In the end, protein bands were 
visualized and detected using enhanced chemi-
luminescence reagent (Cell Signaling Technology) and 
Image J software, respectively. 
 
Dual-luciferase reporter assay (DLRA) 
 
      The target relationship in this study was forecast via 
Starbase 3.0 (http://starbase.sysu.edu.cn/). For DLRA, 
wide type luciferase reports of circBACH1 and 
MAP3K2 3’UTR (circBACH1 wt and MAP3K2 3’UTR 
wt) were built by inserting their partial sequence 
harboring the complementary position (5’-AGUGUU-3’) 
with miR-200a-3p into pMirGLO reporter vector 
(Promega, Fitchburg, WI, USA), respectively. After 
mutating the complementary position (5’-UCACAA-3’), 
mutant reports (circBACH1 mut and MAP3K2 3’UTR 
mut) were constructed in a similar manner. 293T cells 
were co-transfected with luciferase report and mimic NC 
or miR-200a-3p mimic for 48 h. Luciferase density was 
determined by exploiting the Dual-Luciferase Reporter 
detection System (Promega) referring to the producer’s 
guidance. 
 
RNA immunoprecipitation (RIP) assay 
 
      This assay was performed with an EZ-Magna RIP 
Kit (Millipore) according to the supplier’s guidelines. In 
brief, cell lysate of Huh7-1.3 and HepG2.2.15 cells were 
mixed with magnetic beads and antibodies against 
Argonaute2 (anti-Ago2; ab186733; Abcam) or 
immunoglobulin G (anti-IgG; ab133470; Abcam) on a 
shaker at 4°C overnight. Then, RNA was purified from 
magnetic beads-binding complexes after Proteinase K 
(Invitrogen) treatment. Finally, the enrichment of 
circBACH1, miR-200a-3p, and MAP3K2 was 
determined via qRT-PCR assay or Western blotting. 
 
Xenograft model assay 
 
      The current experiment performed on nude mice was 
permitted by the Ethics Committees of Suizhou Central 
Hospital Affiliated to Hubei Medical College. Twelve 
BALB/c nude mice were commercially procured from 
Beijing Vital River Laboratory Animal Technology Co., 
Ltd. (Beijing, China) and supplemented with enough 
food and water. 2×106 HepG2.2.15 cells stably 
expressing small hairpin RNA (shRNA) targeting 
circBACH1 (sh-circBACH1) or its negative control sh-
NC was hypodermically injected into nude mice (n=6). 
Subsequently, tumor growth was recorded every 5 days 
(Volume=width2×length/2). 30 days post-inoculation, all 
mice were euthanized and tumor tissues were resected. 
The levels of circBACH1, miR-200a-3p, and MAP3K2 

were evaluated by qRT-PCR assay. 
 
Statistical analysis 
 
      All data in this were derived from ≥3 independent 
experiments, processed via SPSS 20.0 software (SPSS, 
Chicago, IL, USA), then exhibited mean ± standard 
deviation. The difference in groups was determined by 
analysis of variance or Student’s t-test. Correlation of 
circBACH1, miR-200a-3p, and MAP3K2 expression in 
31 cases of HCC tissues was assessed via Pearson’s 
correlation analysis. When P<0.05, it was considered 
statistically significant. 
 
Results 
 
CircBACH1 was highly expressed in HCC tissues and 
HBV-transfected hepatoma cells 
 
      At first, we examined the relative level of 
circBACH1 in HCC tissues. As illustrated in Fig. 1A, 
circBACH1 expression in HCC tissues was increased 
when compared to matched normal tissues. Additionally, 
circBACH1 expression was higher in Huh7-1.3 and 
HepG2.2.15 cells than that in their respective parent 
cells (Fig. 1B). CircBACH1 (ID: hsa_circ_0061395) is 
derived from exon 3-4 of the BACH1 gene located on 
chromosome 9 and its length is 1542 bp (Fig. 1C). After 
RNase R treatment, the level of linear BACH1 was 
obviously reduced in Huh7-1.3 and HepG2.2.15 cells, 
while circBACH1 expression was without change (Fig. 
1D). Moreover, linear BACH1 was more likely to be 
degraded by actinomycin D, while circBACH1 was 
more resistant to actinomycin D in Huh7-1.3 and 
HepG2.2.15 cells (Fig. 1E). The above results suggested 
that circBACH1 might be associated with hepatoma 
development. 
 
CircBACH1 knockdown was able to repress HBV 
replication and proliferation in HBV-transfected 
hepatoma cells 
 
      The dysregulation of circBACH1 in HCC tissues 
and HBV-transfected hepatoma cells prompted us to 
investigate the influence of circBACH1 on hepatoma 
progression. Then Huh7-1.3 and HepG2.2.15 cells with 
circBACH1 deficiency were established by transfection 
with special small interfering RNAs of circBACH1. As 
exhibited in Fig. 2A, the introduction of si-
circBACH1#1, si-circBACH1#2 or si-circBACH1#3 
successfully decreased circBACH1 expression in Huh7-
1.3 and HepG2.2.15 cells, with si-NC as a negative 
control. Furthermore, si-circBACH1#2 triggered the best 
knockdown effect, so it was selected for later assays. We 
found that circBACH1 knockdown reduced the levels of 
HBeAg and HBsAg in HBV-transfected hepatoma cells 
(Fig. 2B,C). And depletion of circBACH1 decreased 
HBV DNA copies (Fig. 2D) and HBV cccDNA (Fig. 2E) 
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in Huh7-1.3 and HepG2.2.15 cells. CCK-8 assay 
disclosed that silencing of circBACH1 repressed cell 
viability of Huh7-1.3 and HepG2.2.15 cells (Fig. 2F). 
And depletion of circBACH1 reduced clonogenicity of 
Huh7-1.3 and HepG2.2.15 cells, which was uncovered 
via colony formation assay (Fig. 2G). These data 
collectively suggested that silencing of circBACH1 was 
able to hinder HBV replication and proliferation in 
HBV-transfected hepatoma cells. 
 
Depression of circBACH1 was able to restrain 
metastasis and induce apoptosis in HBV-transfected 
hepatoma cells 
 
      Furthermore, we further assessed the effects of 
circBACH1 silencing on metastasis and apoptosis rate in 
HBV-transfected hepatoma cells.  As shown in Fig. 
3A,B, Transwell assay and Wound healing assay proved 
that circBACH1 knockdown was able to suppress cell 
invasion and migration of Huh7-1.3 and HepG2.2.15 

cells. In addition, a higher apoptotic rate was detected in 
Huh7-1.3 and HepG2.2.15 cells of si-circBACH1#2 
group compared to that in cells of the si-NC group (Fig. 
3C). Moreover, circBACH1 depletion reduced the levels 
of PCDA and Bcl-2, and increased Bax level in Huh7-
1.3 and HepG2.2.15 cells (Fig. 3D). These data 
collectively suggested that silencing of circBACH1 
suppressed HBV replication, proliferation, and 
metastasis in HBV-transfected hepatoma cells. 
 
CircBACH1 was able to sponge miR-200a-3p 
 
      To clarify the mechanism by which circBACH1 
altered the cellular behaviors of HBV-transfected 
hepatoma cells, Starbase 3.0 was searched to predict the 
miRNAs potentially interacting with circBACH1, and 
miR-200a-3p was discovered to be a candidate. The 
binding sites between the two are exhibited in Fig. 4A. 
The following dual-luciferase reporter assay revealed 
that overexpression of miR-200a-3p efficiently reduced 
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Fig. 1. CircBACH1 was highly expressed in HCC tissues and HBV-transfected hepatoma cells. A. QRT-PCR assay for the relative expression of 
circBACH1 in HCC tissues and normal tissues (N=31). B. QRT-PCR assay for the relative expression of circBACH1 in HepG2, HepG2.2.15, Huh7, and 
Huh7-1.3 cells. C. Schematic diagram of the structure and other information of circBACH1. D. QRT-PCR assay for the relative expression of 
circBACH1 and linear BACH1 in RNA isolated from Huh7-1.3 and HepG2.2.15 cells digested with RNase R (RNase R+) or not (RNase R-). E. QRT-
PCR assay for the half-life of circBACH1 and linear BACH1 in Huh7-1.3 and HepG2.2.15 cells incubated with DMSO or actinomycin D. *P<0.05.



the luciferase activity of 293T cells co-transfected with 
circBACH1 wt, while it did not alter that of cells co-
transfected with circBACH1 mut (Fig. 4B). To further 
consolidate the binding between circBACH1 and miR-
200a-3p, RIP assay showed that both circBACH1 and 
miR-200a-3p could be immunoprecipitated by anti-Ago2 
(Fig. 4C). Furthermore, miR-200a-3p expression was 
observed to be decreased in HCC tissues and HBV-
transfected hepatoma cells relative to corresponding 
control (Fig. 4D,E). There existed an inverse correlation 
between the expression levels of circBACH1 and miR-
200a-3p in HCC tissues (Fig. 4F). Therefore, 
circBACH1 directly binds to miR-200a-3p. 
 
Silencing of circBACH1 suppressed the progression of 
hepatoma cells by sponging miR-200a-3p  
 
      We then explored the association between miR-
200a-3p and circBACH1 in HBV replication and 
hepatoma development. QRT-PCR assay uncovered the 

knockdown efficiency of miR-200a-3p inhibitor in 
reducing miR-200a-3p expression in Huh7-1.3 and 
HepG2.2.15 cells, with respect to inhibitor NC (Fig. 
5A). Moreover, depletion of circBACH1 apparently 
increased miR-200a-3p level in HBV-transfected 
hepatoma cells, while miR-200a-3p inhibitor attenuated 
it (Fig. 5B). Consequent functional assays were 
performed and indicated that circBACH1 knockdown-
induced the decreased levels of HBeAg (Fig. 5C) and 
HBsAg (Fig. 5D), HBV DNA copies (Fig. 5E) and HBV 
cccDNA (Fig. 5F), the inhibited cell viability (Fig. 5G), 
colony formation ability (Fig. 5H), invasion (Fig. 5I) and 
migration (Fig. 5J). The elevated apoptotic rate (Fig. 
5K), as well as the reduced PCDA and Bcl-2 levels and 
enhanced Bax level (Fig. 5L) in Huh7-1.3 and 
HepG2.2.15 cells were all largely relieved by miR-200a-
3p inhibition. Hence, silencing of circBACH1 hampered 
HBV replication, proliferation, and metastasis in HBV-
transfected hepatoma cells by increasing miR-200a-3p 
expression. 

868

CircBACH1 promotes HBV replication

Fig. 2. CircBACH1 knockdown inhibited HBV replication and proliferation in HBV-transfected hepatoma cells. A. QRT-PCR assay for the relative 
expression of circBACH1 in Huh7-1.3 and HepG2.2.15 cells transfected with si-NC, si-circBACH1#1, si-circBACH1#2 or si-circBACH1#3. B-G. Huh7-
1.3 and HepG2.2.15 cells were transfected with si-NC or si-circBACH1#2. B, C. ELISA assay for the levels of HBeAg (B) and HBsAg (C) in transfected 
cells. D, E. QRT-PCR assay for HBV DNA copies (D) and HBV cccDNA (E) in transfected cells. F. CCK-8 assay for the cell viability of transfected cells. 
G. Colony formation assay for the cell clonogenicity of transfected cells. *P<0.05.



MAP3K2 acted as a downstream gene of 
circBACH1/miR-200a-3p axis 
 
      To search the downstream effector of 
circBACH1/miR-200a-3p axis, Starbase 3.0 was used to 

predict the target gene of miR-200a-3p. 3’UTR of 
MAP3K2 was discovered to be endowed with the 
complementary sequence with miR-200a-3p (Fig. 6A). 
Dual-luciferase reporter assay suggested that enforced 
expression of miR-200a-3p obviously decreased the 
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Fig. 3. CircBACH1 deficiency was able to suppress metastasis and induce apoptosis in HBV-transfected hepatoma cells. A-D. Huh7-1.3 and 
HepG2.2.15 cells were transfected with si-NC or si-circBACH1#2. A. Transwell assay for the cell invasion in transfected cells. B. Wound healing assay 
for the cell migration in transfected cells. C. Flow cytometry for the apoptotic rate in transfected cells. D. Western blotting for the protein levels of PCNA, 
Bax, and Bcl-2 in transfected cells. *P<0.05.



luciferase activity of 293T cells co-transfected with 
MAP3K2 3’UTR wt, while the luciferase density of cells 
co-transfected with MAP3K2 3’UTR mut was without 
change (Fig. 6B). The consequent RIP assay also 
manifested the target relationship between miR-200a-3p 
and MAP3K2 (Fig. 6C). MAP3K2 expression was 
detected to be higher in HCC tissues than that in normal 
tissues (Fig. 6D,E). Likewise, the protein level of 
MAP3K2 was upregulated in HepG2.2.15 and Huh7-1.3 
cells in contrast to HepG2 and Huh7 cells, respectively 
(Fig. 6F). Furthermore, miR-200a-3p expression in HCC 

tissues was negatively correlated with MAP3K2 mRNA 
expression (Fig. 6G). And MAP3K2 protein level in 
HepG2.2.15 and Huh7-1.3 cells was inhibited by 
circBACH1 depletion, which was remitted by miR-
200a-3p inhibitor (Fig. 6H). Collectively, miR-200a-3p 
was able to target MAP3K2. 
 
miR-200a-3p upregulation was able to suppress the 
development of hepatoma by targeting MAP3K2 
 
      We then investigated the co-effect of miR-200a-3p 
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Fig. 4. CircBACH1 was able to sponge miR-200a-3p. A. The potential binding sites between circBACH1 and miR-200a-3p are predicted by Starbase 
3.0. B. Dual-luciferase reporter assay for the luciferase activity of 293T cells co-transfected with mimic NC or miR-200a-3p mimic and circBACH1 wt or 
circBACH1 mut. C. RIP and qRT-PCR assays for the binding potency between circBACH1 and miR-200a-3p to Ago2 protein in Huh7-1.3 and 
HepG2.2.15 cells. D. QRT-PCR assay for the relative expression of miR-200a-3p in HCC tissues and normal tissues (N=31). E. QRT-PCR assay for 
the relative expression of miR-200a-3p in HepG2, HepG2.2.15, Huh7, and Huh7-1.3 cells. F. Pearson’s correlation analysis for the correlation between 
the expression levels of circBACH1 and miR-200a-3p in 31 HCC tissues. *P<0.05.
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Fig. 5. CircBACH1 directly binds to miR-200a-3p to function in hepatoma cells. A. QRT-PCR assay for the relative expression of miR-200a-3p in Huh7-
1.3 and HepG2.2.15 cells transfected with inhibitor NC or miR-200a-3p inhibitor. B-M. Huh7-1.3 and HepG2.2.15 cells were transfected with si-NC, si-
circBACH1#2, si-circBACH1#2+inhibitor NC or si-circBACH1#2+miR-200a-3p inhibitor. B. QRT-PCR assay for the relative expression of miR-200a-3p 
in transfected cells. C, D. ELISA assay for the levels of HBeAg (C) and HBsAg (D) in transfected cells. (E-F) QRT-PCR assay for HBV DNA copies (E) 
and HBV cccDNA (F) in transfected cells. G. CCK-8 assay for the cell viability of transfected cells. H. Colony formation assay for the cell clonogenicity 
of transfected cells. I. Transwell assay for the cell invasion in transfected cells. J. Wound healing assay for the cell migration in transfected cells. K. 
Flow cytometry for the apoptotic rate in transfected cells. L. Western blotting for the protein levels of PCNA, Bax, and Bcl-2 in transfected cells. 
*P<0.05.



and MAP3K2 on HBV replication and hepatoma 
development. As shown in Fig. 7A, transfection with 
miR-200a-3p mimic remarkably enhanced miR-200a-3p 
expression in Huh7-1.3 and HepG2.2.15 cells, relative to 
mimic NC. And Huh7-1.3 and HepG2.2.15 cells with 
MAP3K2 overexpression were established by 
introduction with pcDNA-MAP3K2, with pcDNA as 
negative control (Fig. 7B). Subsequently, our data 
exhibited that the overexpression of MAP3K2 obviously 
abolished the inhibitory effect of miR-200a-3p mimic on 
HBeAg (Fig. 7C) and HBsAg (Fig. 7D) levels, HBV 
DNA copies (Fig. 7E), and HBV cccDNA (Fig. 7F) in 
Huh7-1.3 and HepG2.2.15 cells. Meanwhile, functional 
analysis discovered that the upregulation of miR-200a-
3p was able to suppress cell viability (Fig. 7G), colony 
formation ability (Fig. 7H), invasion (Fig. 7I), migration 

(Fig. 7J), and induce apoptotic rate (Fig. 7K), which was 
partly overturned by the introduction of pcDNA-
MAP3K2 in Huh7-1.3 and HepG2.2.15 cells. Also, the 
changes of PCDA, Bcl-2, and Bax protein levels (Fig. 
7L) under the same condition further verified the effects 
of miR-200a-3p and MAP3K2 on proliferation and 
apoptosis of Huh7-1.3 and HepG2.2.15 cells. Taken 
together, miR-200a-3p impeded HBV replication and 
hepatoma development by directly targeting MAP3K2. 
 
CircBACH1 exerted a tumor-promoting role in hepatoma 
in vivo 
 
      A xenograft mouse model was established to 
evaluate the impact of circBACH1 on hepatoma growth 
in vivo. Smaller volumes (Fig. 8A) and lighter weight 
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Fig. 6. MAP3K2 as a downstream gene of circBACH1/miR-200a-3p axis. A. The potential binding sites between miR-200a-3p and MAP3K2 3’UTR are 
forecast by Starbase 3.0. B. Dual-luciferase reporter assay for the luciferase activity of 293T cells co-transfected with mimic NC or miR-200a-3p mimic 
and MAP3K2 3’UTR wt or MAP3K2 3’UTR mut. C. RIP and qRT-PCR assays for the binding potency between circBACH1 and miR-200a-3p. D. QRT-
PCR assay for the relative mRNA expression of MAP3K2 in HCC tissues and normal tissues (N=31). E. Western blotting for the protein level of 
MAP3K2 in HCC tissues and normal tissues. F. Western blotting for the protein level of MAP3K2 in HepG2, HepG2.2.15, Huh7, and Huh7-1.3 cells. G. 
Pearson’s correlation analysis for the correlation between the expression levels of miR-200a-3p and MAP3K2 mRNA in 31 HCC tissues. H. Western 
blotting for the protein level of MAP3K2 in Huh7-1.3 and HepG2.2.15 cells transfected with si-NC, si-circBACH1#2, si-circBACH1#2+inhibitor NC or si-
circBACH1#2+miR-200a-3p inhibitor. *P<0.05.
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Fig. 7. Gain of miR-200a-3p was able to suppress HBV replication, proliferation, and metastasis in HBV-transfected hepatoma cells by targeting 
MAP3K2. A. QRT-PCR assay for the relative expression of miR-200a-3p in Huh7-1.3 and HepG2.2.15 cells transfected with mimic NC or miR-200a-3p 
mimic. B. Western blotting for the protein level of MAP3K2 in Huh7-1.3 and HepG2.2.15 cells transfected with pcDNA or pcDNA-MAP3K2. C-L. Huh7-
1.3 and HepG2.2.15 cells were transfected with mimic NC, miR-200a-3p mimic, miR-200a-3p mimic+pcDNA or miR-200a-3p mimic+pcDNA-MAP3K2. 
C, D. ELISA assay for the levels of HBeAg (C) and HBsAg (D) in transfected cells. E, F. QRT-PCR assay for HBV DNA copies (E) and HBV cccDNA 
(F) in transfected cells. G. CCK-8 assay for the cell viability of transfected cells. H. Colony formation assay for the cell clonogenicity of transfected cells. 
I. Transwell assay for the cell invasion in transfected cells. J. Wound healing assay for the cell migration in transfected cells. K. Flow cytometry for the 
apoptotic rate in transfected cells. L. Western blotting for the protein levels of PCNA, Bax, and Bcl-2 in transfected cells. *P<0.05.



(Fig. 8B) were detected in mice of the sh-circBACH1 
group in contrast to the sh-NC group. QRT-PCR assay 
and Western blotting were employed to examine the 
levels of circBACH1, miR-200a-3p and MAP3K2 in the 
xenografts. The expression of circBACH1 and MAP3K2 
was decreased, while miR-200a-3p was increased in the 
tumor from the sh-circBACH1 group relative to the -NC 
group (Fig. 8C,D). In sum, circBACH1 acted as an 
oncogenic circRNA in hepatoma progression. 
 
Discussion 
 
      Chronic HBV infection is evidenced to be a crucial 
causal factor of primary liver cancers, including HCC 
(Tharayil and Roberts, 2006; Neuveut et al., 2010). 
Many dysregulated circRNAs are implicated with the 
occurrence and progression of HBV-related HCC (Cui et 
al., 2018). In this work, we identified an upregulated 
circRNA, circBACH1, in HCC tissues and HBV-

transfected hepatoma cells. And we manifested its 
cancerogenic role in hepatoma development. 
      Benefiting from high-throughput RNA sequencing 
and bioinformatic analysis methods, increasing 
functional circRNAs have been discovered (Huang et al., 
2017). Accumulating works suggested that certain 
circRNAs were involved in HBV-related live diseases. 
For example, circRNA_101764 was lowly expressed in 
HBV-related hepatoma and it might play important role 
in hepatoma (Wang et al., 2018). Plasma circPanel might 
be applied for the diagnosis of HBV-related HCC (Yu et 
al., 2020). In addition, circRNA_10156 was testified to 
have a pro-tumorigenic function in HBV-associated 
hepatoma (Wang et al., 2020). Liu et al. corroborated 
that circBACH1 expression was highly enriched in HCC 
tissues and cells, and it was able to contribute to HCC 
cell growth (Liu et al., 2020). Here, our data also 
uncovered the upregulation of circBACH1 in HCC 
tissues, as well as the HBV-transfected hepatoma cells. 
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Fig. 8. CircBACH1 exerted a tumor-
promoting role in hepatoma in vivo. 
Nude mice were hypodermically 
injected with HepG2.2.15 cells stably 
expressing sh-NC or sh-circBACH1. 
A. Images of xenografts, as well as 
the volume of xenografts measured 
every 5 days. B. Weight of xenografts 
measured at 30 days after injection. 
C. QRT-PCR assay for the relative 
expression of circBACH1, miR-200a-
3p, and MAP3K2 in the xenografts. D. 
Western blotting for the protein level 
of MAP3K2 in the xenografts. 
*P<0.05.



Besides, HBV replication has been reported to be the 
primary driving force for HBV-related diseases, so 
inhibition or elimination of HBV replication is thought 
to reduce the risk of or slow the progression of these 
diseases (Liaw, 2013). It has been confirmed that HBsAg 
is a hallmark of HBV infection, and HBeAg represents 
the activity of HBV replication (Kao, 2008). In this 
paper, our data exhibited that circBACH1 knockdown 
was able to obviously repress the levels of HBeAg and 
HBsAg in HBV-transfected hepatoma cells. Hence, we 
speculated that circBACH1 might exert functions in 
HBV-related hepatoma. Loss-of-function assays 
demonstrated that circBACH1 knockdown suppressed 
HBV replication, growth, and metastasis in HBV-
transfected hepatoma cells, indicating the oncogenic role 
of circBACH1 in HBV-associated hepatoma. 
      It is widely accepted that the regulatory efficacy of 
circRNAs is principally attributed to their miRNA 
sponge competence (Kulcheski et al., 2016). In this 
study, miR-200a-3p was confirmed to be a target 
miRNA of circBACH1. As a tumor suppressor, miR-
200a-3p was documented in gastric cancer (Jia et al., 
2019), renal carcinoma (Ding et al., 2018), and HCC 
(Gong et al., 2018). Inversely, miR-200a-3p was also 
reported to be a tumor-promoting factor in ovarian 
cancer (Shi et al., 2019) and esophageal cancer (Zang et 
al., 2016). The expression of miR-200a-3p was 
decreased in cancerous liver tissues, and it could be a 
promising biomarker for HCC diagnosis and prognosis 
(Tak et al., 2018). As previously described, miR-200a-3p 
was downregulated in HBV-positive tissues and cells, 

and it had an inhibitory role in the proliferation and 
metastasis of HBV-positive cells (Shi et al., 2017). 
Consistent with this former report, our data showed that 
the miR-200a-3p level was reduced in HCC tissues and 
HBV-transfected hepatoma cells. Likewise, HBV 
replication, growth, and metastasis were inhibited in 
HBV-transfected hepatoma cells with miR-200a-3p 
overexpression. Moreover, miR-200a-3p silencing 
attenuated circBACH1 deficiency-mediated the inhibited 
HBV replication, growth, and metastasis in HBV-
transfected hepatoma cells. To conclude, circBACH1 
positively modulated HBV replication, growth, and 
metastasis in HBV-transfected hepatoma cells by 
sponging miR-200a-3p. 
      MicroRNAs were tightly associated with HBV 
infection and HBV-associated hepatocarcinogenesis, 
which were potential HCC diagnosis markers and 
therapeutic targets (Xie et al., 2014). The establishment 
of a circRNA-miRNA-mRNA network might be helpful 
to lucubrate the mechanisms of hepatocarcinogenesis 
(Xiong et al., 2018). MAP3K2 was verified to be a 
downstream gene of miR-200a-3p. MAP3K2 was 
upregulated in HCC samples, which was responsible for 
the anti-tumor role of miR-1208 and miR-302a in HCC 
(Wang et al., 2019; Zhang et al., 2021). Furthermore, 
MAP3K2 in serum of patients infected with HBV was 
positively correlated with HBV-DNA copies (Chen et al., 
2019a). Meanwhile, a previous study reported that the 
knockdown of MAP2K3 in poly(I-C) stimulated 
hepatocytes could lead to interferon-beta promoter 
activation (Kanda et al., 2021), suggesting the vital role 
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Fig. 9. CircBACH1 deficiency was 
able to suppress HBV replication, 
proliferation, metastasis, and 
induce apoptosis in HBV-
transfected hepatoma cells by 
targeting the miR-200a-3p/MAP3K2 
axis. green arrow, downregulation; 
red arrow, upregulation. 



in antiviral immunity against HAV infection. Here, the 
expression level of MAP3K2 was verified to be 
increased in HCC tissues and HBV-transfected hepatoma 
cells. Our data also presented that the overexpression of 
MAP3K2 partly abolished the suppression role of miR-
200a-3pon HBV replication, growth, and metastasis in 
HBV-transfected hepatoma cells. The above results 
revealed the involvement of circBACH1/miR-200a-
3p/MAP3K2 axis in HBV replication and HBV-related 
hepatoma. 
      In summary, circBACH1 was highly expressed in 
HCC tissues and HBV-transfected hepatoma cells. 
CircBACH1 was able to facilitate HBV replication and 
aggravate HBV-associated hepatoma through the miR-
200a-3p/MAP3K2 pathway (Fig. 9), implying that 
circBACH1 might be a potential therapeutic target for 
HBV-related hepatoma. 
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