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Abstract

ntion for their vital role in cancer. The purpose of this study was to
Background:Non-coding RNAs have attracted considerable atte
determine the effects of non-coding RNAs on hepatocellular carcinoma (HCC) and reveal their regulatory mechanism in the
pathophysiological process.
Methods:Wemeasured the expression of mucin 1 (MUC1) and miR-485-5p in tissues from 15HCC patients and in liver cancer cell
lines by quantitative real-time polymerase chain reaction and Western blot, screened for aberrantly expressed microRNAs
(miRNAs) by miRNA microarrays. Bioinformatics tools were used to find the miRNA and circular RNA that regulated MUC1,
which were validated by RNA immunoprecipitation assay and luciferase reporter assay. Cell counting kit-8, Transwell assays, and
flow cytometry were used to conduct functional experiments. Proteins were examined by western blot and immunohistochemical
staining assays. Significant differences between groups were estimated using the one-way analysis of variance. A P< 0.05 was
considered statistically significant.
Results: MUC1 was overexpressed in HCC tissues compared with that in paratumor tissues (normal vs. tumor, 1.007± 0.215 vs.
75.213± 18.403, t= 18.401,P< 0.001) whilemiR-485-5pwas down-regulated (normal vs. tumor, 4.894± 0.684 vs. 1.586± 0.398,
t= 16.191, P < 0.001). Inhibition of miR-485-5p promoted cell proliferation (73.33%± 5.13% vs. 41.33%± 3.51%, t= 8.913,
P< 0.001), migration (102± 8 cells vs. 46± 8 cells, t= 8.681, P< 0.001), invasion (59± 7 cells vs. 28± 2 cells, t= 8.034, P< 0.01),
and suppressed apoptosis (22.64%± 6.97% vs. 36.33%± 3.96%, t= 2.958, P< 0.05) of HepG2 cells with whichMUC1 is knocked
down.Mechanically, miR-485-5p binds toMUC1, while circHECTD1 binds tomiR-485-5p, resulting in the indirect up-regulation of
the MUC1 level.
Conclusions: Our findings reveal that circHECTD1 facilitates HCC progression by sponging miR-485-5p to up-regulate MUC1.
Keywords: Mucin 1; CircHECTD1; MicroRNA-485-5p; Hepatocellular carcinoma; Competing endogenous RNA

Introduction the survival rate of patients at 5 years is <18%.[3]
Consequently, investigations into new targets for the

Liver cancer is a prevalent malignant tumor, is emerging as
the fourth leading cause of tumor-associated mortality
globally, and is severely threatening human health.[1] The
primary liver cancer with the highest incidence is
hepatocellular carcinoma (HCC), accounting for about
75% to 85% of cases. Currently, the main methods for
treating HCC are surgery, chemotherapy, radiotherapy,
and liver transplantation. However, because it is highly
invasive, HCC is extremely prone to metastasis, and
because patients are often already in the advanced stage
when they are diagnosed, this leads to poor prognosis[2];

Access this article online
Quick Response Code: Website:
www.cmj.org

DOI:
10.1097/CM9.0000000000000917

1774
identification and treatment of HCC are urgently needed.

Mucin 1 (MUC1) is a core member of theMUC family: it is
composed of three parts, the extracellular domain (MUC1-
N), the transmembrane region (MUC1-TM), and the
cytoplasmic tail segment (MUC1-CT).[4] The tyrosine
phosphorylation site of MUC1-CT interacts with various
protein kinases and is phosphorylated by the protein
kinases, which in turn participate in a variety of signal
transduction pathways,[5] such as those involving Bcl-2-
associated X-protein (BAX),[6] c-Jun N-terminal kinase/
transforming growth factor beta (TGF-b),[7] p53,[8]
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nuclear factor-kB,[9] and mitogen-activated protein kinase-
extracellular-signal-regulated kinase (ERK)/ERK (MEK-

zhou, China; and Zhejiang Cancer Hospital, Hangzhou,
China), the study was carried out according to the ethics
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ERK),[10] and so on. In addition to being a transmembrane
glycoprotein, it is also an oncogene. In normal tissues,
MUC1 is expressed on the surface of epithelial cells with
polar distribution, whereas in tumor tissues of various
epithelial origins, it is overexpressed, abnormally glyco-
sylated, and shows loss of polarity. Multiple works in the
literature have reported that, in HCC cell lines and tissues,
MUC1 is overexpressed[7,11,12] and promotes cell migra-
tion and invasion by activating the TGF-b/activator
protein AP-1 pathway.[13] Targeting MUC1 by RNA
interference and inhibitors can inhibit the progression of
HCC.[7] Knockdown of MUC1 has been shown to
significantly suppress tumor cell proliferation.[14] All of
the above suggest that MUC1 acts as a key factor in HCC
tumorigenesis; therefore, an in-depth study of the
regulatory mechanism of MUC1 may be the key to a
targeted molecular therapy for HCC.

CircRNA is a kind of single-stranded and covalently closed
circular RNA with sequence conservation, and is formed
by back-splicing from the precursor mRNA. It regulates
gene or mRNA expression by sponging miRNA, interfer-
ing with splicing mechanisms, or sequestering other gene
expression regulators.[15,16] In recent years, studies have
found that circRNA, as a “molecular sponge,” can inhibit
the function of miRNA.[17] Zhu et al[18] reported that the
circ-0067934 circRNA regulated cancer-related miR-1324
and participated in the corresponding pathways, which
suggested that circRNAs may be important regulators of
cancer.[19] MiRNAs, a kind of single-stranded RNA with
21 to 23 nt length, bind to the corresponding mRNA
molecules through specific miRNA binding sites to
competitively inhibit the binding of mRNAs to targets,
thereby regulating target gene expressions. Research has
shown that miRNAs regulate cell proliferation, invasion,
and migration in tumors.[20,21] Lin et al[22] analyzed the
circRNA-miRNA-mRNA regulatory network in HCC
using integrated microarray, which revealed that the
mechanism of non-coding RNAs participated in the
progression of HCC. In addition, Xu et al[23] reported
that circSETD3 inhibited HCC proliferation by modulat-
ing mitogen-activated protein kinase 14 expression by
sponging miR-421. Cao et al[24] found that hsa_-
circ_101280 promoted HCC proliferation and inhibited
apoptosis by regulating miR-375/JAK2. Therefore, we
speculated that the regulatory mechanism of MUC1,
which acts as an oncogene, may also be involved in
circRNA and miRNA.

In this study, we investigated the function of circHECTD1/
miR-485-5p/MUC1 regulatory network in the HCC
pathophysiological process and hoped to provide a
potential therapeutic target for HCC.

Methods
775
Ethical approval

After approval from the ethics committees of the three
hospitals (Tongde Hospital of Zhejiang Province, Hang-
zhou, China; Hangzhou First People’s Hospital, Hang-
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guidelines of the Declaration of Helsinki. All selected
patients signed the informed consent before the study
commenced.

Patients and tissue samples
A total of 15 HCC patients participated in the study, of
which ten were positive for hepatitis B and five were non-
infectious (confirmed by pathologists). None of the
patients received chemotherapy or radiotherapy before
operation. Fresh HCC tissues (n= 15) and the correspond-
ing adjacent normal tissues (n= 15) were obtained from
these surgically treated patients in the Tongde Hospital of
Zhejiang Province, Hangzhou, China; Hangzhou First
People’s Hospital, Hangzhou, China; and Zhejiang Cancer
Hospital, Hangzhou, China. The tissue samples were
immediately frozen in liquid nitrogen for transportation
and stored at �80°C or fixed in formaldehyde (10%).

Cell lines
A normal liver cell THLE-3 and liver cancer cell lines,
including HCCLM, MHCC97L, SMMC7721-1640,
Hep3B, and HepG2, were purchased from the Cell Bank
of theChineseAcademyof Sciences (Shanghai,China).Cells
were cultured in media, such as bronchial epithelial growth
medium (BEGM) (for THLE-3; Lonza/Clonetics Corpora-
tion,Walkersville,MD, USA; we discarded the gentamycin/
amphotericin and epinephrine and added extra 5 ng/mL
epidermal growth factor, 70 ng/mLphosphoethanolamine),
Dulbecco’s modification of Eagle’s medium (for HCCLM,
MHCC97L, and HepG2; Gibco, Thermo Fisher Scientific,
Waltham, MA, USA), Roswell Park Memorial Institute
(RPMI) 1640 medium (for SMMC7721; Gibco, Thermo
Fisher Scientific), and minimum essential medium (MEM)
(for Hep3B; Gibco, Thermo Fisher Scientific), mixed with
10% fetal bovine serum (FBS; Gibco, Thermo Fisher
Scientific) in an environment at 37°C with 5% CO2.

Total RNA extraction and quantitative real-time polymerase
chain reaction (qRT-PCR)

The RNAiso Plus kit (TaKaRa, Dalian, China) was used to
isolate the total RNA from tissues and cells, and the RNA
content was detected using a NanoDrop1000 spectropho-
tometer (Thermo Fisher Scientific, Wilmington, DE, USA).
The RevertAid RT Reverse Transcription Kit (Thermo
Fisher Scientific) was used to obtain the complementary
DNA from the RNA, the qRT-PCR reactions were
performed on theABI 7500 PCRDetection System (Applied
Biosystems, Foster City, CA, USA), and the fluorescent
signalwasSYBRGreen I (Roche,Mannheim,Germany).All
operationswere performed according to themanufacturer’s
recommendations. The following are the primer sequences:
cir-forward: 50-ACTCCGTCACCTCGATTAGC-30; cir-
reverse: 50-ATCATCCCATGTTCTCCGGC-30; MUC1-
forward: 50-CGCCGAAAGAACTACGGGCAGCTG-30;
MUC1-reverse: 50-CAAGTTGGCAGAAGTGGCTGCCA
C-30; glyceraldehyde-3-phosphate dehydrogenase (GAPDH)-
forward: 50-AATCCCATCACCATCTTCC-30; GAPDH-re-
verse: 50-CATCACGCCACAGTTTCC-30; miR-forward: 50-
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GGCTGGCCGTGATGAATTC-30;miR-reverse: 50-GCGAG
CACAGAATTAATACGAC-30; U6-forward: 50-CTCGC

antibody (HRP-labeled) was added and incubated at
20°C for 1 h. Finally, the protein was tested using an
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TTCGGCAGCACA-30; U6-reverse: 50-AACGCTTCAC-
GAATTTGCGT-30. Sangon Biotech (Shanghai, China) was
responsible for primer synthesis. The expression of the RNAs
was evaluated by a relatively quantitative (2�DDCt) method.

Microarray and data analysis
The miRNA expression profiles in HCC tissues and
normal tissues were detected using Agilent Human
Microarray (Release 19.0, Agilent, Santa Clara, USA)
according to the manufacturer’s recommendations. The
acquired array images were analyzed with Agilent Feature
Extraction software (version 11.0.1.1, Agilent Technolo-
gies). Quantile normalization and subsequent data proc-
essing were performed with the Gene Spring GX v11.5.1
software package (Agilent Technologies). Student’s t test
was used to judge the differences between the two groups
and P < 0.05 was considered statistically significant.

Immunohistochemical staining
0

All samples (n= 30) were immersed in neutral-buffered
formalin (10%; Sangon Biotech) for fixation, then
paraffin-embedded and sliced. After dehydration using
gradient ethanol and inactivation of the endogenous
enzyme by H2O2, the slices were incubated at room
temperature for 30 min with normal goat serum. Then the
primary antibody MUC1 (1:100 dilution; Abcam, Shang-
hai, China) was added and incubated overnight at 4°C. The
primary antibody in the negative control was replaced by
phosphate-buffered saline (PBS). After washing three times
with PBS, the slices were incubated at room temperature
for 1 h with the secondary antibody, viz., horseradish
peroxidase (HRP)-conjugated goat anti-rabbit immuno-
globulin G (IgG) (1:500 dilution; Boster, Wuhan, China).
After washing again with PBS, a diaminobenzidine mixture
was added (Beijing Zhongshan Golden Bridge Biotechnol-
ogy Co., Ltd, Beijing, China), and the reaction continued
for 5 min in the dark at room temperature. Next, the slices
were washed, counterstained, dehydrated, transparent-
ized, and sealed. Finally, they were observed using a
microscope (IX71; Olympus, Tokyo, Japan).

Western blot
776
The supernatant after cell lysis was collected with
radioimmunoprecipitation assay lysis buffer (Beyotime,
Shanghai, China). The concentration of proteins was
measured by the bicinchoninic acid Protein Assay Kit
(Sangon Biotech), and the same amount of protein was
denatured with 5 � sodium dodecyl sulfate (SDS; Sangon
Biotech) loading buffer in boiling water at 100°C for 5min.
To separate the proteins, SDS-polyacrylamide gel electro-
phoresis was used; then the separated proteins were
transferred to a polyvinylidene fluoride (PVDF) mem-
brane, and the PVDF membrane was incubated with 5%
non-fat milk at room temperature for 1 h. Next, the anti-
MUC1 antibody (1:1000; Abcam) and GAPDH (1:1000;
Abcam) were added and incubated at 4°C overnight. Then
the membrane was washed with Tris-buffered saline with
Tween-20 three times; subsequently, the secondary
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enhanced chemiluminescence kit (Millipore, Billerica, MA,
USA).

Cell transfection
The synthesis of small interfering RNA specific to the
HECTD1 gene (siHECTD1) (50-ACCTATTGGGGAGCA-
GATTCT-30), siMUC1 (50-AAGGTACCATCAATGTC-
CACG-30), and siControl (50-CGCT TACCGATTCAGAA
TGG-30) was carried out by Sangon Biotech.

Six-well plates were seeded with HepG2 cells (3 � 105 per
well) or 96-well plates were planted with HepG2 cells (1�
104 per well) and incubated overnight. Based on
experimental needs, the miRNA or plasmid and Lipofect-
amine 3000 mixtures (Thermo Fisher Scientific) were
prepared according to the manufacturer’s instructions and
transfected into the HepG2 cells. After 6 h, the medium
was changed, and another 48 h later, RNA and protein
could be extracted from the cells.

Luciferase reporter assay
The 3 -untranslated region (UTR) of MT-MUC1 (mutant-
type), WT-MUC1 (wild-type), MT-HECTD1, and WT-
HECTD1 genes were amplified by PCR respectively and
cloned into theXbaI site of pGL3-control vector (Promega,
Madison, WI, USA), downstream from the Firefly
luciferase 30-UTR. Six-well plates were coated with HepG2
cells and then co-transfected as indicated: (1) miR-485-5p
mimics or the negative control (NC-miRNA) with pGL3-
WT-MUC1 or pGL3-MT-MUC1; and (2) miR-485-5p
mimics or NC-miRNA with pGL3-WT-HECTD1 or
pGL3-MT-HECTD1. Luciferase activity was detected
48 h later and presented as relative activity.

Cell proliferation assay
The cells were collected when they were in the logarithmic
growth phase and diluted to a cell suspension concentra-
tion of 1� 105/mL; then 100 mL was added per well in a
96-well plate. The cells were incubated overnight and then
transfected as described above. The cell proliferation
ability was measured using the cell counting kit-8 (CCK-8)
assay. Each well was supplemented with CCK-8 reagent
(Sangon Biotech) (10 mL per well). Then the 96-well plate
was placed in a cell incubator for 1 h, and finally, the
optical density values were recorded at 450 nm using a
microplate reader (Molecular Devices, USA).

Cell migration and invasion assays
The transfected cells were collected and tested in Transwell
chambers. Cells with the medium (without serum) were
planted into the upper compartment of the 24-well
Transwell chambers (8 mm pore size; Corning, NY,
USA), while in the lower compartment, complete medium
(10% FBS) was filled in as a chemoattractant. After 48 h of
incubation, the cells in the lower chamber were fixed with
formaldehyde, stained with 0.2% crystal violet, and then
observed under a microscope. The invasion assays were
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similar to the migration assay, with the difference being
that the membrane was pretreated using Matrigel (BD

MUC1 serves as a downstream gene of miR-485-5p

Chinese Medical Journal 2020;133(15) www.cmj.org
Biosciences, San Diego, CA, USA) in the former.

Apoptosis detection
The cells transfected as described above were collected and
stained using a PharMingen apoptosis detection kit (BD
Biosciences) according to the manufacturer’s recommen-
dations, and then the apoptotic cells were examined using a
flow cytometer (BD Biosciences).

RNA immunoprecipitation (RIP) assay
RIP assay was performed using the RNA binding protein
immunoprecipitation kit (Millipore). First, mixtures of the
HepG2 cell lysates (lysed with RIP lysis buffer) and
magnetic beads (conjugated to human anti-Argonaute2
(Ago2) antibody [Millipore] or IgG antibody) were
incubated. Next, the immunoprecipitated RNAs were
isolated using proteinase K, and finally, qRT-PCR was
used to detect the purified RNAs.

Statistical analysis
the expression of MUC1

777
GraphPad Prism 6.0 statistical analysis software (La Jolla,
CA, USA) was used to compare data among groups. The
data are presented as the mean ± standard deviation of
three independent experiments. The Kaplan-Meier method
was used for the survival analysis and the Pearson
correlation coefficient was used for correlation analysis.
Significant differences between groups were estimated
using a one-way analysis of variance. A P < 0.05 was
considered statistically significant.

Results

MUC1 is highly expressed in HCC, which is linked to poor
survival of patients

To verify the MUC1 expression in HCC tissues and
paratumor tissues, qRT-PCR was used. The results were in
line with expectations [Figure 1A]: in cancerous tissues an
obviously higher level of MUC1 was observed (normal vs.
tumor, 1.007± 0.215 vs. 75.213± 18.403, t= 18.401,
P= 0.0008). This was further confirmed by immunohisto-
chemical staining assays, with positive staining for MUC1
being observed in HCC tissue samples (representative
images are shown in Figure 1B). Analysis using Kaplan-
Meier survival curves showed that patients with high levels
of MUC1 had a significantly shortened overall survival
(high vs. low, 58.71± 27.77 vs. 75.22± 18.43 months,
t= 2.138, P= 0.0412) [Figure 1C], which is supported by
the The Cancer Genome Atlas (TCGA) database analysis
[Figure 1D]. In addition, we tested the expressions of
MUC1 in different hepatoma cell lines (HCCLM,
MHCC97L, SMMC7721, Hep3B, and HepG2) by
western blot, with normal human hepatocyte THLE-3
as a control. The results are shown in Figure 1E. MUC1
levels in liver cancer cells, especially in HepG2 cells, were
obviously higher than in the control. All data indicate that
overexpression of MUC1 is related to the development of
HCC.

1

To determine the miRNAs that regulate MUC1, we first
screened for aberrantly expressed miRNAs in HCC by
miRNA microarrays and found ten miRNAs that were
abnormally down-regulated, includingmiR-485-5p,which is
considered to be an anti-tumor gene in HCC [Figure 2A].
Then, inHCC tissues (n= 15) and corresponding paratumor
tissues (n= 15), qRT-PCRwas conducted todetectmiR-485-
5p expression (normal vs. tumor, 4.894± 0.684 vs.
1.586± 0.398, t= 16.191, P= 0.0005). The negative corre-
lation of MUC1 and miR-485-5p can be observed from
Pearson analysis curve (P < 0.01) [Figure 2B] and the result
wasconsistentwith that inFigure2A.Byusingbioinformatics
tool TargetScan (www.targetscan.org), we discovered that
therewere binding regions betweenMUC1andmiR-485-5p,
which indicated that miR-485-5p targeted MUC1 directly
[Figure 2C]. Among the liver cancer cell lines mentioned
above, MUC1 levels were highest in HepG2 cell line
[Figure 1E]. Therefore, we selected the HepG2 cell line for
subsequent research. The luciferase activity in the HepG2
cells was significantly depressed (NC-miRNA vs. miR-485-
5p, 1.000± 0.120 vs. 0.417± 0.129, t= 5.735, P= 0.0046)
when their WT-MUC1was co-transfected with miR-485-5p
mimics, while the luciferase activity was unchanged when
miR-485-5p mimics were co-transfected with MT-MUC1
[Figure 2D]. This result suggests that miR-485-5p could
combine withMUC1.WhenmiR-485-5p levels were altered
by miR-485-5p mimics (miR-485-5p mimics vs. NC-
miRNA, 3.662± 0.416 vs. 1.000± 0.056, t= 10.681, P=
0.0004) or inhibitors (miR-485-5p inhibitor vs. NC-miRNA,
0.342± 0.071 vs. 1.000± 0.115, t= 8.474, P= 0.0011) in
HepG2 cells, the expressions of MUC1 changed accordingly
(miR-485-5p mimics vs. NC-miRNA, 0.373± 0.086 vs.
1.000± 0.017, t= 12.341, P= 0.0002; miR-485-5p inhibi-
tor vs. NC-miRNA, 3.867± 0.669 vs. 1.000± 0.111,
t= 7.321, P= 0.0019), and the levels of MUC1 and miR-
485-5pwere negatively correlated [Figure 2E and 2F], which
proved the correlation between them once again. All data
indicate that miR-485-5p targeted MUC1 directly.

Effects of miR-485-5p on HepG2 cells through regulation of
To confirm the function of MUC1 in HCC, the HepG2
cells were transfected with siMUC1 or its negative control.
The results represented in Figure 3A showed that the
knockdown of MUC1 blocks the proliferation of HepG2
cells (siMUC1 vs. siControl, 42.67%± 4.04% vs.
100.00%± 11.53%, t= 8.126, P= 0.0012). Further,
siMUC1 and miR-485-5p inhibitors were co-transfected
to verify whether miR-485-5p had any effect on hepatoma
cells by regulating MUC1, and NC-miRNA was used as
the control. The results showed that miR-485-5p inhibitors
reversed the inhibition of siMUC1 on the proliferation
of HepG2 cells ([siMUC1 + miR-485-5p inhibitor] vs.
[siMUC1 + NC-miRNA], 73.33% ± 5.13% vs. 41.33% ±
3.51%, t= 8.913, P= 0.0009) [Figure 3A].

Then, Transwell experiments were performed with the
transfected HepG2 cells to test the migration and invasion
abilities. The cellswere treated as described in cell proliferation
assays. The results are shown in Figure 3B and 3C. When
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MUC1 was knocked down, compared to their controls, the
amounts of migrated (siMUC1 vs. siControl, 52± 6 cells vs.

The results indicated that in the siMUC1 group, there were
more apoptotic cells than in the siControl group (siMUC1

Figure 1: The expression of MUC1 in vivo and in vitro and its impact on overall patient survival. (A) qRT-PCR revealed MUC1 levels in HCC tissues (n= 15) and corresponding paratumor
tissues (n= 15).

∗
P < 0.001 compared with paratumor tissues. (B) MUC1 levels were examined in tissue samples (n= 30) by immunohistochemical staining assay (original magnification

�40 or �200). (C) Analysis by Kaplan-Meier survival curves for the relationship between overall survival rate of patients and MUC1 expression level (P= 0.0412). (D) Analysis for the
correlation between MUC1 expression level in HCC and overall survival rate of patients in the TCGA database. (E) The expression level of MUC1 in HCCLM, MHCC97L, SMMC7721, Hep3B, and
HepG2 was examined by Western blot, with THLE-3 cells as control. HCC: Hepatocellular carcinoma; MUC1: Mucin 1; qRT-PCR: Quantitative real-time polymerase chain reaction.
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196± 7 cells, t= 29.390, P< 0.0001) and invading cells
(siMUC1vs. siControl, 28± 4cellsvs. 98± 9cells, t= 12.752,
P= 0.0002) were significantly reduced, while the inhibition
effect was reversed by the miR-485-5p inhibitor (migration:
[siMUC1 + miR-485-5p inhibitor] vs. [siMUC1 + NC-
miRNA], 102± 8 cells vs. 46± 8 cells, t= 8.681, P= 0.0009;
invasion: [siMUC1 + miR-485-5p inhibitor] vs. [siMUC1 +
NC-miRNA], 59± 7 cells vs. 28± 2 cells, t= 8.034,
P= 0.0013).

Next, HepG2 cells were transfected as described above, and
cell apoptosis was examined by flow cytometry [Figure 3D].

1

vs. siControl, 36.49%± 7.03% vs. 3.13%± 0.73%,
t= 8.173, P= 0.0012), whereas after co-transfection of
siMUC1 with the miR-485-5p inhibitor, the apoptotic cells
were reduced significantly ([siMUC1 + miR-485-5p inhibi-
tor] vs. [siMUC1 + NC-miRNA], 22.64%± 6.97% vs.
36.33%± 3.96%, t= 2.958, P= 0.0416).

Furthermore, we examined the expression of the proteins
involved in tumorigenesis, such as matrix metalloprotei-
nase (MMP)-2,MMP-9, BAX, B-cell lymphoma-2 (BCL2),
and MUC1 [Figure 3E], by Western blot. The results
confirm our speculation that the knockdown of MUC1 in
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Figure 2: MUC1 is a downstream gene of miR-485-5p. (A) Screening for differential miRNAs in HCC tissues by miRNA microarray. (B) The miR-485-5p expression in HCC tissues (n= 15)
and corresponding paratumor tissues (n= 15) measured by qRT-PCR.

∗
P< 0.001 compared with paratumor tissues. The correlation of MUC1 and miR-485-5p analyzed by Pearson analysis

(n= 15, P< 0.01). (C) The complementary regions of MUC1 and miR-485-5p investigated using the bioinformatics tool TargetScan. (D) Luciferase activity was detected after WT-MUC1 or
MT-MUC1 cotransfection with NC-miRNA or miR-485-5p mimics for 48 h in HepG2 cells, according to the Lipofectamine 3000 manufacturer’s instructions.

∗
P < 0.01 compared with NC-

miRNA. Western blot and qRT-PCR showed the expressions of MUC1 and miR-485-5p after transfection of (E) miR-485-5p mimics (miR-485-5p:
∗
P < 0.001 compared with NC-miRNA

group; MUC1: †P< 0.001 compared with NC-miRNA group) or (F) miR-485-5p inhibitor for 48 h in HepG2 cells, according to the Lipofectamine 3000 manufacturer’s instructions (miR-485-
5p:

∗
P < 0.01 compared with NC-miRNA group; MUC1: †P < 0.01 compared with NC-miRNA group). The data in (D–F) are expressed as mean± standard deviation (n= 3). HCC:

Hepatocellular carcinoma; MiR: MicroRNA; MUC1: Mucin 1; MT-MUC1: Mutant-type MUC1; qRT-PCR: Quantitative real-time polymerase chain reaction; WT-MUC1: Wild-type MUC1.
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Figure 3: MiR-485-5p regulates MUC1 expression to facilitate the development of hepatocellular carcinoma. (A) Inhibition of miR-485-5p on HepG2 siMUC1 cell viability was detected by
CCK-8.

∗
P< 0.001 compared with siControl; †P< 0.01 compared with control group (siMUC1 + NC-miRNA). (B) Inhibition of miR-485-5p on the migration ability of HepG2 siMUC1 cells was

analyzed by Transwell assays.
∗
P< 0.001 compared with siControl; †P< 0.001 compared with control group (siMUC1 + NC-miRNA). (C) Inhibition of miR-485-5p on the invasion ability of

HepG2 siMUC1 cells was analyzed by Transwell assays.
∗
P< 0.001 compared with siControl; †P< 0.01 compared with control group (siMUC1 + NC-miRNA). (D) Promotion of miR-485-5p

on HepG2 siMUC1 cell apoptosis was analyzed by flow cytometry.
∗
P < 0.01 compared with siControl; †P < 0.05 compared with control group (siMUC1 + NC-miRNA). (E) Western blot

showed the expressions of MMP-2, MMP-9, BAX, BCL2, and MUC1 in MUC1-silenced HepG2 cells with down-regulated miR-485-5p. The data in (A–D) are shown as mean ± standard
deviation (n= 3). BAX: Bcl-2-associated X-protein; BCL2: B-cell lymphoma-2; CCK-8: Cell counting kit-8; MiR: MicroRNA; MMP: Matrix metalloproteinase; MUC1: Mucin 1.
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HepG2 cells inhibited the expressions ofMMP-2,MMP-9,
and BCL2, while it promoted the BAX expression level.

1.000± 0.089, t= 13.790, P= 0.0002; Figure 5B: circH-
ECTD1 vs. Control, 0.367± 0.051 vs. 1.000± 0.200,

Chinese Medical Journal 2020;133(15) www.cmj.org
Subsequently, when siMUC1 and miR-485-5p inhibitors
were co-transfected, the inhibitory effect of miR-485-5p on
MUC1 expression was removed, and the expression of
MMP-2, MMP-9, and BCL2 were increased, whereas the
BAX expression level decreased.

The results of these functional experiments revealed that
the abilities of HepG2 cells in terms of proliferation,
migration, and invasion were inhibited by miR-485-5p,
while cell apoptosis was promoted.

CircHECTD1 binds to miR-485-5p
781
The circRNA that regulates miR-485-5p was found by
analyzing the Starbase 2.0 database, and we found that there
are complementary sequences between circHECTD1 and
miR-485-5p [Figure 4A]. Next, qRT-PCR was used to
examine the circHECTD1 expression in HCC tissues (n= 15)
and matched paratumorta tissues (n= 15). In the HCC
tissues, circHECTD1 was up-regulated dramatically (normal
vs. tumor, 1.500± 0.398 vs. 4.494± 0.730, t= 19.361,
P= 0.0005), and through Pearson analysis, we concluded
that the miR-485-5p level was negatively related to the
circHECTD1 level (P < 0.01) [Figure 4B], which suggested
that circHECTD1 could target miR-485-5p. Then, luciferase
assays were used to demonstrate this theory. The luciferase
activity in HepG2 cells decreased significantly when
WT-HECTD1 were transfected with miR-485-5p mimics
(NC-miRNA vs. miR-485-5p mimics, 1.000± 0.076 vs.
0.490± 0.156, t= 5.092, P= 0.0070), whereas the luciferase
activitywas steadilymaintainedwhenMT-HECTD1were co-
transfected with miR-485-5p mimics [Figure 4C]. This result
suggests that miR-485-5p could combine with circHECTD1.
Subsequently, a RIP assay was used. In the Ago2 pellets, there
was more circHECTD1 (Ago2 vs. IgG, 7.740± 0.454 vs.
1.000± 0.110, t= 24.991, P= 0.0000) and miR-485-5p
(Ago2 vs. IgG, 6.893± 0.315 vs. 1.000± 0.150, P< 0.0001)
[Figure 4D] than in the IgG pellets, which indicates
that circHECTD1 may act as a sponge for miR-485-5p
in HepG2 cells. Moreover, compared to their normal
controls, when the circHECTD1 was silenced (siHECTD1
vs. siControl, 0.447± 0.049 vs. 1.000± 0.131, t= 6.841,
P= 0.0024), miR-485-5p expression was obviously up-
regulated (siHECTD1 vs. siControl, 4.240± 0.355 vs.
1.000± 0.200, t= 13.772, P= 0.0002) [Figure 4E], whereas
up-regulated circHECTD1 (circHECTD1 vs. Control,
4.003± 0.115 vs. 1.000± 0.070, t= 38.631, P< 0.0001)
produced the opposite result (circHECTD1 vs. Control,
0.463± 0.112 vs. 1.000± 0.089, t= 6.519, P= 0.0029)
[Figure 4F]. Overall, the data shown in Figure 4 prove that
circHECTD1 is a sponge for miR-485-5p.

CircHECTD1 sponges miR-485-5p to positively regulate
MUC1

To determine whether circHECTD1 promoted HCC
progression through miR-485-5p, we conducted a series
of verifications. First of all, we up-regulated [Figure 5A] or
down-regulated [Figure 5B] circHECTD1 and observed the
MUC1 expression by western blot and qRT-PCR
(Figure 5A: circHECTD1 vs. Control, 4.253± 0.399 vs.

1

t= 5.313, P= 0.0060). The results showed that they
were positively correlated. Then, functional experiments
revealed that the proliferation (siHECTD1 vs. siControl,
38.00%± 5.57% vs. 100.30%± 20.53%, t= 5.076,
P= 0.0071) [Figure 5C], migration (siHECTD1 vs. siCon-
trol, 78± 10 cells vs. 214± 10 cells, t= 16.712,P= 0.0001)
[Figure 5D], and invasion (siHECTD1 vs. siControl, 36± 4
cells vs. 104± 6 cells, t= 15.632,P= < 0.0001) [Figure 5E]
of HepG2 cells that were inhibited by circHECTD1
knockdown, were reversed by inhibiting miR-485-5p
(proliferation: [siHECTD1 + miR-485-5p inhibitor] vs.
[siHECTD1 + NC-miRNA], 70.67%± 3.79% vs.
36.67%± 7.64%, t= 6.908, P= 0.0023; migration:
[siHECTD1 + miR-485-5p inhibitor] vs. [siHECTD1 +
NC-miRNA], 121± 3 vs. 77± 10, t= 7.212, P= 0.0020;
invasion: 58± 5 vs. 35± 4, t= 6.528, P= 0.0028). More-
over, the enhancement ofHepG2 cell apoptosis (siHECTD1
vs. siControl, 45.83%± 13.01% vs. 3.39%± 0.40%,
t= 5.647, P= 0.0048) by circHECTD1 knockdown
was also reversed by inhibiting miR-485-5 ([siHECTD1 +
miR-485-5p inhibitor] vs. [siHECTD1 + NC-miRNA],
25.92%± 2.63% vs. 46.29%± 12.00%, t= 2.871,
P= 0.0454) [Figure 5F]. In addition, protein (MMP-2,
MMP-9, BAX, BCL2, and MUC1) expression levels were
measured by western blot [Figure 5G]. From Figure 5G,
we can see that in the circHECTD1-silenced cells,
expressions of proteins, such as MMP-2, MMP-9, BCL2,
and MUC1, were down-regulated, whereas the BAX level
was up-regulated. The expression of these proteins, either
down-regulation or up-regulation, brought about by
circHECTD1 knockdown, was reversed by inhibiting
miR-485-5p. Collectively, the data support the hypothesis
that circHECTD1 sponges miR-485-5p to positively
regulate MUC1.

Discussion
With the development of molecular biology, researchers
have discovered a variety of genes related to tumor
progression[25-27] and regard them as targets for cancer
gene therapy. Thus, the regulatory mechanisms of these
targets have become new research hotspots.

MUC1 is abnormally expressed in tumor cells, mainly in
epithelial cell-derived malignant tumors, leading to its
acknowledgment as a potential tumor marker.[28-30]

Multiple previous studies have reported that miRNA
serves as a regulator in several human cancers,[31,32]

including HCC.[33] In this investigation, we discovered
that in HCC tissues and cell lines, the MUC1 level
increased abnormally which correlated with a low
survival rate of patients. MiRNA microarrays and
bioinformatics assays suggested that MUC1 might be
regulated by miR-485-5p; therefore, a series of tests was
performed to verify this speculation. First, the hypothesis
that miR-485-5p was directly linked to MUC1 was
verified using the luciferase reporter assay; then inhibition
of MUC1 expression by miR-485-5p was shown using
qRT-PCR and western blot. Therefore, we conclude
and report for the first time that MUC1 serves as a
downstream gene of miR-485-5p.
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Figure 4: CircHECTD1 acts as a miR-485-5p sponge. (A) Complementary sequences between circHECTD1 and miR-485-5p discovered from the Starbase 2.0 database analysis. (B) qRT-
PCR showed that circHECTD1 in HCC tissues (n= 15) was dramatically up-regulated.

∗
P < 0.001 compared with the level in paratumor tissues. The correlation between their expression

levels was negative (P< 0.01). (C) Luciferase activity was detected after cotransfection of WT-HECTD1- or MT-HECTD1-containing luciferase reporter gene with miR-485-5p mimics or NC-
miRNA into HepG2 cells, according to the Lipofectamine 3000 manufacturer’s instructions.

∗
P< 0.01 compared with NC-miRNA group. (D) The circHECTD1 and miR-485-5p content in Ago2

pellets was verified using the RIP assay.
∗
P < 0.001 (circHECTD1) compared with that in IgG pellets; †P < 0.001 (miR-485-5p) compared with that in IgG pellets. Further, qRT-PCR was

conducted to investigate the effects of (E) down-regulation (circHECTD1:
∗
P< 0.01 compared with the siControl group; miR-485-5p: †P < 0.001 compared with the siControl group) or (F)

up-regulation of circHECTD1 (circHECTD1:
∗
P < 0.001 compared with the vector; miR-485-5p: †P < 0.01 compared with the vector) on the miR-485-5p level. The data in (C–F) are

presented as mean ± standard deviation (n= 3). HCC: Hepatocellular carcinoma; MiR: MicroRNA; MT-HECTD1: Mutant-type HECTD1; qRT-PCR: Quantitative real-time polymerase chain
reaction; RIP: RNA immunoprecipitation; WT-HECTD1: Wild-type HECTD1.
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To validate whether miR-485-5p had a regulatory effect
on MUC1 in HCC, we silenced MUC1 in HepG2 cells by

protein) were related to MUC1 levels, which were
modulated by miR-485-5p.

Figure 5: CircHECTD1 positively regulates MUC1 by sponging miR-485-5p. (A) MUC1 expressions measured by western blot and qRT-PCR after transfection with circHECTD1.
∗
P< 0.001

compared with vector control. (B) MUC1 levels in circHECTD1-silenced HepG2 cells, detected by western blot and qRT-PCR.
∗
P< 0.01 compared with siControl group. (C) Inhibition of miR-

485-5p on HepG2 siHECTD1 cell viability was detected by CCK-8.
∗
P< 0.01 compared with siControl, †P< 0.01 compared with control group (siHECTD1 + NC-miRNA). (D) Inhibition of miR-

485-5p on HepG2 siHECTD1 cell migration capacity was analyzed by Transwell assays.
∗
P < 0.001 compared with siControl; †P < 0.01 compared with control group (siHECTD1 + NC-

miRNA). (E) Inhibition of miR-485-5p on HepG2 siHECTD1 cell invasion capacity was analyzed by Transwell assays.
∗
P< 0.001 compared with siControl, †P< 0.01 compared with control

group (siHECTD1 + NC-miRNA). (F) Promotion of miR-485-5p on HepG2 siHECTD1 cell apoptosis was tested by flow cytometry.
∗
P < 0.01 compared with siControl; †P < 0.05 compared

with control group (siHECTD1 + NC-miRNA). (G) Western blot showed the expressions of MMP2, MMP9, BAX, BCL2, and MUC1 in circHECTD1-silenced HepG2 cells with downregulated miR-
485-5p. The data in (A–F) are shown as mean ± standard deviation (n= 3). BAX: Bcl-2-associated X-protein; BCL2: B-cell lymphoma-2; CCK-8: Cell counting kit-8; MiR: MicroRNA; MMP:
Matrix metalloproteinase; MUC1: Mucin 1; qRT-PCR: Quantitative real-time polymerase chain reaction.
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transfection with siMUC1. The results showed that
down-regulation of MUC1 suppressed the cell viability,
as well as migration and invasion abilities; however, it
facilitated cell apoptosis, which could be reversed by
inhibitingmiR-485-5p expression. Furthermore, aswe all
know, certain proteins act as key factors in tumor
development. Herein, western blot showed that the
expressions of MMP-2 (related to tumor neovasculariza-
tion and tumor metastasis), MMP-9 (involved in
angiogenesis by releasing vascular endothelial growth
factor), BCL2 (apoptotic protein) andBAX (proapoptotic

1

Non-coding RNAs are attracting increasing attention for
their regulatory roles in cancer.[34,35] The first circRNAwas
discovered as early as in 1991[15]; however, until the
emergence of next-generation sequencing, theywere labeled
as “products of splicing errors” and even considered to be
“transcription noise.”[36-38] Later, with the progression of
biotechnology, their crucial roles in biology, especially in
cancer biology, were gradually discovered. Nowadays,
mounting evidence demonstrates that circRNAs are
involved in human malignancies,[19,39,40] mainly acting as
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miRNA molecular sponges to compete with other endoge-
nous RNAs.[41,42] Recent research shows that circHECTD1
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is associated with gastric cancer (GC) progression. In GC,
circHECTD1 promotes ubiquitin carboxyl-terminal hydro-
lase 5 expression by targeting miR-1256.[43] In the present
study, we found complementary sequences between
circHECTD1 and miR-485-5p through Starbase 2.0
analysis, and subsequently, it was proved by RIP and
luciferase reporter assays that circHECTD1 interacted with
miR-485-5p directly. Knockdown of circHECTD1 resulted
in up-regulation of miR-485-5p, which further confirmed
that circHECTD1 sponged miR-485-5p.

Next, several experiments were conducted to clarify the
circHECTD1/miR-485-mediated HCC procession from a
mechanical perspective. MiR-485-5p binds to MUC1
directly, while circHECTD1 binds to miR-485-5p, result-
ing in the up-regulation of the MUC1 level indirectly.
Then, functional experiments indicated that down-regula-
tion of circHECTD1 suppressed cell viability, invasion
ability, and migration ability, which could be reversed by
inhibiting miR-485-5p expression. In addition, in circH-
ECTD1-knockdown cells, expressions of proteins (MMP-
2, MMP-9, BCL2, and BAX) showed the same trend as in
MUC1-knockdown cells.

MMP-2 and MMP-9 belong to the MMP family, which can
degrade multiple proteins in the extracellular matrix and
facilitate the invasion and metastasis of tumor cells. MMP
expression can be induced by extracellular matrix metal-
loproteinase inducer (EMMPRIN), which can be down-
regulated by miR-485-5p.[33,44] This suggests that on one
hand, circHECTD1promotedMUC1 expression by sponging
miR-485-5p, while MUC1 improved the expressions of both
MMP-2andMMP-9 toaccelerate theprogressionofHCC;on
the other hand, miR-485-5p down-regulated EMMPRIN,
which, in turn, inhibited MMP-2 and MMP-9 expression
levels, which restricted tumor invasion and migration.

Moreover, it has been reported that MUC1 is involved in
apoptosis-related signaling pathways (5). In human
hepatoma SMMC-7721 cells, silenced MUC1 inhibits cell
proliferation through pathways that include the death
receptor apoptotic ones mediated by caspase-8 and
mitochondrial ones mediated by BAX.[6] In this study,
the expressions of apoptosis-related BCL2 and BAX
proteins were determined, and the results showed that
down-regulation of MUC1 or circHECTD1 resulted in
decreased BCL2 level, while the BAX level increased.
However, the caspase proteins were not examined.

Collectively, these results further validated that circHECTD1
facilitates MUC1 expression by targeting miR-485-5p and
then promotes HCC progression, the circHECTD1/miR-
485-5p/MUC1 regulatory network might play a role in the
HCC pathophysiological process, and circHECTD1 might
be a potential therapeutic target for HCC in the future.
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