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Abstract: Objective: To explore the mechanism of miR-223-3p regulating the occurrence and
development of liver cancer cells by targeting FAT1 gene. Methods: Bioinformatics analysis was
used to analyze the differentially expressed genes in liver cancer tissue chips. Forty-eight cases of
liver cancer tissues and corresponding adjacent tissues were selected, and gRT-PCR was used to
detect the expression of miR-223-3p and FATImRNA in tissues. Wound healing assay was used to
detect the migration ability of liver cancer cells. Transwell assay was used to detect cells invasion
ability. Dual-luciferase assay was used to detect the targeting relationship between miR-223-3p and
FAT1. Western blot was used to detect the protein expression of EMT-related markers, E-cadherin
and Vimentin. Results: FAT1 was highly expressed in liver cancer tissues and cells, while
miR-223-3p was lowly expressed. Silencing FAT1 could inhibite the proliferation, migration,
invasion and EMT of liver cancer cells. miR-223-3p targeted down-regulated the expression of
FAT1, and inhibited the proliferation, migration, invasion and EMT of liver cancer cells by targeting
FATL. Conclusion: miR-223-3p regulates the occurrence and development of liver cancer cells by
targeted down-regulating the expression of FATL.
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1. Introduction

Liver cancer is one of the most common causes of cancer-related deaths worldwide [1]. Its
five-year survival rate is significantly lower than that of other types of cancers [2], mainly because
most patients with liver cancer are in advanced stage at the time of diagnosis [3]. Therefore, it is
necessary to identify new biomarkers for early diagnosis of liver cancer [4].

FAT1 is a member of the cadherin superfamily. The cadherin superfamily is a complete set of
membrane protein characterized by the presence of cadherin repeat sequences. In addition to 34
tandem cadherin repeat sequences, the products of FAT1 also contain 5 of epidermal growth factor
(EGF) like repeat sequences and 1 of laminin AG domain. The gene is highly expressed in many
fetal epithelial cells (literature as reference). Its products may work by acting as adhesion molecules
or signal transduction receptors, and may play an important role in its development and cell
communication. FAT1 is identified as the first fat-like protein in vertebrates [5]. Mice lacking FAT1
show perinatal lethality and kidney and brain defects [6]. In cancer, FAT1 seems to act as a tumor
suppressor or carcinogen [7]. FATL1 is down-regulated in invasive breast cancer [8], and up-regulated
in leukemia [9]. Also, it can be used as a regulator of carcinogenic pathway in glioma cell lines [10].
In addition, previous studies have shown that FATL is a relevant mediator of hypoxia and also of the
key tumorigenesis that from growth receptor signal to hepatic cellular cancer, and may be used as a
tumor promoter in highly invasive liver cancer [11]. However, the regulatory mechanism of FAT1 on
liver cancer is still not particularly clear.

miRNA is a short non-coding RNA, which negatively regulates gene expression mainly by
binding to the 3'-UTR of the target gene. Liver cancer and the tumorigenesis of its related miRNA
have become a hotspot for research. Previous studies have shown that miRNA may be a candidate
prognostic and diagnostic biomarker for liver cancer [12]. In the liver, the expression of miR-223
increases during ischemia and reperfusion injury [13]. miR-223 inhibits inflammation through
inhibiting the production of IL-1beta in hepatic macrophages (PMID: 31585800). It has been
reported that miR-223 could inhibit cell proliferation in liver cancer [14]. In the serum of patients
with chronic hepatitis B virus, the expression of miR-223 was up-regulated, therefore, miR-223 was
considered as a biomarker of liver injury [15]. Moreover, miR-223-3p can be used as a new
biomarker for HBV-positive liver cancer [16]. These findings suggest the potential role of
miR-223-3p in liver pathobiology.

The aim of this study is to investigate the effects of miRNA targeted regulating FAT1 on the
occurrence and development of liver cancer cells, and to explore the regulatory mechanism of
miR-223-3p and FATL in liver cancer, so as to explore new approaches for targeted diagnosis and
treatment of liver cancer.

2. Materials and methods

2.1. Clinical data
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Forty-eight tumor tissues and corresponding adjacent tissues of patients with liver cancer treated
in our hospital from March 2018 to October 2018 were collected. All patients received no
chemotherapy or radiotherapy before operation. During the operation, liver cancer tissues and
matched samples of adjacent non-cancer tissues that were 2 cm away from the edge of cancer lesions
were obtained from patients, which were diagnosed and confirmed by experienced pathologists.
Tumor tissues were quickly put into RNA preservation solution after isolation. The samples were
obtained with the approval and consent of the ethics committee of our hospital. All patients signed
the informed consent.

2.2. Bioinformatics analysis

The microarray data of liver cancer chip, GSE117361, from GEO database
(https://www.ncbi.nlm.nih.gov/geo/) was obtained. With empirical Bayesian method, “limma”
package based on Bio-conductor of R language was used to select important differentially expressed
genes. Differentially expressed genes were annotated by “annotate” package. The expression level of
differentially expressed gene, FATL, in liver cancer samples was retrieved in the tumor database
(http://ualcan.path.uab.edu/cgi-bin/ualcan-res.pl) included in TCGA. The targeted prediction
websites, microRNA, mirDIP, miRWalk, DIANA and Targetscan, were used to predict the upstream
regulatory, miRNA, of FAT1 respectively. Take their intersections and predict the targeted binding
sites of FAT1 and miRNA with DIANA.

2.3. Cells culture

Normal human hepatocyte, L-02, was purchased from the China Center for Type Culture
Collection, and human liver cancer cell lines, Hep G2, SMMC-7721, Hep 3b and Li-7, were
purchased from the Cell Resource Center of the Institute of Basic Medical Sciences of CAMS. L-02,
Hep G2 and Hep 3b cell lines were cultured in MEM-EBSS: Minimum Essential Medium (MEM
Eagles with Earle's Balanced Salts, purchased from Hyclone Company, USA) containing 10% of
FBS, while SMMC-7721 and Li-7 cell lines were cultured in RPMI 1640 (w/o Hepes) medium
(Hyclone Company, USA). Cells were incubated in a humid incubator (37 °C, 5% COy).

2.4. Cells transfection and vectors construction

When the cells growing into logarithmic phase, liver cancer cell lines were grouped into sh-NC,
sh-FAT1, NC mimic miR-223-3p mimic NC mimic+oe-NC, miR-223-3p mimic+oe-FAT1 group.
miR-223-3p mimic and NC mimic were transiently transfected into liver cancer cells of each group
with Lipofectamine® 2000 reagent, respectively, then cultured in corresponding mediums with 5%
CO: at 37 °C. After 6 hours, replace the mediums and continuous culture them for 48 hours for
subsequently experiments. Expression vector of FAT1 was constructed by lentivirus packaging. FAT1
cDNA (oe-FAT1) and shRNA sequence (sh-FAT1) with restriction enzyme sites of Kpnl and Xhol
and their corresponding control sequences (designed by BLOCK-iT™ RNAi Designer website) were
synthesized and linked to Lentivirus Expression Vector, pLVX-IRES-neo, with T4 ligase. Transfect
the receptor cells, and culture them to proliferate at 37 °C for 24 hours, then extract the plasmids and
make a sequence analysis. Then the packaging plasmids and virus particles were dripped into liver
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cancer cells for invasion, and the silencing efficiency of different ShRNA sequences were detected by
qRT-PCR.

2.5. Real-time fluorescence quantitative PCR (qRT-PCR )

Trizol (Thermo Fisher Scientific, Waltham, MA, USA) was used to extract the total RNA from
tissue samples and cells. cDNA of miRNA was synthesized with gScript microRNA cDNA synthesis
kit (Quantabio, Beverly, MA) to detect the expression of miR-223-3p. 1 ug of the total RNA of FAT1
was used to synthesize cDNA with cDNA synthesis kit (Thermo Fisher Scientific, Waltham, MA,
USA). Quantitative PCR was carried out with miScript SYBR Green PCR Kit (Qiagen, Hilden,
Germany) under the following conditions of thermal cycler: 95 °C for 2 min, 95 °C for 5 s, and 60 °C
for 30 s. Repeat this cycle for 40 times. The primers of miR-223-3p, U6, FAT1 and GAPDH were
purchased from GeneCopoeia (GeneCopoeia Inc., Guangzhou, China).

Forward primer of miR-223-3p: 5'-GCAGAGTGTCAGTTTGTCAAAT-3'

U6 RT

Forward primer: 5'-CTCGCTTCGGCAGCACA-3’

Reverse primer: 5'-GTGCAGGGTCCGAGGT-3’

FAT1

Forward primer: 5'-GTG TTT GTT CTC TGC CGT AAG-3’

Reverse primer: 5-TAGGCTTCT GGATGG AGT CG-3’

GAPDH

Forward primer: 5'-GGAGCGAGATCCCTCCAAAAT-3’

Reverse primer: 5'-GGCTGTTGTCATACTTCTCATGG-3’

The result was presented as the comparison between the difference of the relative expression of
the target gene mRNA of the control group and experimental group with 224t value. The assay was
repeated 3 times.

2.6. CCK-8 method observing the proliferation of cells

CCK-8 kit (Dojindo Molecular Technologies, Inc., Kumamoto, Japan) was used to detect the
proliferation of cells. Liver cancer cells, Hep G2, were inoculated into a 24-well plate with a density
of 6 =< 105 cells/well, then incubated in 10% CCK-8 at 37 °C for color conversion. OD value was
measured 24, 48 and 72 hours after transfection respectively to calculate the proliferation rate. The
assay was repeated three times.

2.7. Wound healing assay

When the cells grew and about 70-80% of the cells emerged in the culture pore, the tip of the
200 pL of pipette was used to gently scrape the single layer that across the center of the pore. The
pore was washed twice with medium to remove the separated cells. After adding fresh medium, the
cells regrew for 24 hours. Then photograph under a microscope and calculate the migration rate of
liver cancer cells.
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2.8. Transwell invasion assay

The twenty-four -well Transwell (with a pore size of 8 um, BD Biosciences) was used to detect
the Transwell invasion. About 2 < 104 cells were added to the upper chamber, and the Matrigel
matrix (Corning, Corning, NY) was used to coat the top chamber. Durbeco's modified Eagle medium
(DMEM) containing 10% of fetal bovine serum (FBS) was filled into the lower chamber. After
incubation at 37 °C for 24 hours, the cells that did not pass through the membrane were removed by
cotton swab applicator, and the cells on the lower surface of the membrane were stained with crystal
violet.

2.9. Western blot

After transfection for 48 hours, the cells were washed 3 times with cold PBS, and lysed to
proteins on ice for 10 min with whole protein lysate, then the proteins were quantitated by a BCA
quantification kit. Add 10uL of loading buffer to the proteins and boil at 95 <C for 10 min, then
perform SDS-PAGE at 100 V. After electrophoresis, the proteins were transferred to the NC
membrane at 100 mA for 120 min. Block the membrane with blocking solution (5% BSA/TBST) for
60 min. Add primary antibodies, including FAT1 (ab190242, 1:2000, Abcam company, China),
E-cadherin (ab15148, 1:500, Abcam company, China), Vimentin (ab137321, 1:500, Abcam company,
China), GAPDH (ab9485, 1:2500, Abcam company, China), and incubate them at 4 <C overnight.
After the primary antibodies incubated, the membrane was washed with 1XTBST solution at room
temperature with a shaking table for 5 min>3 times, and the horseradish peroxidase-labeled
secondary antibody, goat anti-rabbit 1gG, was added to make a hybridization at room temperature for
120 min. TBST was used to wash the membrane 3 times. 20 min after each time, carry out the
luminescence reaction with an ECL Kit, and observe the western blot, then analyze the image.
Analyze the band gray value with Quantity One software, and detect the relative expression of FAT1,
which was expressed by the ratio of the gray value of the target band to the internal reference band.
The assay was repeated 3 times.

2.10.  Dual-luciferase assay

HepG2 cells were inoculated into a 24-well plate with a density of 6x105 cells/well and
incubated for 24 hours. Subsequently, the cells were co-transfected with 0.8 pg of
pGL3-FAT1-3'UTR or pGL3-FAT1-3'UTR Mut plasmid or 0.08 ng of phRL-SV40 control vector
(Promega Corporation, Madison, WI, USA), and then with 100nM of miR-223-3p or inactive control
RNA using Lipofectamine 2000 (Invitrogen; Thermo Fisher Science, Inc). Twenty-four hours after
transfection, the activity of Renilla luciferase and firefly luciferase were detected by dual-luciferase
assay (Promega Corporation). The assay was repeated three times.

2.11.  Statistical analysis
All data was processed using SPSS 22.0 statistical software. The measurement data was

expressed in the form of mean *xstandard deviation. The comparison between the two groups was
performed by t test. The comparison among multiple groups was analyzed by one-way ANOVA.
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P < 0.05 indicates that the difference is statistically significant.

3. Results

3.1. High expression of FAT1 gene in liver cancer tissues and cells

GEO database was used to analyze the differentially expressed genes in liver cancer chip,
GSE117361. As shown in Figure 1A, FAT1 was highly expressed in liver cancer tissues. Meanwhile,
the expression of FAT1 in clinical samples of liver cancer tissues was retrieved from TCGA database.
As shown in Figure 1B, the expression of FAT1 was significantly up-regulated. Furthermore, the
expression of FATL1 in the samples of liver cancer tissues and corresponding adjacent tissues was
detected by qRT-PCR. As shown in Figure 1C, compared with that of adjacent tissues, the expression
of mRNA of FATL1 in liver cancer tissues was significantly up-regulated. Then qRT-PCR was used to
detect the expression of FAT1 in normal human liver cell, L-02, and human liver cancer cell lines,
Hep G2, SMMC-7721, Hep 3b and Li-7. As shown in Figure 1D, compared with that of L-02, the
expression of FAT1 in Hep G2, SMMC-7721, Hep 3b and Li-7 were significantly up-regulated (P <
0.05), especially in Hep 3B (P < 0.01).
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Figure 1. High expression of FAT1 in liver cancer tissues and cells. (A) Cluster heatmap
of GSE117361 chip; (B) TCGA database retrieving the expression profile of FAT1; (C)
gRT-PCR detecting the expression of FAT1 in liver cancer tissues; (D) gRT-PCR
detecting the expression of FAT1 in normal liver cells and liver cancer cell lines;
“*”means P < 0.05, “**” means P < 0.01.
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3.2. Silencing FAT1 gene inhibiting the proliferation of liver cancer cells

Then qRT-PCR was used to detect the interference efficiency of FAT1. As shown in Figure 2A,
compared with that of sh-NC group, the expression of mRNA of FAT1 in FAT1-shRNAL group and
FAT1-shRNA2 group were significantly down-regulated (P < 0.05), especially in FAT1-shRNA3
group (P < 0.01). Therefore, FAT1-shRNA3 group was selected as sh-FAT1 group in subsequent
experiments for interference transfection. CCK-8 method was used to detect the cell viability of
sh-NC group and sh-FAT1 group. As shown in Figure 2B, compared with that of sh-NC group, the
Hep 3b cells viability in sh-FAT1 group significantly decreased (P < 0.05).
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Figure 2. Silencing FAT1 inhibiting the proliferation of liver cancer cells. (A) gRT-PCR
detecting the interference efficiency of FAT1; (B) CCK-8 method detecting the cell
viability of sh-NC group and sh-FAT1 group; “*” means P < 0.05, “**” means P < 0.01.

3.3. Silencing FAT1 gene inhibiting the migration, invasion and EMT of liver cancer cells

Wound healing assay was used to detect the migration ability of Hep 3b cells. As shown in
Figure 3A, compared with that of sh-NC group, the migration rate of Hep 3B cells in sh-FAT1 group
was significantly decreased (P < 0.05). Transwell invasion assay was used to detect the invasion
ability of cells in sh-NC group and sh-FAT1 group. As shown in Figure 3B, compared with that of
sh-NC group, the number of invasive cells in sh-FAT1 group decreased significantly (P < 0.05).
Western blot was used to detect the expression of EMT-related markers, E-cadherin and Vimentin, in
liver cancer cells of each group. As shown in Figure 3C, compared with that of sh-NC group, the
expression of E-cadherin (epithelial marker) of sh-FAT1 group was significantly up-regulated, while
the expression of Vimentin (interstitial marker) was significantly down-regulated (all P < 0.05).
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Figure 3. Silencing FAT1 Inhibiting the Migration, Invasion and EMT of Liver Cancer
Cells. (A) Wound healing assay detecting Hep 3b cells migration ability; (B) Transwell
invasion assay detecting cell invasion ability; (C) Western blot detecting the expression
of EMT-related markers, E-cadherin and Vimentin, in liver cancer cells of each group;
“*” means P < 0.05.

3.4. miR-223-3p targeted down-regulating the expression of FAT1

Targeted prediction websites, microRNA, mirDIP, miRWalk, DIANA and Targetscan, were
used to predict the upstream regulatory, miRNA, of FATL1. Take the intersections and predict the
targeted binding sites of miRNA and FAT1 with DIANA. As shown in Figure 4A,B, miR-223-3p
may targeted bind to the 3'UTR of FATL1. Then the targeted relationship was validated with
dual-luciferase. As shown in Figure 4C, compared with that of FAT1-wt and NC co-transfection
group, the luciferase activity of FAT1-wt and miR-223-3p co-transfection group significantly
decreased (P < 0.05), indicating that there was a targeted regulation relationship between
miR-223-3p and FAT1. Western blot was used to detect the expression of FAT1 in NC mimic group
and miR-223-3p mimic group after transfection. As shown in Figure 4D, compared with that of NC
mimic group, the expression of FATL1 in miR-223-3p mimic group was significantly down-regulated
(P <0.05).
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Figure 4. miR-223-3p targeted down-regulating FAT1. (A) Targeted prediction; (B) Venn
diagram of targeted prediction; (C) Dual-luciferase validating the targeted relationship;
(D) Western blot detecting the expression of FAT1 in NC mimic group and miR-223-3p
mimic group after transfection; “*”” means P < 0.05.

3.5. Low expression of miR-223-3p in liver cancer tissues and cells

gRT-PCR was used to detect the expression of miR-223-3p in the samples of liver cancer
tissues and adjacent tissues. As shown in Figure 5A, compared with that of adjacent tissues, the
expression of miR-223-3p in the samples of liver cancer tissues was significantly down-regulated.
Then gRT-PCR was used to detect the expression of miR-223-3p in normal human liver cells, L-02,
and human liver cancer cell lines, Hep G2, SMMC-7721, Hep 3b and Li-7. As shown in Figure 5B,
compared with that of L-02, the expression of miR-223-3p in Hep G2, SMMC-7721, Hep 3b and
Li-7 were significantly down-regulated (P < 0.05), especially in Hep 3b (P < 0.01).
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Figure 5. Low expression of miR-223-3p in liver cancer tissues and cells. (A) gRT-PCR
detecting the expression of miR-223-3p in liver cancer tissues; (B) gRT-PCR detecting
the expression of miR-223-3p in normal liver cells and liver cancer cell lines; “*”” means
P <0.05, “**” means P < 0.01.

3.6. miR-223-3p inhibiting the proliferation of liver cancer cells through down-regulating the
expression of FAT1

CCK-8 method was used to detect the cell viability of NC mimic group, miR-223-3p mimic
group, NC mimic+oe-NC group and miR-223-3p mimic+oe-FAT1 group. As shown in Figure 6,
compared with that of NC mimic group, the Hep 3b cells viability in miR-223-3p mimic group
significantly decreased (P < 0.05); compared with that of miR-223-3p mimic group, the Hep 3b cells
viability in miR-223-3p mimic+oe-FAT1 group significantly improved (P < 0.05).

-~ NC mimic
-# miR-223-3p mimic
e NC mimic+oe-NC
-+ miR-223-3p mimic+oe-FAT1

0D value (450nm)

Time(h)

Figure 6. CCK-8 method detecting cell viability of each group.

3.7. miR-223-3p Inhibiting the migration, invasion and EMT of liver cancer cells through
down-regulating the expression of FAT1

Wound healing assay was used to detect the migration ability of cells in NC mimic group,
miR-223-3p mimic group, NC mimic+oe-NC group and miR-223-3p mimic+oe-FAT1 group. As
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shown in Figure 7A, compared with that of NC mimic group, the cell migration ability of Hep 3b in
miR-223-3p mimic group significantly decreased (P < 0.05); compared with that of miR-223-3p
mimic group, the cell migration ability of Hep 3b in miR-223-3p mimic+oe-FAT1 group
significantly improved (P < 0.05). Transwell invasion assay was used to detect the cell invasion
ability of each group. As shown in Figure 7B, compared with that of NC mimic group, the cell
invasion ability of Hep 3b in miR-223-3p mimic group significantly decreased (P < 0.05); compared
with that of miR-223-3p mimic group, the cell invasion ability of Hep 3b in miR-223-3p
mimic+oe-FATL group significantly improved (P < 0.05)t. Western blot was used to detect the
expression of EMT-related markers, E-cadherin and Vimentin, in liver cancer cells of each group. As
shown in Figure 7C, compared with that of NC mimic group, the expression of E-cadherin (epithelial
marker) of miR-223-3p mimic group was significantly up-regulated, while the expression of
Vimentin (interstitial marker) was significantly down-regulated (all P < 0.05); compared with that of
miR-223-3p mimic group, EMT in miR-223-3p mimic+oe-FAT1 group was inhibited.
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Figure 7. miR-223-3p Inhibiting the Migration, Invasion and EMT of Liver Cancer Cells
through Down-regulating the Expression of FAT1. (A) Wound healing assay detecting
cell migration ability of Hep 3b; (B) Transwell invasion assay detecting cell invasion
ability; (C) Western blot detecting the expression of EMT-related markers, E-cadherin
and Vimentin, in liver cancer cells of each group; “*”” means P < 0.05.
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4. Discussion

The specific function of FAT1 in cancer development and progression is still under study.
FAT1 is considered as both an oncogene and an anti-oncogene [8-10]. It has been proved that FAT1
is highly expressed in HCC cells and tissues, indicating that FAT1 can act as a carcinogen in HCC
[11], which is consistent with the results of our study. In addition, FAT1 seems to inhibit the
progression of aggressive phenotypes in breast cancer [17]. In non-malignant vascular smooth
muscle cells, FAT1 knockdown leads to the decrease of migration activity [18]. Moreover, FAT1 can
be used as a regulator of inflammatory pathway of cancer cells [19]. Its expression in liver cancer has
been reported, and it is considered to be a relevant mediator of the key tumorigenesis that from
growth receptor signal to HCC [11]. Besides, FAT1 expression is associated with higher tumor stage
and mitotic activity in human HCC. Some studies have found that FAT1 affects the
epithelial-mesenchymal transition (EMT) of glioblastoma [20] and esophageal squamous cell
carcinoma [21], while the effect on EMT in liver cancer has not been reported. In this study, we
silenced the expression of FAT1 and found that silencing FAT1 inhibited the proliferation, migration
and invasion ability and EMT of liver cancer cells. Moreover, from the perspective of targeted
regulation of miRNA, we looked for the mechanism of FATL in liver cancer in the upstream.

miRNA is associated with a variety of liver diseases, including acute liver injury, nonalcoholic
fatty liver disease and nonalcoholic fatty hepatitis, hepatitis B virus/hepatocellular carcinoma
infection and liver cancer [12]. miRNA can play a important role in signal transduction pathway of
tumor by degrading or inhibiting targeted mRNAs translation (PMID: 27120794, 25889562).
Therefore, we dig up the upstream regulatory miRNA of FATL1. It was found that miR-223-3p might
regulate the expression of FAT1. miR-223-3p has potential as a new non-invasive biomarker for
early diagnosis of hepatitis B virus (HBV) associated hepatocellular carcinoma (HCC) [22]. In this
study, we used several targeted prediction websites and discovered the targeted binding relationship
between miR-223-3p and 3'-UTR of FAT1, which was validated by luciferase assay. At the same
time, the study showed that miR-223-3p was lowly expressed in liver cancer cells, which was
negatively correlated with the trend of FAT1 protein expression, suggesting that in liver cancer,
miR-223-3p may regulate the occurrence and development of liver cancer through targeted
down-regulating the expression of FAT1 (Figure S1). Therefore, we used the miR-223-3p mimic
group to overexpress miR-223-3p, but the up-regulation of miR-223-3p expression inhibited the
expression of FAT1 and the effect of FAT1 on the proliferation, migration and invasion of liver
cancer cells, and regulated the expression of EMT markers. These results suggest that miR-223-3p
can targeted down-regulate the expression of FATL, thus inhibit the occurrence and development of
liver cancer cells [23].

In conclusion, this study identified the targeted regulation of miR-223-3p on FAT1 in liver
cancer cells and found its effect on the biological behavior of liver cancer cells. Although the
regulation axis of miR-223-3p / FAT1 has been explored in this study, the related signaling pathways
involved in the downstream of FAT1 protein and the reasons for the low expression of miR-223-3p
in HCC are still unknown. Its in-depth molecular mechanism needs further study in the future. But
overall, this study may provide a new insight into the mechanism of the occurrence and development
of liver cancer, and provide a new way of its diagnosis and treatment.
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