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ABSTRACT miR-625-3p regulates cell functions in various cancers. However, its role in radio-resistance in
hepatoma remains to be unveiled. This study aims at investigating the functions of miR-625-3p in hepatoma. RT-
PCR detected miR-625-3p/TCF21 expression in hepatoma tissues and cell line. MTT assays were conducted to
analyze the miR-625-3p role in regulations of radio-resistance of hepatoma cells. Overall survival was evaluated in
correlation to miR-625-3p among patients. Luciferase reporter experiments validated the predicted TCF21 as
miR-625-3p target. Higher miR-625-3p expression was discovered in hepatoma patients. In tissues of radio
resistant patients, miR-625-3p was higher. The overexpression of miR-625-3p increased the radio-resistance of
hepatoma cells to irradiation. miR-625-3p adversely moderated TCF21 via binding to the 3’'UTR of TCF21.
Downregulating miR-625-3p promoted the cell sensitivity to irradiation, which was reversed by TCF21 inhibition.

INTRODUCTION

Hepatoma is a prevalent aggressive cancer,
which accounts for 90 percent of liver digestive
cancers and has poor survival rate because of its
relapse in spite of remarkable advances in therapy
for the past ten years (Wang et al. 2019). Hepato-
cellular Carcinoma (HC) can be treated with focal
high-dose irradiation employing a diversity of cut-
ting-edge and specialized treatment strategies in-
cluding conformal irradiation planning, radiofre-
quency ablation, and image-guided irradiation
(Craig etal. 2020; Dawson and Guha 2008; Maruya-
ma et al. 2008; Yu et al. 2018). Radio-resistance
poses challenges in ineffective clinical result and
resistance is reported to be promoted by several
factors including aberrant patterns of microRNA
(miRNAs) expression (Lin et al. 2018; Ma et al.
2018; Wu et al. 2020; Zhang et al. 2015). miRNAs
were discovered to regulate cancer cell apoptosis
after irradiation (Ebrahimi and Hashemy 2019; Ni-
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emoeller etal. 2011). miR-20a enhanced cell radio-
resistance through activation of the PTEN/PI3K/
Aktin HC invitro (Zhang et al. 2015). Furthermore,
miR-193a-3p modified the radio-resistance of HC cells
viaregulation of PSEN1 (Maet al. 2018). Screening
miRNAs and exploring possible downstream tar-
gets may also facilitate the development of diagno-
sis and prognosis of cancers. miRNAs regulated
canonical pathways in lung cancer, colorectal can-
cer, osteosarcoma through inhibiting the target genes
(Gmereketal. 2019; Wangetal. 2019; Wuetal. 2019).
miRNAs significantly dysregulated in cancer cells
or tissues are of interest. miR-210 was discovered to
be upregulated in HC tissues and its inhibition in-
duced cell apoptosis and reduced cell proliferation
(Lietal. 2020). miR-625-3p was abnormally increased
in thyroid cancer and its overexpression promoted
cancer cell invasion and migration (Fang et al. 2018;
Fang etal. 2019). miR-625-3p was reported as a biom-
arker in colorectal cancer and induced drug resis-
tance and inhibitory strategy could be used to at-
tenuate the resistance situation in vitro (Rasmus-
senetal. 2016). However, miR-625-3p functional roles
in hepatoma and responses to irradiation remain
unknown.

TCF21isan important transcriptional factor that
functions in cell cycle, proliferation, apoptosis, dif-
ferentiation and so on (Ao etal. 2020). TCF21 can
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be regulated by noncoding RNAs like miRNAs. In
ovarian cancer, TCF21 was targeted and sup-
pressed by miR-205, which induced the cancer pro-
gression (Wei etal. 2017). Similarly, miR-3648 could
target and negatively regulate TCF21, promoting
the bladder cancer progression (Sun et al. 2019).
However, the role of TCF21 in hepatoma and re-
sponses to irradiation remain unknown. Based on
the online tool TargetScan, miR-625-3p might tar-
get TCF21. Therefore, the researchers hypothe-
sized miR-625-3p/TCF21 axis may be engaged in
the regulation of HC radio resistance in vitro.

Objectives

This study aims at investigating the functions
of miR-625-3p/TCF21 in hepatoma and the respons-
es to irradiation in vitro.

MATERIAL AND METHODS
Time of Data Collection and Experiments

Tissues were collected from March 2019 to June
2020 in Shengzhou People’s Hospital. Experiments
were performed from July to October of 2020.

Tissue Collection

Researchers collected 60 fresh human hepato-
ma tissue samples and respective adjacent non-
tumor tissue samples from patients without under-
going preoperative chemotherapy or irradiation
before biopsy sampling at Shengzhou People’s
Hospital. The specimen were frozen and stored at
minus 80°C after sampling during surgery. Then,
the researchers conducted irradiation and effec-
tiveness was analyzed toward the end of irradia-
tion. Subgroups, Resistant (n=38) and Sensitive
(n=22) groups were formed.

Ethical Declaration

The Committee of Ethics in Shengzhou Peo-
ple’s Hospital authorized and approved these ex-
periments and patients signed informed consent
voluntarily. The declaration of Helsinki during the
experiments was adhered to.

Cell Culture and Cell Transfection

Researchers purchased the following human
hepatoma cell lines human HC cell lines (Huh-7,
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BEL-7405, HB611, HepG2 and SMMC7721) and the
human normal hepatocytes (L02) from ATCC (CA,
USA). The cells were incubated using RPMI-1640
supplemented with 10 percent FBS (Gibco, Shang-
hai). The HB611s were incubated with 5 percent
CO, at 37°C and were trypsinized and collected
following 80-90 percent convergence. Lipo-
fectamine 2000 (Beyotime, Shanghai, China) was
used for transfection of cells. The cells were trans-
fected using Lipofectamine 2000 (Thermo Fisher,
Beijing) with miR-625-3p mimics, miR-625-3p inhib-
itor, and respective negative control mimics (NC
mimics), negative control inhibitor (NC inhibitor),
sh-TCF21, and sh-NC (Guangzhou Fulengen Co.,
Ltd, Guangzhou, China).

Irradiation Treatment

Researchers performed cell treatment with irra-
diation for the transfected or non-transfected
HB611 cells. The cells were subjected 0 0, 2, 4, 6, 8
and 10 Gy 6-MV x-ray produced by a linear accel-
erator (Varian 2300EX at a prescription rate of 5 Gy/
minute; CA, USA).

RT-PCR

Total RNA was separated using Beyozol re-
agent (#R0011, Beyotime, China), followed by re-
verse transcription of 1 ug RNA to cDNA employ-
ing BeyoRT™ cDNA First Chain Synthesis Kit
(#D7166, Beyotime). RT-PCR assays were per-
formed using Beyofast™ SYBR Green QPCR Mix
(Beyotime) to examine levels of miR-625-3p and
TCF21 expression (Xiao et al. 2020). GAPDH and
U6 were used as the internal control and the 2-42¢T
calculation was followed. The primers were de-
signed and then sent for synthesis to Genelily Bio-
Tech (Shanghai, China) and summarized in Table
1. All experiments were conducted in triplicates.

Table 1: Primer sequences

Name Sequences

miR-625-3p 5'- GGGGAGGGGGAAAGTTCTA-3
(forward)

miR-625-3p 5'- TATCCAGTGCGTGTCGTG-3'
(reverse)

TCF21 (forward) 5'- GCCCACTTGAGGCAGATCCT-3'
TCF21 (reverse) 5'- CCACCATAAAGGGCCACGTC-3
GAPDH (forward) 5'- AGAAGGCTGGGGCTCATTTG-3'
GAPDH (reverse) 5'- AGGGGCCATCCACAGTCTTC-3'
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MTT Assay

Researchers performed MTT assays to deter-
mine cell survival rates in different groups. The
cells were inoculated onto 96-well plates (5x10°
cells each well). 20 ul of Methyl thiazolyl tetrazoli-
um (MTT) solution at 5mg/ml was supplemented
and the cells were further cultured for 5 hours in a
saturated incubator (Sigma-Aldrich) (Liu et al.
2019). 150 ul of DMSO was added (Sigma, NJ, USA)
after discarding the supernatant to dissolve the
formazan. Absorbance was then observed at the
wavelength of 450 nm on the lab microplate reader
(ThermoFisher, USA).

Western Blotting

Researchers performed western blot assays to
measure the protein changes of TCF21. The HB611
cells were lysed using RIPA (Beyotime). The pro-
teins were thereafter separated using SDS-PAGE
method and then were transferred onto PVVDF mem-
branes. The membranes were cultured with prima-
ry and then secondary antibodies: TCF21 Poly-
clonal Antibody (1:1000, #PA5-53031, Invitrogen,
USA) and anti-GAPDH antibody (1: 1000, #AF1186,
Beyotime) at 25°C for one night, subsequently in-
cubated with 1IgG HRP (1:5000, G-21234, Invitro-
gen). Then, enhanced chemiluminescence reagent
kit (Beyotime) was used. The blots were developed
using an ECL imaging system (Tanon, Tanon-5200)
and protein expression was analyzed on Image J software
(NCBI).

Bioinformatics Analysis

Researchers used TargetScan (targetscan.org/
vert_72/, a Bioinformatics analyzer to predict the
putative binding sites between TCF21 and miR-
625-3p. Furthermore, StarBase tool (http://star-
base. sysu.edu.cn/) was used to analyze the over-
all survival rates in relation to TCF21 expression
in HC patients.

Luciferase Reporter Assay

The target sequence TCF21 comprising of the
wild type (WT) or mutant type (MT) miR-625-3p
binding sites were inserted into a pGL3 Dual lu-
ciferase Vector (Promega, W1, USA). These WT or
MT-TCF21 plasmids were co transfected into
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HB611 cells with miR-625-3p mimic, miR-625-3p in-
hibitor or their controls using Lipofectamine 2000
(Liuetal. 2019). After 48 hours, the luciferase ac-
tivity was analyzed using the Dual Luciferase reporter
Kit (Promega, WI, USA).

Statistical Analysis

All the experiments were done in triplicate. One-
way ANOVA method and student’s t test, were
used for analysis of the statistical differences in
groups. Kaplan Meir revealed the connections
between overall survival and miR-625-3p or TCF21
expression levels in patients. Results were regard-
ed statistically significant when P<0.05. The sta-
tistical analysis was conducted on GraphPad Prism
5 (GraphPad Software, CA, USA) and SPSS 18.0
version (SPSS Inc., IL, USA).

RESULTS

miR-625-3p is Upregulated in HC Tissues, Cellsand
itisAssociated with Low Overall Survival Rate

RT-PCR assays were performed in 60 matched
hepatoma and non-cancer tissue specimens. Sig-
nificant upregulation of miR-625-3p in HC tissues
in contrast to normal ones (Fig. 1A, P<0.05). miR-
625-3p was upregulated in the irradiation-resistant
group rather than the irradiation-sensitive tissues
(Fig.1B, P<0.05). Furthermore, to analyze overall
survival associated with miR-625-3p expression,
60 hepatoma patients were classified into high miR-
625-3p group and low miR-625-3p group. General-
ly, low survival rate was noticed in hepatoma pa-
tients with higher miR-625-3p as opposed to high sur-
vival rate in hepatoma patients with lower miR-625-3p
(Fig. 1C, P<0.05).

miR-625-3p I nhibition in HC Cells Decreases
Cellular Radio-resistance

miR-625-3p expression was higher in 42 cases
that were resistant to irradiation (Fig. 1A, P<0.05).
miR-625-3p was found to be higher in the HB611
cells with irradiation ranging from 0, 2, 4, 6, 8 and
10Gy (Fig. 2B, P<0.05). miR-625-3p was overex-
pressed in the miR-625-3p mimic group and down-
regulated in the miR-625-3po inhibitor group in
HB611 cells after transfection (Fig. 2C-D, P<0.05).
Cells were exposed to irradiation with doses rang-
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ing from 0, 2, 4, 6, 8 and 10Gy for 24 hours and the
MTT assays examined the cell survival. miR-625-
3p overexpression significantly alleviated the in-
hibiting effects by irradiation, suggesting miR-625-
3p could add to the radio resistance of HC cells
while the miR-625-3p inhibition could add to the
efficacy of irradiation in HC cells (Fig. 2E and F,
P<0.05).

miR-625-3p targets TCF21 and High TCF21
Expressionis Correlated with High Survival Rates
in HC Patients

TCF21 was predicted as a target for miR-625-
3p on TargetScan, which revealed putative bind-
ings between miR-625-3pand TCF21 (Fig. 3A). miR-
625-3p mimic, NC mimic or miR-625-3p inhibitor,
NC inhibitor, were co-transfected with TCF21-WT
and or TCF21-MUT to cells. miR-625-3p mimic de-
creased luciferase activity of TCF21-WT whereas
increased luciferase activity was observed in cells
transfected with miR-625-3p inhibitor and TCF21-
WT in HB611 cells, suggesting that TCF21 was a
direct target gene of miR-625-3p and could be ad-
versely moderated by miR-625-3p in hepatoma cells
(Fig. 3B-C, P<0.05). TCF21 mRNA expression was
reduced in the miR-625-3p upregulation group and
was enhanced in miR-625-3p inhibition group com-
pared to the negative controls (Fig. 3D, P<0.05).
Using StarBase, the researchers found that among
HC patients with high expression of TCF21 tended
to have higher survival rates (Fig. 3E, P<0.05). Fur-
thermore, RT-PCR results discovered that TCF21
MRNA expression was lower in the radio-resistant
patients (Fig. 3F, P<0.05).

miR-625-3p Influences the Radio-Resistance of
HC Cells via Regulation of TCF21

Western blot results supported that upregula-
tion of miR-625-3p could decrease the protein ex-
pression of TCF21 in HC cells and the downregu-
lation could increase the TCF21 protein (Fig. 4A-
B, P<0.05). miR-625-3p downregulation could in-
hibit TCF21 inmRNA and protein levels and knock-
down of TCF21 further decreased the TCF21 mRNA
and protein levels (Fig. 4C-E, P<0.05). Furthermore,
the knockdown of TCF21 decreased the cell surviv-
al rate, which was enhanced by the downregulation
of miR-625-3p in HC cells (Fig. 4F, P<0.05).

Int J Hum Genet, 22(1): 16-25 (2022)

DISCUSSION

This study has investigated the influence of
miR-625-3p in radio-resistance of hepatoma cells.
It has been shown that miR-625-3p was upregulat-
ed in hepatoma tissues particularly in radio-resis-
tant ones. It has also been shown that increased
miR-625-3p expression promoted radio-resistance
of hepatoma cells. In addition, this study has
shown a direct binding between miR-625-3p and
TCF21 from which miR-625-3p adversely modulat-
ed TCF21. Moreover, TCF21 was significantly low-
er in radio-resistant HC patients than in radio-sen-
sitive ones and high TCF21 was correlated with
high overall survival rate among HC patients.

MiRNAs act as diagnostic biomarkers for ther-
apeutic intervention strategies due to their roles
as suppressor of tumors or oncogenes in hepato-
ma progression (Grimaldi et al. 2019; Guan et al.
2019; Qiuetal. 2019; Rupaimoole et al. 2016; Sarto-
rius et al. 2018). In this study, researchers have
also shown the aberrant expression of miR-625-3p
as an oncogene which might be related to the pro-
motion of tumor progression and radio-resistance,
agreeing with existing knowledge. Previous stud-
ies also further explored the effect of miRNAs on
cellular resistance to irradiation (Chen et al. 2016;
Gandellini et al. 2014; Ni etal. 2017; Rogers et al.
2020) through the interactions with target genes
(Kong et al. 2019; Li et al. 2019; Xu et al. 2019).
Previously, miR-625-3p was high expressed in lung
cancer cells and miR-625-3p upregulation contrib-
uted to the gefitinib resistance in vitro through
inhibiting AXL (Du et al. 2020), which was similar
to the discoveries of the miR-625-3p/TCF21 in radio
resistance in HC cells.

TCF21 is reported to be a tumor suppressor
with growth-inhibitory, anti-angiogenic and anti-
chemoresistance features and increased expres-
sion of TCF21 might exert therapeutic benefits
(Zhao et al. 2019). In this study, miR-625-3p was
shown to promote radio-resistance of hepatoma
cells. Furthermore, downregulation of miR-625-3p
could decrease the radio-resistance and further
knockdown of TCF21 could revert this partly, sug-
gesting that miR-625-3p may exert its role in HC via
regulation of TCF21. Therefore, miR-625-3p might
influence radio-resistance by affecting TCF21 in
HCcells.

The expression of TCF21 was downregulated
significantly in irradiation-resistant human hepato-
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ma tissue specimens in contrast to irradiation-sen-
sitive tissues. The results were consistent with the
prognostic value of TCF21,which was examined in
HC, showing that patients with higher TCF21 tend-
ed to have better prognosis for overall survival
than those with lower expression (Lu et al. 2019).
Additionally, this study has shown a negative cor-
relation among TCF21 and miR-625-3p expressions
which is important in understanding the underly-
ing interaction between TCF21 and miR-625-3p.
Thus, this study indicated that miR-625-3p en-
hanced cell viability by regulating TCF21 expression
to enhance radio-resistance in HC cells.

CONCLUSION

Taken together, suppressing miR-625-3p reduced
hepatoma cell resistance to irradiation which was
reversed through knocking down TCF21. There-
fore, miR-625-3p regulated the radio-resistance of
hepatoma cells via TCF21.

RECOMMENDATIONS

Higher miR-625-3 in hepatoma patients and cell
lines was observed. miR-625-3p was higher in the
radioresistant group than those in the radiosensi-
tive. Furthermore, high miR-625-3p was associat-
ed with low survival rate in patients. The upregula-
tion of miR-625-3p enhanced the radio-resistance
of hepatoma cells. miR-625-3p adversely moderat-
ed the protein levels of TCF21 viadirect binding to
the 3-UTR of TCF21.
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