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ABSTRACT ARTICLE HISTORY
Cervical squamous cell carcinoma (CSCC), the most common cervical malignancy, is more likely to Received 11 December 2021
invade and metastasize than other cervical cancers. miR-125a, a tumor suppressor gene, has been Revised 4 March 2022
confirmed to be associated with cancer metastasis. However, the role of miR-125a in CSCC and the Accepted 4 March 2022
underlying mechanism are unknown. miR-125a expression was confirmed by real-time quantita- KEYWORDS

tive PCR (RT-gPCR), and the Rad51 expression level was measured by western blotting analysis. Cervical squamous

CSCC cell proliferation, migration and invasion were assessed with functional assays, including carcinoma; microRNA-125a;
CCK-8, colony formation, wound healing and Transwell assays. Our data confirmed that miR-125a Rad51; PI3K/Akt

is expressed at low levels in CSCC tissues and cells. Functionally, the overexpression of miR-125a

greatly prevented the proliferation, migration and invasion of CSCC cells, and the inhibition of

miR-125a expression strongly enhanced these behaviors in CSCC cells. Moreover, the expression

of Rad51, a miR-125a target gene, greatly reversed the miR-125-mediated inhibition of CSCC cell

proliferation, migration and invasion. In addition, we discovered that miR-125a downregulated the

levels of phosphorylated PI3K, AKT and mTOR through Rad51 in CSCC cells. miR-125a, a tumor

suppressor, can attenuate the malignant behaviors of CSCC cells by targeting Rad51. Therefore,

the miR-125a/Rad51 axis might be a target for CSCC therapy.
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Introduction

Cervical cancer is the most common malignancy
of the female reproductive tract, and its worldwide
annual incidence is second only to that of breast
cancer [1]. The latest statistics indicate that
approximately 538,000 new cases of cervical cancer
and 266,000 cervical cancer-related deaths occur
annually [2]. Based on the cell and tissue structure,
cervical cancer is basically divided into invasive
cervical squamous cell carcinoma (CSCC) and
adenocarcinoma of the cervix (AC), and CSCC
accounts for approximately 75-80% of cervical
cancer cases [3]. Patients with early-stage (FIGO
stage I-II) and locally infiltrated cervical cancer
can achieve a five-year survival rate of greater
than 80% with aggressive treatment [4]. In con-
trast, patients with advanced cervical cancer
(FIGO stage III-IV) have a five-year survival rate
of only 50-60%, and the five-year survival rate of
patients with relapse or metastasis is less than 10%
[5]. The vast majority of patients with advanced
cervical cancer have CSCC [6]. To date, there is no
effective treatment for CSCC patients, and recur-
rence and metastasis remain the primary reasons
for the failure of CSCC therapy [7]. The recent
development of targeted tumor therapy has
brought new hope to patients with advanced can-
cer [8]. Therefore, the current trend in the clinical
treatment of CSCC patients is to improve their
prognosis and overall survival rate with treatments
that function at the molecular level. The molecular
mechanism underlying targeted therapy in CSCC
is also the focus of this study.

MicroRNAs (miRNAs), small noncoding RNAs
with a length of approximately 22-25 nucleotides,
can bind to the 3-UTRs of target mRNAs to
negatively regulate their expression [9,10].
Different miRNAs can exert either oncogenic or
tumor-suppressive effects, depending mainly on
the regulation of downstream target genes or sig-
naling pathways [11,12]. Recent studies verified
that miRNAs are related to biological functions,
such as proliferation, apoptosis, autophagy, hor-
mone secretion, angiogenesis, and metastasis, in
multiple cancers, including cervical cancer [13-13].
miR-125a, a tumor suppressor, has also been
shown to be related to various cancers, including

pancreatic cancer [16], breast cancer [17], gastric
cancer [18], bladder cancer [19] and other cancers.
However, the specific role of miR-125a in CSCC
and the underlying mechanism have not been
reported.

In this study, we further explored the change in
the expression of miR-125a in CSCC tissues and
cells and determined the effects of miR-125a on
the proliferation, migration and invasion of CSCC
cells. In addition, we further investigated the possi-
ble target genes and regulatory pathways of miR-
125a in CSCC, aiming to further understand the
roles of miR-125a in CSCC progression and to pro-
vide a feasible basis for CSCC diagnosis and therapy.

Materials and methods
Tissue samples

CSCC and adjacent nontumor tissues were col-
lected from 20 CSCC patients who were diagnosed
and treated at The Second Hospital of Longyan
between 2018 and 2019. No participant had
received surgery, radiotherapy or chemotherapy
at another hospital prior to treatment. Patients
with noncervical squamous cell carcinoma and
patients with multiple primary malignancies were
excluded. All the samples were stored in liquid
nitrogen immediately after collection. Written
informed consent was acquired. This study was
approved according to the ethical standards of
The Second Hospital of Longyan.

Cell culture

Normal human cervical epithelial cells (HcerEpic;
Cat. No. ATCC-1073) and SiHa cells (Cat. No.
HTB-35) were obtained from ATCC. HCC-0214
cells were established according to previous
research [20]. Cervical carcinoma specimens were
incised aseptically and cultured in vitro with tissue
culture methods, and a tumor cell growth curve
was generated. The morphology of the cells was
observed, and cell cycle analysis and chromosome
analysis were performed. The expression of tumor
markers (Keratine and PCNA) in the cell line was
measured by immunocytochemical techniques. All



the cells were grown in DMEM (Gibco) supple-
mented with 10% fetal bovine serum (FBS; Sigma)
at 37°C in 5% CO,.

Cell transfection

As described previously [21], the negative control
(NC) mimic, miR-125a mimic, NC inhibitor, miR-
125a inhibitor, Rad51 siRNA (si-Rad51) and
Rad51 siRNA NC were purchased from
GenePharma (Shanghai, China). Based on the
experimental aim, SiHa and HCC-0214 cells were
transfected with these oligonucleotides using
Lipofectamine 3000 (Invitrogen) for 48 h.

Real-time quantitative polymerase chain
reaction (RT-qPCR) assay

Total RNA was extracted from CSCC tissues and
cells with TRIzol reagent (Invitrogen, MA, USA).
cDNA was synthesized with a reverse transcription
kit (Takara, Tokyo, Japan) and amplified using
SYBR Green qPCR Master Mix (DBI Bioscience,
Germany). U6 was used as the internal reference
for miR-125a. The relative expression level of miR-
125a was determined by the 2784CT method [22].
All the primers were designed with Primer 5 and
synthesized by Sangon Biotech (Shanghai, China).

Western blotting analysis

Western blotting was used to measure protein
expression [23]. Total protein was extracted from
transfected CSCC cells or tissues with RIPA lysis
buffer (Beyotime, China), and the protein concen-
trations were quantified with a BCA kit. Proteins
(40 pg) in each group were separated by 10% SDS-
PAGE and transferred to PVDF membranes
(Millipore). After blocking with 5% skim milk,
the membranes to which proteins had bound
were incubated first with primary antibodies
(1:1000) overnight at 4°C and then with secondary
antibodies (1:2000, Abcam) for 1 h. The mem-
branes were exposed and developed in
a darkroom by the addition of ECL reagent
(Pierce; Cat. No. 32,106). Anti-Rad51, anti-
p-PI3K, anti-p-AKT and anti-p-mTOR antibodies
were obtained from Abcam (USA).
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CCK-8 assay

SiHa and HCC-0214 cells were seeded in 96-well
plates and transfected with oligonucleotides in
accordance with the experimental aims. The cells
in each group were continuously cultured at 37°C,
and 10 puL of CCK-8 reagent (Dojindo, Japan) was
added at 0, 24, and 48 h. After incubation for
another 2 h at 37°C, the absorbance of each cell
group was measured with a microplate reader [24].

Colony formation assay

Transfected SiHa and HCC-0214 cells (500 cells/
well) were evenly seeded in a 6-well plate and cul-
tured under normal conditions for 14 days at 37°C.
After washing with PBS, the CSCC cells were fixed
with 4% paraformaldehyde for 20 min and stained
with 0.2% crystal violet for 5 min. After washing
with water, the 6-well plate was dried, scanned and
photographed under a microscope [24].

Wound healing assay

Cell migration was assessed using a wound healing
assay, as previously described [25]. Transfected SiHa
and HCC-0214 cells (3 x 10° cells/well) were evenly
spread in a 6-well plate and incubated at 37°C for
12 h. With 10-uL pipette tips, scratches were pro-
duced perpendicular to the back wall of the culture
plate. After washing, the cells were further cultured in
serum-free medium in a 37°C incubator for 48 h, and
the results of the migration assay were then imaged.

Transwell assay

Prepackaged Transwell chambers coated with
0.3 mg/mL Matrigel (BD Biosciences) were used.
Transfected SiHa and HCC-0214 cells (5 x 10°
cells/well) were seeded in the upper compartment
of the Transwell chamber, and medium supplemen-
ted with 20% FBS was added to the lower compart-
ment of the Transwell chamber. Then, the cells that
did not invade the lower compartment were
removed by wiping with a sterile cotton swab. The
invaded cells were fixed with 4% formaldehyde and
stained with 0.2% crystal violet. The invaded cells
were observed and counted under a microscope [24].
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Luciferase reporter assay

This assay was performed according to the pre-
viously reported method [26]. We constructed
wild-type (WT) and mutant (Mut) Rad51 plasmids
based on the predicted binding sites between miR-
125a and the Rad51 3’-UTR using the psiCHECK-
2 vector.

The primer sequences used to amplify WT-
Rad51 were 5-CCCTCGAGCATGGTGCCTT
AGGAATGACTTGG-3  (forward) and 5-
ATTTGCGGCCGCCTGTCACCCTGGCTGGAA-
TGC-3" (reverse); the primer sequences used to
amplify Mut-Rad51 were 5- CAAAGGGAA
TGGGTCTGTTGCACGCCTTTTTTTCTGTCAG
-3’ (forward) and 5- CTGACAGAAAAAAA
GGCGTGCAACAGACCCATTCCCTTTG -3
(reverse). Next, SiHa cells were cotransfected
with the miR-125a mimic and either the WT-
Rad51 or Mut-Rad51 plasmid with Lipofectamine
3000 (Invitrogen) for 48 h. The luciferase activity
in each group was examined based on the instruc-
tions of the dual-luciferase assay kit (Promega).

Statistical analysis

The data are presented as the mean + SD values
and were analyzed using SPSS 21.0 software (SPSS,
Inc.). One-way analysis of variance was used for
comparisons among multiple groups, and a paired
or unpaired Student’s t test was used for
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comparisons between two groups. P < 0.05 was
considered to indicate a statistically significant
difference.

Results

miR-125a expression is significantly
downregulated in CSCC tissues and cells

To further verify the role of miR-125a in CSCC
and the underlying mechanism, we first measured
the expression of miR-125a in CSCC. As shown in
Figure 1a, the expression of miR-125a was signifi-
cantly downregulated in CSCC tissues (n = 20)
compared with adjacent nontumor tissues
(n = 20) (P < 0.001). Similarly, we discovered
that miR-125a expression in CSCC cells (SiHa
and HCC-0214), especially in SiHa cells, was also
significantly lower than that in normal human
cervical epithelial cells (HcerEpic) (P < 0.01
(HCC-0214), P < 0.001 (SiHa); Figure 1b). In
brief, we demonstrated that miR-125a is expressed
at low levels in CSCC tissues and cells.

miR-125a markedly suppresses the proliferation
of SiHa and HCC-0214 cells

To further determine the influence of miR-125a on
CSCC cell proliferation, miR-125a was overex-
pressed or inhibited in SiHa and/or HCC-0214
cells. Based on the above analysis of miR-125a
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Figure 1. miR-125a expression is significantly downregulated in CSCC tissues and cells.

(a) The expression of miR-125a was assessed by RT-qPCR in CSCC tissues (n = 20) and adjacent nontumor tissues (n = 20). (b) The
miR-125a level was also confirmed using RT-gPCR in normal human cervical epithelial cells (HcerEpic) and 2 CSCC cell lines (SiHa

and HCC-0214). **P < 0.01, ***P < 0.001.



expression in SiHa and HCC-0214 cells, miR-125a
expression was dramatically downregulated in
SiHa cells, indicating that the effect of silencing
miR-125a expression in SiHa cells was not signifi-
cant. Thus, we overexpressed miR-125a in SiHa/
HCC-0214 cells and silenced miR-125a expression
in HCC-0214 cells. The RT-qPCR data showed
that in both SiHa and HCC-0214 cells, miR-125a
expression was notably upregulated in the miR-
125a mimic group relative to the NC mimic group
(P < 0.001, Figure 2a), while in HCC-0214 cells,
miR-125a expression was significantly downregu-
lated in the miR-125a inhibitor group compared
with the NC inhibitor group (P < 0.001,
Figure 2b). Subsequently, the CCK-8 assay results
showed that in SiHa and HCC-0214 cells, cell
viability was markedly attenuated in the miR-
125a mimic group compared to the NC mimic
group (P < 0.001, Figure 2c), while in HCC-0214
cells, cell viability was notably enhanced in the
miR-125a inhibitor group compared to the NC
inhibitor group (P < 0.01, P < 0.001; Figure 2d).
Similarly, the colony formation assay results also
showed that overexpression of miR-125a markedly
weakened the colony formation ability of SiHa and
HCC-0214 cells (P < 0.01, P < 0.001; Figure 2e),
while inhibition of miR-125a expression dramati-
cally enhanced the colony formation ability of
HCC-0214 cells (P < 0.01, P < 0.001; figure 2f).
Overall, we proved that miR-125a can suppress
CSCC cell proliferation.

miR-125a greatly prevents the migration and
invasion of SiHa and HCC-0214 cells

We also verified the changes in the migration and
invasion of CSCC cells after miR-125a overexpres-
sion or inhibition. The wound healing assay results
showed that the relative wound width was signifi-
cantly increased in miR-125a mimic-transfected
SiHa and HCC-0214 cells compared to NC mimic-
transfected cells (P < 0.05, Figure 3 a and b), but
the relative wound width was markedly decreased
in miR-125a inhibitor-transfected HCC-0214 cells
compared to NC inhibitor-transfected cells
(P < 0.001, Figure 3c). In addition, the Transwell
assay results demonstrated that the numbers of
invaded miR-125a mimic-transfected SiHa and
HCC-0214 cells were notably lower than those of
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the corresponding NC mimic-transfected cells
(P < 0.001, Figure 3 d and e), while the number
of invaded miR-125a inhibitor-transfected HCC-
0214 cells was notably higher than that of NC
inhibitor-transfected HCC-0214 cells (P < 0.001,
figure 3f). In summary, these data confirmed that
miR-125a exerts significant inhibitory effects on
CSCC cell migration and invasion.

Rad51 is a direct target gene of miR-125a

To explore whether miR-125a regulates Rad51
expression, we predicted the existence of binding
sites between miR-125a and Rad51. The luciferase
reporter assay results verified that miR-125a over-
expression dramatically decreased the luciferase
activity of WT-Rad51 but did not affect that of
Mut-Rad51, proving the targeted regulatory effects
of miR-125a on Rad51 (P < 0.01, Figure 4a). Next,
we discovered that overexpression of miR-125a
greatly downregulated Rad51 protein expression
in SiHa and HCC-0214 cells and that inhibition
of miR-125a expression markedly upregulated
Rad51 protein expression in HCC-0214 cells
(P < 0.001, Figure 4 b and c). Collectively, these
findings showed that Rad51 is a target gene of
miR-125a and that its expression is significantly
downregulated by miR-125a in CSCC cells.

Rad51 is necessary for the suppressive effects of
miR-125a on the proliferation, migration and
invasion of SiHa and HCC-0214 cells

To identify the impacts of miR-125a and Rad51 on
the functions of SiHa and HCC-0214 cells. si-
Rad51 and an miR-125a inhibitor were transfected
into SiHa and HCC-0214 cells individually or in
combination, and the change in the expression of
Rad51 was investigated by western blotting analy-
sis. As shown in Figure 5a, Rad51 expression was
markedly reduced in the si-Rad51 group relative to
the NC group but markedly elevated in the si-
Rad51+ inhibitor group compared to the si-
Rad51 group; these results suggested the successful
transfection of si-Rad51 and the miR-125a inhibi-
tor into SiHa and HCC-0214 cells. Then, the CCK-
8 assay results revealed that Rad51 silencing sig-
nificantly reduced the viability of SiHa and HCC-
0214 cells, but the reduced cell viability due to



8508 (&) Z. LIUET AL

a § SiHa ﬁ HCC-0214 § HCC-0214
5 10' * % b - S 9O
E g £ - £
k) ‘s 151 s
c [ - 10'
S 8§ 9 2
0 » 101 (7]
o 4 ] e
S - S 0.5-
z 21 :’ . ﬁ * *
2 g 2
g oL N T T o —— s 0.0-
) 2 o ° 2 ° > 5ot
4 o «\\«\\ ‘6\“\\ 4 ‘6\«\\0 ‘6\‘(\\0 14 \‘\ \
W ?:,\7,60 WO A,Lq,'b WO
\§\?“
C g & NCmimics 10~ NCmimics d 15~ NCinhibitor
‘#- MiR-125a mimics 2o & MiR-125a mimics ) ‘#- MiR-125a inhibitor
0.8- n
£ 13 1-0_ 3
£ 0.6- S
g 2
(m]
8 047 O 0.5-
0.2 .
0.0 - : ' 0.0 T T T
HCC-0214 oh 24h 48h HCC-0214 oh 24h 48h
NC mimics iqhibitor

7
HCC-0214

2000 SiHa 1500 HCC-0214 8000

1500 6000

1000

1000 4000

500

500 2000

Number of cell clones
Number of cell clones
Number of cell clones

0 0
NC mimics miR-125a mimics NC mimics miR-125a mimics NC inhibitor ~ miR-125a inhibitor

Figure 2. miR-125a markedly suppresses the proliferation of SiHa and HCC-0214 cells.

(a) After SiHa and HCC-0214 cells were transfected with the miR-125a mimic or NC mimic, the level of miR-125a was verified by RT-
gPCR. (B) The level of miR-125a was determined by RT-qPCR in miR-125a inhibitor-transfected HCC-0214 cells. (C) After miR-125a
overexpression, SiHa and HCC-0214 cell viability was evaluated with a CCK-8 assay. (D) After miR-125a inhibition, HCC-0214 cell
viability was assessed by a CCK-8 assay. (E) Cell colony formation was evaluated with a colony formation assay in miR-125a-
overexpressing SiHa and HCC-0214 cells. (F) Cell colony formation was examined by a colony formation assay in HCC-0214 cells in
which miR-125a was inhibited. **P < 0.01, ***P < 0.001.

Rad51 silencing was markedly reversed by the  decreased the colony formation ability of SiHa and
miR-125a inhibitor (P < 0.01, P < 0.001; Figure 5 HCC-0214 cells, but this decreased colony forma-
a and b). Then, the colony formation assay results  tion ability was greatly reversed by the miR-125a
showed that Rad51 knockdown by siRNAs notably  inhibitor (Figure 5c). Additionally, the wound
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Figure 3. miR-125a dramatically suppresses the migration and invasion of SiHa and HCC-0214 cells.

The miR-125a mimic was transfected into SiHa and HCC-0214 cells, and the miR-125a inhibitor was transfected into HCC-0214 cells.
(A-B) SiHa and HCC-0214 cell migration was investigated using a wound healing assay after miR-125a overexpression. (C) A wound
healing assay was utilized to evaluate the migration of HCC-0214 cells after miR-125a inhibition. (D-E) The number of invaded miR-
125a-overexpressing SiHa and HCC-0214 cells was assessed using a Transwell assay. (F) A Transwell assay was conducted to confirm
the impact of miR-125a inhibition on the invasion of HCC-0214 cells. *P < 0.05, ***P < 0.001.
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(a) We predicted and identified the binding sites between miR-125a and Rad51 and conducted a luciferase reporter assay to validate
the direct targeting relationship of miR-125a and Rad51. (B) Western blotting analysis of Rad51 expression in SiHa and HCC-0214
cells in which miR-125a was overexpressed and HCC-0214 cells in which miR-125a was inhibited. (C) The relative expression level of
Rad51 was calculated based on the gray values of the western blotting bands. **P < 0.01, ***P < 0.001.
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Figure 5. miR-125a markedly suppresses the proliferation, migration and invasion of SiHa and HCC-0214 cells by targeting Rad51.

SiHa and HCC-0214 cells were transfected with si-Rad51 and the miR-125a inhibitor individually or in combination. (A) Rad51
expression was confirmed by western blotting analysis. (B-C) Evaluation of transfected SiHa and HCC-0214 cell viability with a CCK-8
assay. (D) A colony formation assay was used to estimate the colony formation ability of each group. (E-F) The cell migration capacity
was examined with a wound healing assay. (G-H) The cell invasion capacity was examined with a Transwell assay. ***P < 0.001 vs.
the NC group; #P < 0.05, ##P < 0.01, ###P < 0.001 vs. the si-Rad51 group.

healing assay results indicated that knockdown of
Rad51 expression notably increased the relative
scratch distance in SiHa and HCC-0214 cells,
while inhibition of miR-125a expression dramati-
cally reversed this effect of Rad51 knockdown
(P < 0.05, P < 0.001; Figure 5 d and e). Similarly,
the Transwell assay results showed that knock-
down of Rad51 expression markedly weakened
the migration capacity of SiHa and HCC-0214
cells, while inhibition of miR-125a expression sig-
nificantly reversed this effect of Rad51 knockdown
(P < 0.001; figure 5 f and g). Collectively, our
results demonstrated that the impacts of miR-
125a on the proliferation, migration and invasion

of CSCC cells are achieved through the regulation
of Rad51.

Potential regulatory mechanism of miR-125a in
CSCC cells by targeting Rad51

More importantly, we further explored the possi-
ble downstream regulatory proteins of the miR-
125a/Rad51 axis in CSCC cells. The western blot-
ting analysis results showed that the protein levels
of p-PI3K, p-AKT and p-mTOR were dramatically
reduced in Rad51-silenced SiHa and HCC-0214
cells compared with NC-transfected cells, while
transfection of the miR-125a inhibitor markedly



elevated the levels of these proteins that were
reduced by Rad51 silencing in SiHa and HCC-
0214 cells (P < 0.01, P < 0.001; Figure 6).
Therefore, we verified that the PI3K/AKT/mTOR
pathway can be regulated by the miR-125a/Rad51
axis in CSCC cells, indicating a possible mechan-
ism by which the miR-125a/Rad51 axis functions
in CSCC cells.

Discussion

Cervical cancer accounts for more than 50% of
malignant tumors of female reproductive organs;
CSCC accounts for approximately 75-80% of cer-
vical cancer cases and is prone to invasion and
metastasis [27]. Currently, most CSCC patients

SiHa
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are hospitalized for treatment with surgery, radio-
therapy, chemotherapy and other treatments; how-
ever, some CSCC patients experience recurrence
and metastasis, which are seriously life-threatening
[28]. Therefore, further investigation of the biolo-
gical behavior and mechanism of CSCC and the
identification of new molecular targets for CSCC
therapy are of great practical significance.
miRNAs are a class of small single-stranded
RNAs that are evolutionarily highly conserved
[11]. Many studies have verified that dysregulation
of miRNA expression is related to multiple cancer
processes [10,29,30]. MiR-125 family members have
been reported to function as tumor suppressor
genes in many solid tumors, including gastric cancer
[31], colorectal cancer [32], lung cancer [33],
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glioblastoma [34], etc. miR-125a is a member of the
miR-125 family and is aberrantly expressed in mul-
tiple tumors [17,35]. In addition, downregulation of
miR-125a expression has been correlated with
tumor size, invasion, and lymph node metastasis in
breast cancer [36]. Moreover, studies have suggested
that miR-125a plays significant inhibitory roles in
cancer cell metastasis in cancers such as non-small
cell lung cancer [37], ovarian cancer [38], and color-
ectal cancer [39]. miR-125a has also been shown to
be a marker for the suppression of proliferation and
invasion in cervical cancer [40,41]. In our study, we
further validated that miR-125a is expressed at low
levels not only in CSCC tissues but also in CSCC
cells. Additionally, we discovered that miR-125a can
strongly suppress the proliferation, migration and
invasion of CSCC cells. Thus, we suggest that miR-
125a has an obvious suppressive effect on CSCC
progression and might be a previously unidentified
tumor suppressor gene in CSCC, and these findings
might open new avenues for CSCC diagnosis and
therapy.

miRNAs have been demonstrated to play their
regulatory roles in cell biological processes by
suppressing target genes [9]. A single miRNA
can regulate multiple target genes, and a target
gene can simultaneously be regulated by multiple
miRNAs [30]. To investigate the target genes of
miR-125a, we predicted the possible target genes
with appropriate bioinformatics software tools.
The prediction results indicated that Rad51 con-
tains potential binding sites for miR-125a, indi-
cating that it might be a target gene of miR-125a.
The occurrence of most cancers is associated with
DNA damage, and the efficacy of radiation and
chemotherapy in tumor treatment depends
mainly on causing DNA damage in tumor cells
[42]. Homologous recombination (HR) repair is
a vital DNA repair mechanism and plays a key
role in maintaining the normal function and sta-
bility of genetic material [43]. The Rad51 protein
is a key core enzyme responsible for DNA double-
strand break (DSB) repair through HR [44].
Studies have proven that Rad51 is highly
expressed in a range of solid tumors, such as
colorectal cancer [45], breast cancer [46], prostate
cancer [47], and pancreatic cancer [48]. Rad51
overexpression has been reported to cause the
accumulation of DNA damage in precancerous

cells; drive chromosome amplification, deletion
and translocation; and lead to cancer develop-
ment and metastasis [49]. In addition, Rad51
overexpression can also cause dysregulation of
the cell cycle, resistance to apoptotic signals, resis-
tance chemotherapeutic drugs, and radioresis-
tance, thus promoting cancer progression [49].
Here, we demonstrated for the first time that
miR-125a significantly downregulated Rad51
expression in CSCC cells. Moreover, our results
confirmed that miR-125a can target the Rad51 3’-
UTR, thereby downregulating Rad51 expression
at the posttranscriptional level. We also found
that miR-125a can suppress the proliferation,
migration and invasion of CSCC cells by targeting
Rad51.

Furthermore, our results proved that miR-
125a can regulate the PI3K/AKT/mTOR pathway
by targeting Rad51 in CSCC cells. The PI3K/Akt/
mTOR pathway is the downstream signaling
pathway of many signaling molecules, and its
activation is associated with cell proliferation,
invasion, metastasis, angiogenesis, apoptosis, etc
[50,51]. Recently, numerous studies have verified
that the PI3K/Akt pathway is active in cervical
cancer and can cause the metastasis of cancer
cells [52]. The PI3K/Akt pathway has also been
confirmed to be related to CSCC progression
[53,54]. Our results further indicated that the
PI3K/AKT/mTOR pathway might be the under-
lying mechanism by which the miR-125a/Rad51
axis affects the functions of CSCC cells.

In summary, our current study revealed that miR-
125a can suppress the proliferation, migration and
invasion of CSCC cells by downregulating Rad51
expression to inhibit the PI3K/AKT/mTOR path-
way. Therefore, the miR-125a/Rad51/PI3K/AKT/
mTOR axis might be a therapeutic target in CSCC.

Abbreviations

CSCC, Cervical squamous cell carcinoma; RT-qPCR, real-
time quantitative PCR; AC, adenocarcinoma of the cervix;
miRNAs, MicroRNAs; WT, wild-type; HR, Homologous
recombination

Data availability

The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.



Disclosure statement

No potential conflict of interest was reported by the
author(s).

Funding

This work was supported by the Natural Science Foundation
of Fujian Province (2019J01146) and the Longyan Science
and Technology Planning Project (2020LYF9014).

CRediT author contribution

Zeping Liu: Data curation, Writing—review & editing.
Jinchang Huang: Data curation, Writing—review & editing.
Qiuju Jiang: Project administration. Xiaoling Li:
Investigation, Writing—review & editing. Xiaohui Tang,
Shasha Chen, Liling Jiang: Investigation, Visualization.
Genghua Fu: Writing—original draft. Sijun Liu: Writing—
review & editing.

References

[1] Vu M, Yu J, Awolude OA, et al. Cervical cancer
worldwide. Curr Probl Cancer. 2018;42(5):457-465.

[2] Ngoma M, Autier P. Cancer prevention: cervical
cancer. Ecancermedicalscience. 2019;13:952.

[3] Johnson CA, James D, Marzan A, et al. Cervical cancer:
an overview of pathophysiology and management.
Semin Oncol Nurs. 2019;35(2):166-174.

[4] Shrestha AD, Neupane D, Vedsted P, et al. Cervical
cancer prevalence, incidence and mortality in low and
middle income countries: a systematic review. Asian
Pac J Cancer Prev. 2018;19(2):319-324.

[5] Ramirez PT, Frumovitz M, Pareja R, et al. Minimally
invasive versus abdominal radical hysterectomy for
cervical cancer. N Engl J Med. 2018;379

(20):1895-1904.

[6] He Y, Zhao H, Li X-M, et al. Use of mesothelin as a
tumor-associated antigen in cervical squamous cell
carcinoma. Gene. 2019;690:30-37.

[7] Meng H, Liu J, Qiu J, et al. Identification of key genes
in association with progression and prognosis in cervi-
cal squamous cell carcinoma. DNA Cell Biol. 2020;39
(5):848-863.

[8] Lee YT, Tan Y], Oon CE. Molecular targeted therapy:
treating cancer with specificity. Eur ] Pharmacol.
2018;834:188-196.

[9] Tafrihi M, Hasheminasab E. MiRNAs: biology, biogen-
esis, their web-based tools, and databases. Microrna.
2019;8(1):4-27.

[10] Qiangian Tang SW, Qiao X, Wang F, et al. MiR-29

promotes ovarian carcinoma cell proliferation through
the PTEN pathway. Eu J Gynaecol Oncol. 2020;41
(5):774-778.

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

BIOENGINEERED (&) 8513

Andersen GB, Tost J. Circulating miRNAs as biomar-
ker in cancer. Recent Results Cancer Res.
2020;215:277-298.

Saliminejad K, Khorram Khorshid HR, Soleymani
Fard S, et al. An overview of microRNAs: biology,
functions, therapeutics, and analysis methods. J Cell
Physiol. 2019;234(5):5451-5465.

Deb B, Uddin A, Chakraborty S. miRNAs and ovarian
cancer: an overview. ] Cell Physiol. 2018;233
(5):3846-3854.

Laengsri V, Kerdpin U, Plabplueng C, et al. Cervical
cancer markers: epigenetics and microRNAs. Lab Med.
2018;49(2):97-111.

Wang JY, Chen LJ. The role of miRNAs in the invasion
and metastasis of cervical cancer. Biosci Rep. 2019;39
(3):BSR20181377.

Pan L, Zhou L, Yin W, et al. miR-125a induces apop-
tosis, metabolism disorder and migrationimpairment
in pancreatic cancer cells by targeting Mfn2-related
mitochondrial fission. Int ] Oncol. 2018;53(1):124-136.
Ninio-Many L, Hikri E, Burg-Golani T, et al. miR-125a
induces HER2 expression and sensitivity to trastuzu-
mab in triple-negative breast cancer lines. Front Oncol.
2020;10:191.

Yang L, Zhang S, Guo K, et al. miR-125a restrains cell
migration and invasion by targeting STAT3 in gastric
cancer cells. Onco Targets Ther. 2019;12:205-215.
Zhang Y, Zhang D, Lv ], et al. MiR-125a-5p suppresses
bladder cancer progression through targeting FUTA4.
Biomed Pharmacother. 2018;108:1039-1047.

Dong HL, Sui Y-F, Qu P, et al. Establishment of
a human cervical carcinoma cell line HCC-0214 and
its biological characteristics. Chin ] Oncol. 2003;25
(1):43-46.

Huang L, Dai GA-O. Long non-coding RNA
DCST1-AS1/hsa-miR-582-5p/HMGB1 axis regulates
colorectal progression. (2165-5987
(Electronic)).

Zeng C, Meng X, Mai D, et al., Overexpression of miR-
132-3p contributes to neuronal protection in in vitro
and in vivo models of Alzheimer’s disease. (1872-7549
(Electronic)).

Zeng C, Shao Z, Wei Z, et al., The NOTCH-HES-1 axis
is involved in promoting Th22 cell differentiation.
(1689-1392 (Electronic)).

Zhai Z, Mu T, Zhao L, et al., MiR-181a-5p facilitates
proliferation, invasion, and glycolysis of breast cancer
through NDRG2-mediated activation of PTEN/AKT
pathway. (2165-5987 (Electronic)).

Zhong L, Zhong X. Long non-coding RNA
ARAP1-AS1 contributes to cell proliferation and
migration in clear cell renal cell carcinoma via the
miR-361-3p/placental growth factor axis. (2165-5987
(Electronic)).

Jia G, Liang C, Li W, et al, MiR-410-3p facilitates
angiotensin II-induced cardiac hypertrophy by target-
ing Smad7. (2165-5987 (Electronic)).

cancer



8514 (&) Z LIUETAL

(27]
(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

Cohen PA, Jhingran A, Oaknin A, et al. Cervical
cancer. Lancet. 2019;393(10167):169-182.

Small W Jr., Bacon MA, Bajaj A, et al. Cervical cancer:
a global health crisis. Cancer. 2017;123(13):2404-2412.
Cortez MA, Anfossi S, Ramapriyan R, et al. Role of
miRNAs in immune responses and immunotherapy in
cancer. Genes Chromosomes 2019;58
(4):244-253.

Tutar L, Ozgiir A, Tutar Y. Involvement of miRNAs
and pseudogenes in cancer. Methods Mol Biol
2018;1699:45-66.

Niu J, Song X, Zhang X. Regulation of IncRNA PVT1
on miR-125 in metastasis of gastric cancer cells. Oncol
Lett. 2020;19(2):1261-1266.

Wu QB, Chen J, Zhu J-W, et al. MicroRNA-125 inhi-
bits RKO colorectal cancer cell growth by targeting
VEGEF. Int ] Mol Med. 2018;42(1):665-673.

Wu S, Shen W, Yang L, et al. Genetic variations in
miR-125 family and the survival of non-small cell lung
cancer in Chinese population. Cancer Med. 2019;8
(5):2636-2645.

Zhang J, Chen G, Gao Y, et al. HOTAIR/miR-125
axis-mediated Hexokinase 2 expression promotes che-
moresistance in human glioblastoma. J Cell Mol Med.
2020;24(10):5707-5717.

Chen J, Ouyang H, An X, et al. miR-125a is upregu-
lated in cancer stem-like cells derived from TWO1 and
is responsible for maintaining stemness by inhibiting
p53. Oncol Lett. 2019;17(1):87-94.

Zhang HD, Jiang L-H, Hou J-C, et al. Circular RNA
hsa_circ_0052112 promotes cell migration and inva-
sion by acting as sponge for miR-125a-5p in breast
cancer. Biomed Pharmacother. 2018;107:1342-1353.
Huang H, Huang ], Yao J, et al. miR-125a regulates
HAS1 and inhibits the proliferation, invasion and
metastasis by targeting STAT3 in non-small cell lung
cancer cells. J Cell Biochem. 2020;121(5-6):3197-3207.
Yang J, Li G, Zhang K. MiR-125a regulates ovarian
cancer proliferation and invasion by repressing
GALNT14  expression. Biomed Pharmacother.
2016;80:381-387.

Yang X, Qiu J, Kang H, et al. miR-125a-5p suppresses
colorectal cancer progression by targeting VEGFA.
Cancer Manag Res. 2018;10:5839-5853.

Cao Q, Wang N, Ren L, et al. miR-125a-5p
post-transcriptionally suppresses GALNT7 to inhibit
proliferation and invasion in cervical cancer cells via
the EGFR/PI3K/AKT pathway. Cancer Cell Int.
2020;20(1):117.

Cancer.

(41]

(42]

(43]

(44]

(45]

(46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

(54]

Lv A, Tu Z, Huang Y, et al. Circulating exosomal
miR-125a-5p as a novel biomarker for cervical cancer.
Oncol Lett. 2021;21(1):54.

Srinivas US, Tan BWQ, Vellayappan BA, et al. ROS
and the DNA damage response in cancer. Redox Biol.
2019;25:101084.

Ranjha L, Howard SM, Cejka P. Main steps in DNA
double-strand break repair: an introduction to homo-
logous recombination and related processes.
Chromosoma. 2018;127(2):187-214.

Laurini E, Marson D, Fermeglia A, et al. Role of Rad51
and DNA repair in cancer: a molecular perspective.
Pharmacol Ther. 2020;208:107492.

Lee JH, Bae AN, Jung AS. Clinicopathological and
prognostic characteristics of RADS51 in colorectal
cancer. Medicina (Kaunas). 2020;56(2):48.

Liu Y, Burness ML, Martin-Trevino R, et al. RAD51
mediates resistance of cancer stem cells to PARP inhi-
bition in triple-negative breast cancer. Clin Cancer Res.
2017;23(2):514-522.

Nowacka-Zawisza M, Raszkiewicz A, Kwasiborski T,
et al. RAD51 and XRCC3 polymorphisms are asso-
ciated with increased risk of prostate cancer. ] Oncol.
2019;2019:2976373.

Zhang X, Ma N, Yao W, et al. RAD5I is a potential
marker for prognosis and regulates cell proliferation in
pancreatic cancer. Cancer Cell Int. 2019;19(1):356.
van der Zon NL, Kanaar R, Wyman C. Variation in
RAD51 details a hub of functions: opportunities to
advance cancer diagnosis and therapy. F1000Res.
2018;7. DOI:10.12688/f1000research.13350.2

Aoki M, Fujishita T. Oncogenic roles of the PI3K/
AKT/mTOR axis. Curr Top Microbiol Immunol.
2017;407:153-189.

Noorolyai S, Shajari N, Baghbani E, et al. The relation
between PI3K/AKT signalling pathway and cancer.
Gene. 2019;698:120-128.

Bossler F, Hoppe-Seyler K, Hoppe-Seyler F. PI3K/
AKT/mTOR signaling regulates the virus/host cell
crosstalk in  HPV-positive cells.
Int ] Mol Sci. 2019;20(9):2188.

Biray Avci C, Sezgin B, Goker Bagca B, et al. PI3K/
AKT/mTOR pathway and autophagy regulator genes
in paranasal squamous cell carcinoma metastasis. Mol
Biol Rep. 2020;47(5):3641-3651.

Li R, Song Y, Zhou L, et al. Downregulation of RAGE
inhibits cell proliferation and induces apoptosis via
regulation of PI3K/AKT pathway in cervical squamous
cell carcinoma. Onco Targets Ther. 2020;13:2385-2397.

cervical cancer


https://doi.org/10.12688/f1000research.13350.2

	Abstract
	Introduction
	Materials and methods
	Tissue samples
	Cell culture
	Cell transfection
	Real-time quantitative polymerase chain reaction (RT–qPCR) assay
	Western blotting analysis
	CCK-8 assay
	Colony formation assay
	Wound healing assay
	Transwell assay
	Luciferase reporter assay
	Statistical analysis

	Results
	miR-125a expression is significantly downregulated in CSCC tissues and cells
	miR-125a markedly suppresses the proliferation of SiHa and HCC-0214 cells
	miR-125a greatly prevents the migration and invasion of SiHa and HCC-0214 cells
	Rad51 is adirect target gene of miR-125a
	Rad51 is necessary for the suppressive effects of miR-125a on the proliferation, migration and invasion of SiHa and HCC-0214 cells
	Potential regulatory mechanism of miR-125a in CSCC cells by targeting Rad51

	Discussion
	Abbreviations
	Data availability
	Disclosure statement
	Funding
	CRediT author contribution
	References

