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Abstract: Purpose: To explore the contribution of miR-145 to the radiosensitivity of MDA-MB-231 cells and to un-
derstand the molecular mechanism. Methods: MDA-MB-231 cells were divided into a blank control group (BCG), a
negative control group (NCG), and a miR-145-mimics group. gPCR was used to measure the expression of miR-145
and OCT4 mRNA at 48 h after transfection. A colony formation assay was used to determine the radiosensitivity
of the transformed cells. Western blot analysis was conducted to assess OCT4, E-cadherin, and vimentin protein
levels. MTT assay and flow cytometry were performed to evaluate proliferation and apoptosis, respectively, whereas
a luciferase reporter assay was used to establish a correlation between miR-145 and OCT4. Results: miR-145 ex-
pression was downregulated in the MDA-MB-231 cells (P < 0.05), whereas miR-145 expression levels increased
after transfection (P < 0.05). The miR-145-mimics group exhibited lower survival fraction, OCT4 mRNA and protein
levels, vimentin levels, cell proliferation rate and higher E-cadherin protein levels and apoptosis than the other two
groups (P < 0.05). The miR-145-mimics group exhibited lower luciferase activity with the 3 UTR gene vector of wild-
type OCT4 than the NCG (P < 0.05). Group A exhibited lower OCT4 mRNA and protein levels and E-cadherin protein
levels and higher vimentin levels and apoptosis than group B (P < 0.05). Conclusion: MiR-145 expression levels in
breast cancer cells (BCCs) decreased. Overexpression of miR-145 induces epithelial-mesenchymal transition in
BCCs, regulates cell proliferation and relocation, and increases radiosensitivity. These processes may be related to
specific binding sites within the 3 UTR of OCT4.
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studies have shown that miRNAs exhibit a direct
correlation with tumor occurrence and that
they may affect radiation resistance. Therefore,
exploiting miRNAs to attenuate gene expres-
sion offers a novel strategy to increase radio-
sensitization [8-10]. The miRNA, miR-145, is
localized on chromosome 5g32-33. The miR-
145 expression level in tumor tissue is signifi-
cantly decreased, whereas its overexpression
suppresses tumor cell growth and dramatically
decreases cell migration. Studies have shown
that miR-145 may also effectively increase
tumor sensitivity to chemotherapy drugs. In

Introduction

Breast cancer accounts for 8%-12% of all malig-
nancies, and the 5-year survival rate is 62.4%
[1, 2]. Local radiotherapy is currently one treat-
ment option, and it can greatly reduce the
recurrence rate and the mortality rate of
patients with breast cancer. However, radiation
resistance remains a challenging obstacle to
the overall effectiveness of radiation therapy
[3-5].

MicroRNA (miRNA) represents a series of
endogenous noncoding RNAs that can inhibit

gene expression or translation by binding to a
complementary sequence in the 3 untranslat-
ed region (3 UTR) of its target gene [6, 7]. Some

addition, miR-145 is a useful biomarker for co-
lorectal, pancreatic, and breast cancers [11-
13].
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Effects of miR-145 and its molecular mechanism

In a study by Ye et al. [14], miR-145 expression
inhibited breast cancer cell (BCC) proliferation,
colony formation, migration, and invasion. MiR-
145 partially represses the proliferation of lung
cancer initiating cells and epithelial-mesenchy-
mal transition (EMT) by regulating the octa-
mer-binding transcription factor 4 (OCT4) ex-
pression, thereby inhibiting tumor growth and
metastasis [15]. EMT is a signaling pathway
associated with tumor cell metastasis that
influences migration and invasion [16]. At the
early stages of the differentiation process, EMT
relies on the expression of epithelial cadherin
(E-cadherin), N-cadherin, and vimentin, as evi-
denced by E-cadherin downregulation and ele-
vated vimentin and N-cadherin expression [17].
However, there are no studies describing a role
of miR-145 in BCC radiosensitivity and the
underlying molecular mechanism responsible
for its effect.

Materials and methods
Cell sourcing

The human BCC line, MDA-MB-231 (No.
BNCC337893); the normal human breast cell
line, Hs 578Bst (No. BNCC3376680); and the
human embryonic kidney cell line, HEK-293
(No. BNCC338274) were purchased from Bei-
ner Bio. The cells were cultured in DMEM
(Shanghai Junrui Biotechnology Co., Ltd., No.
UFP0590) plus 10% fetal bovine serum
(Bovogen Biological company, No.C0230), 100
U/ml penicillin (Biyuntian Biotechnology Co.,
Ltd.), and 100 ug/ml streptomycin (Biyuntian
Biotechnology Co., Ltd.) at 37°Cin 5% CO, in a
humidified incubator.

Cell processing

MDA-MB-231 and Hs 578Bst cells were plated
and when the adherent growth density reached
90% confluence, the cells were digested with
0.25% trypsin. Once the cells became round
and started to detach, DMEM medium was
added, and the cells were re-cultivated at 37°C
in a 5% CO, atmosphere. Cells from the third
generation of culture were collected.

MDA-MB-231 breast cancer cells were divided
into a blank control group (BCG) that was not
infected with lentivirus, a negative control
group (NCG) that was infected with a negative
control lentivirus, and an miR-145-mimics gro-
up, which was infected with lentivirus packaged
with an miR-145 overexpressing construct.
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The following assays were simultaneously per-
formed on the three cell groups.

Transfection and construction

The miR-145 expression vector (miR-145-mim-
ics group) and its corresponding unrelated con-
trol sequences (NCG) and miR blank vector
(BCG) were designed and synthesized by
Thermo Fisher Scientific. MDA-MB-231 cells
were trypsinized for 1 day before transfection,
and the expression vector was transfected
when the cells reached 80% confluence.
Afterwards, the cells were cultivated at 37°C in
5% CO, for 2 days, and the medium was
changed every 6 h. The Lipofectamine T™M
2000 transfection kit was provided by Beijing
Solibao Technology Co., Ltd (11668-027) and
used according to the manufacturer’s instruc-
tions.

gPCR

Total RNA was extracted from serum and cul-
tured cells using a Trizol extraction kit (Invi-
trogen, Carlsbed, CA, USA). A Nano-Drop2000
UV spectrophotometer (Beijing Keyu Xingye
Technology Development Co., Ltd., China) was
used for determining RNA concentration and
purity. RNA was reverse-transcribed to cDNA
using a reverse transcription kit (Invitrogen,
Carlsbed, CA, USA), and the resulting cDNA was
stored at -20°C. PCR primers were designed
and prepared by Shanghai Jima Pharmaceutical
Technology Co., Ltd.; PCR was conducted using
a PCR instrument (Applied Biosystems, Foster
City, CA, USA) using the following program:
90°C for 5 min, 90°C for 5s, 60°C for 30s,
72°C for 5s over 40 cycles. Each sample was
analyzed three times, and the relative expres-
sion of each gene was calculated using the
2-84¢T method.

Detection of protein expression using western
blot (WB) analysis

Total protein was isolated using RIPA lysis buf-
fer, and its concentration was determined by
the BCA assay. Protein concentrations were
adjusted to 4 pg/uL and separated on 12%
SDS-PAGE gels with a voltage ranging from 90
to 120 V. Following electrophoresis, proteins
were transferred to PVDF membranes at 100 V
for 100 min. The membranes were blocked
with 5% skim milk for 1 h at 37°C, followed by
an overnight incubation with primary antibody
(1:1000) at 4°C. After washing three times with
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PBS, the membranes were incubated with sec-
ondary antibody (1:1000) for 60 min at room
temperature. The membranes were developed
using an ECL luminescence kit and quantified
with Quantity One. Relative protein expression
= band gray value/internal control gray value.
The RIPA kit (#89901), BCA protein kit (#232-
50), ECL luminescence kit (#35055), and pro-
tease (#90058) were purchased from Thermo
Fisher Scientific. Rabbit anti-OCT4 protein
(@ab38594), anti-E-cadherin (ab56326), vimen-
tin monoclonal antibody (ab35637), and goat
anti-rabbit 1gG secondary antibody (ab6721)
were obtained from Abcam.

Cell irradiation

Cells were irradiated with 0.363 Gy-min?, at
60-cm target-skin distance using a Philips X-ray
therapy machine (180 kV, 18 mA). The absorbed
doses were delivered as single doses at 0, 1.0,
2.0, 3.0, 4.0, and 6.0 Gy.

Cell cloning

The irradiated cells were continuously cultured
in an incubator for 15 days. The cells were then
rinsed twice with PBS buffer, fixed with anhy-
drous MeOH, and stained with Giemsa dye. Cell
colonies containing over 50 cells were counted
through a microscope, and the clone genera-
tion rate (CGR), equal to the number of clones
generated/number of seeded cells x 100%,
was determined. The survival fraction (SF) was
also calculated (SF = CGR of irradiated cells/
CGR of control group x 100%).

Detection of cell proliferation

Next, 24 h after transfection, MDA-MB-231
cells were seeded into 96-well plates (1 x 10*
cells per well) and incubated at 37°C for 48 h.
Subsequently, 20 yL of MTT solution (5 pg/mL)
was added. Following a 4-h incubation at 37°C,
the absorbance (490 nm) for each well was
measured. The MTT detection kit was obtained
from Beijing Equation Jiahong Technology Co.,
Ltd.

Apoptosis detection

Flow cytometry (FC) was used to assess apop-
tosis. Following transfection, MDA-MB-231 ce-
lIs were digested with trypsin (0.25%), rinsed
with PBS twice, and mixed with 100 uL of bind-

917

ing buffer to obtain a suspension of 1 x 10°
cells/mL. Cells were incubated with AnnexinV-
FITC/PI staining reagent at room temperature
and protected from light for 15 min according
to the manufacturer’s instructions (Biyuntian
Biotechnology Research Institute). The apopto-
sis rate was detected using the FC500MCL flow
cytometer system, and the average value of
three measurements was recorded.

Luciferase reporter assay

The 3 UTR sequence of wild-type OCT4 and
mutations in the 3'UTR sequence were insert-
ed into the Xhol/Notl site of the psicheck2 vec-
tor to construct a luciferase reporter plasmid.
HEK293T cells were cultured to 70% confluen-
cy. Lipofectamine 2000 was used to transfect
psicheck2-OCT4 3 UTR and its mutant plas-
mids, 100 nmol/L miR-145 mimics (miR-145-
mimics) or random sequences (NC group) into
HEK293T cells. The relative luciferase activity
was measured after 48 h.

Effect of miR-145 on OCT4 expression

The miR-145 and OCT4 mRNA overexpression
vectors were designed and synthesized by
Thermo Fisher Scientific for co-transfection into
MDA-MB-231 cells. These were classified as
group A (MiR-145-mimics) and group B (miR-
145-mimics + OCT4 mRNA overexpression).
Next, 48 h after transfection, qPCR and WB
analysis were used for determining the levels of
OCT4 mRNA and OCT4 protein, respectively, in
both groups in addition to E-cadherin and
vimentin protein expression. MTT assay was
used to detect proliferation. FC was used to
detect apoptosis and the effects on radiosensi-
tivity were determined.

Statistical methods

SPSS 20.0 (SPSS Co., Ltd. in Chicago, the
United States) was used for statistical calcula-
tions. GraphPad Prism 7 (Graphpad Software
Co., Ltd. in San Diego, the United States) was
used for figure illustrations. Count data were
presented as rates and compared using the x2
test. The measured data were expressed as
average + standard deviation. A t-test was con-
ducted for determining differences between
two groups and ANOVA for the distinctions
between multiple groups. P-values < 0.05 were
considered statistically significant.

Int J Clin Exp Med 2021;14(2):915-923



Effects of miR-145 and its molecular mechanism

A 20 B Normal mammary cell
18 0 MDA-MB-231 cell
8
S
@ 1.0
£
0.5
0.0-
& &
& &
& ’39'
& e
& QO
& &
eo
c
1.5 . " _
e i
2 1.0
o
g
8o0s
0.0- = i_
‘)Q ‘0\ \0‘,
o N
(&‘b\é q°°°¢ é\é\
() @\\ @-\
\ Q°Q @

104 b - 4
—
8_
w
g o
4
E 44
2- —
o_
QQ (o\ '\(P
éo 009\ @l\&
‘b\ < h‘)
« ‘\GQ &
D os ; : :
——— -
=
2 0.41
[
o
<
=
802
0.0' i
R o &
(0 (‘\‘ \&\
\9 54 &
2 e b?)
‘\0‘@ ‘D.\\A Q-'N
& &

Figure 1. OCT4 mRNA and protein levels in MDA-MB-231 cells after miR-145 overexpression. A. miR-145 expres-
sion levels. *P < 0.05 compared with healthy breast cells. B. MDA-MB-231 cell transfection. * compared with
miR-145-mimics. P < 0.05. C. OCT4 mRNA level. D. OCT4 protein level. * compared with miR-145-mimics. P < 0.05.

Results
miR-145 expression

The miR-145 expression levels in normal breast
cells and MDA-MB-231 cancer cells were 1.482
+ 0.218 and 0.727 + 0.016, respectively, and
exhibited a significant difference (P < 0.05,
Figure 1).

MDA-MB-231 cell transfection

The miR-145 expression levels in BCG, NCG,
and miR-145-mimics group were 1.531 =+
0.189, 1.541 + 0.218, and 7.242 + 1.234,
respectively. After transfection, the miR-145
expression in the miR-145-mimics group was
dramatically higher than that of BCG and NCG
(P < 0.05) (Figure 1).
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Effect of miR-145 overexpression on MDA-
MB-231 cell radiosensitivity

The SF of the miR-145-mimics group at 2, 4,
and 6 Gy was notably lower than that of BCG
and NCG (P < 0.05) (Table 1).

Effect of miR-145 overexpression on OCT4 lev-
els in MDA-MB-231 cells

The OCT4 mRNA levels of blank, negative, and
miR-145-mimic groups were 1.032 + 0.174,
1.102 + 0.121, and 0.321 + 0.081, respective-
ly, whereas the OCT4 protein levels were 0.515
+ 0.015, 0.498 + 0.012, and 0.183 + 0.016,
respectively. The miR-145-mimics group show-
ed significantly decreased OCT4 mRNA and pro-
tein levels compared with other two groups (P <
0.05) (Figure 1).

Int J Clin Exp Med 2021;14(2):915-923
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Table 1. Survival fraction of miR-145 overexpressing cells at different irradiation doses

Doses Blank Negative miR-145-mimics F P
0 Gy 1.000 1.000 1.000
2 Gy 0.511 + 0.041" 0.591 + 0.038" 0.251 £ 0.215 5.763 0.040
4 Gy 0.163 + 0.026" 0.183 + 0.019" 0.069 £ 0.011 28.800 <0.001
6 Gy 0.049 + 0.007" 0.053 + 0.010" 0.019 + 0.004 18.840 0.003
8 Gy 0.015 £+ 0.003 0.017 + 0.007 0.012 + 0.004 0.770 0.504
Note: “compared with miR-145-mimics P < 0.05.
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Figure 2. E-cadherin and vimentin protein expression levels and proliferation and apoptosis rates of MDA-MB-231
cells. A. E-cadherin protein expression level. B. Vimentin protein expression level. C. The proliferation level in miR-
145-mimics is lower compared with the other two groups. D. Apoptosis rate. *P < 0.05 compared with miR-145-mim-
ics, #P <0.05 compared with the blank control group and negative control group.

E-cadherin and vimentin protein expression
levels and proliferation and apoptosis rate in
MDA-MB-231 cells

The miR-145-mimics group exhibited higher
E-cadherin protein levels and lower vimentin
protein levels than the other two groups (P <
0.05). miR-145-mimics group displayed lower
proliferation than other two groups at 2 and 3
days (P < 0.05). The apoptosis rate of miR-
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145-mimics was higher than that of the other
two groups (P < 0.05). (Figure 2).

Validation of miR-145 targeting of OCT4

The luciferase activity of the wild-type OCT4
3'UTR gene vector in the miR-145-mimics and
NC groups was 0.318 + 0.021 and 1.103 +
0.017. The luciferase activity of the mutant
OCT4 3'UTR gene vector was 1.085 + 0.009

Int J Clin Exp Med 2021;14(2):915-923
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overexpression. A. OCT4 mRNA level. B. OCT4 protein level. *P < 0.05 com-
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Effect of OCT4 overexpres-
sion on the radiosensitivity of
MDA-MB-231 cells

Group A exhibited notably
lower SF at 2, 4, 6 Gy than

group B (P < 0.05, Table 2).

E-cadherin and vimentin
protein expression levels and
MDA-MB-231 cell prolifera-
tion and apoptosis following
OCT4 overexpression

Group A

145-mimics + OCT4 mRNA overexpression).

Table 2. SF evaluation in two groups

Doses A B F P

0 Gy 1.000 1.000

2Gy 0.251+0.215 0.640 +0.091" 2.875 0.045
4Gy 0.069+0.011 0.173 +0.015" 9.684 0.001
6Gy 0.019 +0.004 0.049 £ 0.010" 4.825 0.009
8Gy 0.012+0.004 0.015+0.006 0.721 0.511

Note: Group A (miR-145-mimics); group B (miR-145-mimics +
OCT4 mRNA overexpression). “Compared with miR-145-mim-
ics P < 0.05.

and 1.094 £ 0.011 in the miR-145-mimics and
NC groups, respectively. The miR-145-mimics
showed a lower luciferase activity than the NC
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The WB results indicated that
E-cadherin protein levels in
groups A and B were 2.326 +
0.317 and 1.011 + 0.018,
respectively, whereas the vi-
mentin protein levels in group
A and B were 0.41 + 0.11 and
1.14 + 0.13 (P < 0.05). Group A displayed high-
er E-cadherin protein and lower vimentin pro-
tein levels than group B (P < 0.05). Group A
exhibited a lower cell proliferation rate than
group B at 2 and 3 days (P < 0.05), and no dif-
ference was found between the two groups at O
and 1 day (P > 0.05). Group A exhibited a higher
apoptosis rate (10.974 + 0.514%) than group B
(3.927 + 0.219%) (P < 0.05, Figure 5).

Groilp B

Discussion
Angiogenesis contributes to the growth, metas-

tasis, and development of tumors. Tumor cells
enable endothelial precursor cells to absorb
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Figure 5. E-cadherin and vimentin protein expression levels and MDA-MB-231 cell proliferation and apoptosis rates
after OCT4 overexpression. A. E-cadherin protein expression level. B. Vimentin protein expression level. C. Cell pro-
liferation rate. D. Apoptosis rate. *P < 0.05 compared with group A. Group A (miR-145-mimics) and group B (miR-

145-mimics + OCT4 mRNA overexpression).

vascular permeability factors and penetrate
the walls of blood vessels. This leads to the
transfer of nearby blood vessels toward the
core of the tumor, which releases proangiogen-
ic stimuli, thus enabling tumor growth [18].
According to related studies, there are a few
MRNAs that can regulate tumor angiogenesis.
For example, miR-145 inhibits angiogenesis in
osteosarcoma. The underlying mechanism may
be related to its inhibition of VEGF expression;
however, no studies have explored this finding
in detail [19].

In the present study, we demonstrated that
miR-145 expression levels in MDA-MB-231
cells were lower than those in healthy breast
cells, which is consistent with previous reports.
Wang et al. [20] and Shayestehpour et al. [21]
found that miR-145 was expressed at low lev-
els in esophageal cancer and prostate cancer.
Tang et al. [22] reported that the downregula-
tion of miR-145 in osteosarcoma was probably
related to osteosarcoma aggressiveness and
metastasis, and it may serve as an indepen-
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dent prognosis indicator for patients with
osteosarcoma. We transfected MDA-MB-231
cells with an miR-145 overexpression vector. As
a result, miR-145 expression levels in miR-
145-mimics increased significantly, suggesting
that the transfection was successful. The study
further indicated that the radiosensitivity of
MDA-MB-231 cells increased after miR-145
was overexpressed. According to Gong et al.
[23], miR-145 expression reduced the chemo-
radiation resistance of glioblastoma and inhib-
ited proliferation, migration, and invasion in
prostate cancer cells, indicating that miR-145
can also modulate radiosensitivity.

Nevertheless, the underlying mechanism of
miR-145 in breast cancer radiotherapy remains
unclear. Our study found that OCT4 mRNA
and protein levels in miR-145-mimics were de-
creased. We also verified that miR-145 is capa-
ble of binding to the 3 UTR region of OCT4. Yan
et al. [24] found that miR-145 increased the
radiosensitivity of cervical cancer cells by inac-
tivating OCT4, which further supports our find-

Int J Clin Exp Med 2021;14(2):915-923
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ings. We also found that E-cadherin protein lev-
els were increased, whereas vimentin protein
levels were reduced as a result of the miR-
145-mimics. This indicates that upregulated
miR-145 expression can inhibit EMT in MDA-
MB-231 cells and suggests that miR-145 is rel-
evant to EMT in regulating cell proliferation and
apoptosis. Steinestel et al. [25] indicated that
the contribution of the EMT process to tumor
cell invasion and metastasis was related to the
loss of E-cadherin expression. Furthermore,
they concluded that the EMT-like cell pheno-
type was associated with increased drug re-
sistance to conventional treatments such as
chemotherapy, radiation therapy, or hormone
withdrawal.

We also found that the OCT4 mRNA and protein
level, after co-transfection of OCT4 and miR-
145 overexpression, was higher than that of
miR-145 overexpression alone. In contrast, the
E-cadherin protein level and apoptosis were
decreased, whereas vimentin and cell prolifera-
tion increased. The SF of group A was dramati-
cally lower than that of group B. These findings
indicate that the tumor suppressive mecha-
nism of miR-145 lies in its ability to target OCT4,
which is in line with the findings of Ling et al.
[26].

In summary, miR-145 expression was reduced
in BCCs and miR-145 overexpression induced
EMT. This resulted in the modulation of cell pro-
liferation, relocation, and increased radiosensi-
tivity, which may be related to the specific bind-
ing sites within the 3 UTR of OCT4.
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