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Abstract: Purpose: This study was designed to investigate the effect of micro RNA-targeted regulation of FGFR1 on
the proliferation and apoptosis of triple-negative breast cancer (TNBC) cells. Methods: TNBC (MAD-MB-231), three
types of breast cancer (MCF10A, MCF7, ZR751) cell lines, and normal breast tissue cell lines were extracted. Real-
time PCR was used to detect the expression of miRNA-136 in different types of breast cells. The MAD-MB-231 cell
lines were transfected with miRNA-136 mimic by lipofection. The effects of miRNA-136 on FGFR1 expression and
apoptosis rate of MAD-MB-231 cell lines were determined using western blotting. Results: miRNA-136 expression
in TNBC cells was lower than that of controls, and was negatively correlated with TNM staging. miRNA-136 expres-
sion in MCF10A, MCF7, ZR751, and MAD-MB-231 cell lines was gradually decreased, and MCF10A expression in
the other three cell lines was significantly higher than that of MAD-MB-231 cell line (P<0.05). Transfection with
miRNA-136 significantly reduced the proliferation rate of MAD-MB-231, and a higher concentration and longer
duration exhibited a more pronounced inhibitory effect on proliferation (P<0.05). Transfection with miRNA-136
significantly reduced FGFR1 expression in the MAD-MB-231 cell lines, without significantly affecting apoptosis. Con-
clusion: miRNA-136 shows a very low expression level in TNBC cells. Transfection with miRNA-136 can significantly
inhibit the proliferation of TNBC cells by external transfection, and has little effect on cell apoptosis. This may be
related to miRNA-mediated changes in FGFR1 protein expression.
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Introduction Triple-negative breast cancer (TNBC) most fre-
quently occurs in women under 40 years of age,
and both progression-free survival and overall
survival rate are low, with the 5-year survival of
only 77%, which decreases to 14% if it pro-
gresses to an advanced stage [5]. Early diagno-

sis and prevention of distant metastases are

Breast cancer is the most common non-skin
cancer in women. The number of new cases
worldwide reached 1.38 million in 2013, ac-
counting for about 23% of cancers in women,
and 460,000 people died of breast cancer th-

at year, accounting for 14% of all cancer deaths
in women [1, 2]. In China, breast cancer has
been ranked first among female non-skin can-
cer for the past 20 years [3]. Triple-negative
breast cancer is the most aggressive type of
breast cancer with a heterogeneous nature,
and is clinically manifested as no expression
of estrogen receptor, progesterone receptor, or
human epidermal growth factor receptor 2 and
the malignant cells are extremely aggressive,
and patients often have poor prognosis [4].

crucial prerequisites for improving the progno-
sis of TNBC.

MicroRNA (microRNA or miRNA) is a non-cod-
ing RNA, about 22nt in length, widely found in
viruses and humans. miRNA can combine with
MRNA, block the expression of protein-coding
genes, and then regulate the biological pro-
cesses of the organism by inhibiting the syn-
thesis of specific proteins [6]. Some evidence
indicates that miRNAs influence the progres-
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Table 1. Clinical data
Baseline data
Average age 39.194+2.22
Tumor size <2cm 13

>2 cm 27
TNM Stage | 10

Il 14

1 10

v 6

sion of breast cancer in a variety of pathways,
including inhibition of estrogen receptors, pro-
liferation of breast cancer stem cells, and regu-
lation of expression of tumor-associated pro-
teins [7]. Overexpression of miR-21 exists in
breast, colon, and lung cancers, and miR-21
may promote the development of breast cancer
[8]. miRNA expression may also play an impor-
tant role in prognosis and treatment of breast
cancer [9]. A study on the prognosis of 219
breast cancer patients indicated that miR-210
was associated with the HIF-1a signaling path-
way, and that miR-210 could be an indepen-
dent risk factor for prognosis of breast cancer
[10].

This study aimed to investigate the effects of
mMiRNA-136 on the proliferation and apoptosis
of TNBC cells through targeted regulation of
FGFR1 expression, so as to lay a theoretical
foundation for improving the prognosis and sur-
vival of patients with TNBC.

Materials and methods
Clinical data

Tumor tissues were obtained from 40 patients
with TNBC, and distal paracancerous tissues
at more than 5 cm from the tumor edge were
collected as controls, from January 2017 to
January 2019 in our hospital. This study was
approved by ethics committee of the Affiliated
Hospital of Liaoning University of Traditional
Chinese Medicine. All patients signed inform-
ed consent. The clinical data of enrolled bre-
ast cancer patients are listed in Table 1.

Cell lines and grouping

Breast cancer cell lines MCF10A, MCF7, and
ZR751, were purchased from Institute of Bio-
chemistry and Cell Biology, Chinese Academy

7724

of Sciences, and used as the control group, and
the TNBC cell line MDA-MB-231 was selected
as the study cell line. All cell lines were cultur-
ed in DMEM/F12 medium at 37°C, 5% CO,, and
cells in the logarithmic growth were used for
model establishment.

RNA extraction and measurement

MCF10A, MCF7, ZR751, and MDA-MB-231 cell
lines in the logarithmic growth phase were
washed with D-Hanks and treated with lysing
solution. Cells were pipetted up and down until
fully lysed. After centrifugation, the superna-
tant was removed, followed by another centrifu-
gation with isopropanol. The white RNA depos-
ited in the bottom of the tube was measured for
RNA concentration using a spectrophotometer.

miRNA transfection

The TNBC cell line MDA-MB-231, which was in
a logarithmic phase, was divided into five gr-
oups, namely a blank control group (cells with-
out transfection), a negative control group (tr-
ansfected with a blank plasmid), a miRNA-136
mimic group (transfected with an overexpres-
sion of MiRNA-136), a miRNA-136 inhibitor
group (transfected with a miRNA-136 inhibitor),
and miRNA-136 inhibitor + siFGFR1 group (tr-
ansfection of miRNA-136 and inactivation of
the FGFR1 gene); and the effect of miRNA-136
transfection on miRNA-136 as well as cell via-
bility was assessed.

Protein expression

The expression of FGFR1 and caspase-1 pro-
tein was detected by western blotting using
BCA kit (Shanghai Ruiji Biotechnology Develo-
pment Co., Ltd.). The specific procedure was as
follows: A sample of 30 pyg was selected for
electrophoresis using 8% sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-
PAGE). The protein was transferred to polyvi-
nylidene fluoride (PVDF) membrane and seal-
ed with 5% BSA at room temperature for 1 h.
Rabbit anti-human antibody of 1:1500 was
added and kept overnight at 4°C, followed by
rinsing the membrane with TBST 3 times. ECL
luminescent agent was added, and X-ray film
was used for exposure and development. The
operation was strictly in accordance with kit
instructions. Each index was measured three
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Figure 1. miRNA-136 expression level in TNBC and
paracancerous tissues. *P<0.05.
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Figure 2. Differences in miRNA-136 expression lev-
els in different breast cancer tissues. #P<0.05 com-
pared with the MCF10A cell line.

times, and the average value was taken as the
final result.

Apoptosis rate

Flow cytometry was used to detect the apopto-
sis rate of the five cell groups. The specific for-
mula is cell survival rate = (OD value of study
group - OD value of blank control group)/OD
value of blank control group.

Statistical methods

The collected data were entered into SPSS22.0
software. The measured data were expressed
as (X £ s), and comparisons between groups
and within groups were performed by inde-
pendent samples t-test. Counted data were
expressed as [n (%)]. Comparisons between
groups and within groups were performed by
chi-square test. The ANVOA test was used for
the comparison of multiple time-points within
groups. P<0.05 indicated a significant differ-
ence [11].
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Results

Differences in miRNA-136 expression levels in
TNBC and paracancerous tissues

The level of miRNA-136 in the MDA-MB-231 ce-
Il lines was significantly lower than that of the
paracancerous tissues (P<0.05). The MDA-MB-
231 cell lines were categorized as Stage |,
Stage Il and Stage lll according to the TNM
staging. With an increase of TNM staging, the
expression level of miRNA-136 showed a gr-
adually decreasing trend. The expression of
miRNA-136 in Phase lll cell lines was signifi-
cantly lower than that of Phase | cell lines
(P<0.05) (Figure 1).

Differences in miRNA-136 expression levels in
breast cancer tissues

MCF10A cell lines had the highest miRNA-136
expression level, followed by MCF7, ZR751, and
MAD-MB-231. The expression of miRNA-136 in
the MCF10A cell lines was significantly higher
than that of the MAD-MB-231 cell line (P<0.05)
(Figure 2).

Differences in miRNA-136 expression after
transfection of MAD-MB-231 cell lines

The miRNA-136 levels exhibited no significant
difference among the blank control, negative
control, miRNA-136 mimic, miRNA-136 inhibi-
tor, and miRNA-136 inhibitor + siFGFR1 groups
(P>0.05). miRNA-136 expression in the miRNA-
136 mimic group was significantly higher than
the rest of the groups (P<0.05) (Figure 3).

Effect of miRNA-136 transfection on prolifera-
tive activity of MAD-MB-231 cell lines

After digestion and passaging, the well-grown
MAD-MB-231 cell lines were inoculated in cul-
ture plates at 37°C and 5% CO, for 12 h, and
were treated with 0.4 mM, 0.5 mM, 1.0 mM
and 2.0 mM of miRNA-136, respectively. The
results showed that different concentrations
of miRNA-136 led to different survival rates.
Overall, with an increase of miRNA-136 con-
centration and the extension of the interven-
tion time, the survival rate of MAD-MB-231
cells was decreased accordingly, showing a
negative correlation. A higher concentration of
mMiRNA-136 indicated greater damage to the
cells (Figure 4).
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Figure 3. Differences in miRNA-136 expression after transfection of the
MAD-MB-231 cell lines. #P<0.05 compared with the miR-136 mimic group.
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Figure 6. Effect of miRNA-136 tr-
ansfection on protein expression
of MAD-MB-231 cell lines. A: Blank
control group; B: Negative control
group; C: miRNA-136 mimic group;
D: miRNA-136 inhibitor group; E:
miRNA-136 inhibitor + siFGFR1
group.

Effect of miRNA-136 transfec-
tion on protein expression of
MAD-MB-231 cell lines

At 12 h after transfection,
FGFR1 levels showed no sig-
nificant difference among bl-
ank control, negative control,
and miRNA-136 inhibitor + siF-
GFR1 groups (P>0.05). FGFR1
expression in the miRNA-136
mimic group was significantly
lower than that of other groups
(P<0.05) (Figures 5 and 6).

Effect of miRNA-136 transfec-
tion on apoptosis rate of MAD-
MB-231 cell lines

Figure 4. Effect of miRNA-136 transfection on the proliferative activity of

the MAD-MB-231 cell lines. Different concentrations of miRNA-136 and dif-
ferent intervention times significantly affected the proliferative activity of

MAD-MB-231 cell lines.

FGFR1 caspase-1

Comparison of protein expression

Figure 5. Effect of miRNA-136 transfection on protein expression in MAD-
MB-231 cell lines. *P<0.05 compared to the miRNA-136 mimic group;

#P<0.05 compared to the miRNA-136 inhibitor group.
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Transfection with miRNA-136
did not significantly affect the
apoptosis rate of MAD-MB-231
cell lines (P>0.05) (Figure 7).

Discussion

TNBC is a special subtype of
breast cancer, negative for es-
trogen receptor, progesterone
receptor, and human epider-
mal growth factor receptor 2
[12]. The prevalence of TNBC
varies by region and ethnicity.
However, it generally accounts
for about 10%-20% of all bre-
ast cancers [13]. TNBC is mo-
st commonly diagnosed in wo-
men under 45 years of age,
and is characterized by high
malignancy, young onset, strong aggressive-
ness, and rapid progression [14].

MicroRNAs are single-stranded RNAs with pow-
erful regulatory abilities to control gene expres-
sion. miRNAs affect the expression of specific
proteins by targeting the expression of RNAs,
thus regulating metabolic function [15]. The
role of miRNAs in malignant tumors has been
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cell line with high invasivene-
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remains to be further validat-
ed.

Figure 7. Effect of miRNA-136 transfection on apoptosis of MAD-MB-231

cell lines. Transfection with miRNA-136 produced some changes in the
apoptosis rate of MAD-MB-231 cells, but the differences between groups

were not significant (P>0.05).

gradually recognized. A study found that miR-
NAs can negatively regulate protein expression
through specific binding to certain untranslat-
ed regions, thus affecting the proliferation and
metastasis of rectal cancer cells, and it is
believed that miRNA levels can be used to
assess the condition of patients and predict
prognosis [16]. Research on gastric cancer has
found that specific miRNAs play a vital role
in cell proliferation, differentiation, apoptosis,
gene regulation and even tumorigenesis. Dif-
ferent clinical outcomes showed significant dif-
ferences in MiRNA expression between gast-
ric cancer patients, suggesting the potential of
miRNA in prognostic assessment of patients
with gastric cancer [17].

In this study, we investigated the effect of
miRNA on the proliferation and apoptosis of
TNBC cells, and initially investigated the regu-
latory mechanism. Results showed that the
expression of miRNA-136 was lower in TNBC
tissues compared to paracancerous tissues. It
has been noted that miRNAs can promote or
inhibit the expression of target genes by spe-
cifically recognizing and binding target gene
MRNAs [18]. miRNA-136 is a new miRNA dis-
covered in recent years, but there are few stu-
dies on the expression and mechanism of
mMiRNA-136 with regard to TNBC [19]. Results
obtained in this study indicated that miRNA-
136 was a tumor suppressor miRNA, and a
decrease of miRNA-136 expression with high-
er TNM staging also confirmed our speculation.
There were also some differences in miRNA-
136 expression among MCF10A, MCF7, ZR751,
and MAD-MB-231 cell lines, and it has been
noted that MCF10A is a minimally-invasive
breast cancer line, while MAD-MB-231 is a
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There was no sigificant differ-
ence in miR-136 levels among
blank control, negative control,
and miR-136 inhibitor + siFG-
FR1 groups, and miR-136 expression in the
miR-136 mimic group was significantly higher
than that of other groups. It was found that dif-
ferent transfection media resulted in differenc-
es in the expression of FGFR1, a gene that has
been widely demonstrated to be associated
with malignant tumors [22, 23]. A study of
endometrial cancer found significant differenc-
es in FGFR1 expression in three types of tis-
sues: normal endometrium, atypical hyperplas-
tic endometrium, and endometrial cancer, with
FGFR1 expression significantly higher in endo-
metrial cancer. FGFR1 expression was also
positively correlated with the differentiation
of endometrial cancer [24, 25]. Caspase-1 is a
regulatory protein in tumor development, and
the results of an animal study on breast cancer
showed that caspase-1 could exert inhibitory
effects on tumor by regulating the development
of specific cells in peripheral tissues, suggest-
ing that caspase-1 may be a target for cancer
therapy [26]. The expression differences of
miRNA-136 and FGFR1 in different transfect-
ed cell lines suggest that FGFR1 is a target of
miRNA-136 and can be used to regulate the
proliferation of TNBC cell lines. This is also con-
firmed by the changes in the survival rate of
MAD-MB-231 cells under different concentra-
tions of mMiRNA-136 and durations of interven-
tion. miRNA-136 had no significant effect on
the apoptotic process of the TNBC cell line,
which was different from the findings of other
studies and may be related to the short inter-
vention time.

In summary, miRNA-136 showed a markedly
low expression level in TNBC. miRNA-136 sig-
nificantly inhibited the proliferation of TNBC
cells by external transfection, but had no sig-
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nificant effect on apoptosis, and the mecha-
nism may be related to the possible involve-
ment of miRNA in the regulation of FGFR1 pro-
tein expression. The limitation of this study is
that only one miRNA was explored, thus future
studies are needed.
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