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while it was raised in miR-101 inhibitor group. 
Western blotting results showed that compared 
with control group, miR-101 mimic group had a 
substantially lowered protein expression level of 
Nrf2 in the cell nucleus, with a statistically sig-
nificant difference (p<0.01), while it was notably 
raised in miR-101 inhibitor group and the differ-
ence was statistically significant (p<0.01), indi-
cating that miR-101 can remarkably lower the nu-
cleoprotein expression level of Nrf2. 

CONCLUSIONS: The results of this study im-
ply that miR-101 can inhibit the expression of 
Nrf2 to suppress the proliferation of breast can-
cer cells and enhance their sensitivity to oxida-
tive stress, which provides a theoretical basis 
for reversal of tumor resistance.
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Introduction

Breast cancer is not only one of the most com-
mon malignancies, but also one of the leading 
causes of cancer-related deaths in women1,2. With 
significant progress made in the treatment of breast 
cancer in recent years, surgery, chemotherapy, and 
endocrine and targeted therapies have relieved the 
pain of patients and raised the 5- and 10-year sur-
vival rates in them, but breast cancer resistance re-
mains the difficulty in treating breast cancer3,4.

Prior to tumorigenesis, the decrease in the ex-
pression level of nuclear factor (erythroid-derived 
2)-like 2 (Nrf2) can enhance the sensitivity to 
tumorigenesis to accelerate tumor formation5,6. 
However, after tumorigenesis, Nrf2 protects tu-
mor cells, namely it can raise the tolerance of 
such cells to chemotherapeutics, promoting their 
growth, because Nrf2 can bind to the antioxidant 
responsive element (ARE) in the nucleus to reg-

Abstract. – OBJECTIVE: To explore the in-
fluence of micro ribonucleic acid (miR)-101 on 
breast cancer cell proliferation and apoptosis 
via nuclear factor (erythroid-derived 2)-like 2 
(Nrf2) signaling pathway. 

MATERIALS AND METHODS: All MCF-7 cells 
were divided into 3 groups, namely control group, 
miR-101 mimic group (the cells were treated with 
50 nmol/L miR-101 mimic), and miR-101 inhibi-
tor group (the cells were treated with 50 nmol/L 
miR-101 inhibitor). The impact of miR-101 expres-
sion level on MCF-7 cell proliferation was evaluat-
ed via cell counting kit-8 (CCK-8) and colony for-
mation assays. After the MCF-7 cells in the three 
groups were treated with 100 nM H2O2 for 12 h, 
the change in the apoptosis rate was detected via 
flow cytometry. Moreover, the influence of miR-
101 expression level on the Nrf2 signaling path-
way was detected via reverse transcription-poly-
merase chain reaction (RT-PCR) and Western 
blotting. 

RESULTS: According to the CCK-8 assay re-
sults, compared with that in control group, the 
proliferation rate of cells notably declined at 48, 
72, and 96 h in miR-101 mimic group, and the 
difference was statistically significant (p<0.01), 
while it was substantially raised in miR-101 in-
hibitor group, showing a statistically significant 
difference (p<0.01). Compared that in control 
group, the cell colony formation rate was remark-
ably lowered in miR-101 mimic group, and the 
difference was statistically significant (p<0.01), 
while it was substantially raised in miR-101 inhib-
itor group (p<0.01). According to the flow cytom-
etry assay results, compared with that in control 
group, the apoptosis of MCF-7 cells was marked-
ly enhanced in miR-101 mimic group, showing a 
statistically significant difference (p<0.01), while 
it was weakened in miR-101 inhibitor group, with 
a statistically significant difference (p<0.01). 
The influence of miR-101 on the expression lev-
el of Nrf2 was detected via RT-PCR, and it was 
found that the messenger RNA (mRNA) expres-
sion level of Nrf2 was notably lower in miR-101 
mimic group than that in control group (p<0.01), 
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ulate the expressions of several antioxidants, in-
cluding glutathione S-transferase (GST), quinone 
oxidoreductase 1 (NQO1), γ glutamylcysteine 
synthetase (GCL), and uridine 5’-diphospho-glu-
curonosyltransferase (UGT), ultimately protect-
ing cells from carcinogen-induced deoxyribonu-
cleic acid (DNA) injury and cell death.

Studies7,8 have suggested that the increase in the 
expression level of Nrf2 can inhibit the occurrence 
of lung cancer and prostate cancer. Additionally, 
the in vitro and in vivo researches have reported 
that Nrf2 serves as a major player in the develop-
ment of breast cancer. Nrf2 can activate the anti-
gens on which Nrf2 depends on breast cancer cells 
to repress H2O2-induced death of them9. Accord-
ing to the results of an in vivo experiment, the car-
cinogenic factor estrogen is able to inhibit the ex-
pression of antioxidants via the pathway on which 
Nrf2 depends, thereby stimulating the formation of 
estrogen-dependent breast cancer in mice10. More-
over, the level of Nrf2 is elevated in breast cancer 
tissues, and its overexpression can enhance the 
drug resistance of breast cancer cells11,12.

Micro-ribonucleic acids (miRNAs) are a class of 
non-coding RNAs consisting of 21-23 nucleotides, 
and a current study manifested that miRNAs can 
modulate about 30% of genes in organisms13. MiR-
NAs can directly bind to the 3 -́untranslated region 
(3 -́UTR) of messenger RNAs (mRNAs), thereby 
repressing the translation or degrading mRNAs. A 
single miRNA can directly regulate various mR-
NAs, thus playing an important role in the regulatory 
mechanism in organisms. According to the results of 
current studies, the abnormality of the expression of 
miRNAs is often accompanied by the occurrence of 
several human diseases, such as breast cancer. The 
current study findings have revealed that compared 
with that in normal breast tissues, the expression 
level of miR-101 is aberrantly lowered in breast can-
cer tissues, implying that miR-101 may be important 
in the pathological process of breast cancer.

According to the results of this investigation, 
miR-101 can reduce the expression level of Nrf2 to 
suppress the proliferation of breast cancer cells and 
enhance their sensitivity to oxidative stress, which 
serves as a theoretical basis for reversal of tumor 
resistance.

Materials and Methods

Cell Treatment and Culture
Human breast cancer MCF-7 cells (Shanghai 

Supan Biotech Co., Ltd., Shanghai, China) were 

cultured for passage in the Roswell Park Memo-
rial Institute-1640 (RPMI-1640; Hyclone, South 
Logan, UT, USA) medium containing 10% fetal 
bovine serum (FBS; Hyclone, South Logan, UT, 
USA) under the conditions of 37°C and 5% CO2, 
and the cells were centrifuged and sub-cultured 
when 80-90% of them were fused.

Main Reagents and Instruments
MiR-101-mimic and miR-101-inhibitor (Shang-

hai GenePharma Co, Ltd., Shanghai, China), 
RPMI-1640 medium, flow cytometer and bicin-
choninic acid (BCA) protein concentration assay 
kit (Hangzhou ACEA Biosciences, Inc., Hang-
zhou, China), Real Time Polymerase Chain Reac-
tion (PCR) instrument (Beijing Zhongke Keer In-
strument Company Limited, Beijing, China) and 
automatic gel imaging analyzer (Shanghai Clinx 
Science Instruments Co., Ltd., Shanghai, China). 

Cell Transfection and Grouping 
The cells were evenly inoculated into 6-well 

plates at 1.2×106 cells/well and cultured in 2 mL of 
Dulbecco’s Modified Eagle’s Medium (DMEM; 
Hyclone, South Logan, UT, USA) containing 
10% fetal bovine serum. All the cells were divid-
ed into control group, miR-101 mimic group (the 
cells were treated with 50 nmol/L miR-101 mim-
ic) and miR-101 inhibitor group (the cells were 
treated with 50 nmol/L miR-101 inhibitor). After 
the three groups of cells were cultured for 24 h, 
the cell plates were added with miR-101 mimic 
or inhibitor diluted in 250 μL of serum-free op-
ti-MEM, let stand at room temperature for 5 min, 
and before and after adding 10 μL of Lipofect-
amine 2000 (Invitrogen, Carlsbad, CA, USA), 
they were slightly shaken to evenly mix the mix-
ture with the culture solution in the wells. After 6 
h, with the medium replaced with a normal one, 
all the cells were cultured in an incubator at 37°C 
with 5% CO2 for 48 h.

Detection of Breast Cancer Cell 
Proliferation Using Cell Counting 
Kit-8 (CCK-8) Assay

Three groups of cells in the logarithmic growth 
phase were seeded into 96-well plates at 1×104 
cells/well and cultured in the incubator for anoth-
er 72 h, and with the original medium discarded, 
the cells were incubated with 20 μL of CCK-8 
reaction solution (Dojindo Molecular Technolo-
gies, Kumamoto, Japan) and 180 μL of cell cul-
ture solution at 37°C in the dark for 2 h. Then the 
resulting cells were shaken on a micro-vibration 



MiR-101 in breast cancer

8933

device for 3 min. Finally, the absorbance at the 
wavelength of 450 nm was measured using a mi-
croplate reader.

Detection of Nrf2 Expression in MCF-7 
Cells Via Reverse Transcription (RT)-PCR 

The expression of Nrf2 in the three groups of 
MCF-7 cells was detected via RT and quantitative 
PCR (qPCR). The chloroform/TRIzol (Invitro-
gen, Carlsbad, CA, USA) reagent was prepared at 
the volume ratio of 1:5, shaken and mixed evenly 
in 6-well plates, let stand at room temperature for 
15 min, transferred into Eppendorf (EP) tubes and 
centrifuged at 4°C and 12,000 rpm for 15 min. 
Then, the supernatant water-phase was sucked into 
another centrifugal tube, added with isopropanol 
by 0.7-1-fold volume of the supernatant, placed at 
room temperature for 10-30 min and centrifuged 
at 12,000 rpm for 10 min. The supernatant was 
discarded, while RNAs were precipitated at the 
bottom of tubes. Subsequently, the centrifugal 
tubes were added with 75% ethanol (75% ethanol/
TRIzol: 1:1), moderately shaken to suspend the 
precipitates, centrifuged at 4°C and 12,000 rpm 
for 5 min. The products were blown dry on a su-
per clean bench for 10-20 min to try discarding 
the supernatant, added with 10-50 μL of diethyl 
pyrocarbonate-treated ddH2O to dissolve the pre-
cipitates. Finally, the concentration of RNAs was 
determined using OneDrop micro-spectropho-
tometer. reverse transcription (RT) reaction was 
performed using 4.5 μL of RNase-free ddH2O, 2 
μL of 5× RT reaction buffer, 0.5 μL of random 
primers, 0.5 μL of oligo (dT), 0.5 μL of reverse 
transcriptase and 2 μL of RNAs. The samples of 
complementary DNAs (cDNAs) were divided into 
three groups and each of them was diluted by 20 
folds, from which 3 μL of cDNA was selected for 
PCR amplification. The amplification level of the 
target gene was determined via 5% agarose gel 
electrophoresis. Then, the LabWorks 4.0 image 
acquisition and analysis software was adopted for 
quantification and data processing. To obtain re-
liable data, the above operations were performed 

for three times in each group. In the present study, 
the change in the relative expression level of the 
target gene was analyzed using the 2-ΔΔCt meth-
od. The primer sequences used in this study are 
shown in Table I.

Detection of MCF-7 Cell Apoptosis Via 
Flow Cytometry

The changes in the apoptosis of MCF-7 cells 
treated were detected using the annexin V/propid-
ium iodide (PI) double-staining kit. A total of 
5×105 cells were digested using trypsin and then 
rinsed using phosphate-buffered saline (PBS) at 
4°C twice. Subsequently, the cells centrifuged 
were re-suspended in 500 μL of staining buffer 
and stained with 5 μL of annexin V-FITC (flu-
orescein isothiocyanate) and 5 μL of Propidium 
Iodide (PI) staining solution at 37°C in the dark 
for 15 min. Finally, the cells were loaded for flow 
cytometry assay using the Guava flow cytometer. 

Detection of Influence of MiR-101 on the 
Nrf2 Proteins in MCF-7 Cell Nucleus Via 
Western Blotting

The Nrf2 nucleoproteins were extracted as 
follows: after adding a small amount of cooled 
PBS, the cells were scraped down using cell 
scrapers. Then, they were centrifuged in a pre-
cooled centrifugal machine at 4°C and 1,000 
RCF for 3 min and precipitated. The resulting 
cells were re-suspended in 1 mL of cell lysis 
buffer, added with protease inhibitor and placed 
on ice for 1 h. After centrifugation at 4°C and 
1,000 RCF for 20 min, the precipitates were 
re-suspended in 100 μL of nuclei lysis buffer, 
added with protease inhibitor, let stand on ice 
for 1 h, shaken once every 5 min and fully 
lysed. The resulting precipitate suspension was 
centrifuged at 4°C and the maximum rotational 
speed for 10 min, and the supernatant was nuc-
leoprotein. The protein samples prepared were 
stored in the refrigerator at –80°C for later use. 
The proteins were quantified using bicinchonin-
ic acid (BCA) kit. Subsequently, with dodecyl 

Table I. Primer sequences.

Gene Forward/reverse Primer sequences

Nrf2 R 5’-TICCTCTGCTCCCA-TTACTCAGTC-3’
 F 5’-GCTCTTCCATTT-CCGAGTCACTG-3’

β-actin R 5’-GAGAGGGAAATCGTGCGTGAC-3’
 F 5’-GACGTAGCACAGCTTCTCCTTAATG-3’
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sulfate, sodium salt-polyacrylamide gel elec-
trophoresis (SDS-PAGE) gel prepared, the pro-
tein samples were loaded into the SDS-PAGE 
gel wells for electrophoresis under the constant 
voltage of 80 V for 2.5 h. Then, the proteins 
were transferred onto polyvinylidene difluoride 
(PVDF) membranes (Roche, Basel, Switzer-
land) by the semi-dry transfer method, and the 
membranes were immersed in Tris-Buffered 
Saline with Tween-20 (TBST) buffer contain-
ing 5% skim milk powder, shaken slowly using 
a shaker and sealed. The resulting membranes 
were incubated with the primary antibody di-
luted with 5% skim milk powder and washed 
using TBST for 3 times (10 min/time), followed 
by incubation with the secondary antibody at 
room temperature for 2 h and rinsing using 
TBST and TBS twice and once, respectively (10 
min/time). The resulting proteins were detect-
ed using enhanced chemiluminescence (ECL) 
reagent and exposed in a darkroom, and the rel-
ative expression level of proteins was analyzed 
using Image-Pro Plus v6 software (Media Cy-
bernetics, Silver Spring, MD, USA). With the 
β-actin as the internal reference, the expression 
of proteins was detected.

Cell Colony Formation Assay
MCF-7 cells in the three groups were inocu-

lated into the culture dishes containing 10 mL of 
culture solution and incubated at 37°C for 14 d. 
When the cell colony was visible to the naked eye, 
the cells were fixed using 4% paraformaldehyde 
for 15 min, and the cell colonies were stained 
with the crystal violet staining solution for 30 
min, rinsed using deionized water for 3 times 
and dried in air. The number of colonies formed 
was counted under an inverted microscope, and 
the colony formation rate was calculated based on 
colony formation rate (%) = (the number of colo-
nies formed/that of cells inoculated) ×100%.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 17.0 (SPSS, Chicago, IL, USA) was used 
for statistical analysis in the present study, and 
all the data were expressed mean ± standard de-
viation. The t-test was used for analyzing mea-
surement data. Differences between two groups 
were analyzed by using the Student’s t-test. Com-
parison between multiple groups was done using 
One-way ANOVA test followed by Post-Hoc Test 
(Least Significant Difference). p<0.05 denoted 
that the difference was significant.

Results

Impact of MiR-101 Expression Level on 
the Proliferation of MCF-7 Cells

According to the CCK-8 assay results, com-
pared with that in control group, the proliferation 
rate of cells notably declined at 48, 72, and 96 h 
in miR-101 mimic group, showing a statistical-
ly significant difference (p<0.01), while it was 
substantially raised in miR-101 inhibitor group, 
displaying a statistically significant difference 
(p<0.01) (Figure 1), implying that the increase in 
the expression level of miR-101 can lower the pro-
liferation rate of MCF-7 breast cancer cells.

Influence of MiR-101 Expression Level on 
Colony Formation of MCF-7 Cells

To further study the influence of miR-101 on 
the proliferation rate of MCF-7 cells, the impact 
of miR-101 on cell proliferation was detected via 
cell colony formation assay. It was found that 
compared with control group, miR-101 mimic 
group exhibited a remarkably lowered colony for-
mation rate, with a statistically significant differ-
ence (p<0.01), while it was substantially raised in 
miR-101 inhibitor group (p<0.01), indicating that 
miR-101 mimic inhibits cell proliferation, while 
miR-101 inhibitor promotes cell proliferation, 
which is consistent with those of the CCK-8 assay 
(Figure 2).

Impact of MiR-101 Expression Level 
on the H2O2-Induced Apoptosis 
of MCF-7 Cells

To explore the impact of miR-101 on H2O2-in-
duced MCF-7 cell apoptosis, the MCF-7 cells 

Figure 1. MiR-101 lowers the proliferation rate of MCF-7 
breast cancer cells. **: p<0.01, vs. control group.
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were transfected with miR-101 mimic or miR-101 
inhibitor and then treated with 100 nM H2O2 for 
12 h, and finally, the changes in the apoptosis rate 
were detected using the flow cytometer. Accord-
ing to the results, compared with that in control 
group, the apoptosis rate of MCF-7 cells was 
markedly raised by miR-101 mimic, showing a 
statistically significant difference (p<0.01), while 
it was lowered by miR-101 inhibitor, with a statis-
tically significant difference (p<0.01) (Figure 3). 
The above findings indicate that miR-101 mimic 
promotes cell apoptosis, while miR-101 inhibitor 
represses it (Figure 3). 

Influence of MiR-101 on the MRNA 
Expression Level of Nrf2

The influence of miR-101 on the expression lev-
el of Nrf2 was detected via qRT-PCR to reveal the 
related mechanism by which miR-101 accelerates 
the H2O2-induced apoptosis of MCF-7 cells and 
inhibits their proliferation. It was discovered that 
compared with that in control group, the mRNA 
expression of Nrf2 was notably lowered in miR-
101 mimic group (p<0.01), while it was raised in 
miR inhibitor group, showing a statistically sig-
nificant difference (p<0.01) (Figure 4).

Influence of MiR-101 on the Protein 
Expression Level of Nrf2 

To further verify the results of RT-PCR exper-
iment, the protein level of Nrf2 was measured via 
Western blotting, and according to the results, the 
protein expression level of Nrf2 in the cell nucleus 
was substantially lower in miR-101 mimic group 
than that in control group, showing a statistically 
significant differences (p<0.01), while it was no-
tably raised in miR-101 inhibitor group, and the 
difference was statistically significant (p<0.01), 
indicating that miR-101 can remarkably lower the 
nucleoprotein expression level of Nrf2. The above 
results suggest that the increase in the expression 
level of miR-101 can reduce the protein expres-
sion level of Nrf2 in the cell nucleus (Figure 5).

Discussion

Over the past half century, early diagnosis and 
comprehensive treatment have effectively elevat-
ed the 5- and 10-year survival rates of breast can-
cer patients, but breast cancer resistance is still 
the difficulty in the treatment of breast cancer17,18. 
According to the CCK-8 assay results, compared 

Figure 2. MiR-101 reduces the colony formation rate of MCF-7 breast cancer cells (magnification: 10×). **: p<0.01, vs. control group.
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with that in control group, the proliferation rate of 
cells was notably lowered at 48, 72, and 96 h in 
miR-101 mimic group, with a statistically signifi-
cant difference (p<0.01), while it was substantial-
ly elevated in miR-101 inhibitor group, display-
ing a statistically significant difference (p<0.01), 
which imply that the increase in the expression 
level of miR-101 can lower the proliferation rate 
of MCF-7 breast cancer cells. Moreover, to study 
the influence of miR-101 on the proliferation rate 
of MCF-7 cells, the impact of miR-101 on cell pro-
liferation was detected via cell colony formation 
assay. The results showed that compared with 
control group, miR-101 mimic group exhibited a 
remarkably lowered colony formation rate, with a 
statistically significant difference (p<0.01), while 
it was substantially raised in miR-101 inhibitor 
group (p<0.01), indicating that miR-101 mimic 
inhibits cell proliferation, while miR-101 inhibi-

tor promotes it, which are consistent with those 
of the CCK-8 assay. Subsequently, to explore the 
impact of miR-101 on H2O2-induced MCF-7 cell 
apoptosis, the MCF-7 cells were transfected with 
miR-101 mimic or miR-101 inhibitor, and after 
treatment with 100 nM H2O2 for 12 h, the changes 
in the apoptosis rate were detected using the flow 
cytometer. According to the results, compared 
with the procedures in control group, miR-101 
mimic treatment markedly enhanced the apopto-
sis of MCF-7 cells, showing a statistically signifi-
cant difference (p<0.01), while miR-101 inhibitor 
remarkably weakens the apoptosis (p<0.01).

Additionally, to reveal the related mechanism 
in the promotion of H2O2-induced MCF-7 cell 
apoptosis and inhibition of their proliferation by 
miR-101, the influence of miR-101 on the expres-
sion level of Nrf2 was detected via qRT-PCR. Ac-
cording to the experimental findings, the mRNA 

Figure 3. MiR-101 enhances the H2O2-induced apoptosis of MCF-7 cells. A, Influence of miR-101 on H2O2-induced MCF-7 
cell apoptosis detected using the flow cytometer. B, Statistical graph of cell apoptosis results. **: p<0.01, vs. control group.
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expression of Nrf2 was notably lower in miR-101 
mimic group than that in control group (p<0.01), 
while it was raised in miR-101 inhibitor group 
(p<0.01). Finally, to further verify the results of 
RT-PCR, the protein level of Nrf2 was measured 
via Western blotting. It was found that miR-101 
mimic group had a substantially lower protein 
expression level of Nrf2 in the cell nucleus than 
control group, with a statistically significant dif-
ference (p<0.01), while it was notably raised in 
miR-101 inhibitor group compared with that in 
control group, showing a statistically significant 
difference (p<0.01), which indicate that miR-101 
can remarkably lower the nucleoprotein expres-
sion level of Nrf2. According to the above data, 
the increase in the expression level of miR-101 
can reduce the protein expression level of Nrf2 in 
the cell nucleus.

Studies19,20 have suggested that once the activi-
ty of Nrf2/ARE, an important antioxidant signal-
ing pathway in the body, is weakened, it negative-
ly regulates the downstream antioxidant proteins, 
causing reactive oxygen species damage to the 
body and oxidative stress response, which is one 
of major causes of breast diseases, such as breast 
cancer, mastitis, breast tuberculosis and fat necro-
sis of breast21,22. Yao et al23 has manifested that the 
Nrf2/ARE signaling pathway plays an important 
role in breast cancer, and when the protein expres-
sion of Nrf2 is inhibited in breast cancer cells, the 
oxidation and anti-oxidation of cancer cells are 
out of balance, with more apoptotic breast cancer 
cells, which are consistent with the findings in the 
present study.

Some works24,25 have demonstrated that miR-
101 is lowly expressed in multiple tumors, such as 

Figure 4. MiR-101 remarkably lowers the mRNA expression level of Nrf2. A, MRNA expression level of Nrf2 determined 
via RT-PCR. B, Quantitative expressions according to the experimental results. **: p<0.01, vs. control group.

Figure 5. MiR-101 can remarkably lower the nucleoprotein expression level of Nrf2. A, Influence of miR-101 on the protein 
expression level of Nrf2 detected via Western blotting. B, Quantitative results of Western blotting. **: p<0.01, vs. control group
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cervical cancer, small cell lung cancer, and breast 
cancer, and the low expression of miR-101 is con-
sidered to be a risk factor for the occurrence and 
development of tumors. Wang et al26 transfected 
lentiviruses into cells to raise the expression lev-
el of miR-101 in breast cancer cells and found that 
enhancing the expression of miR-101 inhibits the 
proliferation and activation of cancer cells and ac-
celerates their apoptosis. Guo et al27 discovered 
through in vitro culture of different hepatoma cells 
that the over-expression of miR-101 significantly 
affects the proliferation, colony formation, inva-
sion and metastasis abilities of hepatoma cells in 
G0/G1 phases and increases apoptotic cancer cells, 
which are in line with the findings in this study.

Conclusions

Lowering the expression of miR-101 in breast 
cancer cells can raise the expression of Nrf2, 
enhance their proliferation ability and weaken 
their sensitivity to oxidative stress, whereas the 
increase in the expression of miR-101 can reverse 
the above effects.
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