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Abstract: MicroRNAs (miRNAs) are small single-stranded RNAs that bind to the 3’UTR of the mRNAs of target genes. 
They can target multiple genes and regulate translation or degradation of the mRNA. miRNAs target genes in a 
tissue-specific manner, and the role of a particular miRNA varies according to tumor origin or even subtype within 
the same cancer. This study evaluated the effect of miR-21 expression in triple-negative breast cancer (TNBC) 
tissues and MDA-MB-468, a cell line derived from TNBC tissues. miR-21 was consistently upregulated in TNBC 
and MDA-MB-468 cells compared to normal tissues. Inhibition of miR-21 by miR-21 antisense oligonucleotides 
decreased the proliferation, viability, and invasiveness of MDA-MB-468 cells and enhanced apoptosis. Furthermore, 
we confirmed that PTEN was downregulated by miR-21 in MDA-MB-468 cells. The results indicated that PTEN may 
mediate the oncogenic properties of miR-21 in TNBC. In summary, miR-21 was upregulated in TNBC tissues and 
cells, and promoted the proliferation and invasion of MDA-MB-468 cells, but negatively regulated the expression of 
PTEN protein. Inhibition of miR-21 or overexpression of PTEN protein could be promising strategies for the treatment 
of patients with TNBC.
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Introduction

Triple-negative breast cancer (TNBC) is defined 
clinically as a heterogeneous subtype with the 
absence of three most common types of recep-
tors known to promote breast cancer growth - 
the estrogen receptor, the progesterone recep-
tor (PR), and epidermal growth factor receptor 
2 (HER2) [1, 2]. The TNBC subtype represents 
approximately 10~15% of all breast cancers, 
with a 5-year survival rate of less than 30% [3, 
4]. This type of breast cancer is clinically 
aggressive with a high rate of distant recur-
rence, poor differentiation, and poor prognosis 
[5]. Based on a large population study, women 
under 50 years of age had a higher prevalence 
of TNBC [6]. Many systematic approaches, 
such as radiation, chemotherapy, and surgery, 
have been combined into regimens for treating 
patients with TNBC. However, eradication of 
the cancer is still difficult because of the 
absence of targets for anti-HER2 and endo-

crine therapies. Tremendous effort is being 
dedicated to elucidate and identify new action-
able therapeutic targets for better treatment 
efficacy. 

miRNAs are small non-coding RNAs typically 
containing 17-26 nucleotides, which play impor-
tant roles in various biological processes via 
sequence-specific regulation of gene expres-
sion at the post-transcriptional level [7]. Briefly, 
miRNAs regulate biological functions by binding 
to the 3’-untranslated region (3’-UTR) of their 
target mRNAs, subsequently leading to mRNA 
degradation when the miRNA is completely 
complementary to the target regions, or trans-
lational inhibition when partially complementa-
ry [8]. Because miRNAs are short and the tar-
geting of 3’-UTR regions is not strictly comple-
mentary, a single miRNA may have hundreds or 
thousands of target genes, some of which may 
be causative factors in tumorigenesis [9]. 
Previous studies showed that microRNA-21 
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(miR-21) is upregulated in a variety of solid 
tumors, such as lung cancer, prostate cancer, 
pancreatic endocrine tumors, hepatocellular 
carcinoma, glioblastoma, breast cancer, and 
stomach carcinomas [10]. Growing evidence 
supports an oncogenic role of miR-21 in inhibit-
ing tumor cell apoptosis and contributing to 
cancer growth [11]. Although miR-21 has been 
proposed as a potential novel diagnostic bio-
marker for breast cancer, the results of related 
studies remain inconsistent. For example, a 
Chinese population-based study conducted by 
Wang et al. suggested circulating miR-21 as a 
potential biomarker because it had high sensi-
tivity (up to 80.0%) and high specificity (87.7%) 
for breast cancer detection [12]. Whereas Gao 
et al. showed that the diagnostic accuracy of 
single miR-21 was much lower with only 25.8% 
sensitivity [13]. Nevertheless, the regulatory 
effect of miR-21 remains poorly understood 
and requires further study. Therefore, we con-
ducted a systematic analysis to evaluate the 
diagnostic value of miR-21 in TNBC.

miR-21 was higher in TNBC and MDA-MB-468 
cells than in normal tissues. Inhibition of miR-
21 decreased the proliferation, cell viability and 
invasion capability of MDA-MB-468 cells and 
enhanced the apoptosis. Furthermore, we con-
firmed that PTEN can be targeted by miR-21 in 
MDA-MB-468, which leads to the downregula-
tion of PTEN, indicating PTEN may serve as 
mediator of the oncogenic property of miR-21 
in TNBC.

Materials and methods

Study population 

The study design was approved by the 
Institutional Review Board of The Affiliated 
Zhongshan Hospital of Dalian University and 
written informed consent was obtained from all 
participants. TNBC tissues and adjacent nor-
mal tissues were collected from TNBC patients 
who were undergoing surgical resection at The 
Affiliated Zhongshan Hospital of Dalian 
University. Patients who met the following two 
criteria were included: 1) having had a history 
of chemotherapy, radiotherapy, or other treat-
ments before the surgery; or 2) having other 
inflammatory diseases. From January 2011 to 
December 2012, 42 patients (22 males and 20 
females) ranging from 25 to 67 years old were 
recruited. TNBC tissues and adjacent normal 

breast tissues (≥5 cm away from the tumor 
sites) were obtained after surgical resection 
and subsequently verified by two experienced 
pathologists in our hospital. 

Cell lines and major reagents

The TNBC cell line MDA-MB-468 was pur-
chased from the Cell Bank of Shanghai Institute 
of Cell Biology, Chinese Academy of Sciences. 
The following culture medium was used: fetal 
bovine serum (FBS), Dulbecco’s modified 
Eagle’s medium/Ham’s F-12 medium (DMEM/
F12). Lipofectamine™ 2000 (Gibco, Grand 
Island, NY, USA) was used for transfections. 
miRNA isolation and quantitative reverse tran-
scription polymerase chain reaction (qRT-PCR) 
were performed with the TaqMan miRNA 
Isolation Kit, TaqMan microRNA Assay Kit, and 
TaqMan Universal PCR Master Mix (Applied 
Biosystems, Waltham, MA, USA). The miR-21 
inhibitor and non-targeting sequences (nega-
tive control) were designed and synthesized by 
Santa Cruz Biotechnologies (Dallas, TX, USA). 
Primary antibodies for Western blot included 
rabbit anti-human PTEN polyclonal antibody 
and mouse anti-human β-actin monoclonal 
antibody (Invitrogen, Carlsbad, CA, USA). The 
secondary antibodies were purchased from 
Dakocytomation (Carpinteria, CA, USA) and pro-
tein quantification was performed with protein 
extraction and quantification kits (Bio-Rad, 
Hercules, CA, USA).

Cell culture

MDA-MB-468 cells were cultured in DMEM/
F12 medium with 10% FBS and incubated in a 
humidified chamber at 37°C and 5% CO2. Cell 
growth curves were calculated by daily counts 
of cells under an inverted microscope. Cells 
were trypsinized at 70-80% confluence every 4 
days and passaged in fresh medium.

qRT-PCR analysis for detection of miR-21 ex-
pression

MDA-MB-468 cells were seeded into 6-well 
plates at a density of 3×105 cells/ml in each 
well. The miR-21 inhibitor or negative control 
were transfected into cells using Lipofecta- 
mine™ 2000 (Invitrogen) following the manu-
facturer’s instructions. DMEM/F12 medium 
with 10% FBS then was added to the transfect-
ed cells and the untransfected control cells, 
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and the cultures were incubated for 48 h. RNA 
was extracted from each sample using the 
TaqMan microRNA Isolation Kit (Applied Bio- 
systems, Foster City, CA, USA). qRT-PCR assays 
were performed using the Bio-Rad CFX-96 sys-
tem and SYBR Premix ExTaq kit (Takara, Dalian, 
China). Endogenous U6 snRNA was used as an 
internal reference to allow comparison of miR-
21 expression between samples.

MTT assay for cell viability detection

MDA-MB-468 cells were seeded into 96-well 
culture plates at a concentration of 3×105 
cells/ml per well. MTT solution (0.5 mg/ml) was 
added into each well 48 hrs after seeding, fol-
lowed by a 4-h incubation at 37°C and 5% CO2. 
Then, 100 μl sodium dodecyl sulfate (SDS) 
solution (20% concentration, 50% dimethyl for-
mamide as the co-solvent) was added to each 
well and the plates were incubated for 24 h. 
Finally, OD570 values for each well were mea-
sured using a microplate reader (Bio-Tek, 
Winooski, VT, USA). In this study, each sample 
had six replicates, and every experiment was 
performed in triplicate.

Flow cytometry for measurement of cell prolif-
eration 

MDA-MB-468 cells were seeded into 6-well 
plates at a concentration of 3×105 cells/ml per 
well, washed twice with PBS 48 hrs after trans-
fection, and then dissociated with trypsin. The 
dissociated cells were stained in the dark for 
25 min at 4°C, then filtered to remove clumps. 
All of the treated cells were analyzed by flow 
cytometry (BD Biosciences, Franklin Lakes, NJ, 
USA) and counted using CellQuest software 
(BD Biosciences). The cell proliferation capabil-
ity was reflected by the proliferation index (PI), 
which was calculated by (S+G2M)/(G0G1+S+ 
G2M) [5].

Flow cytometry for detection of cell apoptosis

Forty-eight hours after transfection with the 
miR-21 inhibitor or negative control, MDA-
MB-468 cells were washed once or twice with 
phosphate-buffered saline (PBS) and incubat-
ed with Annexin V-FITC and propidium iodide 
staining solutions in the dark for 15 min at 
room temperature. Cell clumps were removed 
using mesh filters, and samples were analyzed 
by flow cytometry (BD Biosciences, USA). Cell 

counts were performed with CellQuest soft-
ware (BD Biosciences), and data were analyzed 
using Macquit software.

Transwell assay to evaluate cell invasion capa-
bility

Twenty-four hours after transfection with the 
miR-21 inhibitor or negative control, MDA-
MB-468 cells were seeded onto a Matrigel-
coated membrane matrix (BD Biosciences) for 
another 24 h. After washing twice with PBS, the 
cells were stained with 0.1% crystal violet. 
Stained cells that invaded through the matrix 
and penetrated the polycarbonate membrane 
were counted in eight randomly selected fields 
under a microscope. 

Verification of PTEN as a miR-21 target gene 
by luciferase assay

The luciferase reporter plasmid was construct-
ed as follows: the pGL3-Luciferase vector 
(Shanghai GenePharma Co., Ltd., China) digest-
ed with Xba I and a chemically synthesized 3’ 
UTR sequence of the target gene PTEN was 
inserted that was complementary to the pre-
dicted miR-21 binding site. After uniformly 
seeding MDA-MB-468 cells into 6-well culture 
plates at a density of 3×105 cells per well, the 
cells were cotransfected with the luciferase 
reporter plasmid along with the miR-21 inhibi-
tor or negative control. Cells from the cotrans-
fected group and the untransfected control 
group were collected 48 h later and processed 
using the Dual Luciferase Reporter Assay 
System (Promega, Madison, WI, USA) according 
to the manufacturer’s protocol. Reporter gene 
activity was measured using a microplate read-
er (E2920, Promega, USA).

Western blot for detection of PTEN expression

Total proteins extracted from each group of 
cells were separated by sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-
PAGE), then transferred to polyvinylidene difluo-
ride (PVDF) membranes (Bio-Rad) that had 
been pre-blocked in blocking solution for 1 h at 
room temperature. The blots were incubated 
with rabbit anti-human PTEN polyclonal anti-
body (1:500 dilution; Invitrogen) and mouse 
anti-human β-actin monoclonal antibody 
(1:1,000 dilution; Abcam, Cambridge, UK) over-
night at 4°C. The blots then were incubated 
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with their corresponding IRDye 800-labeled 
secondary antibodies (1:2000; LI-COR Biosci- 
ences, Lincoln, NE, USA) overnight at 4°C. 
PTEN/β-actin grayscale ratios were used to 
evaluate relative levels of PTEN, and the 
Quantity One software (Bio-Rad) was used for 
protein band analysis.

Statistical analysis

All statistical analysis was performed using 
SPSS 17.0 (SPSS, Chicago, Illinois, USA). Data 
were reported as means ± SD. Student’s t-test 
was used to compare the differences between 

two groups (two-tailed), and Analysis of Variance 
(ANOVA) was used to evaluate the differences 
among three or more groups. P-values less 
than 0.05 indicated statistically significant 
differences.

Results

miR-21 expression was upregulated in TNBC 
tissues and MDA-MB-468 cells

The relative expression of miR-21 in TNBC and 
MDA-MB-468 cells was measured by qRT-PCR. 
Results showed that the expression of miR-21 
was higher in MDA-MB-468 cells and TNBC tis-
sues than in the adjacent normal breast tis-
sues (P<0.01; Figure 1). The consistently high-
er expression of miR-21 in TNBC and MDA-
MB-468 cells suggested that miR-21 may play 
a role in oncogenesis.

Inhibition of miR-21 decreased cell viability 
and proliferation of MDA-MB-468 

The effect of miR-21 on cell viability and prolif-
eration was investigated by transfection of the 
miR-21 inhibitor into MDA-MB-468 cells. MTT 
assay results showed that the miR-21 inhibitor 
transfection group had reduced cell viability 
compared to the untransfected control group 
and the negative control group (P<0.05), which 
indicated that miR-21 promoted cell viability of 
MDA-MB-468 (Figure 3). Flow cytometry analy-
sis showed similar results where the miR-21 
inhibitor transfected group had a lower PI than 
the untransfected control group and the nega-

Figure 1. miR-21 expression in MDA-MB-468 cells 
and TNBC tissues. The relative miR-21 expression 
in both groups were compared with normal breast 
tissues. The asterisk *represents a significant differ-
ence between tumor tissue (or cell line) and normal 
tissue (P<0.05), and the error bar indicates the stan-
dard deviation.

Figure 2. miR-21 expression in MDA-MB-468 cells 
after transfection with the miR-21 inhibitor. The rela-
tive expression of both groups were compared to the 
negative control group. The asterisk* represents a 
significant difference between the miR-21 inhibitor 
transfected group and negative control (P<0.05), 
and the error bars indicate the standard deviation.

Figure 3. Effect of miR-21 on MDA-MB-468 cell vi-
ability measured by MTT assay. The OD values of 
both groups were compared to the negative control. 
The asterisk *represents a significant difference be-
tween the miR-21 inhibitor transfected group and 
normal tissue (P<0.05), and the error bars indicate 
standard deviation.
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tive control group (P<0.05; Figure 4). There was 
no significant difference in PI between the 
untransfected control group and the negative 
control group.

Relative miR-21 expression in each group was 
measured by qRT-PCR. Compared to the 
untransfected control group (MDA-MB-468) 
and negative control group, miR-21 expression 
was significantly lower in the miR-21 inhibitor 
transfection group (P<0.01; Figure 2), which 
confirmed that the miR-21 inhibitor significantly 
suppressed miR-21 expression in MDA-MB-468 
cells.

Inhibition of miR-21 promoted cell apoptosis 

Apoptosis is an important mechanism through 
which the number of cells are maintained in a 
stable status. However, apoptosis of cancer 
cells frequently is suppressed, which leads to 
their uncontrolled growth. To investigate wheth-
er miR-21 could suppress apoptosis of TNBC, 
the miR-21 inhibitor was transfected into MDA-
MB-468 cells. Flow cytometry analysis showed 
that the miR-21 inhibitor transfection group 
had a significantly higher percentage of apop-
totic cells compared to the untransfected con-
trol group and the negative control group 

Figure 4. Effect of miR-21 on cell proliferation by flow cytometry analysis. The histograms show the results of flow 
cytometry analysis; red represents the number of cells at the G0-G1 and G2-M phases, and the shadow represents 
the number of cells in S phase. The bar plot shows the proliferation index. Student’s t-test was used to compare the 
difference between the miR-21 inhibitor transfected group and negative control. The asterisk* indicates a signifi-
cant difference (P<0.05), and the error bars indicate standard deviation. 
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(P<0.05; Figure 5), which suggested that inhibi-
tion of miR-21 expression could promote cell 
apoptosis.

Inhibition of miR-21 suppressed cell invasion

Cancer cell invasion is an event that precedes 
metastasis, leading to more advanced stages 
of cancer that are refractory to many therapies. 
To investigate the role of miR-21 in cancer inva-
sion, a transwell migration assay was per-

formed. The transfection of the miR-21 inhibitor 
into MDA-MB-468 cells prevented the cells 
from penetrating the transwell chambers 
(P<0.05; Figure 6). This result indicated that 
cell invasiveness could be suppressed by inhi-
bition of miR-21 expression.

miR-21 functions through targeting PTEN

Given that miRNAs affect the expression of 
mRNA via binding to its 3’-UTR, the role of miR-

Figure 5. Effect of miR-21 on cell apoptosis by Annexin V staining and flow cytometry analysis. For the 2-D histo-
grams, the upper left quadrant (Q1) represents necrosis, upper right (Q2) represents late apoptosis, and lower right 
(Q4) represents early apoptosis. The bar plot shows the apoptosis rate of each group. The asterisk *indicates a 
significant difference (P<0.05), and the error bars indicate standard deviation.
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21 is critically related to the function of target 
genes. However, because one miRNA may tar-
get multiple genes, it has been difficult to iden-
tify the effector. Because PTEN has frequently 
been reported as a target of miR-21, the role of 
miR-21 in PTEN expression in TNBC needs fur-
ther study. Whether miR-21 could inhibit PTEN 
expression was examined by luciferase assay. 
The results showed that luciferase activity was 
significantly decreased in the miR-21 inhibitor 
transfected group compared to the untrans-
fected control group and the negative control 

group (P<0.05; Figure 7). Moreover, PTEN pro-
tein expression was significantly upregulated in 
the miR-21 inhibitor transfected group com-
pared to the two control groups (Figure 8), 
which suggested that the expression of PTEN 
could be upregulated by the inhibition of 
miR-21.

Discussion

Multiple lines of evidence have demonstrated 
that miR-21 is an important regulator of devel-

Figure 6. The effect of miR-21 on cell invasion detected by transwell migration assay. The photomicrographs il-
lustrate the number of cells that penetrated through the membrane, which correlates with invasion capability. The 
bar plot shows the numbers of cells that penetrated through the membrane in the transwell migration assay. The 
asterisk* indicates a significant difference (P<0.05), and the error bars indicate standard deviation.
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opment and progression in a variety of tumors 
[14]. Because miRNAs are more resistant to 
RNAse, miR-21 was proposed as a potential 
biomarker for clinical diagnosis of TNBC [15]. 
Multiple reports indicated that anti-mRNA anti-
sense oligonucleotides might be useful for bio-
logical therapy of clinical diseases. Song et al. 
reported that ASO against miR-21 modulated 
the radiosensitivity of cervical cancer cells [16]. 
Shang et al. showed that miR-21 ASO inhibited 
the proliferation of glioblastoma by downregu-
lating miR-21 expression [17]. Consistently, 
miR-21 ASO used in this study downregulated 
the expression of miR-21 in TNBC cells. 
Furthermore, the viability and proliferation of 
TNBC cells were also significantly reduced. 
These results provided support a previous 
report from Dong et al., which demonstrated 
that downregulation of the miR-21 expression 
reduced the growth of TNBC cells [18]. These 
findings suggested that miR-21 could be a valu-
able therapeutic target in TNBC. 

way were elevated, which was consistent with 
the results of Setia et al. [22]. Khotskaya et al. 
further demonstrated that inhibition of the Akt/
mTOR/S6K1 axis inhibited the migration of 
TNBC cells [23]. In addition, there is evidence 
that PTEN is also involved in the regulation of 
VEGF expression, which is a well-known protein 
essential in carcinogenesis [24]. Based on 
these findings, we postulate that miR-21 ASO 
could reverse the expression of PTEN, which 
would directly influence the transduction of the 
AKT and ERK pathways.

Conclusions

In summary, the present study showed that 
miR-21 ASO effectively reduced the expression 
of miR-21, promoted the proliferation and inva-
sion of MDA-MB-468 cells, and negatively regu-
lated PTEN protein expression and AKT and 
ERK pathway transduction. These results sug-
gest that miR-21 might be a potential therapeu-
tic target that could be useful for predicting the 
clinical outcome of TNBC.
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Figure 7. Relative luciferase activity after miR-21 inhibitor transfection. A: 
Schematic representation of the PTEN 3’-UTR showing the putative miR-21 
target site; B: Relative luciferase activity of each group. The asterisk* indi-
cates a significant difference (P<0.05), and the error bars indicate standard 
deviation. 

Figure 8. Comparison of PTEN protein expression af-
ter miR-21 inhibitor transfection by Western blot.

PTEN, regarded as a tumor 
suppressor gene, is involved 
in the regulation of many basic 
cellular functions, such as cell 
cycle progression, cell migra-
tion, cell invasion, and cell 
proliferation [19]. Downregul- 
ation of PTEN exerted a neuro-
protective effect through en- 
hancement of Akt activation 
or inhibition of NR2B-contain- 
ing NMDA receptors [20]. 
Wang et al. reported that acti-
vation of the PTEN/PI3K/pAKT 
pathway was a potential pre-
dictor for positive prognosis in 
TNBC [21]. In this study, we 
found that miR-21 ASO inhib-
ited the expression of PTEN 
and reduced the metastatic 
capability of TNBC cells. Fur- 
thermore, the transduction of 
AKT and ERK-signaling path-
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