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miR-21: A gene of dual regulation in breast cancer
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Abstract. Breast cancer is characterized by an elevated
capacity for tumor invasion and lymph node metastasis, but
the cause remains to be determined. Recent studies suggest
that microRNAs (miRNAs) can regulate the evolution of
malignant behavior by regulating multiple target genes. A key
oncomir in carcinogenesis is miR-21, which is consistently
upregulated in a wide range of cancers. However, few func-
tional studies are available for miR-21, and few targets have
been identified. In this study, we explored the role of miR-21
in human breast cancer cells and searched for miR-21 targets.
Total RNA from breast cancer tissue and corresponding adja-
cent normal tissue was extracted and used to detect miR-21
expression by quantificational real-time polymerase chain
reaction (QRT-PCR), followed by analysis of the correla-
tion between gonad hormone indices in peripheral blood
and miR-21 expression in cancerous tissues from the same
patients. Cell proliferation, colony formation, migration and
invasion were then examined to determine the role of miR-21
in regulating breast cancer cells. Finally, western blotting was
performed to determine if miR-21 regulated expression of
signal transducers and activators of transcription 3 (STAT3),
and assays of cell proliferation, colony formation, migration
and invasion were performed to examine the role of STAT3 in
regulation of breast cancer cells. We found that expression of
miR-21 increased from normal through benign to cancerous
breast tissues. Enhanced miR-21 expression was associated
with serum levels of follicle-stimulating hormone, estradiol,
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B-human chorionic gonadotropin, testosterone and prolactin
in patients with breast cancer. Furthermore, cell proliferation,
colony formation, migration and invasion were increased
after overexpression of miR-21 in breast cancer cells and
reduced by miR-21 suppression. In addition, we identified a
putative miR-21 binding site in the 3'-untranslated region of
the STAT3 gene using an online bioinformatical tool. We
found that protein expression of STAT3 was significantly
downregulated when breast cancer cells were transfected with
miR-21 mimics, and was significantly upregulated in breast
cancer cells transfected with a miR-21 inhibitor. Finally, we
found that cell proliferation, colony formation, migration and
invasion were decreased by treatment with 2.5 nM of Stattic,
an inhibitor of STAT3 activation. Our data suggest that miR-21
expression is increased in breast cancer and plays an important
role as a tumor gene by targeting STAT3, which may act as a
double-response controller in breast cancer.

Introduction

Breast cancer is a common female malignant tumor and
a major threat to health of women. As many as 1.2 million
women worldwide are diagnosed with breast cancer each
year, and approximately 500,000 women die each year of this
malignancy (1). The incidence of breast cancer accounts for
7-8% of the total number of malignant tumors (2). Therefore,
research and development of treatments targeting breast cancer
is of great importance.

miRNAs are endogenous, noncoding small RNAs 20-25
nucleotides in length (3). They play an important regulatory
role through complimentary binding of the 3' untranslated
region (UTR) of target genes resulting in the degradation of
the target mRNA and inhibition of translation (4). Since the
discovery of miRNAs in 1993 (5), they have been shown to
affect multiple cellular processes (6), and in particular, have
been shown to play significant roles in cancer development and
progression (7,8). Aberrant expression of miRNAs has been
implicated in human carcinogenesis and cancer progression
(9-13) indicating that some miRNAs can function as either
tumor suppressor genes or oncogenes. For example, upregula-
tion of several miRNAs in breast cancer cells increased tumor
cell invasion and metastasis (14,15), whereas expression of
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miR-31 and miR-335 inhibited breast cancer cell invasion
and metastasis (16,17). In this study, we first confirmed using
qRT-PCR that expression of miR-21 in breast cancer tissue was
enhanced compared to corresponding adjacent normal tissue,
then assessed the role of miR-21 in breast cancer cell lines.
Finally, western blotting demonstrated that miR-21 regulated
STAT?3 protein expression which in turn contributed to tumor
formation.

Materials and methods

Breast tissue specimens. Documented informed consent
was obtained from all subjects and the Ethics Committee
of Jiangsu University (Zhenjiang, Jiangsu Province, China)
approved all aspects of the study. Two cohorts of clinical
specimens including breast cancer tissues and corresponding
adjacent normal tissues were obtained from 30 female patients
with breast cancer at the Department of Surgery, the Second
People's Hospital of Kunshan, China. Both tumor tissues and
corresponding adjacent normal tissues were histologically
confirmed. Clinical characteristics of patients are listed in
Table I. Tissue specimens were placed in cryovials, snap-frozen
and stored at -80°C immediately after operation until use. Data
on levels of patient hormones including follicle-stimulating
hormone (FSH), estradiol, B-human chorionic gonadotropin
(HCG), testosterone and prolactin were provided by the
Second People's Hospital of Kunshan, China. The protocol for
the use of patient samples in this study was approved by the
institutional review board of the hospital and informed consent
was obtained from each patient or guardian.

Celllines and culture. The human breast cancer cell lines MCF-7
and MDA-MB-231 were obtained from Nanjing University
(Nanjing, Jiangsu Province, China). The cells were grown in
Dulbecco's modified Eagle's medium (DMEM) (Gibco BRL
Co. Ltd., USA) with low glucose (L-DMEM) supplemented
with 10% fetal bovine serum (FBS, ExCell Biology, Shanghai,
China) at 37°C in a humidified incubator containing 5% CO,.

Transient miRNA transfection. The MCF-7 and MDA-MB-231
cells were selected for miR-21 transfection. miR-21 mimics,
mimics negative control (mimics NC), miR-21 inhibitor and
inhibitor negative control (inhibitor NC) were synthesized and
purified by Genepharma (Shanghai, China). Sequences are
listed in Table II. Briefly, the cells were grown overnight and
then transfected with 100 nM of miR-21 mimics, miR-21 inhib-
itor or negative control miRNA using Lipofectamine® 2000
(Invitrogen, Thermo Fisher Scientific Inc. Waltham, MA,
USA) according to the manufacturer's protocol.

Suppression of phosphorylated STATS3. Stattic, a small mole-
cule inhibitor of STAT3 phosphorylation and activation, was
obtained from Selleck Chemicals (Houston, TX, USA). The
MCF-7 and MDA-MB-231 cells were seeded into 6-well plates
and Stattic, at 2.5 nM, was used to suppress phosphorylated
STAT3 (p-STAT3) according to the manufacturer's instruc-
tions.

RNA isolation and gRT-PCR. To detect miR-21 expression,
total RNA from tissues samples and cell lines transfected
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Table I. Clinical characteristics of patients.

Characteristic Number (%)
Age, years

<60 24 (80)

>60 6 (20)
Type

Invasive ductal carcinoma 26 (86.7)

Intraductal carcinoma 3 (10)

Adenocarcinoma infiltrating 1(3.3)
ER

Positive 18 (60)

Negative 12 (40)
PR

Positive 18 (60)

Negative 12 (40)
Her-2

Positive 17 (56.7)

Negative 13 (43.3)

ER, estrogen receptor; PR, prolactin receptor.

with miR-21 mimics, inhibitor or negative controls for 24 h,
was extracted using TRIzol reagent (Invitrogen, Thermo
Fisher Scientific Inc.) according to the manufacturer's instruc-
tions, then reverse transcribed into cDNA using reverse
transcriptase (GenePharma). qRT-PCR was performed using
a SYBR green-containing PCR kit (GenePharma) according
to the manufacturer's instructions with the CFX-96 real-time
fluorescence thermal cycler (Bio-Rad, CA, USA). The PCR
amplification consisted of 40 cycles (95°C for 12 sec, 62°C
for 40 sec) after an initial denaturation at 95°C for 3 min.
The relative expression levels of miR-21 were normalized to
the expression of U6snRNA. The threshold cycle (Ct) was
defined as the fractional cycle number at which fluorescence
intensity passed a fixed threshold. The fold change in miR-21
expression was calculated using the 22 method relative to U6
snRNA. All experiments were performed in triplicate. Primer
sequences are listed in Table III.

Cell proliferation assay. Twenty-four hours after transient
transfection with miR-21 mimics, inhibitor or negative controls,
with and without Stattic suppression of p-STAT3, MCF-7
and MDA-MB-231, cells were harvested and sub-cultured in
96-well plates. Cell proliferation was assessed using thiazolyl
blue tetrazolium bromide (MTT, Amresco, USA) according to
the manufacturer's instructions. Briefly, MTT reagent (20 ul)
was added to each well and incubated at 37°C for 4 h. The
reagent was then removed and dimethyl sulfoxide (150 wul)
was added to each well. Absorbance at 492 nm was measured
using an FLx800 Fluorescence Microplate Reader (Biotek,
VT, USA). The experiment was performed on triplicate wells
and repeated three times. The data were summarized as means
+ standard error of the mean (SEM).
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Table II. Sequence of miR-21 mimics, miR-21 inhibitor and negative controls.

Sequence

Name

miR-21 mimics Sense
Antisense

Mimics negative control Sense
Antisense

miR-21 inhibitor

Inhibitor negative control

5'-UAGCUUAUCAGACUGAUGUUGA -3'
5'-AACAUCAGUCUGAUAAGCUAUU-3'

5'-UUCUCCGAACGUGUCACGUTT-3'
5'-ACGUGACACGUUCGGAGAATT-3'

5'-UCAACAUCAGUCUGAUAAGCUA-3'
5'-CAGUACUUUUGUGUAGUACAA-3'

Table III. Specific primers for target and control genes.

Name Sequence

5'-ACGTTGTGTAGCTTATCAGACTG-3'
5-AATGGTTGTTCTCCACACTCTC-3'
5'-ATTGGAACGATACAGAGAAGATT-3'
5-GGAACGCTTCACGAATTTG-3'

miR-21 forward primer
miR-21 reverse primer
U6snRNA forward primer
U6snRNA forward primer

Colony-forming assay. The MCF-7 and MDA-MB-231 cells
were transfected as described above in the presence and absence
of Stattic for 6 h, seeded into 6-well plates (0.5x10° cells/well)
and incubated for 10 days. Cells were then fixed and stained,
followed by colony counting. The experiment was performed
in triplicate, with data summarized as means + SEM.

Wound healing assay. The MCF-7 and MDA-MB-231 cells
were seeded into 6-well plates, transiently transfected as
previously described with and without Stattic, then allowed to
grow until 100% confluent. The cell layer was then scratched
through the central axis using a sterile plastic tip and loose cells
were washed away by phosphate buffer saline (PBS). Wound
healing was observed and photographed at O and 48 h in three
randomly selected microscopic fields for each condition and
time-point. The degree of motility 48 h after confluent cells
had been scratched was expressed as the percentage of wound
closure calculated as follows: (Distance of cell migration at
48 h/distance of scratch at 0 h) x 100%. The experiment was
performed in triplicate and data were summarized as means
+ SEM.

Cell invasion assay. Cell invasion assays were carried out
using Transwell inserts (Corning, VA, USA). The MCF-7 and
MDA-MB-231 cells were transiently transfected as previously
described with and without Stattic inhibition of p-STAT3.
Beginning 48 h after the start of transfection, cells were
starved in L-DMEM without FBS for 2 h, and 4x10* cells were
resuspended in 0.1 ml L-DMEM without FBS and seeded in
the upper chamber of a Transwell insert. Then L-DMEM,
containing 20% FBS, was added to the lower chamber as a
chemoattractant. To measure the effect of miR-21 mimics
or miR-21 inhibitor on MCF-7 and MDA-MB-231 invasion
potential, the cells in the upper chamber were cultured for

14 h (MDA-MB-231) or 16 h (MCF-7) at 37°C in humidified
5% CO,. Cells which had invaded to the lower chamber were
fixed and stained with 0.1% crystal violet. Three low-magnifi-
cation areas (x100) were randomly selected and the number of
migrated cells was counted. All experiments were performed
in triplicate, and data were summarized as means + SEM.

Protein extraction and western blot analysis. Cells were tran-
siently transfected as previously described in the presence and
absence of Stattic. Cells were washed twice with PBS after
48 h and total cellular protein was extracted using a modi-
fied radioimmunoprecipitation assay lysis buffer (Vazyme,
Nanjing, China) supplemented with 100 mM phenylmethane-
sulfonyl fluoride (Beyotime, Shanghai, China). The protein
concentration was determined using a NanoDrop 1000
Spectrophotometer (Thermo Scientific, MA, USA). Equal
amounts of protein lysates (100 ug) were separated by
10% sodium dodecyl sulfate polyacrylamide gel electro-
phoresis (Beyotime) and then transferred to polyvinylidene
fluoride membranes (Beyotime). The membranes were blocked
with 5% defatted milk/Tris-buffered saline (20 mM Tris-HCl
pH 7.4, 150 mM NacCl, with 0.1% Tween-20; Tris-buffered
saline with Tween-20, TBST) at room temperature for 1 h and
incubated with primary antibodies at 4°C overnight. The anti-
bodies were anti-STAT3 (1:1,000), anti-p-STAT3 (1:1,000),
and anti-glyceraldehyde 3-phosphate dehydrogenase (1:1,000),
all purchased from Cell Signaling Technology (Boston, MA,
USA). The next day, the membranes were washed with TBST,
then incubated with horseradish peroxidase-linked secondary
antibody (anti-rabbit IgG, 1:1,000, Cell Signaling Technology).
The protein bands were developed with enhanced chemilumi-
nescence reagents (Beyotime).

Statistical analysis. For statistical analyses, mean values
+ SEM were generated from several repeats of each experi-
ment. The P-values were obtained from t-tests with paired
or unpaired samples and P<0.05 was considered statistically
significant. The correlation between miR-21 expression and
hormones was analyzed used Spearman correlation and
P<0.05 was considered significant.

Results

miR-21 is increased in breast cancer tissues. We performed
gRT-PCR to determine miR-21 levels in 30 breast cancer
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Figure 1. miR-21 levels in breast cancer tissues and correlation analyses with hormone levels. (A) Expression of miR-21 was analyzed by qRT-PCR. The
expression level of miR-21 was significantly increased in breast cancer tissues compared to adjacent normal tissues. The graph displays the mean of 22 values
+ SEM (‘P<0.05). (B-F) Correlation between the ratio of miR-21 expression in the breast cancer tissues compared to adjacent normal tissues and serum levels
of FSH (B), estradiol (C), HCG (D), testosterone (E), and prolactin (F) in patients (n=30). The r-values were calculated by Spearman correlation analysis.

tissues and adjacent normal breast tissues. As shown in
Fig. 1A, expression of miR-21 was upregulated in cancer
tissues compared to adjacent normal tissues. We then exam-
ined the association of miR-21 expression with corresponding
clinicopathological data from the breast cancer patients. We
observed that increased miR-21 expression was associated
with decreased serum levels of FSH (r=-0.4024, P<0.05), HCG
(r=-0.487, P<0.001) and prolactin (r=-0.487, P<0.01), and with
increased levels of estradiol (r=0.6863,P<0.01) and testosterone
(r=0.3873, P<0.05) in patients with breast cancer (Fig. 1B-F).
To confirm the function of miR-21, we transfected miR-21
mimics, inhibitor or negative control sequences into breast
cancer cell lines MCF-7 and MDA-MB-231. Transfection
efficiency was estimated by fluorescence microscopy 6 h

after transfection (Fig. 2A) and miR-21 expression level was
verified by real-time PCR (Fig. 2B-E). We found that miR-21
mimics significantly increased miR-21 RNA expression while
the miR-21 inhibitor significantly decreased miR-21 RNA
expression in both breast cancer cell lines.

miR-21 promotes breast cancer cell proliferation. To further
examine the functional aspects of miR-21 expression, we
performed gain-of-function and loss-of-function analyses in
MCF-7 and MDA-MB-231 cells as models of breast cancer.
Cells were transfected with miR-21 mimics, inhibitor or
negative controls and measured the absorbance at 492 nm.
Compared with the treatment with the mimics NC, cell
proliferation was promoted when cells were treated with
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Figure 2. The effect of miR-21 mimics and inhibitor on miR-21 expression in transfected breast cancer cells. The MCF-7 and MDA-MB-231 breast cancer
cells were transiently transfected with miR-21 mimics, miR-21 inhibitor or negative controls (NC). (A) Transfection efficiency of MCF-7 cells (top panels)
and MDA-MB-231 cells (bottom panels) was estimated by fluorescein (FAM) fluorescence microscopy (x200) 6 h after transfection with miR-21 mimics or
miR-21 inhibitor, presented as FAM-expressing cells (left image of each pair) and differential interference contrast images (right image of each pair). (B-E)
gqRT-PCR was used to investigate miR-21 expression after transfection. miR-21 expression relative to U6 snRNA was significantly increased or decreased in
response to miR-21 mimics or miR-21 inhibitor, respectively, in MCF-7 cells (B and C) and MDA-MB-231 cells (D and E) compared to their negative controls

(mimics NC or inhibitor NC).

miR-21 mimics. Compared with the inhibitor NC treatment,
cell proliferation was inhibited when cells were treated with
miR-21 inhibitor (P<0.05, P<0.01, P<0.001) (Fig. 3).

miR-21 promotes breast cancer cell colony formation.
Colonies formed from miR-21 mimic transfected cells were
significantly more than from the mimics NC transfected cells.

The miR-21 inhibitor transfected cells formed significantly less
colonies than that of inhibitor NC transfected cells (“P<0.01,)
(Fig. 4). These data demonstrated that miR-21 promoted breast
cancer cell colony formation.

miR-21 promotes breast cancer cell migration. Cell scratch
assay showed that cells transfected with miR-21 mimics
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Figure 3. miR-21 promoted cell proliferation of breast cancer cell lines. The proliferation of breast cancer cells lines MCF-7 (A and B); MDA-MB-231
(C and D) transfected with miR-21 mimics or miR-21 inhibitor was examined at 24,48 and 72 h by MTT assays. The graphs display the relative proliferation
rates of cells transfected with miR-21 mimics (A and C) or miR-21 inhibitor (B and D) compared to their negative controls (mimics NC or inhibitor NC) shown
as mean percentage = SEM. "P<0.05, “P<0.01, “"P<0.001.
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Figure 4. miR-21 promoted breast cancer cell colony formation. (A) Representative examples of colonies of breast cancer cells (MCF-7, left panels; MDA-
MB-231, right panels) transfected with miR-21 mimics, inhibitor or negative controls stained by crystal violet at day 10 post-transfection. The graphs display
the mean colony number + SEM for MCF-7 cells transfected with mimics and inhibitors (B and C, respectively) and MDA-MB-231 cells similarly transfected
(D and E, respectively). ™ P<0.01.
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Figure 5. miR-21 promoted breast cancer cell migration. The migration of breast cancer cells transfected with miR-21 mimics or miR-21 inhibitor was
examined by the cell scratch assay. (A) Representative images of MCF-7 cells (left panels) and MDA-MB-231 cells (right panels) taken at O and 48 h after
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each condition and time-point (x100). The graphs display the mean wound closure rates + SEM for MCF-7 cells transfected with mimics or inhibitor (B and C,
respectively and similarly transfected MDA-MB-231 cells (D and E, respectively). “P<0.01, ““P<0.001.

migrated rapidly. The scratch in mimics NC treated cells
was almost healed 48 h after the scratch had been made,
but not in miR-21 mimics treated cells. The cells trans-
fected with miR-21 inhibitor migrated more slowly than
cells transfected with inhibitor NC (P<0.01, P<0.001)
(Fig. 5). These data demonstrated that miR-21 promoted
breast cancer cell migration.

miR-21 promotes breast cancer cell invasion. Transwell
invasion assays showed that the number of tumor cells
migrating from the chamber after treatment with miR-21
mimics was significantly more than that after treatment with
mimics NC. The number of tumor cells migrating from the
chamber after treatment of miR-21 inhibitor was significantly

less than that after treatment with inhibitor NC, demonstrating
that miR-21 promoted tumor cell invasion (P<0.01) (Fig. 6).

STAT3 is a target gene of miR-21. We performed bioinfor-
matics analyses to search for miR-21-targeted genes using the
miRanda (www.microrna.org) database and found that STAT3
is targeted by miR-21. STAT3 mRNA has two potential compli-
mentary binding sites with miR-21 within its 3'UTR (Fig. 7A).
Based on these results, we performed western blot analysis to
assess the impact of miR-21 on STAT3 expression. Western
blots showed that STAT3 and p-STAT?3 protein expression
were actually decreased in breast cancer cells after treatment
with miR-21 mimics and increased following miR-21 inhibitor
treatment, compared to mimics NC groups or inhibitor NC
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Figure 8. Inhibition of p-STAT3 reduced tumorigenic activity in breast cancer cells. (A) STAT3 and p-STAT3 protein expression were analyzed by western
blotting after inhibition of p-STAT3 by Stattic in MCF-7 cells (left panels) and MDA-MB-231 cells (right panels). GAPDH was used as an internal control.
(B-E) Stattic inhibited cell proliferation (B), cell colony formation (C), cell migration (D) and cell invasion (E). Charts display mean + SEM of triplicate
experiments. “P<0.01, “"P<0.001.

groups, respectively (Fig. 7B). These data show that miR-21,  Phosphorylated STAT3 promotes breast cancer cell prolifera-
which increased tumorigenic activity in functional assays, tion, colony formation, migration and invasion. To evaluate
may in fact target STAT3 mRNA and inhibit its translation  the effect of p-STAT3 on breast cancer cells, we suppressed
into protein. p-STAT3 using Stattic inhibition of STAT3 activation
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(Fig. 8A). Compared to cells transfected with negative
controls, cell proliferation were significantly suppressed
when cells were treated with Stattic (P<0.001) (Fig. 8B).
These data demonstrated that p-STAT3 inhibited breast
cancer cell proliferation. Compared to cells transfected with
negative controls, cell colony formation were significantly
suppressed when cells were treated with Stattic (P<0.01,
P<0.001) (Fig. 8C). These data demonstrated that p-STAT3
inhibited breast cancer cell colony formation. Compared to
cells transfected with negative controls, cell migration were
significantly suppressed when cells were treated with Stattic
(P<0.01) (Fig. 8D). These data demonstrated that p-STAT3
inhibited breast cancer cell migration. These data demon-
strated that p-STAT3 inhibited breast cancer cell colony
formation. Compared to cells transfected with negative
controls, cell invasion were significantly suppressed when
cells were treated with Stattic (P<0.01, P<0.001) (Fig. 8E).
These data demonstrated that p-STAT3 inhibited breast
cancer cell invasion.

Discussion

The occurrence of metastasis, initiated by cancer cell migra-
tion, is the primary cause of increased cancer death rates (18).
Metastatic progression is a complex and clinically daunting
process (19-21). Although tumor metastasis is the main cause
of mortality in patients with solid cancers, our understanding
of metastatic cellular mechanisms is still limited. Discovery
of biomarkers to monitor tumor metastasis for application
in clinical practice would be of great benefit to clinicians to
effectively control tumor metastasis, to determine the risk of
recurrence and to predict patient survival.

miRNAs, as upstream regulators of gene expression, have
been identified as novel candidates for diagnostic markers,
prognostic indicators and therapeutic targets. Common
methods for analysis of miRNA expression are northern blot,
real-time PCR, microarray-based profiling and bead-based
technologies in tissue specimens. We recently utilized a real-
time PCR approach to screen miRNA expression and found
that let-7a was downregulated in breast cancer tissue samples
and cell lines (22). This suggested that let-7a might act as a
tumor suppressor in breast cancer by targeting High Mobility
Group AT-Hook 1.

miR-21 was one of the first miRNAs detected in the human
genome. It is located on chromosome 17 in the tenth intron of
the coding gene transmembrane protein 49 in a region which
overlaps the gene encoding human papilloma virus (HPV16)
(23). This region is the most common fragile site associated
with cervical cancer and changes in miR-21 expression are
important for HPV16 integration in cervical cancer. In recent
years, miR-21 has become a focus of cancer research. The
gene expression profile of miRNA in tumor tissues and tumor
cell lines suggests that miR-21 is associated with many types
of cancer (24); for example, the expression level of miR-21 is
five to ten times higher in nerve glioblastoma compared to
normal tissues (25). This study also found that the seventeenth
region of the chromosome is amplified in breast cancer, pros-
tate cancer, and in about half of all medulloblastomas, and that
genetic amplification in tumor tissues is correlated with high
expression of miR-21 (26-28). miR-21 has also been recog-
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nized as one of the most important biomarkers implicated
in human malignancy. In recent years, high levels of miR-21
expression were reported in diverse types of malignancies
including breast cancer (6,29), lung cancer (30-34), hepatocel-
lular cancer (35,36), colorectal cancer (37,38), prostate cancer
(39,40), bladder cancer (41) pancreatic cancer (42), laryngeal
carcinoma (43), esophageal cancer (44,45), NK-cell lymphoma
(46) and tongue squamous cell carcinomas (47). In some types
of cancers, high levels of miR-21 expression have been linked
to poor prognosis (25,30,47-49).

In this study, we used real-time fluorescent quantitative
PCR detection of miR-21 expression and found augmented
expression in breast cancer tissue compared to normal adja-
cent tissue. The increase in miR-21 expression was negatively
associated with serum levels of FSH, HCG and prolactin, and
positively associated with levels of estradiol and testosterone
in patients with breast cancer. Moreover, our in vitro data
demonstrated that miR-21 regulated the proliferation and
migration potential of breast cancer cells. Taken together,
our data indicate that miR-21 may play a role in breast cancer
progression and that detection of miR-21 should be further
evaluated as a biomarker for predicting the prognosis of breast
cancer. Previous studies are consistent with our current data,
suggesting that miR-21 acts as an oncogene in the regulation
of breast cancer development and progression.

Current methods for investigating the role of miRNA first
utilize a bioinformatics approach to identify possible target
genes (50). The next step is to upregulate miRNA expression or
inhibit miRNA activity in transfected cells and examine protein
expression by target genes to verify the correlation of miRNA
activity and target gene expression. In the present study, to
understand the mechanisms by which miR-21 promotes cancer
cell proliferation and metastasis in breast cancer, we identified
STAT3 as a potential target of miR-21 using bioinformatic
analyses. Furthermore, we used target gene prediction software
to predict the target genes of miR-21 and observed two incom-
plete pairing sequences with miR-21 in the STAT3 3'UTR
region.

The STAT family of transcription factors is localized
in the cell cytoplasm, transducing extracellular signals and
activating transcription in the nucleus. The STAT family
has seven subtypes in animals (51-54). Under physiological
conditions, the duration of STAT activation is short (55) as
it is quickly inactivated by tyrosine phosphatase within the
nucleus. It is then transferred back into the cytoplasm where it
can be reactivated by phosphorylation. However, in a tumori-
genic environment, STAT3 may be continuously activated to
stimulate the transcription of target genes, resulting in malig-
nant transformation that promotes proliferation, invasion, and
apoptotic inhibition of tumor cells (56-60).

In the present study, the protein level of STAT3 and its
phosphorylation status was detected by western blotting in
MCF-7 and MDA-MB-231 breast cancer cells transfected with
miR-21 mimics and a miR-21 inhibitor. Our results showed
that miR-21 exerted negative control on STAT3 expression
and phosphorylation. These results were surprising given that
we had verified in vitro that miR-21 stimulated breast cancer
cell proliferation and migration. Furthermore, we showed that
proliferation and migration of breast cancer cells was reduced
by inhibiting p-STAT3 with Stattic, consistent with the above
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conclusion that p-STAT3 promotes tumor development. We
would therefore expect that negative control of STAT3 expres-
sion and activation by miR-21 would inhibit the tumorigenic
activity of breast cancer cells, whereas our experimental results
show otherwise. A possible explanation is that miR-21 may
inhibit other tumor suppressor genes, which increases onco-
genic activity and disguises the inhibitory effect of miR-21 on
STATS3. It has been reported previously that miR-21 targets
multiple tumor suppressor genes including bcl-2, tpml, pdcd4,
pten and maspin (61,62). This suggests that miR-21 inhibits the
expression of most tumor suppressor genes, although we did
find that STAT3 acting as a cancer gene can be inhibited by
miR-21. We speculate that the number of cancer genes inhibited
by miR-21 is less than the number of tumor suppressor genes
inhibited by miR-21. It is likely that miR-21 plays a significant
role in the development of breast cancer, not by promoting or
inhibiting tumor occurrence directly, but rather by binding to
complementary sequences within the 3'UTR of target mRNA
transcripts, leading to mRNA deadenylation, degradation and
inhibition of translation.

The regulation of target genes by miRNA is undoubtedly
a very complex network structure. In the same tumor cells,
miRNA may inhibit both cancer genes as well as tumor
suppressor genes. When suppression of cancer genes is domi-
nant in tumor cells, miRNA will inhibit tumor development,
and vice versa, when inhibition of tumor suppressor genes
is dominant, miRNA will promote tumor development. The
results of our study illustrate this possible dual role of miR-21
in the regulation of breast cancer cells.
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