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Abstract: Background: Dual-specificity phosphatase 6 (DUSP6) is a negative feedback mechanism of the mitogen-
activated protein (MAP) kinase superfamily (MAPK/ERK, SAPK/JNK, p38), that is associated with cellular prolifera-
tion and differentiation. It has been reported that the expression of DUSP6 in different types of breast cancer is
diverse and therefore it has altered functions in various types of breast cancer. Our aim was to explore the exact
function of DUSP6 in triple-negative breast cancer cells (MDA-MB-231 cell) and to determine whether the suppres-
sion of DUSP6 by small interfering RNA (siRNA) and mircroRNA (miRNA) inhibits the growth of human MDA-MB-231
breast cancer cells. Methods: DUSP6-siRNA was used to inhibit the expression of DUSP6 directly and miR-145 to
inhibit the expression of DUSP6 either in MDA-MB-231 breast cancer cells and successful transfection being con-
firmed by Real-time PCR and Western Blotting. Down regulation of DUSP6 in MDA-MB-231 cells suppressed the cell
proliferation as investigated by MTT assay and colony form assay. Transwell test and Scratch assay were conducted
to investigate the migration and invasion of MDA-MB-231 cells. T-test (two-tailed) was used to compare differences
between groups, and the significance level was set at P<0.05. Results: DUSP6 mRNA expression and protein expres-
sion were reduced after transfection with DUSP6-siRNA directly and similar trend with transfection with miR-145.
The treated group with DUSP6-siRNA or miR-145 suppressed MDA-MB-231 cells proliferation, migration and inva-
sion, and meanwhile the cells were arrested at GO/G1 phase. Conclusions: DUSP6 plays a role in triple-negative
breast cancer cells that might promote growth in MDA-MB-231 triple-negative breast cancer cells.
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Introduction Complex (RISC), bind to their targeting mRNA
and impair translation, have functions in regu-

Breast cancer is the most common form of can- lating cellular differentiation, proliferation, and

cer among women in the USA, where it is esti-
mated that breast cancer will account for
207,090 new cancer cases every year and it is
predicted to cause 39,840 deaths annually,
which was ranked second among women in the
USA in 2010 [1]. Small interfering RNA (siRNA)
is a kind of small molecular RNA (21-25 nucleo-
tides), as a member of the siRISC it arouses the
complementary target mRNA silencing directly
[2]. MicroRNAs (miRNAs) are a kind of small
non-coding RNAs that control gene expressions
by targeting mRNAs for translational repression
or cleavage [3]. Both are small (~22nt) noncod-
ing RNAs that once into the cyto RNA-induced

apoptosis [4].

Dual specificity phosphatase 6 (DUSPG6) is one
member of the family of mitogen-activated pro-
tein kinase (MAPK) phosphatase (MKPs) or
cysteine-dependent DUSPs that specially dep-
hosphorylates extracellular-signal-regulated ki-
nase (ERK), so functioned as a negative regula-
tor of ERK, working as a key effector of MAPK
signal pathway [5]. In different cancer types,
the expression of DUSPG6 is different, what that
means is that the function of DUSP6 is not fixed
[6]. For instances, previous study has reported
that in Myeloma, Melanoma, Glioma and some
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other kinds of cancer, the expression of DUSP6
is increased, which indicated that DUSP6 may
be a tumor promotor [6], while in pancreatic
invasive cancer, primary lung cancer, and ovar-
ian cancer, the expression of DUSP6 is dec-
reased, meaning DUSP6 may be a tumor sup-
pressor [7-9].

It was found that in estrogen receptor-negative
breast cancer, the expression of DUSP6 is high
while in estrogen receptor-positive breast can-
cer, the expression is lost [10]. What is exactly
the function of DUSP6 in breast cancer is still
not clear, so in this experiment, we explored its’
function in triple-negative breast cancer, knock-
down by RNAi and miRNA so that it can be a
new treatment to triple-negative breast cancer
with the help of technology of RNA delivery.

Materials and methods
Cell lines, culture and transfection

Human breast cancer cell line MDA-MB-231
was purchased from Chinese Academy of
Sciences (Shanghai, China). The MDA-MB-231
cells were cultured in DMEM/high glucose
medium (Gibco, Carlsbad, CA, USA) supple-
mented with 10% fetal bovine serum (FBS)
(Gibco, Carlsbad, CA, USA), penicillin (100 U/ml)
and streptomycin (100 pg/ml) (Enpromise,
China). Cells were incubated at 37°C in a
humidified chamber supplemented with 5%
CO2. The MDA-MB-231 cells were cultured to
30~40% confluence in 6-well plates and were
transfected with siRNA of DUSP6 or miR-145
mimics (Genepharma Co, Ltd. Shanghai, China)
at working concentrations using Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA), in accor-
dance with the manufacturer’s instructions.
SiRNA- and miR- negative control (NC) were
used as negative controls. After 48 h of incuba-
tion, cells were harvested for further analysis.
All transfections were performed in triplicates.

Quantitative reverse-transcription polymerase
chain reaction (QRT-PCR)

For detection of mRNA of DUSP6 expression,
primer design and qRT-PCR were carried out.
cDNA was generated by reverse transcription
using the PrimeScript™ RT-PCR kit in accor-
dance with the manufacturer’s instructions
(Takara, Tokyo, Japan). Real time PCR was per-
formed on a 7900HT Fast RT-PCR instrument
(Applied Biosystems, Singapore). The amplifica-
tion procedure was as follows: 5 min at 95°C,
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followed by 40 cycles at 95°C for 30 sec and
65°C for 45 sec. Expression of mRNA was
assessed by evaluating threshold cycle (CT) val-
ues. The CT values of the DUSP6 were normal-
ized with the expression level of GAPDH. The
primer sequences were as follows: 5’-AAC AGG
GTT CCA GCA CAG CAG-3’ (forward) and 5-GGC
CAG ACA CAT TCC AGC AA-3’ (reverse) for DUS-
P6; 5-CATGAGAAGTATGACAACAGCCT-3’ (for-
ward) and 5-AGTCCTTCCACGATACCAAAGT-3’
(reverse) for GAPDH. The quantification experi-
ment was done in triplicate for every sample.

Cell proliferation assay

Cell proliferation was determined using an MTT
assay kit (Sigma, Santa Clara, CA, USA) in
accordance with the manufacturer’s instruc-
tions. Briefly, cells (2x103 cells/well) that trans-
fected with miR- or siRNA- mimics or NC mimics
were seeded into 96-well culture plates (BD
Biosciences, Franklin Lakes, NJ, USA) and incu-
bated overnight at 37°C in 5% CO,. Cell prolif-
eration was assessed at 24, 48, 72 and 96
hours, following addition of 0.5 mg/ml MTT
(Sigma) solution. After a 4-hr incubation, the
medium was replaced with 150 pl dimethylsulf-
oxide (DMSO; Sigma) and vortexed for 10 min.
The optical density (OD) of each well was mea-
sured using a microplate reader at 490 nm.
Each experiment was performed in triplicate.

Colony formation assay

SiRNA or miRNA mimics groups and control are
the same with MTT assay. After 24 hours.
Transfection, MDA-MB-231 cells were digested
with trypsin and suspended into a single cell
status. 500 cells from each group were cul-
tured in the 6-well plate for 14 days. When the
colonies were visible by eye, the culture was
terminated by removing the medium and wash-
ing cells twice with phosphate-buffered saline
(PBS). The colonies were fixed with 95% etha-
nol for 10 min, dried and stained with 0.1%
Crystal Violet solution for 10 min, and the plate
was washed three times with water. Colonies
less than 2 mm in diameter and faintly stained
were ignored. Each treatment was performed
in triplicate.

Scratch assay

The “scratch” assay, which used for evaluating
cell migration, was also called the wound heal-
ing assay. MDA-MB-231 cells were transfected
with siDUSP6 mimics (100 nM) or NC mimics,
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and when cells reached 90% confluence, a
scratch was made through each well using a
sterile pipette tip. Cells were monitored under
the microscope (maghnification, x50) for O, 12,
24 and 36 h after wounding. Images of cells
were captured at the same position before and
after incubation to document the repair pro-
cess. The experiments were repeated three
times.

Transwell invasion and migration assay

The transwell invasion assay was performed to
evaluate cell invasion ability. The filters (Cor-
ning, Lowell, MA, USA) were washed with
serum-free DMEM, and placed into a 24-well
plate. The lower chambers contained DMEM
with 10% FBS. For the upper chambers, 2x10*
cells, re-suspended in 200 yl DMEM with 0.1%
BSA, were plated in the top chamber of
Transwells (Millipore) with a Matrigel (2 mg/ml)-
coated membrane containing 8-mm diameter
pores. Plates were then incubated at 37°C in
5% C02. After 18 hours, cells remaining on the
upper membrane surface were removed by cot-
ton swab scrubbing; cells on the lower surface
of the membrane were fixed in 10% formalin at
room temperature for 30 min and stained with
0.5% crystal violet. Images of six randomly
selected fields-of-view were captured, and the
cells were counted. For the migration assays,
the infected cells (2x10* cells/Transwell) were
plated in the top chamber with no Materiel.
After 18 hours, the number of migrated cells
was counted as described above. The stained
cells were dissolved in glacial acetic acid, and
solutions were transferred to a 96-well culture
plate for colorimetric reading of OD at 560 nm.
The OD value represents the invasive ability.
Each experiment was carried out in triplicate.

Dual-luciferase reporter assay

HEK293T cells were seeded in 12-well plates
(BD, USA) and cultured until the cells reached
80-90% confluence. The 3-UTR segments of
the DUSP6 mRNA sequence containing the pre-
dicted miR-145 binding sites were amplified by
PCR in a total volume of 50 pl using the Primer
Star kit (Takara, Tokyo, Japan) in accordance
with the manufacturer’s instructions. The cor-
responding mutant constructs were created by
mutating the seed regions of the miR-145-bind-
ing sites (5-AACUGGAA-3’ to 5'-UUGACCUU-3’).
The mutant constructs were generated by
mutation. The primers used in the reaction
were (Forward: 5-AGTAATTCTAGGCGATCGCT-
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CGAGAAGAAA-3’; Reverse: 5-GATATTTTATTG-
CGGCCAGCGGCCGCTAAA-3’). Fragments were
sub cloned into the Xhol site in the 3'-UTR of
Renillaluciferase of the psiCHECK-2 reporter
vector. 293T cells were transiently co-transfect-
ed with 0.2 pg psiCHECK-2/DUSP6 3’-UTR or
psiCHECK-2/DUSP6 3’-UTR mutant reporter
plasmids and together with 100 nmol/lI miR-
145 or miR-NC using Lipofectamine™ 2000
(Invitrogen), according to the manufacturer’s
instructions. After 48 hours, firefly and Reni-
llaluciferase activities were measured by using
a Dual Luciferase Assay (Promega, Madison,
WI, USA). Firefly luciferase values were normal-
ized to Renilla, and the ratio of Firefly/Renilla
was presented.

Western blot analysis

Cells were lysed in lysis buffer (10 mmol/L Tris-
HCI, pH 7.4, 1% NP-40, 0.1% deoxycholic acid,
0.1% SDS, 150 mmol/L NaCl, 1 mM EDTA and
1% protease inhibitor cocktail) (Sigma). The
protein concentrations were quantified using a
BCA protein assay kit (Pierce). Protein was sep-
arated using 10% sodium dodecyl sulfate poly-
acrylamide gel electrophoresis and transferred
to a nitrocellulose membrane (Beyotime Insti-
tute of Biotechnology, lJiangsu, China). The
membrane was immunoblotted overnight at
4°C with primary antibodies against DUSP6
(1:1,000, Abcam, USA) and B-tubulin (1:2,000,
Cwbio, Jiangsu, China), as a loading control.
Horseradish peroxidase-conjugated secondary
antibodies were incubated with the membrane
for 30 minutes at 37°C after three washes with
TBST. Immunoreactive protein bands were
detected with an Odyssey Scanning system.

Statistical analysis

GraphPad Prism version 6.0 (GraphPad, San
Diego, CA, USA) was used for all statistical anal-
yses. Data was presented as the means + stan-
dard deviation from at least three separate
experiments. The t-test (two-tailed) was used to
draw a comparison between groups, and the
significance level was set at P<0.05.

Results

Expression of DUSP6 directly downregulated
by DUSP6-siRNA and the growth of MDA-
MB-231 cells inhibited

The siRNA of DUSP6 was transferred into MDA-
MB-231 breast cancer cells with lipofectamine
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Figure 1. Down regulation of DUSP6 inhibited the growth of MDA-MB-231 cells. A and B. siRNA of DUSP6 (siDUSP6)
down regulated the expression of DUSP6 in mRNA and protein; C. The proliferation of cells transfected with siDUSP6
mimics was inhibited by MTT cell proliferation assays; D and E. Colony formation assays showed Crystal Violet stain-
ing of the siDUSP6-transfected group and NC-transfected group (Comparison was draw by the t-test (two-tailed).
Data represent means + SD; *P<0.05).

and after 60 hours, western blot
experiment was conducted to investi-
gate the protein level of DUSP6 that
was affected by DUSP6-siRNA. As is
shown in Figure 1A and 1B, the
expression of DUSP6 was down regu-
lated with siDUSP6, compared with
the siRNA-NC group both at gene or
protein level. When transferred with
siDUSPG, the proliferation of MDA-
MB-231 breast cancer cells was
Figure 2. siDUSP6 showed impaired migration in wound healing as- directly inhibited, compared with NC
says. A. Images showed the gap of the scratched region of the NC group from 48 hours to 120 hours, at
group cells; B. Image showed the region of the siDUSP6 group cells. 50 nm or 100 nm concentration, in a

time- and concentration-dependent
manner (Figure 1C), detected by MTT
2000. After 36 hours. Real time PCR was con- assays that optical density (OD) values at 490
ducted to investigate the gene level of DUSP6 nm. Colony formation assays showed much

36 h

A:NC; B:siDUSP6
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Figure 3. siDUSP6 affected the invasion of MDA-MB-231 cells. A and C. Overall pictures and pictures on an inverted
microscope with x50 maghnification; B. Invasion rates were determined by solubilization of crystal violet and spec-
trophotometric reading at OD 573 nm (Comparison was draw by the t-test (two-tailed). Data represent means * SD;

*P<0.05).

less colony formation in the group transfected
with 100 nM siDUSP6 compared with the NC
group (64 + 4 siDUSP6 group vs. 112 + 7 NC
group, **P<0.01) (Figure 1D, 1E). These results
indicated that DUSP6-siRNA suppressed MDA-
MB-231 cellular proliferation.

DUSP6-siRNA directly inhibited MDA-MB-231
cells migration and invasion

To investigate how siDUSP6 affects cellular
migration and invasion, we performed wound
healing assays and transwell assays with MDA-
MB-231 cells transfected with siDUSP6 mimics
(100 nM) or NC mimics. The wound healing
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assay results showed that the migration ability
of the siDUSP6 mimic groups was lower than
the NC group. As is shown in Figure 2, the cell-
free area of the siDUSP6 group was significant-
ly wider than the NC group at 24 hours after
drawing the “scratch” line on the monolayer
cells. While the NC group filled in the gap at 36
hours. The monolayer of siDUSP6 group-trans-
fected cells still showed a clear gap in the
scratched region. In transwell invasion assays,
the number of invaded cells stained with Crystal
Violet was significantly less in the siDUSP6
(100 nM) group (Figure 3A). Absorbance at 573
nm showed that breast cancer cells invaded
through matrigel in 100 nM DUSP6-siRNA

Int J Clin Exp Med 2015;8(7):10481-10490
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Figure 4. DUSPG is a direct target of miR-145 and miR-145 inhibited the growth of MDA-MB-231 cells. A. The binding
site for miR-145 in the 3’-UTR of DUSP6 mRNA; B. Western blot analysis was used to detect DUSP6 protein expres-
sion levels; C. The relative luciferase activity (Renilla/firefly) was measured in HEK293T cells after co-transfection
of the DUSP6 3’-UTR or DUSP6 3’-UTR mutant luciferase construct with either miR-145 mimics or miR-NC; D-F. MTT
and Colony formation assays showed Crystal Violet staining of the miR-145-transfected group and NC-transfected
group (Comparison was draw by the t-test (two-tailed). Data represent means + SD; *P<0.05).

group (0.38 + 0.0118) was statistically reduced
than NC group (0.56 + 0.0321) in MDA-MB-231
cells (Figure 3B) and confirmed the results
observed by inverted microscope (Figure 3C).
These results showed that siRNA of DUSP6 can
suppress cellular migration and invasion abi-
lity.

Downregulation of DUSP6 by miR-145 sup-
pressed the growth, migration, invasion of
MDA-MB-231 cells

To further study the function of DUSP6, we
decided to use miR-145 to inhibit the expres-
sion of DUSPG, and explore the function of miR-
145, partially through down regulation of
DUSP6. To investigate whether DUSP6 is a
potential targets of miR-145, we searched sev-
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eral online databases, including targetscan,
miRanda and miRBase. All databases showed
that miR-145 had a binding site in the 3’-UTR of
DUSP6 mRNA. To verify miR-145 binding to this
predicted site, we performed a luciferase
reporter assay in the 293T cell line. We cloned
the 3-UTR of DUSP6 containing the putative
miR-145 binding site into a luciferase reporter
construct, in addition to a mutated DUSP6
3-UTR (Figure 4A). The results (Figure 4C)
showed that the luciferase activity significantly
decreased after co-transfection with psi-
CHECK-2/DUSP6 3’-UTR and miR-145 mimics
in comparison with control cells, demonstrated
that miR-145 specifically binds to the 3’-UTR of
DUSP6 mRNA. Additionally, western blot analy-
sis indicated that DUSP6 protein levels were
lower in the miR-145-overexpressing group

Int J Clin Exp Med 2015;8(7):10481-10490
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Figure 5. Overexpression of miR-145 inhibited cell migration and invasion ability. A and B. pictures of migration and
invasion on an inverted microscope with x50 magnification; C and D. Migration and invasion rates were determined
by solubilization of crystal violet and spectrophotometric reading at OD 573 nm (Comparison was draw by the t-test

(two-tailed). Data represent means + SD; *P<0.05).

compared with the NC group (Figure 4B). MiR-
145 was transferred into MDA-MB-231 cells
with 100 nM, and significantly inhibited the
growth of MDA-MB-231 cells (Figure 4D-F). The
ability of migration (Figure 5A, 5C) and invasion
(Figure 5B, 5D) of MDA-MB-231 cells were also
suppressed by miR-145. All these data’s indi-
cated that miR-145 partially targeted DUSP6 to
play a role in MDA-MB-231 cells and further
confirmed that the DUSP6 promoted the growth
and ability of migration and invasion in MDA-
MB-231 cells.

Downregulation of DUSP6 by siRNA or miRNA
arrests the cell cycle of MDA-MB-231 cells

The effect of DSUP6 on the cell cycle progres-
sion was analyzed by flow cytometry by using
both DUSP6-siRNA and miR-145 mimics in
MDA-MB-231 cells compared with related NC
mimics. The FACS results indicated that
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DUSP6-siRNA significantly increased the per-
centage of cells in GO/G1 compared to siRNA-
NC group (Figure 6A). When transferred with
miR-145 mimics, the similar results were got-
ten (Figure 6B). These results indicated that
the down regulation of DUSP6, directly by siR-
NA-DUSP6 or by miR-145 could impact cell
cycle progression in MDA-MB-231 cells.

Discussion

The selective targeting of cancer cells would
enable treatments to inhibit tumor growth and
invasion while sparing the surrounding normal
cells, reducing the adverse side effects of con-
ventional chemotherapies. Therefore, thera-
peutic molecules that specially target cancer
cells are the key to the development of patient-
tailored cancer treatment [11]. Due to the ver-
satility of the RNAIi process, RNA-based gene
therapy is considered as a potential approach

Int J Clin Exp Med 2015;8(7):10481-10490
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Figure 6. DUSP6 affected cell cycle distribution. A and B. Cell distribution was analyzed by flow cytometry 36 h after
transfection of MDA-MB-231 cells with siDUSP6 or miR-145 mimics compared with NC group. SiDUSP6 and miR-
145 arrested cells mostly in GO/G1 phase (Comparison was draw by the t-test (two-tailed). Data represent means

+ SD; *P<0.05).

to target various human diseases, effectively
and safely [12]. Therefore, Using RNAI to inhibit
the action of genes relevant for cancer cell sur-
vival and progression may be preferred than
other inhibitors such as small molecules, pep-
tides and antibodies, since the elevated target
specificity is coupled to low toxicity [13]. For
RNAI therapy, the alternative effective strate-
gies for siRNA or miRNA delivery are essential
and the ideal delivery system should be non-
toxic, non-immunogenic, and sufficient for
siRNA protection, to reach the target cell and
facilitate cell uptake, and to release siRNA into
the cytoplasm to achieve gene silencing [14].
Luckily various carriers have been reported to
provide promising application in siRNA delivery
in vitro and in vivo, such as liposomes, nanopar-
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ticles and inorganic materials, with the of pro-
gression of nanotechnology [14, 15].

Since the ERK1/2 pathway mediates mitogenic
signaling amongst other responses, DUSP6
has been proposed as a tumor suppressor,
whose inactivation is frequently associated
with cancer [16]. While in Manzano’s findings,
their microarrays, showed that the expression
of DUSP6 is just found in estrogen receptor-
negative breast cancer, and not in estrogen
receptor-positive breast cancer [10]. In our
experiment, we found that in triple-negative
MDA-MB-231 breast cancer cells, the expres-
sion of DUSPG, both in mRNA or protein levels,
was significantly decreased with the transfera-
tion of siRNA of DUSP6. The proliferation of

Int J Clin Exp Med 2015;8(7):10481-10490
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MDA-MB-231 cells was suppressed by the
siRNA, as measured by MTT and colony forma-
tion assays, respectively. The migration and
invasion of cells were also inhibited. Additionally,
compared with the NC control group, flow
cytometry showed that when transferred with
siRNA of DUSP6, downregulation of DUSP6 by
the siRNA arrested cells in the GO/G1 phase.
We found that DUSP6 may act as a tumor pro-
motor and siRNA of DUSP6 could inhibit the
growth of MDA-MB-231 cells.

MiRNA-145, as reported in many other articles,
downregulates the expression of cyclin-depen-
dent kinase 6 in human cervical carcinoma
cells to suppress the proliferation of Hela cells
[17]. It also suppresses thyroid cancer growth
and metastasis by targeting AKT3 [18]. In our
study, we found that overexpression of miR-145
could significantly suppress the growth of MDA-
MB-231 cells and the migration and invasion of
cells were also inhibited by overexpression of
miR-145, which was consistent with the finding
studied by others [19, 20]. What's the differ-
ence is that their results showed that miR-145
regulated the cells’ growth by targeting ERBB3
and ARF6 while in our study miR-145 sup-
pressed the MDA-MB-231 cells’ proliferation
through targeting DUSP6. Based on the data-
base of miRwalk, miRbase and Target scan, we
constructed a psiCHECK-2 plasmid containing
the 3-UTR of DUSP6 (psiCHECK-2/DUSP6
3’-UTR). The dual luciferase assays confirmed
that DUSPG6 is a direct target gene of miR-145.
The protein level of DUSP6 was downregulated
by miR-145 and the flow cytometry also showed
that overexpression of miR-145 could arrest
the cells in GO/G1 phase. In the light of these
results, we could get miR-145 to inhibit the
growth of MDA-MB-231, at least partially thro-
ugh DUSP6.

As previously known that siRNAs complement
their target mRNA, induce gene silencing
through a sequence-specific cleavage of the
target mRNA, whereas microRNAs shows a par-
tial complement to target mRNA, mediate
translational repression or transcript degrada-
tion [13]. Taking all these into consideration, we
came to the conclusion that DUSP6 is a cancer
gene in triple-negative breast cancer. Therefore,
RNAi mediated silencing of the DUSP6 gene
has inhibitory effects on cells’ proliferation,
migration and invasion. Gene therapy, especial-
ly for RNAI to special gene, will play an impor-
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tant role in cancer therapy in near future with
the progress got in research of gene carriers
and nanotechnology.
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