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ABSTRACT
HER2 (ErbB2) has been reported to be overexpressed in 20–30% of breast cancer and confers poor survival because of high proliferation and

metastasis rates. MicroRNAs are small noncoding RNAs that are responsible for the post-transcriptional regulation of target genes. We found

miR-199b-5p inhibited HER2 expression by direct targeting its 30-untranslated region (30UTR) in breast cancer cells. In addition, miR-199b-5p

inhibited HER2 downstream signaling by ERK1/2 and AKT pathways in breast cancer cells. Besides, transwell migration, wound healing, and

clonogenicity were obviously inhibited by overexpression of miR-199b-5p in HER2-positive breast cancer cells. We also found that miR-

199b-5p could enhance the suppression of trastuzumab on cell migration and clonogenicity. These results suggest that miR-199b-5p may

have the potential to be a novel important alternative therapeutic target for HER2-positive breast cancer. J. Cell. Biochem. 114: 1457–1463,

2013. � 2013 Wiley Periodicals, Inc.
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H ER2 (ErbB2) protooncogene is a member of the epidermal

growth factor receptor (EGFR) family of transmembrane

tyrosine kinase type receptors, and is reported to be overexpressed in

20–30% of breast cancer [Slamon et al., 1987]. HER2 confers a more

aggressive tumor phenotype and associates with a poor prognosis in

patients with breast cancer [Slamon et al., 1987; Kallioniemi et al.,

1991]. Therefore, agents targeting HER2 have been clinically used

for breast cancer treatment. There are two therapeutic agents

approved by US Food and Drug Administration (FDA), the

monoclonal antibody trastuzumab and the tyrosine kinase inhibitor

lapatinib [Ryan et al., 2008]. However, most patients with HER2-

positive breast cancer treated with these agents eventually relapse or

develop resistance later in the therapy [Smith et al., 2007; Eichhorn

et al., 2008; Martin et al., 2008; Trowe et al., 2008; Liu et al., 2009;

Xia et al., 2010]. Mechanisms of resistance to anti-HER2 therapies

studied over the last decade include: impaired access of trastuzumab

to HER2 by overexpression of MUC4 or p95 HER2 (an extracellular

domain-truncated form of HER2) [Molina et al., 2002; Scaltriti et al.,

2007]; aberrant activation of signaling from insulin-like growth

factor-1 receptor (IGF-1R), other EGFR family members, or MET;

continued activation of downstream signaling caused by phospha-

tase and tensin homologs (PTEN) mutation, PIK3CA mutation, or

downregulation of p27; FCGR3A polymorphisms [Mukohara, 2011].

Therefore, the need for developing added therapies against HER2-

positive breast cancer is vital.

MicroRNAs (miRNAs) are a class of small (18–25 nucleotides),

endogenous, noncoding, single-stranded RNAs which bind partially

to complementary sequences in the 30-untranslated regions (30UTRs)
of target genes, causing either target mRNA degradation or reduced

protein translation [Ambros, 2001; Bartel, 2004]. Growing evidence

has proved that miRNAs regulate major cellular processes involved

in tumor biology, including cell proliferation, differentiation,

apoptosis, and metastasis [Croce, 2009; Lynam-Lennon et al.,

2009]. Further, it has been reported that some miRNAs can serve as

either oncogenes or oncosuppressors by targeting oncogenes or

oncosuppressor genes [Esquela-Kerscher and Slack, 2006; Stahlhut
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Espinosa and Slack, 2006]. For example, miR-17-92, miR-21, and

miRNA-372/373, which are usually upregulated in tumors, have

been shown to inhibit tumor suppressor genes such as PTEN, Bim,

and LATS2 [Lewis et al., 2003; Zhu et al., 2008]. In contrast, tumor

suppressor miRNAs such as let-7, miR-15, and miR-16, which are

frequently downregulated in tumors, can inhibit oncogenes such as

RAS, MYC, and BCL2, respectively [Cimmino et al., 2005; Johnson

et al., 2005]. Overexpression of miR-125a or miR-125b in SK-BR-3

cells, produced suppression of cell anchorage-dependent growth

and even greater inhibition of cell motility and invasive abilities by

direct targeting HER2 or HER3 [Scott et al., 2007].

Among an expanding list of cancer related miRNAs, miR-199b-

5p has been documented involved in various types of cancers

including medulloblastoma, choriocarcinoma, chronic myeloid

leukemia, colorectal cancers, and renal cell carcinoma [Garzia

et al., 2009; Chao et al., 2010; Flamant et al., 2010]. Based on

microarray analysis of breast cancer tissues, miR-199b-5p was

down-expressed in the more aggressive, grade 3, HER2-positive, ER-

negative samples [Blenkiron et al., 2007]. A recent report also

showed that miR-199b-5p was down-expressed in the tumor tissue

compared with tumor-adjacent samples in breast cancer patients

[Persson et al., 2011]. Therefore, further analysis for the significance

of miR-199b-5p misregulation in breast cancer remains to be done.

In this report, we discovered, for the first time, that miR-199b-5p

inhibited HER2 gene expression by direct targeting its 30UTR and

inhibited the activation of the HER2 downstream signal pathway

mediators ERK1/2 and AKT. We also found overexpression of miR-

199b-5p not only inhibited migration and clonogenicity of BT-474

and SK-BR-3 cells, but also enhanced the suppression of

trastuzumab on cell migration and clonogenicity. These results

strongly suggest that overexpression of miR-199b-5p in HER2-

positive breast cancer cells can interfere with the aggressive

phenotype by direct suppressing HER2 expression.

MATERIALS AND METHODS

CELL LINES AND CELL CULTURE

Human breast cancer cell lines SK-BR-3 and BT-474 were originally

purchased from the American Type Culture Collection (Manassas,

VA) and stored, recovered, and used at early passage from

cryopreservation in liquid nitrogen. Cells were maintained in

RPMI-1640 medium plus 10% fetal bovine serum (FBS) and cultured

in 5% CO2 humidified atmosphere.

CELLULAR TREATMENT AGENTS

Trastuzumab (Herceptin; Roche Pharmaceutical) was dissolved in

PBS. Human immunoglobin G (hIgG, reagent grade; Sigma–

Aldrich), which served as control for trastuzumab, was dissolved

in PBS. Trastuzumab or hIgG was added to medium, respectively, at

the final concentration 20mg/ml.

RNA ISOLATION AND qRT-PCR

Total RNA was isolated with Trizol reagent (Invitrogen, Carlsbad,

CA) following the manufacturer’s instruction. Concentrations and

purity of the RNA samples were measured by electrophoresis and

spectrophotometric methods. For quantitation of mRNA, 2mg of

total RNA were reverse transcribed with random primers following

the manufacturer’s instruction (MBI Ferments, Vilnius, Lithuania).

Subsequently, the PCR amplifications were performed in triplicate

using the SYBR1 Premix ExTaqTM (Takara) following the

manufacturer’s instruction. The thermal cycling conditions were,

an initial a hot start step at 958C for 10min, followed by 40 cycles at

958C for 10 s and 608C for 30 s. Dissociation curve analysis was also

performed for all the samples following the completion of

amplification to rule out the presence of nonspecific amplifications.

Specificity of PCR-products was also checked on agarose gel.

Quantification was done using the DDCt relative quantification

method with Human b-actin as an internal control. The following

primers were used: HER-2 (sense: 50-CCATCTGCACCATTGATGTC-
30; antisense: 50-ATGCGGGAGAATTCAGACAC-30) and b-actin

(sense: 50-ATTGCCGACAGGATGCAGA-30); antisense: 50-GAG-
TACTTGCGCTCAGGAGGA-30) [Adachi et al., 2011].

The microRNA was extracted from cells using a mirVanaTM

MiRNA Isolation Kit (Applied Biosystems, Foster City, CA) following

the manufacturer’s instruction. For quantitation of miRNA, 10 ng of

the microRNA were reverse transcribed using Taq-Man MicroRNA

Reverse Transcription Kit (Applied Biosystems) with specific primers

for miR-199b-5p and U6 small nuclear RNA (RNU6B; Applied

Biosystems). Subsequently, the PCR amplifications were performed

in triplicate according to Taqman MicroRNA Assays protocol

(Applied Biosystems). The thermal cycling conditions were, a hot

start step at 958C for 10min, followed by 40 cycles at 958C for 15 s

and 608C for 1min. Relative miRNA expression of miR-199b-5p was

normalized against the endogenous control, U6, using the DDCt

method.

TRANSIENT TRANSFECTION OF miRNA MIMICS

MiR-199b-5p mimics (dsRNA oligonucleotides), negative control

mimics (NC) (sense: 50-UUC UCC GAA CGU GUC ACG UTT-30,
antisense: 50-ACG UGA CAC GUU CGG AGA ATT-30), miR-199b-5p

inhibitors (anti-miR-199b-5p), inhibitor negative control (anti-NC,

CAG UAC UUU UGU GUA GUA CAA) were purchased from

GenePharma (Shanghai, China). Cells were seeded into 6- or 24-well

plates the day before transfection to ensure 50% cell confluence at

the moment of transfection. Transfection was carried out using

Lipofectamine 2000 (Invitrogen) follow the manufacturer’s proce-

dure. The oligonucleotides were used at a final concentration of

100 nM. Western blot and qRT-PCR were performed at 48-h post-

transfection.

VECTOR CONSTRUCTION AND LUCIFERASE REPORTER ASSAY

A 618-bp full-length of the wild-type (WT) HER2-30UTR or mutant

HER2-30UTR (mut) containing the putative miR-199b-5p binding

site were synthesized (Sangon, Shanghai, China). After digestion by

SpeI and HindIII, the full-lengths of wild-type and mutant HER2-

30UTR were cloned into the SpeI and HindIII sites of pMIR-Report

Luciferase vector (Applied Biosystems) and named pMIR/HER2 and

pMIR/HER2/mut, respectively. Sequencing was used to corroborate

the constructs (Supplementary Figs. S1 and S2).

For the relative luciferase reporter assay, cells were seeded in a

24-well plate 24 h before. In each well, 100 ng pMIR/HER2 or pMIR/

HER2/mut and 100 nM microRNA mimics were cotransfected using
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LipofectamineTM 2000 reagent. The Renilla expression vector pRL-

TK (Promega, Madison, WI) was cotransfected in each experiment to

normalizing transfection efficiency. Firefly and Renilla luciferase

activities were quantitated 48 h after cotransfection using Dual-Glo

Luciferase assay. Results were calculated by relative luciferase

activity of firefly to Renilla.

WESTERN BLOT ANALYSIS

Cells in culture were lysed using M-PER reagents and Halt Protease

Inhibitor Cocktail kits (Pierce, Appleton, WI). The protein

concentrations of the cells lysates were quantified using a BCA

Protein Assay Kit (Pierce). Aliquots containing 60mg of protein were

prepared for loading with Laemmli sample buffer and run on SDS–

PAGE gels. Separated proteins were then transferred to nitrocellu-

lose membrane (Amersham, Buckinghamshire, United Kingdom)

in transfer buffer [25mmol/L Tris, 192mmol/L glycine, 20% (v/v)

methanol (pH 8.3)] at 300mA at 48C for 1 hour and 20min.

Membranes were blocked with 5% milk in TBS containing 0.5%

Tween 20 (TBS-T) for 60min at room temperature and incubated

with following specific antibodies: HER2 (1:1,000, cs-2242, Cell

Signaling Technology), phospho-AKT (Ser 473, 1:1,000, cs-4058,

Cell Signaling Technology), total AKT (1:1,000, cs-4685, Cell

Signaling), phospho-ERK1/2 (Thr202/Tyr204, 1:1,000, cs-4377, Cell

Signaling Technology), ERK1/2 (1:1,000, cs-4695; Cell Signaling) in

5% bovine serum albumin (BSA) or b-actin (1:5,000; AC-74; Sigma)

in 5% milk in TBS-T at 48C overnight. Then the membranes were

washed three times with TBS-T and incubated with a horseradish

peroxidase-conjugated anti-rabbit or anti-mouse antibody at room

temperature for 60min. Finally, the membranes were washed three

times with TBS-T buffer, and signals were detected using the ECL

chemiluminescent kit (Pierce).

CELL MIGRATION ASSAY

At 16-h post-transfection with miRNA mimics, 2� 105 of BT-474

cells or 5� 104 SK-BR-3 cells in 0.5ml of serum-free medium

with or without trastuzumab (Tras) or control hIgG (20mg/ml)

were introduced into the upper compartment of the BD BioCoat

control inserts (Cat. # 354578; BD Discovery Labware) fitted with

membranes of 8 micron porosity separating the upper and lower

compartments. The lower compartment was filled with normal

culture medium supplemented with 10% FBS. After 24 h of

incubation, cells were wiped off from the upper surface of each

insert. The cells on the lower surface, which represented the cells that

migrated through insert membrane, were fixed and stained with

hematoxylin–eosin and counted by microscopic examination in 10

representative fields. Cell migration was expressed as relative to

the migration of each control group. Each condition was tested in

triplicate and each experiment was repeated at least three times.

WOUND HEALING ASSAY

At 16-h post-transfection with miRNA mimics, BT-474

(5� 106 cells/well) or SK-BR-3 (2� 106 cells/well) cells were seeded

to 90% confluence in a six-well plate for overnight culture. The

following day a scratch was made through the center of each well

using a pipette tip, creating an open ‘‘scratch’’ or ‘‘wound’’ that was

clear of cells. The dislodged cells were removed by three washes with

complete culture media, and cells were incubated under standard

conditions with or without trastuzumab (Tras) or control hIgG

(20mg/ml). Migration into the open area was documented at

different time points post-scratching. Each condition was tested in

triplicate and each experiment was repeated at least three times.

CELL COLONY-FORMING ASSAY

At 16-h post-transfection with miRNA mimics, BT-474

(5� 103 cells/well) or SK-BR-3 (2� 103 cells/well) cells were seeded

in six-well plate in triplicate. Cells were incubated with normal

culture medium supplemented with 10% FBS with or without

trastuzumab (Tras) or control hIgG (20mg/ml) and continuously

treated during the experiment. Media were changed every 3 days.

Fourteen days later, the cells were fixed and stained in crystal violet.

Colonies containing at least 50 cells were counted. Each condition

was tested in triplicate and each experiment was repeated at least

three times.

STATISTICAL ANALYSIS

All experiments were repeated at least three times on different

occasions. The results are presented as the mean� SD for all values.

The differences between two groups were analyzed using Student’s

t-test. All statistical analyzes were performed using the SPSS

15.0 software. P< 0.05 was considered statistically significant. All

statistical tests and corresponding P values were two-sided.

RESULTS

MiR-199b-5p DIRECT TARGETS HER2 IN BREAST CANCER CELL

According to recent studies of breast cancer miR signature, we

selected miR-199b-5p, by means of bioinformatics analysis of those

miRNAs which may target the 30UTR sequences of HER2, using

algorithms by miRanda and RNAhybrid simultaneously (Supple-

mentary Fig. S3). To validate this hypothesis experimentally, we first

set up a luciferase reporter assay. The wild 30UTR of HER2, including

miR-199b-5p target sites, was cloned into the downstream of the

luciferase open reading frame (Fig. 1A) of pMir-Reporter vector,

along with corresponding point mutations within the miR-199b-5p

seed predicted site. The reporter vector and pRL-TK were

cotransfected in BT-474 cells with miR-199b-5p or negative control

mimics (verified by real-time PCR in Fig. 1B), and the luciferase

activity was markedly decreased (50% reduction) after miR-199b-5p

overexpression (Fig. 1C). Similar results were observed in SK-BR-3.

Moreover, the mutation of the miR-199b-5p binding site in HER2-

30UTR prevented the down-regulation of luciferase expression,

supporting the evidence that miR-199b-5p can direct bind 30UTR of

HER2 in breast cancer cells, and that the ‘‘seed site’’ was necessary

for the binding.

Furthermore, to determine at mRNA level or protein level miR-

199b-5p down-regulated HER2, we detected HER2 expression by

qRT-PCR and Western blot assays. Overexpression of miR-199b-5p

(verified by real-time PCR in Fig. 1B) decreased HER2 protein

expression in SK-BR-3 and BT-474, respectively (Fig. 1D). Never-

theless, qRT-PCR analysis of HER2 showed that miR-199b-5p had no

effect on the HER2 mRNA level (Supplementary Fig. S4a,b). These

results strongly suggest that miR-199b-5p negatively regulates

HER2 expression at the translational level.
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MiR-199b-5p INHIBITS ERK1/2 AND AKT SIGNALING PATHWAYS

IN BREAST CANCER CELLS

The downstream signaling induced by HER2 includes serine

phosphorylation of ERK1/2 and AKT pathway. Because HER2 was

direct targeted by miR-199b-5p, we investigated whether miR-

199b-5p was able to interfere with these pathways using Western

blotting. As shown in Figure 2A, phospho-ERK1/2 (p-ERK1/2) and

phospho-AKT (p-AKT) levels relative to total ERK1/2 and total AKT

levels were significantly reduced in the SK-BR-3 cells transfected

with miR-199b-5p mimics. A reverse result was observed when

miR-199b-5p was knocked down in SK-BR-3 cells transfected with

miR-199b-5p inhibitors (anti-miR-199b-5p) compared to inhibitor

negative control (anti-NC, Fig. 2B).

OVEREXPRESSION OF miR-199b-5p SIGNIFICANTLY INHIBITS

MIGRATION AND CLONOGENICITY OF BREAST CANCER CELLS

To study the role of miR-199b-5p in the migration of breast cancer

cells, we transfected the miR-199b-5p mimic into SK-BR-3 and BT-

474 cells. As shown in Figure 3A, overexpression of miR-199b-5p

significantly inhibited the ability of SK-BR-3 and BT-474 cells to

migrate through insert membrane. Furthermore, cell migration

measured using the wound healing assay was significantly inhibited

Fig. 1. MiR-199b-5p direct targets HER2 in breast cancer cells. A: Sequence

of the HER2 30UTR showing the miR-199b-5p binding seed region and

mutation of the HER2 30UTR seed region to create HER2-mut. B: qRT-PCR

analysis of miR-199b-5p expression in indicated cells. C: miR-199b-5pmimics

down-regulated luciferase activities controlled by wild-type HER2 30UTR, but
did not affect luciferase activity controlled by mutant HER2 30UTR.
D: Representative Western blotting of HER2 protein in indicated cells 48 h

after miR-199b-5p mimics and negative control mimics (NC) transfection, b-

actin expression is shown for loading normalization (left panels), with relevant

quantification (right panel). The results are means of three independent

experiments� SD. Columns, mean; bars, SD. ��P< 0.01;���P< 0.001.

Fig. 2. MiR-199b-5p inhibits signaling pathways by ERK1/2 and AKT in

breast cancer cells. A: Representative Western blotting of proteins (as indi-

cated) in SK-BR-3 cells transfected with miR-199b-5p mimics and negative

control mimics (NC), b-actin expression is shown for loading normalization

(left panels), with relevant quantification (right panel). B: Representative

Western blotting of proteins (as indicated) in SK-BR-3 cells transfected

with miR-199b-5p inhibitors (anti-miR-199b-5p), inhibitor negative control

(anti-NC), b-actin expression is shown for loading normalization (left panels),

with relevant quantification (right panel). The results are means of three

independent experiments� SD. Columns, mean; bars, SD. ��P< 0.01.
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in SK-BR-3 cells transfected with miR-199b-5p mimics compared

with negative controls (Fig. 3B). These results demonstrate that miR-

199b-5p inhibits migration of breast cancer cells.

Then we investigated the possibility that overexpression of miR-

199b-5p might inhibit the survival ability of breast cells. Cell

colony-forming assays clearly showed that SK-BR-3 cells transfect-

ed with miR-199b-5p mimics yielded decreased colony formation

compared with negative controls (Fig. 3C). Similar results were

observed in BT-474 cells (Fig. 3C).

MiR-199b-5p ENHANCES THE SUPPRESSION OF TRASTUZUMAB

ON CELL MIGRATION AND CLONOGENICITY

The inhibition of miR-199b-5p on HER2-mediated aggressive

phenotype also raised the intriguing possibility of a role of this

microRNA in enhancing the antitumor efficacy of trastuzumab

therapies in breast cancer. We investigated the effect of miR-199b-

5p on trastuzumab-inhibited cell migration and clonogenicity. As

shown in Figure 4A, cell migration of BT-474 measured using

transwell was potently suppressed by trastuzumab, and was

suppressed more potently when combined with miR-199b-5p.

Similar results were observed in SK-BR-3 (Fig. 4A). Consistent with

the results from transwell, cell migration measured using the wound

healing assay also showed the enhanced effect of miR-199b-5p on

trastuzumab-inhibited cell migration (Fig. 4B). Furthermore, cell

colony-forming assay showed the enhanced effect of miR-199b-5p

on trastuzumab-inhibited cell clonogenicity (Fig. 4C).

In summary, in this work, we describe miR-199b-5p as a new

oncosuppressor gene in breast cancer, able to interfere with the

aggressive phenotype mediated by the HER2. Our study also provides

experimental evidence that miR-199b-5p can enhance the effect of

trastuzumab treatment, raising the intriguing possibility of using this

microRNA as a tool of an innovative and promising therapy.

DISCUSSION

In this report, we found that miR-199b-5p targeted HER2 in breast

cancer cells. We discovered, for the first time, that miR-199b-5p

inhibited HER2 gene expression by direct targeting its 30UTR. In
addition, miR-199b-5p inhibited HER2 downstream signaling

pathways by ERK1/2 and AKT in breast cancer cells. Moreover,

we also found overexpression of miR-199b-5p not only inhibited

migration and clonogenicity of BT-474 and SK-BR-3 cells, but also

enhanced the suppression of trastuzumab on cell migration and

clonogenicity. These results strongly suggest that overexpression of

miR-199b-5p in HER2-positive breast cancer cells can interfere with

the aggressive phenotype by direct suppressing HER2 expression.

The HER2 oncogene encodes a 185 kDa transmembrane tyrosine

kinase receptor and has been associated with aggressive phenotype

of breast cancer [Slamon et al., 1987; Suda et al., 1990; Kallioniemi

et al., 1991]. Targeted cancer therapies require development of

approaches to inhibiting expression of tumor protein. MicroRNAs

have been found altered in human cancer, which interfere with

endogenous gene expression [Ambros, 2001]. It was recently

reported microRNAs play essential role in Her2-induced breast

cancer. MiR-205 [Adachi et al., 2011], miR-194 [Le et al., 2012],

miR-26a, and miR-30b [Ichikawa et al., 2012] are downstream of

Her2 in breast cancer. Although, HER2 has been reported to been

direct targeted by upstreammiR-125a or miR-125b in SK-BR-3 cells

[Scott et al., 2007]. One gene can be targeted by hundreds of

microRNAs. So we try to find another microRNA that can inhibit the

expression of HER2. According to resent studies of breast cancer

miR signature [Blenkiron et al., 2007; Persson et al., 2011] and

bioinformatics analysis, we selected miR-199b-5p. In the Her2

30UTR, the binding site position of miR-125a (17-44nt) is near to

miR-125b (19-44nt), but all are far away from miR-199b-5p (191-

231nt). It suggests that miR-135a/b and miR-199b-5p are able to

bind 30UTR of Her2 mRNA at the same time.

We confirmed our hypothesis that miR-199b-5p can direct

suppress expression of HER2 in BT-474 and SK-BR-3 cells, which

happened at the translational level. We also found that miR-199b-

5p inhibited HER2 downstream signaling pathways by ERK1/2 and

AKT in breast cancer cells.

Fig. 3. MiR-199b-5p inhibits migration and clonogenicity of breast cancer

cells. A: Representative images of transwell assays of membrane penetration in

SK-BR-3 and BT-474 cells transfected with the miR-199b-5p mimics and

negative control mimics (NC) (upper panels), with relevant quantification (lower

panel). B: Representative images of wound healing assays of SK-BR-3 cells

transfected with the miR-199b-5p mimics and negative control mimics (NC)

(upper panels), with relevant quantification (lower panel). C: Representative

images of cell colony-forming assays in SK-BR-3 and BT-474 cells transfected

with miR-199b-5p mimics and negative control mimics (NC) (upper panels),

with relevant quantification (lower panel). The results are means of three

independent experiments� SD. Columns, mean; bars, SD. ��P< 0.01.
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Although miR-199b-5p has been documented involved in

various types of cancers [Garzia et al., 2009; Chao et al., 2010;

Flamant et al., 2010], its biological function in breast cancer has not

been reported. SK-BR-3 and BT-474 cells are classical models in the

research of HER2-positive breast cancer. Data in these two cell lines

show that overexpression of miR-199b-5p could significantly

inhibit migration and clonogenicity of breast cancer cells. These

results suggest that miR-199b-5p may have the potential to be a

novel alternative therapeutic target for HER2-positive breast cancer.

Since trastuzumab is the antibody agent approved targeting

direct against HER2 and its effect is limited to the time it remains

present about the tumor cells at a therapeutic level, we next to

demonstrate whether miR-199b-5p affect the antitumor efficacy of

trastuzumab therapies. Results show the enhanced effect of miR-

199b-5p on trastuzumab-inhibited cell migration and clonogeni-

city. It suggests miR-199b-5p as a novel therapeutic target

combined with trastuzumab therapy for HER2-positive breast

cancer.

In conclusion, our results strongly suggest that miR-199b-5p may

as a new oncosuppressor gene in breast cancer, able to interfere with

the aggressive phenotype mediated by HER2. Our study also

provides experimental evidence that miR-199b-5p can improve the

effect of trastuzumab treatment in breast cancer cells, raising the

intriguing possibility of using this microRNA as a tool of an

innovative and promising therapy.
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Fig. 4. MiR-199b-5p enhanced the suppression of trastuzumab on cell migration and clonogenicity. A: Representative images of transwell assays of membrane penetration

(upper panels), with relevant quantification (lower panel). SK-BR-3 and BT-474 cells were transfected with microRNA mimics for 16 h, then seeded and treated with

trastuzumab (Tras) or control hIgG (20mg/ml) for 24 h. B: Representative images of wound healing assays (upper panels), with relevant quantification (lower panel). SK-BR-3

cells were transfected with the microRNAmimics for 16 h, then seeded and treated with trastuzumab (Tras) or control hIgG (20mg/ml) for 72 h. C: Representative images of cell

colony-forming assays (upper panels), with relevant quantification (lower panel). Cells were transfected with microRNA mimics for 16 h, then seeded and treated with

trastuzumab (Tras) or control hIgG (20mg/ml) for 14 days. The results are means of three independent experiments� SD. Columns, mean; bars, SD. ��P< 0.01.
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