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Introduction

The human epidermal growth factor receptor family of pro-
teins consisting of EGFR, HER2, HER3, and HER4 are type 
I transmembrane growth factor receptors which activate intra-
cellular signaling pathways in response to extracellular signals.1,2 
Over-activation of individual HER family members are etiologi-
cally linked with the pathogenesis of a panel of cancers including 
cancers of the breast, lung, head and neck, brain, and skin.3-6 The 
HER members always form homo- or hetero-dimers to drive sig-
nal transductions underlying their tumorigenic behavior. HER3, 
as the only member lacking catalytic kinase function, is an obli-
gate partner for hetero-dimerization with the other family mem-
bers and its preferred partner is HER2.7 In particular, HER3 
plays a critical role in HER2-mediated transformation and is 
indispensible for continued tumor cell growth and proliferation 
in tumors driven by HER2 overexpression.8 Increased expression 
of HER3 synergistically increases the transforming potential of 
HER2.9 In contrast, loss of HER3 abolished the transforming 
ability of HER2.8

The HER2–HER3 signaling complex is highly effective in 
activating the PI3K/Akt signaling pathway,10 even though HER2 
is unable to directly bind PI3K and activate this pathway. The 

critical function of HER3 in HER2-mediated transformation is 
to activate PI3K/Akt signaling transduction.11 In HER2-depen-
dent cells, loss of HER3 results in reduced signaling through 
PI3K and cell proliferation, indicating that HER2 may be 
dependent on HER3 to drive growth and survival of breast can-
cer cells. Actually, the activation of PI3K and Akt by HER2 is 
mediated through the tyrosine phosphorylation of HER3 which 
has six tyrosine containing binding sites for PI3K.12 The PI3K/
Akt pathway regulates vital cell functions including proliferation, 
survival, glucose metabolism, epithelial–mesenchymal transi-
tion, genome stability, and angiogenesis. In particular, PI3K/Akt 
pathway activation by chemotherapy-rendered chemo-resistance 
in ovarian cancer cells.13

The expression of HER3 was regulated at the level of tran-
scription, translation, localization or phosphorylation, etc. For 
instance, HER3 transcription has been shown to be in part regu-
lated through FOXO1 and FOXO3a transcription factors, render-
ing the resistance to TKI in HER2-driving breast cancer cells.14 
miR-205 and miR-106b were described to downregulate HER3 
expression,15,16 and miR-125a and miR-125b have been shown to 
regulate expressions of both HER2 and HER3.15 mTOR kinase 
inhibitor was able to increase HER3 phosphorylation through 
downregulating HER3 dephosphorylation.16 Due to the essential 
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In breast cancer cells, heterodimerization of HER2 and HER3 plays important and dominant roles in the functionality and 
transformation of HER-mediated pathways, in particular the PI3K/Akt survival pathway. HER3 was considered as a major 
signaling hub in HER2-amplified cancers. Inhibition of HER3 expression may therefore represent a rational therapeutic 
approach to breast cancers where HER2/HER3-mediated signaling plays a role in tumorigenesis and progression. miRNAs 
exerts important roles in regulating gene expressions by binding to and repressing target mRNAs. Here we reported that 
miRNA-450b-3p inhibits HER3 expression by directly targeting 3′ UTR of HER3 mRNA and represses the downstream 
signal transductions of HER family. Overexpression of miRNA-450b-3p in SKBR3 cells inhibits cells clonogenic potential 
and enhances their sensitivity to trastuzumab, a monoclonal antibody that binds to the HER2 receptor, or doxorubicin 
through repressing proliferative signal pathways mediated by HER3/HER2/PI3K/AKT. Furthermore, we found that breast 
cancer patients with tumors that demonstrating upregulated HER3 (>2-fold) and downregulated miR-450b-3p (>2-fold) 
expressions compared with the paired adjacent non-tumorous tissues showed significantly poorer overall survival 
(P < 0.05). Our study identified miRNA-450b-3p as a new tumor repressor and also provided some evidences suggesting 
that downregulation of miR-450b-3p expression with concurrent overexpression of HER3 may serve as a prognostic 
biomarker for poor overall survival in breast cancer patients.
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roles of HER3 in HER2-driving breast cancer cells, present stud-
ies revealed that inhibition of HER3, at least in part, synergized 
with HER2 antagonist to breast cancer.

microRNAs (miRNAs) are single-stranded RNA molecules of 
20–23 nucleotide length that control gene expression in many 
cellular processes. Numerous microRNA molecules have been 
found to typically reduce the stability of mRNAs,17 including 
those of genes that mediate processes in tumorigenesis, such 
as inflammation, cell cycle regulation, stress response, differ-
entiation, apoptosis, and invasion. miRNA targeting is mostly 
achieved through specific base-pairing interactions between the 
5′ end (“seed” region) of the miRNA and sites within coding and 
untranslated regions (UTRs) of mRNAs; target sites in the 3′ 
UTR lead to more effective mRNA destabilization.18

Given the importance of HER3 in proliferation and survival 
of HER2 driving breast cancer cells, we hypothesized that HER3 
could be a target of specific miRNAs and be regulated by the 
putative miRNAs. Indeed we found the miR-450b-3p interacts 
with 3′ UTR of HER3 mRNA to negatively regulate HER3. It 
also has the capability to inhibit breast cancer cell proliferation 
and tumorigenesis potential and improve the sensitivity to trastu-
zumab and doxorubicin. Further more, in clinical practice the 
combination of downregulation of miR-450b-3p expression with 
overexpression of HER3 may serve as a prognostic biomarker 
predicting the patients’ overall survival.

Results

The expression of miR-450b-3p inversely correlates to 
HER3 in breast cancer cells

Due to the important roles of HER3 in breast cancer pro-
gression, we first try to identify specific miRNAs that could 
efficiently target the HER3 expression. We employed both the 
database search and manual check for the matched sequences. 
As a result, we found that miR-450b-3p could be one of the can-
didates. The 17 of 19 nucleotides of miR-450b-3p are matched 
to the site 971 to 989 of the HER3 3′ UTR (Fig. 1A). To vali-
date the correlation between the miR-450b-3p and HER3, we 
analyzed the expressions of miR-450b-3p and HER3 in normal 
breast tissue as well as breast cancer cell lines and found that the 
expressions of miR-450b-3p and HER3 protein are inversely cor-
related (Fig. 1B and C). It suggested that the possible regulation 
of HER3 exerted by miR-450b-3p.

To validate the hypothesis, we transiently transfected SKBR3 
and MDA-MB-453 cells with miR-450b-3p precursor and 
scrambled oligonucleotides, and then detected the HER3 pro-
tein expression levels. We found that the HER3 expression was 
significantly decreased with the transfection of miR-450b-3p, 
but HER2 protein levels were not affected (Fig. 1D). These data 
indicated that HER3 may be a direct target of miR-450b-3p in 
breast cancer cells.

miR-450b-3p interacts with HER3 3′ UTR directly
Since miRNAs modulate gene expressions through specific 

binding to elements of their target mRNA, a luciferase reporter 
assay was performed to evaluate whether miR-450b-3p regulates 

HER3 mRNA through this mechanism. We cloned the 1451 bp 
HER3 3′ UTR into the immediate downstream of the luciferase 
open reading frame in the pGL3-promoter vector (Fig. 2A). As a 
control, we also constructed a HER3 3′ UTR mutant which lacks 
the putative binding site of miR-450b-3p using the site directed 
mutagenesis assay. The reporter vectors were co-transfected with 
miR-450b-3p precursor molecule or a scrambled oligonucleotide 
in Hela cells. The results showed that the luciferase activity of 
pGL3-promoter-HER3 3′ UTR (wt) was significantly decreased 
with miR-450b-3p expression compared with the scrambled con-
trol. But for the mutant of pGL3-promoter-HER3 3′ UTR, this 
inhibition of luciferase activity was impaired (Fig.  2B). These 
data showed that the miR-450b-3p interacts with the 3′ UTR of 
HER3 directly to regulate HER3 expression.

The HER3 associated PI3K/AKT pathway is suppressed by 
miR-450b-3p

The HER2-HER3 heterodimer is crucial in breast cancer 
tumorigenesis, progression and drug resistance. Importantly, the 
HER3-mediated PI3K/AKT pathway activation is the primary 
oncogenic signaling and we tested whether the miR-450b-3p has 
the ability to regulate this survival pathway mediated by HER3. 
The mammalian expression plasmid pSUPER-miR-450b-3p, 
bearing miR-450b-3p coding fragment, was constructed and 
transfected into SKBR3 cells to overexpress miR-450b-3p. As 
shown in Figure 2C, with the increasing amount of pSUPER-
miR-450b-3p, the HER3 expression was significantly decreased 
in a dose-dependent manner, but the HER2 expression was not 
affected. The levels of phosphorylated AKT and phosphorylated 
MAPK were decreased compared with the control vector. These 
data verified that miR-450b-3p was able to specifically suppress 
PI3K/AKT pathway.

miR-450b-3p inhibits proliferation of cancer cells
It’s well known that PI3K/AKT pathway is involved in cel-

lular functions such as cell growth, proliferation, differentiation, 
survival, etc., so we assessed whether miR-450b-3p had effects 
on breast cancer cell growth/survival. We transfected pSUPER-
miR-450b-3p or pSUPER empty vector into SKBR3 cells and 
selected several single stable clones with the treatment of puro-
mycin for 14 d. Five puromycin resistant clones were sub-cul-
tured and expanded, and the expression of miR-450b-3p was 
detected by qPCR. As shown in Figure 3A, compared with other 
clones, clones 2 and 3 had better expressions of miR-450b-3p 
and western blot showed that HER3 expressions were dramati-
cally decreased in these two clones (Fig. 3B). Furthermore, these 
two clones were used to perform clonogenic assay in vitro. After 
15 d of culture, we stained the culture dishes with crystal violet 
and evaluated the number of colonies; as shown in Figure 3C, 
the colonies colonigenic capability of miR-450b-3p stable cells 
was significantly decreased. The status of PI3K/AKT pathway 
was also analyzed by western blot, and we found that both phos-
phorylated AKT and phosphorylated MAPK were obviously 
repressed. Furthermore, we repeated the experiment using MDA-
MB-361 (without HER3 expression) and MDA-MB-453 (with 
HER3 expression), and found that miR-450b-3p stable trans-
fected MDA-MB-453 proliferation activity was decreased, com-
pared with MDA-MB-361. We also found that HER3 expression 
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was downregulated and AKT pathway was repressed in MDA-
MB-453 stable cells (Fig. S1).

Then we established the tumor xenografts model to study 
the growth of miR-450b-3p expressing cells in vivo. As is shown 
in Figure 3D and E, the growth speed of miR-450b-3p stable 
SKBR3 cells was slower than the control groups. The tumor size 
of miR-450b-3p overexpressing stable cells was smaller than the 
untransfected group and the vector group. Furthermore we tested 
the HER3 expression and the AKT pathway in the xenografts 
and found the similar results that HER3 expression and AKT 
pathway were repressed in miR-450b-3p stable SKBR3 cells 
(Fig. S2).

Overall, these data suggested that overexpression of miR-
450b-3p inhibits SKBR3 cell growth in vitro and in vivo through 
inhibiting HER3 expression and subsequently suppressing 
HER3/PI3K/AKT pathway.

miR-450b-3p promotes responsiveness to doxorubicin and 
trastusumab

HER3 forms heterodimer with HER2 and has been impli-
cated as a key coreceptor to drive HER2-amplified breast can-
cer,19 inhibition of HER3 by siRNA or inhibition of ligand-
induced HER2/HER3 heterodimerization by pertuzumab 
contributed to repress cell proliferation. We suggested that 
inhibition of HER3 may have synergistic actions with HER2 

Figure 1. The expressions of miR-450b-3p and HER3 in breast cancer cells. (A) Schematic representation of the interaction between miR-450b-3p and 
the binding site on the wild-type HER3 3′ UTR, and the 6 bp modified in the mutated control. (B) The abundance of miR-450b-3p of the seven types of 
tissue or cell lines was evaluated by real-time PCR. The 18S rRNA was used as control. After normalization, data were transformed as log10 of relative quan-
tity (RQ). (C) The expression of HER3, HER2, and GAPDH (the loading control) were quantified by western blot in indicated cell lines. (D) MDA-MB-453 
and SKBR3 were transfected with 1nmol miR-450b-3p precursor or scrambled oligonucleotides for 36 h, and then cells were harvested and analyzed 
by western blot. The results are representative of three independent experiments; bars, SD, * and #, significantly different compared with scrambled 
control (P < 0.05).
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signal repression to induce cell death. Our results showed 
that miR-450b-3p overexpressing cell lines are more sensitive 
to trastusumab compared with control cells (Fig. 4A). These 
data indicated the blockage of HER2/HER3 signaling dually 
may augment therapeutic benefit by blocking HER2 with 
trastusumab.

It was documented that inhibition of doxorubicin-induced 
HER3-PI3K-AKT signaling enhances apoptosis of ovarian can-
cer cells.13 We hypothesized that blockage of HER3-PI3K-AKT 
pathway may synergistically promote cell apoptosis induced by 
doxorubicin. As is shown in Figure 4B, the control and stable 
cells were treated with 0.5 μM doxorubicin for 24 h, and the 
apoptosis percentage of control cells and vector transfected cells 
were 46.2% and 45.9% respectively; meanwhile the cell death 
of the two miR-450b-3p overexpressing cell lines are 87.3% and 
85.1% respectively. The results showed that the miR-450b-3p 
stable cell lines were more sensitive to doxorubicin, compared 
with control cells.

The clinical significance of miR-450b-3p and HER3 
expression

To evaluate the clinical relevance of our experimental obser-
vation, we examined the expression of miR-450b-3p and HER3 
in the tumor and paired adjacent non-tumorous tissues from 50 
breast cancer patients. A significant inverse correlation (P < 0.001, 
r = −0.3613, R2 = 0.3479) was observed between the expression 
of miR-450b-3p and HER3 in these breast cancer samples, sug-
gesting that HER3 is a clinically relevant miR-450b-3p target in 
breast cancer (Fig. 5A). Furthermore we found that miR-450b-3p 
expression was higher in paired adjacent non-cancerous tissues 
compared with tumor tissues (Fig. 5B). Although neither miR-
450b-3p downregulation nor HER3 upregulation alone showed 
significant association with patients’ overall survival (data not 
shown), breast cancer patients with tumors which exhibits upreg-
ulated HER3 (>2-fold) and downregulated miR-450b-3p expres-
sion (>2-fold) compared with the paired adjacent non-tumorous 
tissues were found to be significantly associated with poorer 

Figure 2. miR-450b-3p directly targets 3′ UTR of HER3 and its downstream pathways. (A) Structures of the plasmid pGL3-promoter-HER3-3′ UTR. The 
whole HER3 3′ UTR (wild type or mutant) was fused to the immediate downstream of firefly luciferase cDNA in pGL3-promoter (Promega) to yield pGL3-
promoter-HER3-3′ UTR wild type or mutant. (B) The luciferase activity of pGL3-promoter-HER3-3′ UTR wild type or mutant was measured in presence 
of scrambled miRNA or miR-450b-3p precursor. The renilla luciferase activity was used as the transfection control. The data was calculated from three 
independent experiments. Bars, SD. *, significantly different compared with scrambled control (P < 0.05). (C) The SKBR3 cells were transfected with 
pSUPER or increasing amount of pSUPER-miR-450b-3p for 36 h, and indicated molecules were analyzed by western blot. The results are representative 
of three independent experiments. Bars, SD. *, # and §, significantly different compared with scrambled control (P < 0.05).
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overall survival (P < 0.05) (Fig.  5C). Collectively, these data 
suggested that downregulation of miR-450b-3p expression with 
concurrent overexpression of HER3 may serve as a prognostic 
biomarker predicting the patients’ overall survival.

Discussion

Recently the modulation of HER family members by miR-
NAs becomes a field of great interest. It was reported that 
enforced expression of miR-125a or miR-125b coordinately 

suppressed HER2 and HER3 mediated signaling transduction in 
breast cancer cells.15 miR-331-3p regulated HER2 expression and 
androgen receptor signaling in prostate cancer.20 Many studies 
have focused on HER2 modulation, however, the modulation of 
HER3 by miRNA remains largely unknown. To our knowledge, 
only miR-205 has been reported to be able to destabilize the 
mRNA of HER3 and repress the HER3 mediated PI3K/AKT 
pathway in breast cancer cells.21 Recently miRNA106b has been 
reported to inhibit HER3 expression and synergize with TKI to 
SKBR3 cells.16 Cancers with driving HER3 amplifications or 
mutations have not been found, and studies of its expression in 

Figure 3. The effects of miR-450b-3p on the proliferation of cancer cells. (A) miR-450b-3p expression of the SKBR3 cells stably transfected with pSUPER-
miR-450b-3p was evaluated by real-time PCR. (B) The HER3/AKT associated pathway was assessed by western blot in stable transfected cells and control 
cells. (C) Clonogenic assay was used to evaluate the proliferative activity of the cells. Two hundred indicated cells were seeded in medium including 
20% FBS and grew for 15 d, and then stained by crystal violet and visualized. The photographs are representative of three independent experiments; 
bars, SD. * and #, significantly different compared with untransfected control (P < 0.05). (D) Subcutaneous xenografts formation was used to evaluate 
the tumorigenesis potential of SKBR3 cells transfected with indicated plasmid. The results are representative typical photographs of SKBR3 xenograft 
models. (E) Mice bearing SKBR3 xenografts were measured 28 d after inoculation once every 2 d. After 14 d, the mice were sacrificed and the tumors 
were removed and analyzed. * and #, significantly different compared with untransfected control (P < 0.05)
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tumors have been only weakly provoca-
tive. We suspected that the overexpres-
sion of HER3 in breast cancer cells was 
dominantly controlled on transcriptional 
or posttranscriptional level by other mol-
ecules, especially by miRNA. We com-
bined the database search and manual 
check and found that miR-450b-3p is one 
of the potential candidates.

It’s well known that the miRNAs 
generally bind to the coding region or 3′ 
UTR of their target mRNAs and repress 
protein production by destabilizing the 
mRNA and translational silencing. The 
putative function of miR-450b-3p has 
not been fully understood. It was reported 
that miR-450b-5p was downregulated in 
the liver of mouse primary infected with 
Plasmodium chabaudi malaria.22 Recently 
higher expression of miR-450b-5p has 
been reported to be associated with bet-
ter response to neoadjuvant chemoradio-
therapy in the locally advanced rectal 
cancer patients; however, the mechanisms 
remained unknown.23 Our results pro-
vided the new clues that miR-450b-3p 
interacts with HER3 mRNA at 3′ UTR 
to repress HER3 expression and to modu-
late HER3 mediated PI3K/AKT pathway. 
To our knowledge, this is the first article 
to discuss the regulation of HER3 by 
miR-450b-3p in breast cancers.

To date, every type of breast tumor 
analyzed by miRNA profiling has shown 
significantly different miRNA profiles 
(for mature and/or precursor miRNAs) 
compared with normal cells from the same tissue.24 The pub-
lished large-scale miRNA profiles revealed that several miR-
NAs are consistently deregulated in tumors from breast cancer 
patients.25 Furthermore the key pathway involved with the indi-
vidual miRNA was indentified in breast cancer. In fact a global 
decrease in miRNA expression has been observed in human can-
cers, suggesting that most miRNAs may act as tumor suppressors 
to downregulate the survival/proliferation pathways.26 Our result 
provided a new example for this assumption. We found that the 
profiles of miR-450b-3p are varied in different cancer cells and 
are strongly and reversely association of the HER3 expression.

It was reported that PI3K inhibitors can upregulate HER3 
expression and activity, as a feedback, to attenuate antitumor 
effect of PI3K inhibitors in HER2-overepressing cells.14,27 We 
suggested that the HER2 antagonists may induce the HER3 
expression and activity, following the PI3K/AKT pathway sup-
pression, to attenuate the response to these agents. Inhibition 
of HER3 expression or associated pathway may synergize with 
HER2 antagonists to repress the PI3K/AKT pathway and the 
feedback loop. Our results proved that miR-450b-3p enhanced 

the responsiveness of the breast cancer cells to trastuzumab and 
indicated that combination with HER2/HER3 antagonists 
should have better therapeutic effects.

Resistance to chemotherapy is a serious problem for the suc-
cessful treatment during many cancers treatment such as ovar-
ian cancer and breast cancer. The widely used chemotherapeu-
tic drug doxorubicin has dual functions of inducing apoptosis 
signals such as p53 pathway, as well as survival signals such as 
PI3K/AKT pathway. It was demonstrated that activation of 
the HER3/PI3K/AKT signaling cascade induced by doxorubi-
cin plays critical roles in chemotherapy resistance.13 Our results 
showed that the blockage of HER3-PI3K-AKT pathway with the 
miR-450b-3p overexpression enhanced the response to doxorubi-
cin. Giving the complication of function of doxorubicin, whether 
other pathways are involved in cannot be excluded. But at least in 
the cells with HER3 high-expression, the inhibitory of HER3-
PI3K-AKT pathway should be an effective method to improve 
the efficacy of doxorubicin.

Up to now, the results are controversial about the prognos-
tic impact of HER3 overexpression in cancers. The predictive 

Figure  4. miR-450b-3p overexpression sensitizes the responsiveness to trastusumab and doxo-
rubicin. Different clones of SKBR3 cells with stably transfected miR-450b-3p or control cells were 
treated with indicated concentration of trastusumab for 24 h (A) or with 0.5 μM of doxorubicin for 
24 h (B) respectively. And then the cells were harvested and evaluated for the percentage of apop-
tosis by Annexin/propidium iodied assay.
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significance of HER3 expression depends on the HER3 cellular 
localization and depends on the cancer type where the HER2 is 
overexpressed or not. For example, a metaanalysis showed that 
expression of HER3 is associated with worse survival in solid 
tumors. The influence of HER3 may be greater in those tumors 
where HER2 is commonly overexpressed.28 Membranous HER3 
expression is strongly associated with poor prognosis in head and 
neck squamous cell carcinoma and nucleus HER3 predicts a 
more favorable overall survival in uveal melanoma.29,30 Co-over-
expression of HER3 and HER2 is associated with significantly 
decreased survival in breast cancer, but individual overexpres-
sion is not.31,32 Our finding consists with the others’ results that 
HER3 overexpression alone is not associated with overall sur-
vival in breast cancer patients. Therefore, we further found that 
downregulation of miR-450b-3p expression combined with over-
expression of HER3 may have prognostic significance in breast 
cancer. The higher expression of miR-450b-3p in adjacent non-
cancerous tissues indicated that the status of miR-450b-3p may 
contribute to tumor occurrence or progressive.

In summary, we identify miR-450b-3p as a new oncosup-
pressor molecule in breast cancer, which is able to interfere with 
the proliferative pathway mediated by the HER receptor. Our 
study also provides experimental evidence that miR-450b-3p 

can improve the responsiveness to trastuzumab and chemother-
apeutic drug treatment, indicating the possibility of using this 
microRNA as a new biomarker for response to specific therapies 
and as a tool of an innovative and promising therapy.

Materials and Methods

Chemicals
Dulbecco’s modified Eagle medium (D-MEM), penicillin, 

streptomycin, and trypsin-EDTA were obtained from GIBCO. 
Fetal bovine serum was obtained from Sijiqing Beijin. Lipo-
fectamine 2000 was purchased from Invitrogen. Trastuzumab 
was purchased from Roche. The remaining reagents were 
obtained from Sigma, unless otherwise specified.

Cell lines and patient samples
The normal breast tissue was collected at. HeLa, MCF7, 

MCF10A, MDA-MB-361, BT-474, and MDA-MB-453 cells 
were cultured in D-MEM supplemented with 20% FBS and 
2 mmol/L glutamine, 100 U/mL penicillin, and 100 μg/mL 
streptomycin at 37 °C in 5% CO

2
. SKBR3 cells were cultured 

in McCoy’s 5A medium supplemented with 20% FBS and 
2  mmol/L glutamine, 100 U/mL penicillin, and 100 mg/mL 

Figure 5. The clinical significance of miR-450b-3p and HER3 expression. (A) The miR-450b-3p and HER3 expression in the tumor from 50 breast cancer 
patients was detected using q-PCR. HER3 expression was normalized to GAPDH. miR-450b-3p expression was normalized to 18S RNA. Data were trans-
formed as log2 of relative quantity (RQ). (B) The miR-450b-3p in the tumor and paired adjacent non-tumorous tissues from 50 breast cancer patients was 
detected using q-PCR. The results were normalized to 18S RNA. Data were transformed as log10 of relative quantity. *, significantly different compared 
with adjacent non-tumorous tissues. (C) Kaplan–Meier curve was used to evaluate survival rate difference in the patients with or without more than 
2-fold upregulated HER3 and 2-fold downregulated miR-450b-3p expression.
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streptomycin at 37 °C in 5% CO
2
. Fresh breast cancer tissue 

samples, together with their paired adjacent non-cancerous tis-
sues from each patient, were collected from breast cancer curative 
resection surgery, snap frozen, and stored in liquid nitrogen until 
use for experimental purposes. For the use of these clinical mate-
rials for research purposes, prior patients’ written informed con-
sents and approval from the Institutional Research Ethics Com-
mittee of the Affiliated Jiangyin Hospital of Southeast University 
Medical College were obtained.

Plasmid construction and transfection
To generate a plasmid expressing miR-450b-3p, we 

annealed the following long primers, 5′-GATCCCCGGA 
UGCAAAAUGA UCCCAATTCA AGAGATTGGG 
AUCATTTTGC AUCCTTTTTA-3′ and 5′-AGCTTAAAAA 
GGAUGCAAAA UGAUCCCAAT CTCTTGAATT 
GGGAUCATTT TGCAUCCGGG-3′ and then inserted 
into pSUPER-retro-puro vector at the BamHI and HindIII 
sites. The pGL3-HER3 3′ UTR reporter plasmid was con-
structed by inserting the full 1451-bp segment of the HER3 
3′ UTR into a pGL3-Promoter plasmid at XbaI site. The fol-
lowing primers were used to amplify the HER3 3′ UTR: sense, 
5′-AAATCTAGAC TCCTGCTCCCT GTGGCACTCA 
GG-3′ and antisense, 5′-GGGTCTAGAT GAAAAAAAAC 
TTTGGCATTT TTAT-3′. The sense and antisense orienta-
tions of the HER3 3′ UTR in the luciferase reporter were iden-
tified by both enzyme digestion and DNA sequencing. A pGL3-
HER3 3′ UTR plasmid containing mutated miR-450b-3p 
binding site within the 3′ UTR was generated using Stratagene’s 
QuikChange II Site Directed Mutagenesis Kit according to the 
manufacturer’s instructions. The primers for mutant were sense, 
5′-ATTGGGAGGAT TAACGTACCT GGATCTACT-3′ 
and antisense, 5′-AGTAGATCCA GGTACGTTAA 
TCCTCCCAAT-3′.

Transient transfection was performed with Lipofectamine 
2000 according to the manufacturer’s instructions. SKBR3 or 
MDA-MB-453 cells were seeded at a density of 5 × 105 cells per 
well of a 6-well plate. After allowing cells to grow overnight, the 
cells were transfected with noted plasmids. Twenty-eight hours 
after transfection, cells were harvested for western blot analysis. 
For luciferase assay, the time before harvest was 20 h.

To establish the miR-450b-3p stable expression cell line, 
pSUPER-retro-puro- miR-450b-3p plasmid was transfected to 
SKBR3 cells according to the manuals and the empty vector was 
used as control. Forty-eight hours later, the transfected cells were 
cultured in the medium with 2 μg/mL puromycin to establish 
the stable cell line. Several puromycin resistant colonies were 
picked up and expanded for conformation by analyzing the miR-
450b-3p expression.

Flow cytometry assays
The flow cytometry assay was used to quantify cell apoptosis. 

Briefly, cells with or without treatment were washed twice with 
phosphate-buffered saline and then stained with fluorescein iso-
thiocyanate-Annexin-V and propidium iodide for 1 h, according 

to the manufacturer’s instructions. Stained cells were detected by 
using the FACScan (Becton Dickinson) and analyzed by using 
the FlowJo software (Tree star Inc.).

RNA extraction and real-time PCR
Total RNA was extracted from cell lines and human samples 

with Trizol (Invitrogen) according to the manufacturer’s instruc-
tions. The concentration of RNA was quantified using Nano-
Drop Specthophotometer (NanoDrop Technologies). TaqMan 
MicroRNA Reverse Transcription kit and TaqMan MicroRNA 
Assay were used to detect and quantify mature miR-450b-3p in 
accordance with manufacturer’s instructions (Applied Biosys-
tems). Normalization was performed with18S rRNA.

Western blot
Cells from different experimental conditions were collected 

and pelleted. Western blot analysis was performed as described.33 
The blots were incubated with noted antibody. All the antibodies 
were purchased from Santa Cruz.

Clonogenic assay of cells in vitro
Clonogenic assay was used to assess the proliferation of can-

cer cells according the reference.34 Briefly, exponentially growing 
cells were harvested and 200 cells were re-plated in a 6-well plate, 
allowing them to grow for 14 d to form colonies, which were 
then stained with crystal violet (0.5 g/L) and visualized under 
the microscope.

Xenograft tumor studies
The Institutional Animal Care and Use Committee of the 

Affiliated Jiangyin Hospital of Southeast University Medical 
College approved the protocol for animal experiments. All mice 
were handled in strict accordance with good animal practice as 
defined by the relevant national and/or local animal welfare bod-
ies. Five mice each group were used for study. Six-week-old Nu/
Nu nude mice were housed under pathogen-free conditions in 
microisolator cages. Xenografts were raised by injecting 5 × 106 
of SKBR3 cells stably transfected with indicated plasmid in a bal-
anced salt solution into subcutaneous tissue over the flank region 
of nude mice. Tumor volume was assessed by caliper measure-
ments once every two days from 28th day and calculated with 
the formula: V = (L × W2) / 2 (L, length; W, width) as previously 
described.35 Forty-two days after inoculation, mice were sacri-
ficed by inhaled CO

2
. Harvested tumors were used for further 

analysis.
Statistical analysis
Significant differences between two groups were analyzed 

using the two-sided unpaired Student t test and P value < 0.05 
was considered statistically significant. Statistical analysis was 
performed with Graphpad Prism 5 software.
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