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Background: MicroRNAs (miRNAs) are a class of non-coding RNAs that have been linked
with breast cancer chemoresistance, which is a major clinical problem causing disease
relapse and poor prognosis. miR-7 exerts several tumor suppressive activities.

Purpose: This study was designed to clarify whether and how miR-7 regulates breast cancer
chemoresistance.

Methods: miR-7 level in breast cancer was determined by qRT-PCR analysis. Cell viability
was assessed by MTS assay to quantify the ICs,y value of paclitaxel and carboplatin. The
targets of miR-7 were confirmed by luciferase reporter assay.

Results: Higher miR-7 expression predicts better pathological complete response (pCR) of
breast cancer patients receiving paclitaxel/carboplatin chemotherapy. In vitro, miR-7 sensi-
tizes breast cancer cell lines (MCF-7 and MDA-MB-231) to paclitaxel and carboplatin, alone
and in combination. In addition, we reveal that both the multidrug resistance-associated
protein 1 (MRP1) and anti-apoptotic B cell lymphoma 2 (BCL2) are targets of miR-7 in
breast cancer cells. Furthermore, miR-7-induced sensitization of breast cancer to paclitaxel/
carboplatin is markedly reversed by restoration of MRP1 and BCL2.

Conclusion: These findings show that miR-7 reverses breast cancer chemoresistance
through suppressing MRP1 and BCL2, and also suggest that miR-7 may possess a predictive
value and represent a therapeutic target in breast cancer chemotherapy.

Keywords: miR-7, breast cancer, pathological complete response, chemoresistance, MRP1,
BCL2

Introduction

Breast cancer is the most common malignancy and the leading cause of cancer-
related death in women.! Owing to the development of modern mammographic
screening and neoadjuvant chemotherapy, the prognosis of breast cancer patients
has been largely improved over the past decades.”® However, despite different
treatment modalities, chemoresistance frequently emerges in breast cancer patients,”
which remains to be a major clinical impediment to achieve successful treatment.” To
discover more effective therapeutics, a better understanding of the molecular mechan-
isms of breast cancer chemoresistance is warranted.

In addition to its effectiveness and increasing usage for treating newly diag-
nosed or locally advanced breast cancer, neoadjuvant chemotherapy also permits
the assessment of treatment response, which holds the potentiality to avoid ineffec-
tive regimens and help to discover novel therapeutic targets. The pathologic
complete response (pCR) has recently been used as a prognostic parameter asso-
ciated with improved long-term outcomes following neoadjuvant chemotherapy.’

submit your manuscript

Dove n

http:

in 3

OncoTargets and Therapy 2019:12 1109711105 11097
© 2019 Hong et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY _NC /b

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://c g/li y-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).



http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Hong et al

Dove

Therefore, searching novel biomarkers for predicting pCR
would be clinically valuable for guiding the utilization of
neoadjuvant chemotherapy.

microRNAs (miRNAs) are short noncoding RNA
molecules that negatively regulate gene expression via
targeting mRNAs.® In recent years, increasing evidence
has shown that some miRNAs, such as miR-621° and
miR-205,'" are involved in chemoresistance regulation
and also possess predictive value for chemotherapy
response of breast cancer, implicating that miRNAs
could serve as promising predictive biomarkers and ther-
apeutic targets in breast cancer treatment. Studies have
reported that miR-7 inhibits the invasion and metastasis
of breast cancer.'"'? Lately, the intratumoral level of miR-
7 was shown to be linked with breast cancer response to
anthracycline/taxane-based neoadjuvant chemotherapy.'?
However, whether miR-7 predicts pCR to other regimens
needs further investigation, and secondly, whether it reg-
ulates chemoresistance in breast cancer is unknown either.
In this study, we investigated the predictive value of miR-7
in pCR following paclitaxel plus carboplatin chemother-
apy and explored the mechanisms by which miR-7 regu-

lates breast cancer chemoresistance.
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Summary of patients’ characteristics
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Subtype 0.325 =
Invasive ductal (%) 21 (66) 19 (68) &
Invasive lobular (%) 6 (18) 4 (14)
Invasive (mixed) (%) 5(16) 5(18)
TNM stage (%) 0.221
I-1NA 20 (63) 19 (68)
B-Iv 12 (37) 9(32)
High miR-7 level (%) 9 (28%) 18 (64%) 0.026

pCR, pathological complete response;
TNM, tumor node metastasis.

(normalized to U6)

Materials And Methods

Patient Samples

A total of 60 breast cancer patients manifesting pathologi-
cal complete response (pCR, n = 28) or not (non-pCR, n =
32) following 4 cycles of paclitaxel plus carboplatin che-
motherapy (paclitaxel, 80 mg/m?; carboplatin at an area
under the curve of 2 mg x min/mL) were recruited in this
study (Figure 1). The study was approved by the ethical
committee of Jinjiang Hospital of Quanzhou Medical
College. The written informed consent was obtained
from all patients. Patients without invasive tumors in the
final surgical breast and axillary lymph nodes or with
residual ductal carcinoma in situ were included into pCR
group. Breast cancer tissues were obtained by a core
biopsy before chemotherapy and stored immediately at
—80°C.

Cell Lines And Viability Measurement

Human breast cancer cell lines MCF-7 and MDA-MB-
231, and HEK293 cells were purchased from the
American Type Culture Collection (Manassas, VA,
USA). The paclitaxel-resistant MCF-7 cells (MCF-7-PR)
were established and maintained in culture medium with

C
51
1001
4] P<005 S
31 . c
. i 60-
2] o ° o _‘i. g 404 P <005
°°o°°°° g 3 miR-7 high (n = 30)
1' g%%io% g 20_ miR-7 low (n = 30)
o00800 o
0—= . 0 . . . i i ‘
Non-pCR pCR 0 10 20 30 40 50 60

(n=32) (n=28) Time (months)

Figure | Higher miR-7 expression predicts better pathological complete response of breast cancer patients. (A) Clinical information and demographics of breast cancer
patients achieving pathological complete response (pCR, n = 28) or not (non-pCR, n = 32) to paclitaxel plus carboplatin neoadjuvant chemotherapy. Fisher’s exact test. (B)
miR-7 expression level in breast cancer patients was determined by quantitative real-time PCR (qQRT-PCR). Data were normalized to Ué6. Each symbol represents the mean
value from 3 replicates of each patient. (C) Breast cancer patients were evenly stratified by high (n = 30) and low (n = 30) miR-7 expression level, and disease-free survival

was analyzed by Kaplan—Meier method.
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10 pg/mL paclitaxel. All cells were cultured under stan-
dard conditions. MCF-7, MCF-7-PR, and MDA-MB-231
cells were treated with serial dilutions of paclitaxel (1-100
pg/mL) (Sigma) and carboplatin (0.05-3 mg/mL) (Sigma)
for 72 hrs. Cell viability was determined by MTS assay
using the CellTiter 96 AQueous Solution Reagent kit
(Promega) according to the manufacturer’s instructions.
ICso values were calculated. Each treatment was carried
out with 5 replicates.

Lentiviral Infection

Human MRP1 gene and BCL2 gene were amplified by
PCR and individually cloned into the pCDH-CMV-Puro
lentiviral vector (System Biosciences, Palo Alto, CA,
USA). Lentivirus was produced as previously described.'
MCF-7 and MDA-MB-231 cells were infected with vector
control, MRP1-overexpressing, or BCL2-overexpressing
lentivirus at a multiplicity of infection (MOI) of 100 in
the presence of 10 pg/mL polybrene. The stably infected
cells were selected by puromycin. The overexpression was
confirmed by Western blotting analysis as described
below.

Western Blotting

Total protein extracts were obtained through the homoge-
nization of cells in RIPA lysis buffer on ice for 20 mins,
followed by centrifugation at 10,000 x g for 10 mins at 4°
C. Equal amount of proteins were separated by SDS-
PAGE and transferred to PVDF membranes (Millipore).
Membranes were probed with primary antibodies against
MRP1 (Abcam, ab24102), BCL2 (Proteintech, 12789-1-
AP), and B-Actin (Santa Cruz, sc-47778). Then, mem-
branes were incubated with HRP-conjugated secondary
antibodies (Santa Cruz) and protein bands were developed
by the ECL Western blotting detection system (GE
Healthcare). Protein bands were quantified using the
Image] 1.63 (National Institutes of Health, Bethesda,
MD, USA).

qRT-PCR Analysis

Total RNA was isolated with Trizol reagent (Invitrogen)
and reverted to cDNA using the RevertAid First Strand
cDNA Synthesis Kit (ThermoFisher Scientific) according
to the manufacturers’ instructions. qRT-PCR reactions
were performed in triplicates using synthetic primers
(RiboBio), SYBR Green qPCR Supermix (Invitrogen),
and CFX96 real-time PCR System (Bio-Rad). Primers
were available upon request. Cycle threshold (Ct) values

were determined, and expression levels were normalized
to U6 or B-Actin in each reaction.

Cell Transfection And Luciferase
Reporter Assay

The control mimic, miR-7 mimic, control inhibitor, and
miR-7 inhibitor were purchased from GenePharma
(Shanghai, China) and transfected into MCF-7 and
MDA-MB-231
(Invitrogen) following the manufacturer’s protocols (final

cells wusing the Lipofectamine 2000

concentration: 100 nM). At 48 hrs after transfection, cells
were collected for measuring miR-7 expression or used for
further experiments. For luciferase reporter assay, 3'-UTR
fragment of MRP1 and BCL2 was cloned into the
pGL3-control vectors (Promega). The mutant construct
was developed by using the Phusion Site-Directed
Mutagenesis Kit (ThermoFisher Scientific). HEK293
cells were seeded in 24-well plates and co-transfected
firefly luciferase reporter vector, control Renilla pRL-TK
vector (Promega) with control mimic, miR-7 mimic, con-
trol inhibitor, or miR-7 inhibitor using the Lipofectamine
2000. At 48 hrs after transfection, cells were lysed and the
activity of firefly and Renilla luciferase was assessed using
the Dual-luciferase Reporter Assay System (Promega)
according to the manufacturer’s instructions. Each treat-
ment was performed with 4 replicates, and firefly lucifer-
ase activity was normalized to Renilla luciferase activity
for each well.

Statistical Analysis

Statistical analysis was performed using the SPSS 24.0
(SPSS Inc, Chicago, IL, USA). Patient disease-free survi-
val (DFS) was analyzed by the Kaplan—-Meier method, and
miR-7 predictive value was analyzed by ROC curve. Data
were expressed as the mean + s.e.m., and compared by
two-tailed Student’s ¢-test or one-way ANOVA analysis. P
value < 0.05 was considered statistically significant for all
analyses.

Results
miR-7 Level Predicts Pathological
Complete Response Of Breast Cancer

Patients

Paclitaxel plus carboplatin regimen has long been used as
a first-line neoadjuvant chemotherapy for women with
metastatic breast cancer.'>!® However, reliable clinical
parameters capable of predicting therapeutic response to
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this regimen are unavailable. To examine whether miR-7
has predictive value for pathological complete response
(pCR), a prognostic parameter defined by absence of inva-
sive cancer following treatment,” we compared its intratu-
moral expression between breast cancer patients achieved
pCR (pCR, n = 28) and those did not achieve pCR (non-
pCR, n = 32) following 4 cycles of paclitaxel plus carbo-
platin chemotherapy. Patients’ clinical information and
demographics including the expression of miR-7 are sum-
marized in Figure 1A. Quantitative real-time PCR (qRT-
PCR) analysis showed that miR-7 level was significantly
higher in pCR patients than that in non-pCR patients
(Figure 1B, p < 0.05), suggesting that higher miR-7 level
is associated with a better therapeutic response to pacli-
taxel plus carboplatin regimen in breast cancer patients.
Patients who achieved pCR in this analysis are currently
disease-free, and the Kaplan—Meier analysis showed that
pCR was correlated with an improved DFS (data not
shown). We next investigated whether miR-7 level is
associated with patient’s DFS. To address it, the whole
60 breast cancer patients were equally stratified into miR-
7-low and miR-7-high groups. The Kaplan—Meier analysis
revealed that patients in miR-7-high group had a signifi-
cantly longer DFS than those in miR-7-low group
(Figure 1C, p < 0.05). Therefore, these results suggest
that higher miR-7 level predicts a better pCR to paclitaxel
plus carboplatin chemotherapy, which is associated with a
favorable long-term outcome in breast cancer patients.

miR-7 Sensitizes Breast Cancer To
Paclitaxel And Carboplatin

The earlier studies on clinical samples suggest that higher
miR-7 level is associated with higher sensitivity to paclitaxel
plus carboplatin chemotherapy. Next, to gain insight into the
functional role of miR-7 in breast cancer chemoresistance,
synthetic mimic was transfected into two human breast cancer
cell lines, MCF-7 and MDA-MB-231, for overexpressing
miR-7. The efficient enforced expression of miR-7 in both
cell lines was confirmed by qRT-PCR analysis, as compared
with negative control (NC) mimic (Figure 2A). Next, these
cells were treated with serial dilutions of paclitaxel and carbo-
platin, and cell viability was then measured by MTS assay.
Results showed that in contrast to NC mimic transfection, the
ICso values of paclitaxel (Figure 2B) and carboplatin
(Figure 2C) were drastically lower in both MCF-7 and
MDA-MB-231 cells overexpressed with miR-7. Similarly,
cell viability of miR-7-overexpressing MCF-7 and MDA-

MB-231 (Figure 2D) cells was overtly decreased in response
to paclitaxel plus carboplatin, indicating that these cells dis-
play increased sensitivity to both paclitaxel and carboplatin.
To strengthen these observations, miR-7 was knocked down in
MCF-7 and MDA-MB-231 cells via transfecting miR-7 inhi-
bitor, which was validated by qRT-PCR analysis (Figure 2E).
Notably, in agreement with miR-7 overexpression, its knock-
down resulted in higher ICs, values of paclitaxel (Figure 2F)
and carboplatin (Figure 2G), and elevated cell viability
(Figure 2H) in MCF-7 and MDA-MB-231 cells treated with
paclitaxel and carboplatin. Furthermore, consistently, miR-7
overexpression drastically reduced paclitaxel IC50 value, and
in reverse, miR-7 inhibition increased it in paclitaxel-resistant
MCF-7 cells (MCF-7-PR) (Figure 2I). Overall, these data
show that miR-7 reveres chemoresistance in breast cancer
cells, at least in vitro.

MRP| And BCL2 Are Both Targets Of

miR-7 In Breast Cancer

To elucidate how miR-7 regulates breast cancer chemoresis-
tance, its potential mRNA targets were predicted by in-silico
algorithms (TargetScan and miRBase).'” Among these puta-
tive targets (Supplementary Table 1), we found two chemore-

sistance-related molecules, including the multiple drug
resistance protein 1 (MRPI1)'® and B-cell lymphoma 2
(BCL2)" (Figure 3A). As shown by luciferase reporter
assay, miR-7 overexpression inhibited and its knockdown
increased luciferase activity of both MRP1 and BCL2 wild-
type constructs, meanwhile, with mutant ones unaffected
(Figure 3B-C). Moreover, in MCF-7 and MDA-MB-231
cells, miR-7 overexpression suppressed and its knockdown
increased mRNA level (Figure 3D-E) and protein level
(Figure 3F) of MRP1 and BCL2. Furthermore, contrary to
a significant higher miR-7 expression in pCR patients
(Figure 1B), the mRNA levels of MRP1 and BCL2 were
both found downregulated in these patients (Figure 3G), thus
further proving that MRP1 and BCL2 are direct targets of
miR-7 in breast cancer.

Targeted MRPI And BCL2 Both
Contribute To miR-7-Induced
Sensitization Of Breast Cancer To

Paclitaxel And Carboplatin

To understand whether MRP1 and BCL2 are involved in
miR-7 regulation of breast cancer response to paclitaxel
and carboplatin, the expression of MRP1 (Figure 4A) and
BCL2 (Figure 4E) was restored by lentiviral infection in
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Figure 2 miR-7 sensitizes breast cancer to chemotherapy. (A) MCF-7 and MDA-MB-231 cells were transfected with control mimic or miR-7 mimic. After 48 hrs, miR-7 expression
level was determined by qRT-PCR analysis (n = 3). (B=C) MCF-7 and MDA-MB-23 cells shown in (A) were further treated with serial dilutions of paclitaxel (B) and carboplatin (C) for
72 hrs. Cell viability was measured by MTS assay and ICsq values were calculated (n = 5). (D) MCF-7 and MDA-MB-231 cells shown in (A) were further treated with 10 uM paclitaxel
plus 100 uM carboplatin as indicated for 72 hrs. Cell viability was measured by MTS assay and percentage of cell survival relative to NC mimic treatment was calculated (n = 5). (E-H)
MCF-7 and MDA-MB-231 cells were transfected with control inhibitor or miR-7 inhibitor. miR-7 expression level (E), ICs values (F=G), and cell viability (H) were analyzed as in (A-D).
(I) The paclitaxel-resistant MCF-7 cells (MCF-7-PR) were transfected as indicated and further treated with serial dilutions of paclitaxel for 72 hrs. Cell viability was measured by MTS
assay and 1Csg values were calculated (n = 5). Data were expressed as the mean + S.EM. *p < 0.05; *p < 0.01.

miR-7-overexpressing MCF-7 and MDA-MB-231 cells.
Evidently, along with MRP1 restoration, miR-7-decreased
ICs5o values of paclitaxel (Figure 4B) and carboplatin
(Figure 4C) in both MCF-7 and MDA-MB-231 cells were
largely rescued. Moreover, MRP1 restoration also led to
significant recovery in cell viability when treated with pacli-
taxel plus carboplatin (Figure 4D). These findings indicate
that the suppressed MRP1 contributes to miR-7-increased
breast cancer sensitivity to paclitaxel and carboplatin.
Alternatively, similar to MRP1, the restoration of BCL2
expression also prominently rescued I1Cs values of paclitaxel
(Figure 4F) and carboplatin (Figure 4G), as well as cell
viability (Figure 4H), in MCF-7 and MDA-MB-231 cells
exposed to paclitaxel and carboplatin treatment. Moreover,
in contrast to miR-7 overexpression, its inhibition resulted in
significant increase in IC50 values of paclitaxel (Figure 4J)
and carboplatin (Figure 4K) in MCF-7 cells overexpressed
with both MRP1 and BCL-2 (Figure 4I). Altogether,

according to these mechanistic evidence, we propose that
miR-7 increases breast cancer sensitivity to paclitaxel and
carboplatin through inhibiting both MRP1 and BCL2.

Discussion

Despite great improvement in breast cancer treatment, the
frequently emerging chemoresistance remains a major chal-
lenge for improving the effectiveness of chemotherapeutic
agents and clinical outcome of breast cancer patients.?
Owing to several advantages compared with traditional che-
motherapy, including the permission of evaluating tumor
response to treatment, neoadjuvant chemotherapy, a type of
chemotherapy before surgical treatment, is commonly used
as a standard option for treating locally advanced breast

CEIIICGI'.2 1,22

pCR is a pathological parameter defined as a
complete clinical response with no residual invasive disease
when evaluating the surgical breast specimen in women.*?

Studies have shown that pCR achievement after neoadjuvant
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Figure 3 MRP| and BCL2 are both targets of miR-7 in breast cancer. (A) Schematic representation of the putative miR-7 binding site within the 3’-UTR sequence of MRPI
mRNA and BCL2 mRNA. (B) HEK293T cells were transfected control mimic or miR-7 mimic along with wild-type (wt) or mutant (mut) MRPI or BCL2 3'-UTR luciferase
reporter as indicated. After 48 hrs, luciferase activity was measured (n = 4). (C) HEK293T cells were transfected control inhibitor or miR-7 inhibitor along with wt or mut
MRPI| or BCL2 3'-UTR luciferase reporter as indicated. After 48 hrs, luciferase activity was measured (n = 4). (D-E) MCF-7 and MDA-MB-231 cells were transfected with
control mimic or miR-7 mimic (D), or with control inhibitor or miR-7 inhibitor (E). After 48 hrs, the mRNA levels of MRP| and BCL2 were determined by qRT-PCR analysis
(n = 3). (F) MCF-7 and MDA-MB-231 cells were treated as in (D=E). The protein levels of MRP| and BCL2 were determined by Western blot analysis. Images from 3
independent experiments are shown. (G) The mRNA levels of MRP| and BCL2 were determined in 5 representative breast cancer patients stratified by non-pCR and pCR.

Data were expressed as the mean = S.E.M. *p < 0.01; NS, not significant.

treatment is strongly associated with a better long-term
outcome,”**> for which, albeit, pCR is still not validated as
a surrogate endpoint.” In our study, we show that higher miR-
7 is a favorable biomarker for predicting better pCR in breast
cancer patients receiving paclitaxel plus carboplatin neoad-
juvant chemotherapy. In addition to the investigations on
clinical samples, we subsequently demonstrate that miR-7
sensitizes breast cancer cells to these two agents at least by
targeting two key chemoresistance-associated molecules,
MRP1 and BCL2, therefore establishing a potential molecu-
lar mechanistic link between miR-7-conferred better
response to paclitaxel plus carboplatin neoadjuvant che-
motherapy and reduced chemoresistance. In this sense, our
findings may shed new light on miR-7 regulation of breast
cancer chemoresistance.

The expression profile of miRNAs has been associated
with pathologic response to neoadjuvant chemotherapy.®® In
a recent study, intratumoral miR-7 expression was reported to

predict pCR in breast cancer patients treated with anthracy-
cline/taxane-based neoadjuvant chemotherapy.]3 In this study,
we show that miR-7 also has a predictive value for pCR and
higher miR-7 level is significantly associated with longer DFS
in patients received paclitaxel plus carboplatin treatment; thus,
these observations may extend its potential application to pre-
dict response to another specific regimen in breast cancer
patients. Our results may also highlight miR-7 as a potential
biomarker to guide the neoadjuvant chemotherapy in breast
cancer patients in the future. However, it should be noted that
the clinical sample size is relatively limited. Further analogous
studies would be required to consolidate the predictive value of
miR-7 in pCR. Moreover, to our knowledge, miR-7 has also
been associated with prognosis of patients with colorectal
cancer’’ and lung cancer.®® We speculate that miR-7 could
also be useful for predicting pCR in these cancers. It is of
interest and clinical significance to examine whether this is the
case in future investigations.
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Figure 4 Targeted MRPI and BCL2 are both involved in miR-7-sensitized breast cancer to chemotherapy. (A) MCF-7 and MDA-MB-231 cells were stably infected with
lentivirus expressing vector control (Lv-vec) or human MRPI (Lv-MRPI), and then transfected with control mimic or miR-7 mimic. After 48 hrs, MRP| protein level was
determined by Western blot analysis. Images from 3 independent experiments are shown. (B=C) MCF-7 and MDA-MB-231 cells shown in (A) were further treated with serial
dilutions of paclitaxel (B) and carboplatin (C). Cell viability was measured by MTS assay and |Cs values were calculated (n = 5). (D) MCF-7 and MDA-MB-231 cells shown in (A)
were further treated with 10 pM paclitaxel plus 100 uM carboplatin as indicated for 72 hrs. Cell viability was measured by MTS assay and percentage of cell survival relative to
NC mimic treatment was calculated (n = 5). (E-H) MCF-7 and MDA-MB-231 cells stably infected with Lv-vec or Lv-BCL2 were treated as in (A-D). BCL2 protein level (E),
1Csq values (F=G) and cell viability (H) were analyzed as in (A=D). (I-K) MCF-7 cells infected with Lv-MRPI or Lv-BCL2 were transfected with NC inhibitor or miR-7 inhibitor.
Protein expression (1), ICsq values of paclitaxel (J) and carboplatin (K) were analyzed. Data were expressed as the mean + S.EM. *p < 0.05; **p < 0.01.

Functionally, several previous studies have associated
miR-7 roles with breast cancer pathologies, mostly docu-
menting its tumor suppressive effects. For instance, miR-7
inhibits the epithelial-mesenchymal transition and metas-
tasis of breast cancer stem cells by downregulating the
STAT3 pathway®’ and the Kruppel-like factor 4.>° miR-7
also suppresses the proliferation and induces apoptosis of

breast cancer cells via targeting the proteasome activator
subunit 3y.*" Although miR-7 has been connected to cis-
platin and adriamycin resistance in breast cancer cells, in
which the modulated REGy**> and EGFR/PI3K signaling
pathway™* play a role, it remains unclear whether and how
it is associated with the resistance of paclitaxel and carbo-
platin, two chemotherapeutic agents received by breast
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cancer patients enrolled in our study. By utilizing in vitro
experimental system wherein cultured MCF-7 and MDA-
MB-231 were treated with paclitaxel and carboplatin alone
or in combination, we reveal that miR-7 acts as a suppres-
sor in chemoresistance to both of agents. Furthermore, we
also obtained similar results through investigating a pacli-
taxel-resistant MCF-7 cell line, consolidating our conclu-
sion on miR-7 negative regulation of chemoresistance to
paclitaxel and carboplatin in breast cancer cells. Together
with the previous reports, we guess that miR-7 may func-
tion to reverse breast cancer resistance to a broader range
of chemotherapeutic agents.

To date, multiple molecular mechanisms have been
associated with chemoresistance in cancer, such as upregu-
lation of transporter pumps, anti-apoptosis, and dysregula-
tion of miRNAs.***> MRP1 mediates ATP-dependent efflux
of drugs from cells and its elevated expression predicts poor
response to chemotherapy in several cancers.” In addition,
BCL2 has long been recognized to confer chemoresistance
by negatively regulating apoptosis of cancer cells under
cytotoxic conditions.'® We demonstrate that miR-7 sensi-
tizes breast cancer to paclitaxel and carboplatin by targeting
MRP1 and BCL2 since the restoration of both MRP1 and
BCL2 rescues this effect of miR-7. More importantly, this
mechanistic evidence obtained in vitro provides a molecular
basis for explaining how higher miR-7 level is associated
with better response of breast cancer to paclitaxel plus
carboplatin neoadjuvant chemotherapy. One major limita-
tion of this study is the lack of in vivo evidence. Further
studies such as those using xenograft animal models would
be helpful to validate the inhibitory effect of miR-7 on
breast cancer chemoresistance. Another interesting topic
needed to be elucidated in the future is whether the regula-
tion of apoptosis, particularly through BCL2, is involved in
the process during which miR-7 influences breast cancer
in the list of
Supplementary Table 1, there are nearly 6000 genes that

chemoresistance. As we have shown

are potential candidates of miR-7 targets. Despite the infea-
sibility to fully survey the involvement of each of them in
mediating miR-7 function, which holds a great interest for
further studies, our available data undoubtedly exemplify
the miR-7/MRP1 and miR-7/BCL2 axes as two potential
targets to reverse chemoresistance in breast cancer.

In conclusion, we reveal the potential of miR-7 as a
new biomarker for predicting breast cancer response to
chemotherapy and also mechanistically link miR-7-
improved chemosensitivity with the inhibition of MRP1
and BCL2, which may provide a theoretical foundation for

its utilization in counteracting chemoresistance and pre-
dicting patients’ response to neoadjuvant chemotherapy.
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