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MicroRNA-27a-3p Reverses Adriamycin
Resistance by Targeting BTG2 and Activating
PI3K/Akt Pathway in Breast Cancer Cells
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Aim: This study aimed to explore the regulative mechanisms of miR-27a-3p in chemo-
resistance of breast cancer cells.

Materials and Methods: qRT-PCR was employed to determine miR-27a-3p expression in
two breast cancer cell lines, MCF-7 and MCF-7/adriamycin-resistant cell line (MCF-7/ADR).
The two cell lines were treated with miR-27a-3p mimics or inhibitors or corresponding negative
control (NC), respectively. The changes were investigated by qRT-PCR, CCK-8 assay, Western
blot (WB), colony formation assay, and flow cytometry assay. Moreover, luciferase reporter
assay was analyzed to verify the downstream target gene of miR-27a-3p. Further investigation in
the correlation between miR-27a-3p and BTG2 was launched by WB, flow cytometry assay, and
CCK-8 assay. The expression of Akt and p-Akt was detected by WB.

Key Findings: Significantly higher miR-27a-3p expression was confirmed in MCF-7/ADR
as compared with sensitive cell line MCF-7 (P<0.05). The down-regulation of miR-27a-3p in
MCF-7/ADR enhanced the sensitivity of cancer cells to adriamycin treatment, decreased
multidrug resistance gene 1/P-glycoprotein (MDR1/P-gp) expression, enhanced the apopto-
sis-related proteins expression, increased adriamycin-induced apoptosis, and inhibited cell
proliferation as compared to NC groups (P<0.05). The up-regulation of miR-27a-3p in MCF-
7 showed the opposite results. BTG2 is identified as a direct target of miR-27a-3p and its
down-regulation reversed ADR-resistance. BTG2 treatment exhibited inhibitory effect on
PI3K/Akt pathway in MCF-7/ADR cells.

Significance: miR-27a-3p might be associated with resistance of breast cancer cells to
adriamycin treatments, modulating cell proliferation and apoptosis by targeting BTG2 and
promoting the PI3K/Akt pathway in breast cancer cells. miR-27a-3p/BTG2 axis might be
a potential therapeutic target for clinical BC resistance.
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Introduction

Breast cancer (BC) is one of the most common malignancies worldwide, account-
ing for 15% of cancer deaths in women.' Chemotherapy plays an important role in
reducing mortality and suppressing recurrence in many patients with BC.?
Adriamycin (ADR), an anthracycline chemotherapeutic compound, has been widely
used in a variety of cancers for more than 30 years. At present, this agent is
considered one of the most effective components of adjunctive and palliative
therapy for BC.? As an antineoplastic antibiotic, ADR damages DNA and induces
reactive oxygen species (ROS) formation via intercalation into DNA and inhibition
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of topoisomerases I and II, thereby interfering with cell
replication and activating apoptosis.* Treatment with ADR
has been found to contribute to prolonged survival time
and improved overall survival in patients with various
malignancies, including BC.> However, chemoresistance
to ADR can occur, presenting a major clinical obstacle to
improved prognosis in patients with BC.® To enhance the
efficacy of ADR-based chemotherapy, researchers must
elucidate the molecular basis of the resistance mechanism
and then develop a new therapeutic strategy to reverse this
resistance.

MicroRNAs (miRNAs) are small, noncoding RNAs
(2022 bp) that regulate gene expression via post-
transcriptional repression or degradation.” Recent reports
have shown that miRNAs contribute to the tumor processes
of cell proliferation, apoptosis, migration, and invasion.® '°
A miRNA of special interest is miR-27a-3p, which is located
on chromosome 19."' MiR-27a-3p is considered an onco-
gene because its overexpression is associated with a poor
prognosis, as observed in patients with osteosarcoma or
gastric cancer.'>'* Some reports have found that miR-27a-
3p enhances colon cancer progression and differentiation.'*
Besides, miR-27a-3p has been demonstrated to mediate che-
moresistance of cancers such as leukemia, ovarian cancer,
and hepatocellular carcinoma.'>” In BC, miR-27a-3p has
been found to regulate cancer cell growth, proliferation,
migration, invasion, and angiogenesis.'®'® Studies have
also found that miR-27a-3p is involved in the sensitivity
of BC to radiotherapy,”® endocrine therapy,”' and cisplatin
therapy.>> However, few studies have assessed the relation-
ship between miR-27a-3p and ADR resistance in BC.

B-cell translocation gene 2 (BTG2), also known as NGF-
inducible protein PC3/TIS21, belongs to the BTG/TOB gene
family.>® The first identified member in the anti-proliferative
gene family, BTG2 is believed to exhibit anticancer effects in
many types of malignancies, including BC.**2 Studies have
demonstrated that BTG2 expression is down-regulated
in BC, and there is evidence that BTG2 is involved in the
incidence, progression, metastasis, and prognosis of BC.2627
Recently, the potential relationship between miRNAs and
BTG2 has attracted attention, since one study discovered
that 3 miRNAs (miR-21, miR-23a, and miR-27a) acted as
cooperative repressors of some tumor suppressor genes in
pancreatic ductal adenocarcinoma.”® However, the specific
relationship between BTG2 and miR-27a-3p in BC remains
unknown.

According to the above researches, this research was
designed to investigate the potential role of miR-27a-3p/

BTGQG2 axis in the regulation of BC chemoresistance. This
study will shed light on new strategies for clinical BC
chemoresistance.

Materials and Methods
Cell Lines and Cell Cultures

The human chemosensitive BC cell line MCF-7 was
obtained from the American Type Culture Collection, and
the ADR-resistant cell line MCF-7/ADR was purchased
from Xinyu Biotechnology (XY-h268, Shanghai, China).
Cells were cultured in Roswell Park Memorial Institute-
1640 medium (Gibco, Grand Island, NY, USA) supplemen-
ted with 10% fetal bovine serum (Gibco, Lofer, Austria) at
37°C in a humidified atmosphere of 5% CO,. To maintain
the drug-resistant phenotype, ADR (0.5 pg/mL; Xinyu
Biotechnology) was added to the culture medium of MCF-
7/ADR. The medium was replaced every 1 to 2 days.
Information of the two cell lines is as follows: i) MCF-
7 was estrogen receptor (ER)-positive breast cancer cells,
the cells were derived from pleural effusion from a 69-year
-old white women with breast cancer; ii) MCF-7/ADR was
gradually induced as supplier from MCF-7 cells by using
a certain concentration of adriamycin and STR data of
cells were supplied in supplementary material (Figure S1
and 2). All cell lines were routinely tested for mycoplasma
contamination and confirmed to be negative.

Chemicals and Antibodies

The polyclonal anti-Bcl-2, anti-Bcl-2 associated X (Bax),
and anti-BTG2/PC3 antibodies were purchased from
Abcam (Cambridge, MA, USA). The monoclonal anti-3-
actin antibody was purchased from Paiwei Bio (Nanjing,
China). The monoclonal anti-total Akt (Akt); anti-phospho
-Akt (p-Akt); anti-Caspase3; anti-Cleaved-caspase3; anti-
multidrug resistance protein 1 (MDR1)/ABCBI1 antibody;
and anti-rabbit IgG, HRP-linked antibody were purchased
from Cell Signaling Technology (Beverly, MA, USA).

Cell Transfection

Specific concentrations of mimics or inhibitors of miR-27a-
3p (RiboBio, Guangzhou, China) were transfected into cell
cultures using the transfection reagent (RiboBio) to activate
or inactivate miR-27a-3p expression, respectively. Negative
controls (NC) were used for both reactions (see the RNA
oligo sequences in Table 1). At 48 h after transfection, the
transfection solution was replaced with complete culture
medium. For RNA extraction and protein isolation, cells
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Table | RNA Oligo Sequences Table 2 Primer Sequences for gqRT-PCR
Name Oligo Sequences Gene Sequences
hsa-miR-27a-3p mimics | 5-UUCACAGUGGCUAAGUUCCGC-3’ ué Forward 5'-GCTTCGGCAGCACATATA-3’
5-GGAACUUAGCCACUGUGAAUU-3 Reverse 5'-CGCTTCACGAATTTGCG-3’
Mimic NC 5-UUUGUACUACACAAAAGUACUG-3' BTG2 Forward 5'-AACTGTTGCGTGCTTGAGTCTG-3'
5'-CAGUACUUUUGUGUAGUACAAA-3’ Reverse 5'-CAGTTGCTAACCTTGCTTGCTC-3’

hsa-miR-27a-3p
inhibitors
Inhibitor NC

5'-GCGGAACUUAGCCACUGUGAA-3

5'-CAGUACUUUUGUGUAGUACAAA-3’

Abbreviation: NC, negative control.

were treated for 48 h according to the manufacturer’s recom-
mendations and were then harvested. The miRNA transfec-
tion efficiencies were determined by real-time polymerase
chain reaction (PCR). The BTG2 DNA sequence and dou-
ble-stranded siRNA against BTG2 (Genepharma, Shanghai,
China) were then transfected into the MCF-7 and MCF-7/
ADR cells using the transfection reagent, respectively.

Quantitative RT-PCR (qRT-PCR) Analysis
Total RNA was extracted from MCF-7 and MCF-7/ADR
cells using a Total RNA TriPure Isolation Reagent Kit
(BioTeke, Beijing, China). The cDNA was obtained by
reverse transcription using a PrimeScript RT Reagent Kit
with gDNA FEraser (RR047A; Takara Bio Inc, Dalian,
China). The bulge-loop miRNA qRT-PCR primer sets (one
RT primer and a pair of qPCR primers for each set) specific
for miR-27a-3p were designed by RiboBio. The qRT-PCR
was performed with an AceQ qPCR SYBR Green Master
Mix Kit (Q131-02; Vazyme Biotech, Nanjing, China) in an
ABI 7500 RT-PCR system (Applied Biosystems, Foster
City, CA, USA) using the following parameters: 1 cycle of
predenaturation at 95°C for 10 min, followed by 40 cycles at
95°C for 2 sec, 60°C for 20 sec, and 70°C for 10 sec. At this
point, miRNA expression was normalized to U6 and the
relative fold changes were calculated using the 2“4
method. Each sample was run independently in triplicate.
For mRNA expression analysis, total cellular RNA was
isolated and reverse transcribed to cDNA. RT-PCR amplifi-
cation was performed using the AceQ qPCR SYBR Green
Master Mix Kit, and U6 was measured as an internal refer-
ence. The primers of mRNA and U6 were purchased from
RiboBio (see the primer sequences in Table 2). The PCR
reaction contained 2 pL RT product, 10 pL 2X SYBR Green
Mix, 0.8 puL forward primer and 0.8 pL reverse primer
(5 uM/1 each), and nuclease-free water in a final volume of
20 pL. Standard PCR samples were analyzed using the ABI

7500 RT-PCR system, and all qRT-PCR reactions were per-
formed in triplicate. The expression levels of the target genes
were again normalized to U6 and calculated using the 24"

method. The gqRT-PCR was carried out at least 3 times.

Western Blot Assay

Cells were collected and lysed in RIPA lysis buffer on ice for
15 min. After the samples underwent centrifugation at
12,000 xg for 10 min at 4°C, the protein concentrations
were determined using a BCA reagent (Beyotime, Beijing,
China). Equal amounts of protein were then subjected to
10% or 15% sodium dodecyl sulfate polyacrylamide gel
electrophoresis and transferred to polyvinylidene fluoride
membranes (Millipore Corp., Bedford, MA, USA). After
being blocked with 5% fat-free milk at room temperature
(37°C) for 2 h, the membranes were incubated with primary
antibodies against MDR1 (1:1250 dilution), Caspase3
(1:1000 dilution), Cleaved-caspase3 (1:1000 dilution), Bcl-
2 (1:1000 dilution), Bax (1:1000 dilution), BTG2 (1:1000
dilution), Akt (1:1000 dilution), p-Akt (1:2000 dilution), and
B-actin (1:1000 dilution) at 4°C overnight. The protein levels
were normalized to B-actin. The blots were then labeled with
anti-rabbit IgG secondary antibody (1:3000 dilution) for 1
h at 37°C. Protein bands were detected using an enhanced
chemiluminescence reagent (Thermo Fisher Scientific,
Waltham, MA, USA). All Western blot experiments were
repeated at least 3 times.

Proliferation Assay

A cell counting kit-8 (CCK-8) assay (Dojindo Company,
Shanghai, China) was performed to evaluate the cells’ sensi-
tivity to the drug in triplication experiments. Briefly, cells (8 x
10%) were plated in 96-well microplates and incubated over-
night. To calculate the IC50 values for ADR, MCF-7 cells
were transfected with 0, 0.22, 0.45, 0.90, 1.80, 3.60, 7.19,
14.38, 28.75, or 57.50 uM/1 of ADR, and MCF-7/ADR cells
were treated with 0, 3.60, 7.19, 14.38, 28.75, 57.50, 115.00, or
230.00 uM/1 of ADR for 48 h. After treatment, the medium
was replaced with 110 pL culture medium containing 10 pL
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CCK-8, and the cells were incubated for 3 h. Finally, the
absorbance was measured at 450 nm (OD450) using an
ELISA plate reader (Bio-Tek, Winooski, Vermont, USA).
The IC50 values were calculated using Graphpad Prism 7.00
(GraphPad Software, San Diego, CA, USA).

Colony Formation Assay

Cell colony formation was measured with a plate colony
formation assay. MCF-7 cells were treated with the miR-
27a-3p mimics or with the mimic NC for 48 h and then
seeded in 6-well plates at 1000 cells per well. MCF-7/
ADR cells were treated with the miR-27a-3p inhibitors or
with the inhibitor NC for 48 h and then seeded in 6-well
plates at 800 cells per well. After 7 to 10 days, colonies
were obviously formed with both cell types. The plates
were then gently washed and stained with crystal violet.
The number of colonies was counted by observing the
proliferation of a single cell. Each assay was performed
in triplicate on two separate occasions.

Flow Cytometry Assay

MCF-7 and MCF-7/ADR cells were seeded into 6-well
plates and then treated with transfection for 48 h. After 48
h, the cells were washed twice with phosphate-buffered
solution (PBS), stained for 15 min with the annexin
V-FITC/PI Apoptosis Detection Kit (BD, Becton
Dickinson Company, NJ, USA), and then collected.
Samples were analyzed using FACSCanto TM 1I flow
cytometry (Becton, Dickinson and Company). Triplicate
experiments were performed for flow cytometry analysis.

Databases and Bioinformatics

To define the potential targets of miR-27a-3p, the miRNA
targets predicted by publicly available computational algo-
rithms were analyzed using miRWalk (http://mirwalk.umm.

uni-heidelberg.de/human/mirna/46/), TargetScan (http://

www.targetscan.org/cgi-bin/targetscan/vert 72/targetscan.

cgi?species=Human&gid=&mir sc=&mir c=&mir nc=
&mir_vne=&mirg=miR-27a-3p), PicTar (https://pictar.mdc-
berlin.de/cgi-bin/PicTar vertebrate.cgi), and StarBase v3.0
(http://starbase.sysu.edu.cn/).

Dual-Luciferase Reporter Assay

The wild type (WT) and mutant (MUT) 3'UTR of BTG2
predicted binding sequences with miR-27a-3p, were
synthesized and inserted into the luciferase reporter plas-
mid (RiboBio). MCF-7 cells were seeded in 24-well
plates, grown to 60% confluence, and co-transfected with

plasmid plus miR-27a-3p mimics or miR-NC (RiboBio)
using Lipo2000 (Invitrogen, Carlsbad, CA, USA). After
48 h of incubation, the luciferase activity was evaluated
using the Dual-Luciferase Reporter Assay System
(Promega, Madison city, W1, USA).

Statistical Analysis

Statistical analysis was performed with Graphpad Prism
software 7.00. Data from triplicate experiments performed
in a parallel manner were analyzed using Student’s #-test
or one-way analysis of variance (ANOVA). All values are
expressed as mean + SD. P values < 0.05 were considered
statistically significant.

Results
Differential Expressions of miR-27a-3p
and MDRI in BC

The miR-27a-3p expression data based on BC samples
were screened from The Cancer Genome Atlas (TCGA).
In 1083 tumors and 111 normal breast samples from
TCGA database, the expression of miR-27a-3p was rela-
tively higher in breast tumors than normal breast samples
(Figure 1A). In 110 pairs of human BC tissues and adja-
cent normal tissues from TCGA database, relative miR-
27a-3p expression was higher in BC samples than adjacent
normal samples (Figure 1B). The expression levels of
miR-27a-3p and MDR1 were measured in MCF-7 and
MCF-7/ADR cell lines by qRT-PCR and Western blot,
respectively. The relative expression of miR-27a-3p was
significantly higher (approximately 4-fold) in MCF-7/
ADR cells than in MCF-7 cells (Figure 1C). In addition,
the expression level of MDR1 was obviously higher in the
ADR-resistant MCF-7/ADR cells than in the parental
MCF-7 cells (Figure 1D).

miR-27a-3p Is Involved in ADR Resistance

and Cell Proliferation

To investigate the function of miR-27a-3p in drug resis-
tance, miR-27a-3p mimics, miR-27a-3p inhibitors, and
respective miR-NC were successfully transferred into
MCF-7 and MCF-7/ADR cells, respectively. The expres-
sion of miR-27a-3p was higher in mimics-transfected
MCEF-7 cells than in miR-NC-transfected MCF-7 cells
(Figure 2A). The expression of miR-27a-3p was lower in
inhibitors-transfected MCF-7/ADR cells than in miR-NC-
transfected MCF-7/ADR cells (Figure 2B).
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The sensitivity of MCF-7 and MCF-7/ADR cells to ADR
was determined by CCK-8 assay. The IC50 values of ADR
were 7.809 + 0.29 uM/l in MCF-7 cells and 116.3 £+ 0.98 uM/
1 in MCF-7/ADR cells. MCF-7 cells transfected with miR-
27a-3p mimics had significantly decreased sensitivity to ADR
when compared with cells transfected with miR-NC, as indi-
cated by increased IC50 values (Figure 2C). Additionally, the
IC50 values of ADR in MCF-7/ADR cells transfected with
miR-27a-3p inhibitors were reduced significantly compared
with the cells transfected with miR-NC (Figure 2D).

The CCK-8 assay also suggested that up-regulation of
miR-27a-3p could induce MCF-7 cell growth, whereas
down-regulation of miR-27a-3p in MCF-7/ADR cells sup-
pressed proliferation (Figure 2E). The colony formation
assay similarly demonstrated that promotion of miR-27a-
3p could have a positive effect on proliferation (Figure
2F), whereas inhibition of miR-27a-3p attenuated the
effect (Figure 2F).

Dysregulation of miR-27a-3p Is

Associated with ADR-Induced Apoptosis
To explore whether dysregulation of miR-27a-3p modu-
lates ADR-induced apoptosis, we assessed the apoptosis
rate of transfected cells at 48 h by flow cytometry assay.

We found that overexpression of miR-27a-3p reduced
apoptosis in MCF-7 cells compared to the corresponding
miR-NC, and underexpression of miR-27a-3p in MCF-7/
ADR cells induced the apoptosis rate (Figure 3A). Western
blot demonstrated that miR-27a-3p suppression stimulated
the expression of Bax and Cleaved-caspase3, and inhibited
the expression of Bcl-2 and MDR1 (Figure 3B), whereas
miR-27a-3p mimics decreased Bax and Cleaved-caspase3
protein levels, and increased Bcl-2 and MDRI1 protein
levels (Figure 3B). In brief, the results indicated that
dysregulation of miR-27a-3p could negatively regulate
apoptosis in MCF-7 and MCF-7/ADR cells.

miR-27a-3p Directly Targets BTG2 and
Mediates BTG2 Expression

Post-Translationally

The practical experiments have demonstrated the essential
role of miR-27a-3p in ADR-resistant BC, but the down-
stream targets of miR-27a-3p are still unknown. Through
searching and filtering in miRNA bioinformatics predic-
tion databases (miRWalk, TargetScan, PicTar,
StarBase v3.0), we identified BTG2 as a potential target
gene of miR-27a-3p. In TCGA, BTG2 expression level

and
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was negatively associated with the expression level of
—0.288; Figure
4A). We also found that there is a highly complementary
sequence in BTG2 mRNA 3'-UTR with miR-27a-3p
(Figure 4B). A dual-luciferase reporter assay showed that

miR-27a-3p (Pearson’s correlation, r =

miR-27a-3p mimics decreased the luciferase activity of
wild reporters but did not affect reporters carrying the
mutation binding sites in MCF-7 cells (Figure 4C).

To assess the connection between miR-27a-3p func-
tion and BTG2 expression, we performed Western blot
and PCR analysis. Western blot demonstrated that the
expression of BTG2 protein was lower in MCF-7 cells
transfected with mimics than in those transfected with
miR-NC, in MCF-7/ADR cells

and was higher

transfected with inhibitors than in those transfected
with miR-NC (Figure 4D). Furthermore, qRT-PCR data
demonstrated that the level of BTG2 mRNA decreased
in MCF-7 cells transfected with miR-27a-3p mimics,
and increased in MCF-7/ADR cells transfected with
miR-27a-3p inhibitors (Figure 4E). These experiments
indicated that BTG2 might be a direct target of miR-
27a-3p and that its expression is inversely related to
miR-27a-3p expression.

BTG2 Reverses Cell Proliferation and
Apoptosis of BC

For further demonstration of the effect of BTG2 modulated
by miR-27a-3p, BTG2 DNA sequence (BTG2) and siRNA
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Figure 3 Dysregulation of miR-27a-3p is associated with ADR-induced apoptosis. (A) Flow cytometry analysis was analyzed in MCF-7 and MCF-7/ADR cells transfected
with either miR-27a-3p mimics or inhibitors. (B) Western blot was performed to examine the effects of miR-27a-3p on apoptotic protein expression. Relative protein
expression was normalized to B-actin. *P < 0.05; **P < 0.01; ***P < 0.001. The data are expressed as mean % SD.

(siBTG2) were transfected into MCF-7 and MCF-7/ADR
cells at a stable concentration (50 nM/L), respectively.
BTG?2 in these transfected cell lines markedly reversed the
protein expression levels (Figure 5A), indicating that the
transfection of BTG2 is effective. CCK-8 assay and colony
formation assay demonstrated that BTG2 partially reversed
the effects on cell growth produced by miR-27a-3p mimics/
inhibitors, and these effects were still present at 96 h after
transfection (Figure 5B and C). Next, we analyzed the
apoptosis of transfected cells after regulation of BTG2. We
found that BTG2 could enhance ADR-induced apoptosis
and expression of Bax and Cleaved-caspase-3 protein in
MCEF-7 cells transfected with miR-27a-3p mimics, while
siBTG2 demonstrated the opposite effects in MCF-7/ADR

cells transfected with miR-27a-3p inhibitors (Figure 6A
and B). These results verified that BTG2 is involved in the
regulation of cell apoptosis in BC.

miR-27a-3p Increases the Activation of
the PI3K/Akt Pathway by Targeting BTG2

Based on the above, we were able to clarify the effect of miR-
27a-3p on BTG2 in ADR-resistant cells. To explore the
mechanisms of miR-27a-3p and BTG2, we performed
Western blot analysis to assess the expression of Akt and
p-Akt protein in downstream pathways. In treatment with
miR-27a-3p mimics or miR-NC in MCF-7 cells, the expres-
sion of p-Akt protein was strongly up-regulated (Figure 6B);
in treatment with miR-27a-3p inhibitors or miR-NC, the level
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transfected with miR-27a-3p mimics or inhibitors. **P < 0.01; ***P < 0.001. The data are expressed as mean * SD.

of p-Akt protein was down-regulated. Moreover, both BTG2
overexpression in the MCF-7 cells and BTG2 knockdown in
the MCF-7/ADR cells reversed the p-Akt expression levels. In
short, the experiments suggested that miR-27a-3p activated
the PI3K/Akt pathway by targeting BTG2.

Discussion
ADR plays an important role in chemotherapy for patients
with BC. However, the occurrence of drug resistance can

block the efficacy of this treatment, resulting in severe
restrictions on its clinical use. Previous research has estab-
lished that miR-27a-3p is implicated in the biological beha-
vior of tumor cells in numerous cancer types.>’>' Although
research has also suggested that changes in miR-27a-3p
expression are associated with the chemosensitivity of var-

ious malignancies,**>*

the specific role that miR-27a-3p
plays in the regulation of ADR resistance in BC has not

been well established. Further research regarding the
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Figure 5 BTG2 reversed the effects of miR-27a-3p in BC cell proliferation. (A) The levels of BTG2 protein expression were measured by Western blot analysis. (B and C)
CCK-8 and colony formation assays were used to assess cell proliferation in MCF-7 and MCF-7/ADR cells transfected with miR-27a-3p mimics, miR-27a-3p inhibitors, 27a-
3p mimics+BTG2, 27a-3p inhibitors+siBTG2 and corresponding miR-NC. *P < 0.05; **P < 0.01; ***P < 0.001. The data are expressed as mean * SD.

mechanisms of ADR resistance are needed so that effective
agents can be developed to reverse chemoresistance.
Several studies have shown that the up-regulation of miR-
27a-3p promotes cancer chemoresistance in some malignan-
cies such as gastric carcinoma®> and ovarian carcinoma.'” In
contrast, other studies have found that miR-27a-3p serves as an
inhibitor in drug resistance for certain tumors such as
leukemia'® and hepatocellular carcinoma.'® In this study, we
sought to clarify the potential correlation between miR-27a-3p
and chemoresistance in BC. We found that miR-27a-3p had
a positive correlation with ADR resistance in BC cells. More
specifically, we observed that significantly higher expression
of miR-27a-3p in the MCF-7/ADR cell line versus in the
MCEF-7 cell line was accompanied by increased expression of
MDRI1 protein. Furthermore, the sensitivity of MCF-7/ADR
cells was elevated after transfection with inhibitors of miR-
27a-3p, whereas the MCF-7 cell line demonstrated decreased
sensitivity to ADR after treatment with mimics. Inhibitors of
miR-27a-3p restrained MCF-7/ADR cell proliferation and
promoted ADR-induced apoptosis in vitro, and the opposite
effects were seen with mimics of miR-27a-3p. Taken together,

these findings suggest the importance of miR-27a-3p in ADR
resistance.

As a tumor suppressor, BTG2 is expressed at low
levels in BC and is recognized as a regulator of tumor
size, metastasis, recurrence, and overall survival.?’®
However, the association between BTG2 function and
miR-27a-3p in ADR-resistant BC was previously poorly
understood. In this study, we found that BTG2 was a direct
target of miR-27a-3p. A dual-luciferase reporter assay
demonstrated that miR-27a-3p down-regulated BTG2
expression by binding to the 3'UTR of BTG2 mRNA.
Further research demonstrated that BTG2 reduced the
effect of miR-27a-3p inhibitors/mimics. Our results also
suggested the presence of an axis between miR-27a-3p and
BTG2 that regulates the chemoresistance of BC cells
through the PI3K/Akt signaling pathway. The PI3K/Akt
signaling pathway has been found to be suppressed by
BTG2 in many types of malignancies.’’”® Our data
showed that miR-27a-3p mimics enhanced the expression
of the signaling pathway, and BTG2 up-regulation par-
tially overcame this promoted expression.
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Figure 6 BTG2 reversed the effects of miR-27a-3p in cell apoptosis of BC, and the PI3K/Akt signaling pathway was a potential downstream target of miR-27a-3p/BTG2. (A)
Flow cytometry analysis was used to measure apoptosis of MCF-7 and MCF-7/ADR cells transfected with miR-27a-3p mimics, miR-27a-3p inhibitors, 27a-3p mimics+BTG2,
27a-3p inhibitors+siBTG2 and corresponding miR-NC. (B) Western blot analysis was used to assess BTG2, Akt, p-Akt, Bax, Bcl-2, Caspase3, and Cleaved-caspase3 in MCF-
7 and MCF-7/ADR cells transfected with miR-27a-3p mimics, miR-27a-3p inhibitors, 27a-3p mimics+BTG2, 27a-3p inhibitors+siBTG2 and corresponding miR-NC. Relative
protein expression was normalized to B-actin. *P < 0.05; **P < 0.01. The data are expressed as mean + SD.

Overall, these results suggest that miR-27a-3p activates
the PI3K/Akt signaling pathway by targeting BTG2 in MCF-
7/ADR cells. These early findings may provide a starting
point in developing a promising therapeutic strategy for
overcoming chemoresistance. results from
miRNA and siRNA studies have been applied clinically,

with researchers applying these findings to targeted therapy

Recently,

for BC, gene editing, and early screening for cancer.>® The
potential clinical value of miR-27a-3p in overcoming resis-
tance to chemotherapy is also well worth pursuing. This
study identified the role of miR-27a-3p and its target gene
BTG?2 in BC resistance, but insufficiency still exists.

The
Expression of miR-27a-3p, is positively correlated

present work has several limitations.

with p-Akt protein level, but the detailed mechanism

underlying this regulation remained unclear. Further
investigations are still needed to clarify the mechan-
isms underlying this activation. Moreover, the effect of
miR-27a-3p on chemoresistance of BC has not been
verified in animal experiments, so it is not clear
whether miR-27a-3p affects the volume of ADR-
resistant tumor and the metastasis of the tumor in the
lungs and the livers. We are also collecting clinical
specimens to verify the expression of miR-27a-3p and
BTG2.

Conclusion

In summary, our study demonstrates that miR-27a-3p parti-
cipates in reversing drug resistance positively via regulating
BTG2. The function of miR-27a-3p in breast cancer cell
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chemo-sensitivity and apoptosis was mediated by targeting
BTG2 and subsequently promoting activation of PI3K/Akt
signaling pathway.
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