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Objective: Although chemotherapy is one of the first line clinical treatment of tumors, the
efficacy of chemotherapy has been severely restricted by the frequent occurrence of drug
resistance phenomenon. Multiple studies found that miRNAs can regulate the chemosensi-
tivity of tumor cells. Here, this study aimed to assess the potential role of the miR-15a-5p/
cell division cycle-related protein 4 (CDCA4) axis in breast cancer (BC) resistance to
Adriamycin.

Methods: In the present study, the relative expression of miRNA-15a-5p in MCF-7/ADR,
MCF-7 and Hs578Bst was measured by qRT-PCR. MCF-7/ADR cells underwent transfection
with an miR-15a-5p mimic and inhibitor, respectively. Transwell assays, flow cytometry and
CCKS8 were performed to examine the potential effects of the abnormal expression of miR-
15a-5p. The association of aberrant miR-15a-5p expression with Adriamycin resistance
in BC was determined in cultured MCF-7/ADR cells. Bioinformatics was employed to
predict the genes targeted by miR-15a-5p. Moreover, the correlation between miR-15a-5p
and its target gene, CDCA4, was evaluated based on qRT-PCR data.

Results: The expression of miR-15a-5p was significantly downregulated in MCF/ADR cells
compared with MCF-7 and Hs578Bst cell lines. In the presence of Adriamycin, miR-15a-5p
overexpression significantly increased cell chemosensitivity, as well as MCF-7/ADR cell
proliferation, invasion, and migration, while promoting apoptosis and inducing cell-cycle
arrest in the synthesis phase. CDCA4 RNA interference enhanced these effects as shown in
our previous study. Bioinformatics identified CDCA4 as an miR-15a-5p target gene. qRT-
PCR further demonstrated that CDCA4 and miR-15a-5p expression levels were inversely
correlated.

Conclusion: Adriamycin resistance in BC cells was, at least in part, altered by mRNA-15a-
Sp via regulation of its target gene, CDCAA4, by controlling the cell cycle, which may provide
some novel ideas for BC chemotherapy in the future.

Keywords: breast cancer, Adriamycin resistance, miR-15a-5p, CDCA4, cell-free nucleic

acids, molecular targets, breast cancer patient stratification

Background

Resistance to Adriamycin Treatment in Breast Cancer
Breast cancer (BC) represents one of the commonest malignant tumors among
females. The second most fatal tumor type after lung cancer, BC seriously affects
many women physically and mentally.' Breast cancer is considered a systemic
disease. With an increased understanding of BC’s biological features and the use
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of currently modified and updated therapeutic

approaches, BC treatment has been developed as
a comprehensive therapy that includes surgical, radio-
therapeutic, chemotherapeutic, and endocrine treatment
procedures, as well as biological targeting and other
treatment methods. Chemotherapy is a crucial BC treat-
ment and one in which Adriamycin is widely used.
Studies have described chemotherapy resistance as one
of the most critical causes of cancer treatment failure,
and Adriamycin resistance frequently promotes BC pro-
gression and recurrence. However, the mechanism by
which Adriamycin resistance occurs in BC remains
unclear. Therefore, BC resistance to Adriamycin treat-

ment must be urgently investigated.

miRNAs and Treatment Resistance in

Tumors

Microribonucleic acids (miRNAs) are short non-coding
RNAs with lengths of approximately 20-24 nucleotides
that regulate genes at the post-transcriptional level by
binding specific parts of the three prime untranslated
region (3’-UTR) of the target gene and affect both transla-
tion and stability.” At present, the miRNA database
(miRBase) includes more than 2500 different miRNAs
that are associated with cell proliferation, invasion, metas-
tasis, and apoptosis in a variety of tumors. Increasing
evidence suggests that miRNAs play a critical role in BC
occurrence and progression.>> Cell free nucleic acid
(CFNAs) refers to the release of free DNA, free RNA
and mitochondrial DNA into the human blood circulation
because of cells necrosis and apoptosis. Compared with
tissue biopsy, liquid biopsy has the characteristics of mini-
mal trauma and strong heterogeneity. The miRNAs in the
blood circulation have been found to hold great potential
for early cancer detection and monitoring. In BC, miR-21,
miR-182 and miR-451 in blood have been illustrated to
have a close link with tumor size and lymphatic
metastasis.® Moreover, miRNAs are also significantly
associated with treatment resistance in tumors. Existing
findings confirmed that altered miR-222 mediates BC
resistance to Adriamycin via regulation of Forkhead box
01 (FOXO1).” Additional data demonstrated that miR-
3609 sensitizes BC to Adriamycin by regulating the
expression of programmed death-ligand 1.* Recent
research indicated that dysregulated miR-122-5p was clo-
sely related to Adriamycin resistance in BC.’ Several

studies have indicated that disordered miRNAs were sig-
nificantly associated with Adriamycin resistance in BC.

miR-15a and Tumors
Increasing evidence indicates that miR-15a is associated
with the occurrence and development of a variety of

10 ¢olon

malignant tumors, eg, cholangiocarcinoma,
cancer,'' lung cancer,'? and BC."? These studies revealed
that miR-15a plays a critical role in multiple cancers.
Fesler et al demonstrated that miR-15a can improve the
therapeutic outcomes of patients with advanced bowel
cancer by inhibiting the expression of many crucial
genes, such as: B cell lymphoma 2 (BCL-2),
B lymphoma Mo-MLYV insertion region 1 (BMI-1), yes-
associated protein 1 (YAP1) and doublecortin-like kinase 1
(DCLK), and may thus constitute a novel potential ther-
apeutic target. The same study also demonstrated that
reduced miR-15a amounts were associated with poor
patient prognosis in colon cancer.'* However, the relation-
ship between miR-15a and Adriamycin resistance in BC,
and the underlying molecular mechanisms involved

therein, remain largely undefined.

CDCA4 and Resistance to Adriamycin in

Breast Cancer

Cell division cycle-associated protein 4 (CDCA4) belongs
to the family of selected INK4A (SEI) genes. Several
studies confirmed the overexpression of SEI-family genes
to be closely related to tumorigenesis.'>'® The mRNA
expression of CDCA4 determines the fate of cells by
regulating the JUN proto-oncogene at the mRNA level.'”
Research revealed that CDCA4 upregulation promoted cell
entry into the first growth/synthesis (G1/S) phase; indeed,
CDCAA4 plays an important role in cell-cycle regulation by
controlling activity of E2F transcription factors.'® The low
expression of CDCA4 inhibits BC MDA-MB-231 cells."’
Moreover, we previously demonstrated that CDCA4
knockdown suppressed the proliferation and induced apop-
tosis in  Adriamycin-resistant ~ Michigan  Cancer
Foundation-7/ breast cancer cell line (MCF-7/ADR).?°

The Relationship of CDCA4 and
miR-15a-5p

Alderman et al demonstrated that CDCA4 was a direct
target of miRNA-15a via the luciferase reporter assay; the
study also found that miRNA-15a could inhibit the growth
and invasiveness of melanoma cells by binding to the
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3'UTR of CDCA4.2' Nevertheless, the role and relation-
ship of miR-15a-5p with its target gene (CDCA4) in
Adriamycin-resistant BC remains undefined. In the current
study, miR-15a-5p levels were examined in different cell
lines using the quantitative reverse transcription-
polymerase chain reaction (QRT-PCR) method. The results
showed that, compared with human mammary gland cells
(Hs578Bst), MCF-7/ADR and MCF-7 cells had reduced
miR-15a-5p amounts, particularly MCF-7/ADR cells.
Additionally, high miR-15a-5p amounts could entirely or
partially blunt Adriamycin resistance in BC cells, suppres-
sing proliferation, invasiveness, and migration and induce
apoptosis in MCF-7/ADR cells exposed to Adriamycin.
We previously demonstrated that CDCA4 knockdown sup-
pressed the proliferation of MCF-7/ADR cells and induced
in MCF-7/ADR cells

Adriamycin. These findings corroborated the data obtained

apoptosis administered with

following miR-15a-5p overexpression in the present study.

Materials and Methods

Cells

Breast cancer MCF-7/ADR, MCF-7, and Hs578Bst cells
were provided by the Type Culture Collection of the
Chinese Academy of Sciences (China). The MCF-7/ADR
and parental MCF-7 cell lines were cultured in an RPMI-
1640 medium (Gibco, USA), and Hs578Bst cells were
cultured in Dulbecco’s modified eagle medium (DMEM)
(Gibco). In the present study, both DMEM and RPMI-
1640 included 10% fetal bovine serum (FBS; Gibco), as
well as streptomycin (100 mg/mL) and penicillin (100 U/
mL). To preserve Adriamycin resistance in MCF-7/ADR
cells, a cell culture procedure was performed with 1 ug/
mL Adriamycin (Selleck, USA) in a humid environment
with 5% carbon dioxide (CO,) at 37°C.

Real-Time Polymerase Chain Reaction

Total RNA extraction from cells was carried out using
a TRIzol reagent (Shanghai Pufei Biotechnology, China)
following the manufacturer’s instructions, and complemen-
tary deoxyribonucleic acid (cDNA) synthesis was conducted
using a first-strand cDNA synthesis kit (TaKaRa, Japan).
Specific reverse transcription primers were designed by
RiboBio (China). A SYBR Premix Ex Taq (TaKaRa,
Japan) instrument was used to conduct the gqRT-PCR,
which was performed according to the following reaction
conditions: pre-denaturation at 95°C for 30 s; amplification
in 45 cycles of 95°C (5 s), 60°C (30 s), and 72°C (3 s). The

delta—delta Ct method was used to conduct data analysis.
The following primer sequences were used in the gqRT-PCR
analysis: miR-15a-5p reverse, 5'-ACG TAG CAG CAC
ATA ATG GTT TGTG-3'; U6 reverse, 5'-GAA GAT TAG
CAT GGC CCC TGC-3" GCA; miR-15a-5p mimics, for-
ward 5'-UAG CAG CAC AUA AUG GUU UGUG-3', and
reverse 5'-CAA ACC AUU AUG UGC UAUU-3"; miR-
15a-5p inhibitor, forward 5'-CAC AAA CCA UUA UGU
GCU-3"; CDCA4, forward 5-ATT TGA AAC GCT GGA
GACT-3', and reverse 5-CCC ATC ATG CCT GTC AGTA-
3'; glyceraldehyde-3-phosphate dehydrogenase, forward 5'-
TGA CTT CAA CAG CGA CAC CCA-3', and reverse 5'-
CAC CCT GTT GCT GTA GCC AAA-3'". qRT-PCR was
repeated by three times.

Cell Transfection

The miR-15a-5p mimic/inhibitor and their respective
negative controls were synthesized by RiboBio (China).
The MCF-7/ADR cells were seeded in 24-well plates at 1
x 10°/well. Transfection was performed at 40% confluence
with the miR-15a-5p mimic (50 nM) or inhibitor (100 nM)
as directed by the manufacturer. These cells were assessed
in subsequent experiments after 48 h of incubation. Then,
qRT-PCR was carried out for miR-15a-5p detection in
MCF-7/ADR cells upon transfection.

Cell Counting Kit-8

Cell counting kit-8 (CCK-8) was carried out for detecting
cell proliferation at various Adriamycin concentrations.
Upon transfection (the miR-15a-5p mimic or inhibitor, or
respective negative controls), MCF-7/ADR cells were
seeded into 96-well plates at 2 x 10°/well. Following over-
night culture, the cells were administered with five distinct
levels of Adriamycin (2.5, 5, 10, 20, and 40 ng/mL, respec-
tively) in quintuplicate and incubated for 48 h. Then, 10uL
of CCK-8 reagent (Dojindo, Japan) was added per well and
incubated for 2 h. Subsequently, optical density at 450 nm
was obtained on a microplate reader. The half-maximal
inhibitory concentration (IC50) of the control group was
used as the Adriamycin concentration in subsequent experi-
ments. The inhibition rate was derived as follows: inhibition
rate = (ODtest-ODblank)/(ODcontrol-ODblank) x 100%.
The experiments were performed in triplicate.

Transwell Assays

Transwell assays were performed to measure the invasive
and migratory abilities of cells. The miR-15a-5p mimic,
miR-15a-5p inhibitor, and control groups were cultured
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with Adriamycin (6 pg/mL as the IC50 of the control group)
before conducting the experiment. Next, cells at 2 x 10*/mL
in a culture medium without serum were seeded into the
upper chambers of the transwell plates, while the lower
chambers received 700 L medium containing 20% FBS.
Following the cell culture at 37°C in the presence of 5%
CO, for 16 h, the cells that had migrated into the lower
chambers underwent 4% paraformaldehyde fixation for 20
min. Then, non-migrated cells were wiped, and crystal violet
staining was performed for 20 min. The migrated cells were
counted using the ImageJ (V 1.8.0) software program in
three randomly selected fields of view. In the cell invasion
assay, the upper chambers of the transwell plates underwent
Matrigel (BD Biosciences, USA) pre-coating and were
maintained at 37°C for 1 h. Then, the cells were seeded
into the upper chambers in a serum-free medium. The
remaining experimental steps were as described above for
the cell migration assay. Triplicate assays were carried out.

Flow Cytometry
Apoptosis and cell-cycle distribution were assessed using
flow cytometry. After incubation with Adriamycin (6 ug/
mL) for 24 h, the cells were harvested with ethylenedia-
minetetraacetic acid (EDTA)-free trypsin and washed
twice with a D-Hanks solution. Then, a 5 uL. Annexin
V-APC assay was added for 15 min at an ambient tem-
perature and shielded from light. Data analysis was carried
out using a fluorescence-activated cell sorting (FACS)
analyzer (BD Biosciences, USA).

Following the same procedure described for the cellu-
lar apoptosis assessment, the cells were washed and
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a permeabilization (10 plL) and propidium iodide (PI)
staining solution (5 pL) were added. Following incubation
for 30 min away from light and at an ambient temperature,
the cell-cycle distribution was analyzed using the FACS
analyzer. The experiments were performed in triplicate.

Statistical Analysis

Data were derived as the mean + standard deviation and
assessed using the SPSS Statistics 23.0 software program.
The Student’s #-test was performed to compare groups; P <
0.05 indicated a statistical significance.

Results
The Expression Levels of
Microribonucleic Acid-15a-5p in Different

Cell Lines

The MCF-7/ADR, MCF-7, and Hs578st cells were com-
paratively assessed by qRT-PCR for the expression of
miR-15a-5p. As shown in Figure 1, miR-15a-5p was mark-
edly downregulated in MCF-7/ADR and MCF-7 cells com-
pared with Hs578st cells. In addition, compared with MCF-7
cells, MCF-7/ADR cells showed more pronounced miR-
15a-5p downregulation (Figure 1A; P < 0.05). Next, MCF-
7/ADR cells underwent transfection with an miR-15a-5p
mimic or inhibitor, and qRT-PCR was carried out to detect
miR-15a-5p amounts in transfected and control MCF-7/
ADR cells. In this study, miR-15a-5p amounts were drama-
tically decreased and increased after transfection with the
miR-15a-5p inhibitor and mimic, respectively, compared
with the control cells (Figure 1B; P < 0.05).
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Figure | The relative expression of microribonucleic acid-15a-5p (miR-15a-5p) in breast cancer cells. (A) The relative expression of miR-15a-5p in normal diploid
myoepithelial, Michigan Cancer Foundation-7 (MCF-7) and Adriamycin (ADR)-resistant breast cancer cells MCF-7 (MCF-7/ADR); miR-15a-5p expression was significantly
decreased in MCF-7/ADR cells (P < 0.05). (B) The relative expression of miR-15a-5p in non-transfected MCF-7/ADR cells and those transfected with an miR-15a-5p mimic
and inhibitor, respectively. The MiR-15a-5p amounts were dramatically decreased and increased after transfection with an miR-15a-5p inhibitor and mimic, respectively,
compared with control cells (P < 0.05).
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Differentially Expressed Microribonucleic
Acid-15a-5p Regulates Breast Cancer Cell

Resistance to Adriamycin

Cell counting kit-8 was performed to investigate the cell
viability of MCF-7/ADR and to determine the resistance of
MCF-7/ADR  and transfected MCF-7/ADR cells to
Adriamycin. The results showed that miR-15a-5p overex-
pression in the miR-15a-5p mimic group significantly
increased cell viability at various Adriamycin levels com-
pared with the miR-15a-5p inhibitor and control groups.
Conversely, miR-15a-5p downregulation in the miR-15a-5p
inhibitor group dramatically reduced cell viability (Figure 2;
P <0.05). The IC50 of Adriamycin upon transfection with the
miR-15a-5p mimic was 1.934 + 0.252 pg/mL, while 11.800 +
0.219 pg/mL and 6.517 + 0.166 pg/mL were obtained in the
miR-15a-5p inhibitor and control groups, respectively.

Differentially Expressed Microribonucleic
Acid-15a-5p is Strongly Associated with

Cell Invasion, Migration, and Apoptosis in
Adriamycin-Resistant Breast Cancer Cells
The migratory and invasive abilities of cells were detected
using transwell assays. Compared with the control group,
miR-15a-5p overexpression (the miR-15a-5p mimic
group) reduced the invasive and migratory abilities of
MCF-7/ADR cells in the presence of Adriamycin.
Conversely, miR-15a-5p downregulation resulted in the
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Figure 2 The cell viability of non-transfected Adriamycin (ADR)-resistant breast
cancer cells MCF-7 (MCF-7/ADR) and those transfected with a microribonucleic
acid-15a-5p (miR-15a-5p) mimic and inhibitor. Cell viability was reviewed by
conducting cell counting kit-8. The overexpression of miR-15a-5p in the mimic
group significantly increased the cell viability at various Adriamycin levels, com-
pared with the miR-15a-5p inhibitor and control groups (P < 0.05). Conversely,
miR-15a-5p downregulation in the inhibitor group dramatically reduced the cell
viability (P < 0.05).

opposite outcome in the miR-15a-5p inhibitor group
(Figure 3) (P < 0.05). The above data revealed that aber-
rant miR-15a-5p expression showed a significant associa-
tion with BC cell invasion and migration, particularly
under Adriamycin pressure.

Apoptosis and cell-cycle distribution in MCF-7/ADR
cells were assessed using flow cytometry. The results
showed that apoptosis had been induced to a significant
degree in all three groups after treatment with Adriamycin.
However, compared with the control group, the miR-15a-
5p mimic and inhibitor groups showed remarkably
increased and decreased apoptotic rates, respectively
(Figure 4A) (P < 0.05). The above findings suggested
that miR-15a-5p overexpression in MCF-7/ADR cells sig-
nificantly promoted apoptosis, particularly under
Adriamycin pressure. Conversely, under the same condi-
tions, low miR-15a-5p expression inhibited MCF-7/ADR
cell apoptosis. Accordingly, these findings suggested that
miR-15a-5p overexpression enhanced BC cell sensitivity
to Adriamycin and led to decreased MCF-7/ADR cell
invasion and migration, as well as induced apoptosis, in
the presence of Adriamycin.

Cell-cycle distribution was also assessed using flow
cytometry. Proportions of the S-phase cells were increased
in all three MCF-7/ADR cell groups upon Adriamycin
administration, particularly in the miR-15a-5p mimic
group.

The rates of cells that were arrested in the S-phase
were significantly elevated and reduced in the miR-15a-
5p mimic and inhibitor groups, respectively, compared
with the control cells. Furthermore, there were no marked
differences in Gl and G2-phase cells, with or without
Adriamycin administration (P < 0.05) (Figure 4B). These
findings revealed that miR-15a-5p overexpression blunted
MCF-7/ADR cell proliferation through cell-cycle altera-
tion, and may suppress MCF-7/ADR cell resistance to
Adriamycin.

Cycle-Associated Protein 4 is a Direct
Target Gene of Microribonucleic
Acid-15a-5p

Next, we aimed to assess the association of CDCA4 with
miR-15a-5p and to determine whether these molecules
were involved in Adriamycin resistance in BC. Potential
miR-15a-5p targets were assessed using bioinformatics,

information acquired from the miRDB,
The data

based on

TargetScanHuman and PicTar databases.

Cancer Management and Research 2021:13

8429

Dove:


https://www.dovepress.com
https://www.dovepress.com

Zhang et al

Dove

control

miR-15a-5p mimics

Migration

Invasion

miR-15a-5p |nh|b|tor

p<0.05 ) N
400 El miR-15a-5p mimics
Il controls
300 4 [ miR-15a-5p inhibitor
_ p<0.05
p<0.05 [—m

p<0.05
—

Cell number
N
o
o

Invasion

Migration

B

Figure 3 The migratory and invasive abilities of cells as detected by transwell assays. (A, B) Compared with the control group, microribonucleic acid-15a-5p (miR-15a-5p)
overexpression (miR-15a-5p mimic group) inhibited invasion and migration of Adriamycin (ADR)-resistant breast cancer cells MCF-7 (MCF-7/ADR). Conversely, miR-|5a-5p
downregulation resulted in the opposite outcomes for the miR-15a-5p inhibitor group (P < 0.05).

retrieved from the three online databases, as well as
a luciferase reporter assay (as per Alderman et al*°), iden-
tified the CDCA4 gene as being an miR-15a-5p target
(Figure 5A). To further confirm that miR-15a-5p targeted
CDCA4, CDCA4 mRNA amounts were evaluated by qRT-
PCR in transfected and control MCF-7/ADR cells.
Compared with control mRNA levels, CDCA4 was upre-
gulated and downregulated in the miR-15a-5p inhibitor
and mimic groups, respectively (P < 0.05) (Figure 5B).
These findings indicated a negative correlation between
CDCA4 amounts and miR-15a-5p levels in MCF-7/ADR
cells. Additionally, we previously demonstrated that
CDCA4 expression was associated with MCF-7/ADR
cell viability, with low CDCA4 expression inhibiting cell
proliferation and inducing apoptosis with or without
Adriamycin administration. The above data indicated that
low CDCA4 expression mimicked miR-15a-5p overex-
pression. Therefore, miR-15a-5p overexpression could
alter MCF-7/ADR cell resistance to Adriamycin, inhibit-
ing cell viability and inducing apoptosis via the regulation
of CDCAA4.

Discussion
The Limitation of Treatment of Breast

Cancer

Breast cancer represents a universal health challenge for
women. With the development of new approaches and
treatment options for BC, patient prognosis has somewhat
improved. Chemotherapy has an increasingly crucial func-
tion in the comprehensive treatment of BC. Adriamycin is
the primary standard

chemotherapeutic agent in

chemotherapy approaches for treating BC but resistance
significantly limits its therapeutic effect and can result in
treatment failure.”?> The mechanism of Adriamycin resis-
tance in BC remains unclear and requires further

investigation.

The Role of miRNAs in Breast Cancer

Due to most tumors have metastasized far away when
diagnosed, how to find early tumors have been focuses
of research. Studies showed that state of chronic inflam-
mation can reflect the occurrence and development of
cancers. Chronic inflammation can lead to DNA injury,
detection of abnormal cfDNA, miRNAs and methylation
pattern in body fluid, which assists in diagnosis and grad-
ing of cancers. In summary, Cell-free nucleic is
a promising biomarker, which is used for diagnosis, prog-
nosis and grading of cancers. MiRNAs belong to the
category of Cell-free nucleic. MiR-17 and miR-155 in
body fluids can be used as biomarkers for the presence
or absence of distant metastasis in breast cancer. MiR-182
had been proved to have potential value in molecular
typing classification of breast cancer.”>** Numerous stu-
dies have suggested that dysregulated miRNAs are asso-
ciated with multidrug resistance in BC. Existing research
revealed that miR-21 contributed to gemcitabine resistance
by regulating its target gene, phosphatase and tensin
homolog, in BC.>> Zhu et al found miR-27b-3p to be
associated with tamoxifen resistance in BC.2° Moreover,
Studies show that miR-451/452 was associated with the
resistance of BC cells to Adriamycin.’”*® Recent data
indicated that miR-137 directly targeted dual-specificity
phosphatase 4 (DUSP4) to impact the chemoresistance
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Figure 4 Apoptosis and the cell-cycle distribution of Michigan Cancer Foundation-7/Adriamycin (MCF-7/ADR) cells, assessed using flow cytometry. (A) Microribonucleic
acid-15a-5p (MiR-15a-5p) overexpression in MCF-7/ADR cells significantly induced apoptosis, particularly under Adriamycin pressure. Conversely, under the same
conditions, low miR-15a-5p expression inhibited MCF-7/ADR cell apoptosis. (B) The rates of cells arrested in the synthesis phase were significantly elevated and reduced
in the miR-15a-5p mimic and inhibitor groups, respectively, compared with the control group (P < 0.05).

of BC cells upon treatment with Adriamycin.>® Hong et al
demonstrated that miR-7 markedly reversed paclitaxel/car-
boplatin resistance in BC by restoring the expression of
multidrug resistance protein 1 (MRP1) and B-cell lym-
phoma 2 (BCL-2).*° Furthermore, research showed that
the overexpression of miR-15a/miR-16 suppressed the tar-
get gene, B lymphoma Mo-MLV insertion region 1
(BMI1), to enhance BC cell sensitivity to Adriamycin,
thereby suggesting new therapeutic targets that could

help to improve the effects of chemotherapy in patients
that experienced Adriamycin-resistant BC.>!

miR-15a-5p in Adriamycin-Resistant of
Breast Cancer

In this study, we assessed the function and molecular
mechanisms of miR-15a-5p in Adriamycin-resistant BC.
We first confirmed that miRNA-15a-5p was involved
in BC resistance to Adriamycin, likely by regulating its
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Figure 5 Microribonucleic acid-15a-5p (MiR-15a-5p) directly targets cycle-associated protein 4. (A) The predicted target sequence of miR-15a-5p was determined by the
TargetScanHuman miRNA database. (B) Relative expression of mRNA cycle-associated protein 4 was evaluated by quantitative reverse transcription-polymerase chain
reaction in control and transfected Adriamycin (ADR)-resistant breast cancer cells MCF-7 (MCF-7/ADR) (P < 0.05).

target gene, CDCA4. As indicated by conducting qRT-
PCR, miR-15a-5p was starkly downregulated in MCF-7/
ADR cells vs MCF-7 cells, suggesting that miR-15a-5p
downregulation may contribute to Adriamycin-resistance
in BC. Additionally, functional tests, such as CCK-8,
transwell assays, and flow cytometry, were carried out to
assess MCF-7/ADR cells. As shown above, miR-15a-5p
upregulation resulted in a decreased IC50 for Adriamycin,
as well as proliferation, invasion, and migration in MCF-7/
ADR cells. Furthermore, apoptosis in MCF-7/ADR cells
was induced by Adriamycin administration. These findings
indicated that miR-15a-5p overexpression could, at least
partially, reverse Adriamycin resistance in BC and
increase BC cell sensitivity to Adriamycin. Therefore, in
the presence of Adriamycin, MCF-7/ADR cell viability
was markedly reduced following miR-15a-5p upregula-
tion. Strong evidence showed that miRNAs regulate gene
expression by inducing degradation, inhibiting the tran-
scription of their targeted genes, and via participation in
cellular activity. Therefore, to better understand the poten-
tial mechanisms of miR-15a-5p, three online miRNA data-
bases were used to predict its targeted genes. All three

databases identified CDCA4 as a target gene of miR-15a-
Sp. This is supported by results presented by Alderman
et al, who also indicate CDCA4 as a direct target of
miRNA-15a, based on the results of the luciferase reporter
assay.

The Relationship of miR-15a-5p and
CDCA4 in Adriamycin-Resistant of

Breast Cancer

Our previous study demonstrated that CDCA4 amounts
were markedly increased in BC tissue compared with
normal tissue specimens, with CDCA4 reflecting an asso-
ciation with MCF-7/ADR cell viability. Low CDCA4
amounts inhibited proliferation and induced apoptosis in
MCEF-7/ADR cells following Adriamycin administration.
The above results indicated that the effects of low CDCA4
expression were consistent with those of miR-15a-5p over-
expression in MCF-7/ADR cells. Furthermore, qRT-PCR
showed that miR-15a-5p overexpression downregulated
CDCA4 in MCF-7/ADR cells. In contrast, CDCA4 was
upregulated after miR-15a-5p silencing. Therefore, miR-
15a-5p expression and CDCA4 amounts were negatively
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correlated, suggesting that miR-15a-5p had likely been
involved in the formation of Adriamycin resistance
in BC by targeting CDCAA4.

In the present work, miR-15a-5p overexpression affected
the cell cycle in BC cells, with more cells being arrested in
the S-phase DNA replication. It is known that Adriamycin
induces cancer-cell apoptosis by impacting the process of
DNA synthesis in the S phase. Accordingly, we hypothe-
sized that miR-15a-5p increased BC cell sensitivity to
Adriamycin, likely via cell-cycle regulation.

The miR-15a-5p -CDCA4-Nrf2 Axle in

Adriamycin-Resistant of Breast Cancer

Our previous study showed that CDCA4, a downstream
gene of nuclear erythroid 2-related factor 2 (Nrf2) signal-
ing, contributed to Adriamycin resistance in BC cells via
the regulation of cell-cycle progression. Mounting evi-
dence demonstrates that Nrf2 is closely related to drug
resistance in multiple cancers.>*>> In this study, we pro-
vide preliminary confirmation that miR-15a-5p plays
a critical role in BC resistance to Adriamycin by targeting
CDCAA4. Therefore, the potential function of miR-15a-5p
in Nrf2-signaling in Adriamycin-resistant BC deserves
further investigation to comprehensively explore the
mechanism of this treatment approach’s resistance to BC.

Conclusion

To sum up, our study demonstrated that miR-15a-5p totally or
partially reversed Adriamycin resistance in BC by direct
targeting of CDCAA4 through cell-cycle regulation, which is
the first report in the field. And the study not only refined the
molecular regulatory networks of breast cancer but also pro-
vide a new strategy to promote chemotherapy progression.
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