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Introduction

Breast cancer (BC) is one of the most common cancers in women, accounting for
22.9% of all cancers in women.' At present, surgery, radiotherapy, chemotherapy,
endocrine therapy and other means have made great progress, and breast cancer
patients can obtain higher survival rate by receiving the above treatment.”™
However, once breast cancer metastasizes or recurs after surgery, it is rarely
cured completely, so the prognosis is poor. Although many researchers have
initially confirmed that part of the signaling pathway is involved in the development
of breast cancer, a deeper understanding of its underlying pathogenesis remains
challenging.>® Therefore, it is extremely urgent to study and explore the molecular
biological mechanism of breast cancer development and deterioration. In recent
years, there is increasing evidence that mi RNAs, as proto-oncogenes or tumor-

suppressor genes, participate in tumor cell proliferation, differentiation, apoptosis,
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mutation, DNA methylation, and angiogenesis by nega-
tively regulating target gene expression. The imbalance of
these processes is a prerequisite for the occurrence of
various diseases, especially tumors.”®* New research
showed that mi RNA is closely related to the development
of tumors and plays an important role in the malignant
characteristics of tumors.”'® At present, various miRNAs
such as miR-25, miR-98, miR-34a, miR-194, mi R-495
and miR-365 have been confirmed to be involved in pro-
liferation, differentiation, apoptosis and drug resistance of
breast cancer cells.'''* Therefore, based on the regulation
of miRNAs, further research on breast cancer-related
miRNA and its mechanism of action can provide new
ideas and directions for targeted therapy.

miR-423 is a member of the miRNAs family, which is
found to play a role in hepatocellular carcinoma, neuro-
blastoma, tumor gene regulation in ovarian cancer, malig-
nant melanoma, gastric cancer and colorectal cancer.'*'"
Studies have found that miR-423 is overexpressed in
breast cancer, and the expression level of miR-423 is
significantly increased in metastasis.'® However, studies
on the expression characteristics of miR-423 downstream
target genes in breast cancer and how miR-423 and target
genes regulate tumorigenesis, development and spect
mechanisms have not been reported. With the approv

targeting - relationship
ored, which will

Tissue Specim®hs and Cells

This study is based on relevant international norms and
ethical standards. From January 2016 to March 2018, 40
pairs of BC tissues and adjacent non-cancer tissues were
collected from patients who underwent surgical resection in
Medical
University of Science and Technology. Clinical data were

Tongji Hospital, Tongji College, Huazhong

obtained from patients diagnosed by two independent and
experienced pathologists. All patients were signed written

informed consent. The investigation project and informed
consent had been approved by the Tongji Hospital, Tongji
Medical College, Huazhong University of Science and
Technology  Ethics
International Union Against Cancer (UICC), pathological

Committee. According to the
results confirmed that the extracted samples were BC tissues.

BC cells MCF-7 and MCF-7/ADR were obtained from
Nan Jing key GEN Company. MCF-7 cells were cultured in
90% DMEM containing 1% penicillin-streptomycin, 10%
fetal bovine serum (Gibco, Grand Island, NY, USA). MCF-
7/ADR cell lines were subcultured in Reiladl 1640 medium
0 maintain
CO, cell
the cul-

re treated with CCK-8 (Cell Counting
r 24 hrs, the plate was read at 450 nm
oplate reader (Bio-Rad Laboratories Inc,
A, USA). Drug resistance was determined by
omparing IC50 values of growth curve (50% of drug
ncentration for inducing cell proliferation).

Colony Formation

Cells (1 x 10 cells/well) were inoculated on 96-well
plates (GraphPad Sofware, Inc., San Diego, CA, USA)
allowed to adhere for 24 hrs, and then exposed to ADR
for 24 hrs. Each well was washed and the culture was
updated. Then, the cells were cultured in an incubator for 8
days. Finally, colonies were counted after fixation for 10
mins with 10% formaldehyde. Cell viability was measured
by GraphPad Prism 6 (Costar, Charlotte, NC, USA).

Oligonucleotides, Plasmids, siRNA and

Transfection

miR-423 simulation, miR-423 inhibitor (miR-423 inhibitor),
negative control oligonucleotide (miR-NC), negative control
oligonucleotide (NC), control vector (Vector), ZFP36
pEGFP-N2 vector (ZFP36), small interfering RNA of
ZFP36 (siZFP36), scramble siRNA of ZFP36 (si-NC) were
obtained from RiboBio (Shanghai, China). Overexpressed
miRNA-423 was using the miRNA-423 mimetic, ZFP36
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was overexpressed by transfection of ZFP36. miRNA-423
and ZFP36 were knocked out using miRNA-423 inhibitor
and siZFP36, respectively. According to the specific require-
ments of the instructions, Lipofectamine 2000 reagent
(Invitrogen, Carlsbad, CA, USA) was used for blood transfu-
sion. After 48 hrs of transfection, the cells were prepared for
further analysis. Finally, the transfection efficiency was
detected by qRT-PCR.

Luciferase Assay

PMIRGLO Dual Small RNA Targeted
Expression Vector for Luciferase Analysis in 3'-
untranslated Region (UTR) (Shanghai, China). Both hsa-
miR-423 mimic and negative control oligonucleotides were
obtained from RiboBio Co. Ltd. (GenePharma, Shanghai,
China). Cells were inoculated into 24-well plates with 5 x

Luciferase

10* cells per well. The hsa-mir-423 simulator and wild or
mutant target sequences were co-transfected into each well
using Lipofectamine 2000 (Invitrogen). After 48 hrs of
transfection, the activities of freon and glomerular luciferase
were determined by double luciferase reporting system,
normalized into the activity for Renilla luciferase. The aver-
age result of mir-control transfection was set to 1.0.

Real-Time PCR

Total RNA containing miRNA was collected

According to the instructions (Ambion
, mirVana qRT-PCR microRNA detection
easure the expression of mir-423 and

Inc., Austin,
kit was used to
normalized by 27**T method relative to U6 small
nuclear RNA.

Western Blot

Cells were decomposed with protein extract for 30 mins
and centrifuged for 5 mins at 4°C for 12,000 r/min.
Equivalent supernatant (protein) was mixed with SDS
Loading Buffer and heated in a boiling water bath at

100°C, for 5 mins to fully denaturate the protein. 1 pL
was taken for protein quantification. Cells were treated
with protein lysate and protein samples were collected.
The protein samples were quantified by BCA protein
quantitative kit. SDS-PAGE electrophoresis was carried
out with 50ug protein samples added to each well. After
the electrophoresis, the protein was transferred to PVDF
membrane, and the transfer membrane was sealed with 1%
BSA. After that, 1:1000 rabbit anti-GAPDH was added
(1:2000, Cell Signaling Technology, Beverly, MA, USA),

and ZFP36, B-catenin, p-P-cateniaailec675), and polyclo-

utral formic acid for fixation. After dehy-
solute ethanol was used to be transparent
5 ylene was used to be transparent twice. The
was immersed in the melted paraffin, embedded in
the embedding machine, and the excess paraffin on the
outside of the wax block was trimmed. The specimens
were sectioned continuously on a paraffin slicer. The par-
affin slices were dewaxed in an oven, hydrated with gra-
dient alcohol and repaired with 0.1% citric acid buffer,
sealed and removed with 0.5% sheep serum. Each paraffin
slice was added to the corresponding diluted anti-coated
tissues. After overnight, the first anti-body was washed
once, and the second antibody was added. After incuba-
tion, the second antibody was removed, washed and
observed under a microscope. After re-dyeing with hema-
toxylin, differentiation with hydrochloric acid alcohol
solution, dehydration and drying, xylene transparent, the
neutral gum was added to seal.

Antitumor Activity Assay in vivo

Animal experiments were performed in accordance with
approved laboratory animal care and international guidelines.
All animal procedures were performed in accordance with
the Guidelines for Care and Use of Laboratory Animals of
“Tianjin University of Science and Technology” University
and approved by the Animal Ethics Committee of “Animal
Ethical and Welfare Committee (AEWC).” Four-week-old
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male nude mice were purchased from the animal facility of
Dalian Medical University. In order to establish BC xeno-
grafts, MCF-7 cells with a density of about 2 x 10° were
inoculated into the right abdomen of each nude mouse.
About a week after inoculation, mice were randomly divided
into two groups, control group and treatment group (n=6/
group). Then, miR-423 mimic or miR-423 inhibitor was
injected into the tumors 3 times a week for 4 weeks. In
order to detect the chemosensitivity of breast tumors, 7 mg/
kg adriamycin or saline was injected intraperitoneally every
week. The tumors were separated after execution in mice,
weighed and photographed. Tumors were weighed in 4%
paraformaldehyde and the growth curve was plotted. The
experiment was approved by the Animal Experimental
Ethics Committee of the Tongji Hospital, Tongji Medical
College, Huazhong University of Science and Technology
of China.

Statistical Methods
The monitoring data were analyzed by SPSS19.0 statistical
software. The data analysis results were expressed as mean
+ standard deviation (mean + SD). The data analysis
between the two groups was performed by t-test. O
way variance analysis (ANOVA) was used for data analy

sis among multiple groups, and LSD test wagghsed fo

subsequent analysis. P < 0.05 indicated that &
was statistically significant.

Results
miR-423 Was Upre

Cancer Tissues
In order to investiga
breast cancer, ou

ignificantly associated with
tumor size, T st and cancer chemosensitivity, but not
with lymph node m&@stasis (Table 1).

The results in Figure 1B showed that miR-423 expres-
sion was significantly raised in MCR-7 and MCF-7/ADR
cells compared with the non-malignant mammary epithelial
cell line MCF-10A cells (p <0.05). In addition, compared
with the MCF-7 cell line, miR-423 was significantly raised
in the MCF-7/ADR cell line. The results of Figure 1C
and D showed that miR-423 overexpression in MCF-7

cells and knockout of miR-423 in MCF-7/ADR were

achieved by transfection with miR-423 mimic or miR-423
inhibitor.

ZFP36 Was a Direct Target Gene of
miR-423

In order to determine the underlying mechanism of action
of miR-423 in BC, the bioinformatics were predicted and
ZFP36 was identified as a potential target for miR-423
(Figure 2A). Subsequently, the miRNA-423 binding region
was mutated in the ZFP36 3'-UTR to verify the interaction

between miR-423 and ZFP36 3', he wild-type

ZFP36 luciferase vector
transfected into HEK293
shown in the results
nificantly reduced

P36 in BC adjacent non-tumor tissues was
y higher. Furthermore, as shown in Figure 2D,
ere was a negative correlation between the expression of
iR-423 and ZFP36. Figure 2E shows that ZFP36 in
CF-7/ADR cells was significantly reduced in mRNA
and protein expression levels compared with MCF-7
cells. As shown in Figure 2E and F, the upregulation of
miR-423 expression resulted in a significant decrease in
ZFP36 expression. In contrast, inhibition of expression of
miR-423 resulted in a significant upregulation of ZFP36
expression. These results indicated that ZFP36 was
a direct target of miR-423.

The Effect of Overexpression of miR-423
on Chemotherapeutic Resistance and

Proliferation
The IC50 values of chemotherapeutic agents (ADR, VCR,
Taxel) were calculated by the CCK-8 method. As shown in
Figure 3A, the IC50 values of these chemotherapeutic
agents were significantly increased in miR-423 mimetic-
transfected MCF-7 cells compared with miR-NC cells.
Figure 3B shows that transfection of miR-423 mimics
significantly increased MCF-7 cell viability. Colony for-
mation assay results showed that colonies in miR-423
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Figure | The expression of miR-423 in breast cancer,
expression levels of miR-423 in MCF-10a, MCF-7 and
cells (*P < 0.01, **P < 0.001).

iferation of MCF-7 cells.

In vivo anim&®experiments were conducted to determine
whether miR-423 could inhibit ADR-induced apoptosis of
MCEF-7 cells. Compared with the miR-423 simulation group,

promote the 3

the tumor volume combined with ADR was significantly
smaller (P<0.05; Figure 3E). In addition, immunohistochem-
ical staining showed that the expression level of ZFP36 was
lower in the miR-423 overexpression group and higher in
Ki67 than the control group (Figure 3F). In conclusion,
studies demonstrated that overexpression of miR-423
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elative miR-423 levels in adjacent normal breast tissues, BC tissues (n = 40). (B) The
e expression levels of miR-423 in MCF-7, MCF-7/ADR cells and designated transfected

promoted ADR resistance in MCF-7 cells and overexpres-
sion of miR-423 promoted proliferation in MCF-7 cells.

Downregulation of miR-423 Induced

Chemosensitivity and Proliferation of

MCF-7/ADR Cells

The IC50 values of chemotherapeutic agents (ADR, VCR,
Taxel) were calculated by the CCK-8 method. The results
showed that the IC50 value of the chemotherapeutic agent
in the miR-423 inhibitor transfected cells was significantly
reduced (Figure 4A). The CCK-8 method found that the
growth rate of the miR-423 inhibitor group gradually
decreased with the extension of the action time (Figure
4B). The results of Figure 4C and D demonstrated that
miR-423 inhibitors were capable of inhibiting cell prolif-
eration and increasing apoptosis rates in MCF-7/ADR
cells (Figure 4C and D).
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Table | The Correlation Between miR-423 Expression and Its
Clinicopathological Correlation in Breast Cancer Patients

Parameter Group N [ miR-423 p Value
Expression
High | Low
Age <60 17 (9 8 0.822
>60 23 | 11 12
Lymph node Positive 10 | 4 6 0.556
metastasis (Inm) | Negative 30 [ 16 14
Distant MO 9 |4 5 0.810
metastasis MI 31 [ 16 15
Tumor size <3 24 |9 15 0.032
(cm) >3 16 | 11 5
pT stage I-1l 3013 17 0.037
-1v 0|7 3
pTNM stage I-1l 18 |6 12 0.057
-1v 22| 14 8
Drug sensitivity | Drug resistance | 14 | 10 4 0.012
Drug sensitive 26 | 10 16

As shown in Figure 4C, compared with the control cells,
the downregulated miR-423 caused gradually decreased'
the colony formation rate. As shown in Figure 4D, flo

cytometry assay showed that the apoptotic rate4

s significantly increased.
4y was significantly

Overexpression of miR-423 Stimulated
Drug Resistance and Inhibited
Proliferation via the ZFP36- Wnt/j-

Catenin Signaling Pathway

As shown in Figure 5A, compared with the control group,
ZFP36 can decrease the expressions of nuclear -catenin,
cytoplasmic B-catenin, cytoplasmic p-f-catenin and raised
expression of ZFP36 in MCF-7 cells. miR-423 can raise

the expressions of nuclear [-catenin, cytoplasmic J-
catenin and cytoplasmic p-B-catenin and decreased the
expression of ZFP36 in MCF-7 cells. And the miR-423+
ZFP36 can reverse the effect of miR-423 on the expressions
of nuclear B-catenin, cytoplasmic -catenin, cytoplasmic p-p-
catenin and ZFP36. These results indicated that miR-423 can
activate Wnt/B-catenin signaling by inhibiting ZFP36.

In MCF-7 cells, cells were treated with a concentration
gradient of ADR (2.1 pg/mL). The CCK8 method results
(Figure 5B) showed that increased expression of Zfp36 can
gim23. When cells

increase the resistance induced by s

pared with
conclusion,
liferatj

tance and Proliferation via the
Whnt/B-Catenin Pathway in MCF-
/ADR Cells

shown in Figure 6A, compared with the control group,
si-ZFP36 can raise the expressions of nuclear B-catenin,
cytoplasmic B-catenin, and cytoplasmic p-p-catenin and
decrease expression of ZFP36 in MCF-7 cells. miR-423
inhibitor can decrease the expressions of nuclear B-catenin,
cytoplasmic B-catenin, and cytoplasmic p-B-catenin and
raise the expression of ZFP36 in MCF-7 cells. And the
miR-423 inhibitor +si-ZFP36 can reverse the effect of
miR-423 on the expressions of nuclear B-catenin, cytoplas-
mic B-catenin, cytoplasmic p-p-catenin and ZFP36.

CCK-8, colony formation and flow cytometry results
showed that siRNA ZFP36 can reverse the reduced che-
mical resistance and proliferation induced by the trans-
fection of miR-423 inhibitors (induced by induction of
Figure 6B-D with miRNA-423 inhibitors).

Discussion

Chemotherapy is the most common method for the
treatment of malignant tumors. However, with the use
of chemotherapeutic drugs, many tumor cells inevi

tably develop drug resistance, both intrinsic and
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MCF-7/ADR cells on the expression of ZFP36 (**P < 0.01).
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acquired.'”'® Cl\@motherapy plays a key role in the
treatment of breast cancer.'” However, almost half of
patients develop multidrug resistance (MDR) during
chemotherapy, which increases clinical challenges for
breast cancer treatment.” Studies have shown that the
mechanism of tumor drug resistance is caused by mul-
tiple factors such as oncogene activation and inactiva-
tion of tumor-suppressor genes, and multiple steps.?’

There are a number of mechanisms that can explain the

10!

miR-423+ZFP36

102 100 10t

mechanism of breast cancer resistance. Recently, many
studies have shown that drug-induced microRNA
(miRNA) dysregulation plays an important role in the
mechanism of acquired resistance.*

Research evidence suggests that miRNAs play
a crucial role in tumor formation and progression.”®
Although many miRNAs are abnormally expressed in
breast cancer tissues or cells, the molecular regulatory
functions and signal regulation mechanisms for the
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development and evolution of breast cancer have not Researchers found that miR-423 has a strong carcinogenic
been fully elucidated. Therefore, by analyzing miRNA-  effect on the occurrence and development of breast cancer.'® In
related targets and the signaling pathways involved in  this study, the results showed that miR-423 was highly
breast cancer, it is helpful to fully understand the expressed in breast cancer. Moreover, miR-423 was signifi-
relationship between mRNAs and tumor development, cantly associated with tumor size, T stage and cancer chemo-
thus providing new target genes for the diagnosis and  sensitivity, but was not associated with lymph node metastasis,
treatment of breast cancer. which is in a good agreement with other literatures.**
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In breast cancer, miRNAs can be used to differentiate
benign and malignant breast tissues. And some miRNAs
have been shown to be closely related to chemosensitivity
(5-FU).%> The result indicated that overexpression of miR-
423 can significantly promote the proliferation and resis-
tance of breast cancer cells, and inhibition of the expres-
sion of miR-423 can inhibit the proliferation and resistance
of breast cancer cells. The experimental results were
further confirmed by mouse experiments. These data high-
lighted the important role of MI R-423 as an oncogene in
breast cancer.

Studies have reported that many miRNAs affected the
development of tumors by targeting the regulation of
mRNA expression. As a tumor-suppressor gene, miR-124
inhibited the proliferation, invasion and metastasis of col-
orectal tumor cells by targeting PRRXI1 expression.?
miR-101 inhibited the development of liver cancer by
downregulating EZH2 and increased the sensitivity of
drugs that inhibited cell growth.?” In this study, bioinfor-
matics software was first used to predict that ZFP36 might
be a downstream target gene of miR-423. ZFP36 was
a transcription factor with a finger-like domain.?® In recent
years, there have been more and more reports of ZFP36 in
tumors, which were shown to inhibit tumorigenesis
affect the malignant phenotype of tumors.>” However, t
current report of ZFP36 in breast cancer was rg4

a negative correlation
It had been pummi

olutionarily relatively conserved sig-
naling pathway {N@played an important role in initiating
and regulating a var¥®ty of cellular activities such as cell

proliferation, cell polarity, and calcium channel
homeostasis.®' B-catenin was a downstream pivotal signal
molecule in this signaling pathway.*> GSK3 is the phos-
phorylated kinase of B-catenin. The phosphorylation of
GSK3 will cause the degradation of B-catenin and keep
the free amount of the latter in the cytoplasm at a low
level. When GSK3 is inhibited, the degradation of f-

catenin will be interrupted immediately, and the affinity

of the phosphorylated B-catenin with APC will be
reduced, so that the content of free B-catenin in the cell
will be increased and transported into the nucleus. In
order to further investigate the molecular mechanisms
by which mi R-423 and ZFP36 regulated the biological
functions of colorectal tumors, the Wnt/B-catenin signal-
ing pathway was investigated in MCF-7 cells and miR-
NC cells. The study revealed that the protein level of B-
catenin expression was enhanced in miR-423 mimic-
transfected MCF-7 cells compared with miR-NC cells.
In contrast to the miR-423 mock gro s

roliferation induced by miR-423

iR-423 was upregulated in breast tumor tissues and cell
es; miR-423 promoted proliferation and resistance of
breast cancer cells; ZFP36 was a downstream target gene
of miR-423; miR-423 inhibited the expression of ZFP36
by Wnt/B-catenin signaling pathway, thus promoting the
proliferation and migration of breast cancer cells.
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