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d from 86 patients with
and CCNE] (target gene)
mRNA, determined by biological

analyze the diagnostic value of mj

related proteins of TNBC
Results: RT-qPCR results

ression of miR497-5p or knockdown of CCNE].
497-5p levels were significantly downregulated
expression was significantly upregulated, and
correlated with that of CCNE1 (P<0.001). ROC
f miR497-5p for TNBC was >0.9, which had better
1 tests revealed that miR497-5p played a role in tumor inhibition,

miR497-5p exp

liferation and invasion of TNBC cells, blocking the cell cycle, and
informatic prediction and subsequent experiments revealed that
t target of miR497-5p. Furthermore, after knocking down the expres-
'NEI in TNBC cells, the proliferation and invasion of TNBC cells were signifi-
d, the cell cycle blocked, and the apoptosis rate significantly increased
0.001), and expression of the proapoptosis-related proteins Bax and caspase 3 (cleaved)
pregulated, while expression of the antiapoptosis-related protein BCL2 was down-
regulated (P<0.001).

Conclusion: miR497-5p inhibited the proliferation and invasion of TNBC cells by targeting
CCNEL, blocked the cell cycle and promoted the apoptosis of TNBC cells, and had better
diagnostic value for TNBC. miR497-5p can be used as a new potential target for the
treatment of TNBC.
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Introduction

As one of the most common malignancy tumors, breast carcinoma (BC) is also one
of the main causes of cancer-related deaths in women.' Triple-negative BC(TNBC)
is the most active BC type, has high proliferation and a metastasis phenotype, and
manifests as lack of estrogen-receptor and progestin receptor expression, and
HER2.>® At present, there is no valid drug for treating TNBC, and it shows
aggressive clinical behavior and poor prognosis.* Consequently, it is essential to
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better comprehend the progress of TNBC to promote the
diagnosis and treatment of TNBC.

miRNAs are tiny single-stranded nonencoding
RNAs with a length of 1922 nucleotide acids.” They can
regulate various cell processes (eg, proliferation, migration
and metamorphosis) by base-pairing with the 3'UTR of target
genes.® Studies have shown that abnormal miRNA function
is related to the progress of TNBC. For example,” miR200c
promotes the malignant progress of TNBC through upregu-
lation of PAI2 and polarization of M2-phenotype macro-
Other studies have shown that miR122-5p
promotes TNBC aggression and epithelial-mesenchymal
transition by inhibiting CHMP3 through MAPK signal
transduction.® Much evidence has indicated that miR497-5p

phages.

acts on tumor-suppressor genes in various tumors. For
example,” its overexpression controls the growth, migration,
and invasiveness of non—small cell lung carcinoma cells and
induces apoptosis by suppressing expression of the SOX5
gene. Other studies have revealed that it can inhibit the
proliferation and growth of liver carcinoma by downregulat-
ing IGF1."" These results revealed the antitumor activity of
miR497-5p in the development of carcinoma. However,
there has been no research on the expression and biological
function of miR497-5p in TNBC.

CCNE] is an important factor that can regulate prolifera
ing cells to enter the S and G, phases."" It has beep

tissue and
collected f
our hospital. Famples were quickly frozen and con-
served in liquidS@itrogen for subsequent experimental
detection. These pai¥nts had not received any preopera-
tive therapy. All patients signed the informed-consent
form. The research was ratified by the Cangzhou
People’s Hospital ethics committee. This experiment con-

formed with the Declaration of Helsinki.

Cell Culture and Transfection
Human TNBC cell strains (MDA-MB231, MDA-MB436,
and MDA-MB468) and human normal mammary epithelial

cells (MCF10A) were all from the Chinese Academy of
Sciences. All cells were developed in DMEM with 10%
FBS.Cells were retained in a moist incubator with 5% CO,
at 37°C. miR497-5p and CCNEI] in cell strains were
detected, revealing that the miR497-5p in the MDA-MB
231 and MDA-MB436 cell strains was relatively low, so
these strains were selected for transfection and succeeding
tests. Cells were transfected with miR497-5p mimics,
miR497-5p inhibitor, simulated miRNA negative contrast
(miRNC), and CCNE! siRNA (si-CCNE1) and its negative
Shanghad hina)  with
a Lipofectamine 2000 kit. Manipulg e followed

contrast  (GenePharma,

strictly as per kit instructions.

RT-PCR
Total RNA was ¢ ith Trizol reagent
d concentration of

olet spectrophotometry,

and RNA was obtained for
rever; A on the basis following the
kit { plified conditions were PCR parameters

n at 94°C for 30 seconds, denaturing at
, annealing and extension at 60°C for 30
ed by 40 cycles. U6 was used as internal
or miR497-5p, and GAPDH was used as internal
arameter for CCNE1. 2% was used to analyze these
ta.'® Primer sequences are displayed in Table 1.

Detection of Cell Growth by MTT

After transfection for 48 hours, TNBC cell lines were
inoculated into 96-well plates at about 5,000 cells per
well. Cell density was 3x104 cells/mL. Cells were then
cultivated at 37°C. After culturing for 24, 48, 72, and 96
hours, 10 uL. MTT solution was added to each well, then
cultivated in the incubator for 4 hours after adding
reagents. Then, dimethyl sulfoxide (150 pL) was added
and shaken for 10 minutes. Next, absorbance was mea-
sured at 490 nm with an enzyme-labeling instrument to
test cell growth. This test was repeated three times.

Determination of Cell Invasiveness

(Transwell)

After transfection for 24 hours, 3x10° cells per well inocu-
lated on a six-well plate. Then, cells were washed with PBS
and inoculated in the upper chamber. DMEM (200 uL) was
added to the upper chamber. DMEM with 20% FBS
(500 mL) was added to the lower chamber. Next, these
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Table | Primer sequences

Upstream 5'-'3

Downstream 5'-'3

miR497-5p AGCGAAGTTTTGAGCCGATCGGGC GCCGTGAGTCAGAGGTGGT
ué CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
CCNE| GCCAGCCTTGGGACAATAATG CTTGCACGTTGAGTTTGGGT
GAPDH TGCACCACCAACTGCTTAGC GGCATGGACTGTGGTCATGAG

were cultivated at 37°C for 48 hours. The cells and substrate
that did not pass through the film surface of the upper
chamber were scrubbed, washed with PBS three times,
immobilized with paraformaldehyde for 10 minutes, and
washed through double-steamed water three times. After
drying, 0.5% crystal violet was used for staining. Finally,
the cell invasiveness was analyzed with microscopy.

Apoptosis Testing

After centrifugation, transfected cells were rinsed through
precooled PBSthree times, then immobilized in 70% cold
ethanol for one night. Cycles were detected according to the
instructions of the manufacturer of the cell-cycle test kit
(Leagene Biotechnology, Beijing, China). RNase A liquid
solution (100 pL) was added. Cells were resuspended and

After culturing, c¢
albumin wa i

DF film” after ionization, dyed in Ponceau

ersed in PBST for 5 minutes, and closed
with 5% nonfat ®fied milk for 2 hours. Bax (1:500), BCL2
(1:500), cleaved caspase 3 (1:500), CCNEI (1:1,000) and -
actin primary antibody (1:1,000) were added and blocked at
4°C for one night. The first antibody was eliminated by
washing the film, and HRP-conjugated goat antirabbit sec-
ondary antibody (1:1,000) was added, cultivated at 37°C for
1h, and washed three times through PBS for 5 minutes each
time. Excess fluid on the film was sucked dry with clogging
paper and ECL applied for luminescence and development.

Double Fluorescein—Reporter Enzyme
Double luciferase-reporter gene determination was con-

ducted to determine whether CC. as the direct target

mutant, respectivi Lipofgctamine 2000. After

, luc se activity was deter-
I USA), and the activity of
s a standardized control.

sed as means = SD and #-tests applied. Comparison
between groups was conducted with independent-sample
t-tests. Univariate ANOVA was applied for comparison
among multiple groups. LSD #testing was employed for
paired comparison afterward. Repeated measurement and
ANOVA were applied for expression at various time inter-
vals. Bonferroni analysis was used for post hoc testing. ROC
curves were used to analyze the diagnostic value of miR497-
5p in TNBC. Pearson’s test was applied for correlation

analysis. Statistical significance was set at P<0.05.

Results

Expression and Diagnostic Value of
miR497-5p in TNBC

miR497-5p and CCNEI mRNA levels in cancer tissue
from TNBC patients were tested by qRT-PCR. Findings
revealed that miR497-5p in TNBC tissue and cells was
obviously lower than in normal cells, while the CCNE]
mRNA was obviously greater than that in adjacent tissue
and normal cells (P<0.05). Correlation analysis revealed
that miR497-5p in TNBC tissue was negatively correlated
with CCNE1 (P<0.05). Analysis of ROC curve revealed
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that the AUC of miR497-5p in TNBC diagnosis was 0.925
(P<0.05), which was of better diagnostic value (Figure 1).

Overexpression of miR497-5p Suppressed
Growth and Invasion of TNBC Cells and
Induced Cell-Cycle Stagnation and
Apoptosis of G, Cells

To better comprehend the biological function of miR497-
5p, we applied miR497-5p mimics, inhibitor, and miRNC
to transiently transfect the TNBC cell strains MDA-MB
231 and MDA-MB436 for further study. After 24 hours,
qRT-PCR revealed that miR497-5p was overexpressed or
had declined in transfection efficiency. MTT was applied
to analyze the effect of miR497-5p on cell proliferation,
and showed that overexpression of miR497-5p had
obviously suppressed the progression of TNBC cells,
while downregulation of miR497-5p had obviously pro-
moted the progression of TNBC cells. As miR497-5p
inhibited the progression of TNBC cells, we explored
whether this inhibitory effect might be caused by the
blocking of a checkpoint in the cell cycle. After transfec-
tion for 48 hours, FC was employed to analyse the cell-

A

compared with the miRNC group, the percentage of cells
overexpressing miR497-5p in the G,/Gy phase had been
markedly enhanced (P<0.05), but had had little effect on
stage G,/M, and the percentage of cells in stage S had also
declined significantly (P<0.05). In TNBC cell strains
transfected with the miR497-5p inhibitor, the Gy/M
phase was not obviously affected (P<0.05). It decreased
significantly in G,/Gy phase (P<0.05), and the percentage
of cells in stage S was enhanced (P<0.05). These findings
revealed that miR497-5p triggered cell-growth inhibition

by blocking tumor cells in stage G14g8 e influence of

e directly targeted by miR497-5p, the

gene was used. Overexpression of
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Figure | Expression and clinical significance of miR497-5p and CCNE/ in TNBC. (A) Expression of miR497-5p in TNBC tissue; (B) expression of CCNE/ in TNBC tissue; (C)
expression of miR497-5p in TNBC cells; (D) expression of CCNE[ in TNBC cells. (E) ROC of miR497-5p in diagnosis of TNBC; (F) correlation of miR497-5p with CCNE . *P<0.05.
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tein in M B231 and MDA-MB436 cells transfected
with miR497-3§@mimics was downregulated, but protein in
TNBC cells transfected with miR497-5p-inhibitor, it was
obviously enhanced (P<0.05, Figure 3).

Effect of DownRegulation of CCNEI
Expression on Biological Function of
TNBC Cells

To verify whether the tumor-inhibition effect of miR497-
5p in TNBC was mediated through CCNE1, CCNE1 was
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rols, upregulation of miR497-5p promoted G,/S transition in MDA-MB23| and MDA-MB436, while down-
B231 and MDA-MB436 cells; (E) effect of miR497-5p on apoptosis of TNBC cells; (F) effect of miR497-5p on

knocked down in MDA-MB231 and MDA-MB436 cells.
WB analysis revealed that CCNE1 declined in MDA-MB
231 and MDA-MB436 cells after transfection with
si-CCNE1 (P<0.05). Following transfection, MTT and
cell-invasion tests revealed that si-CCNEI1 significantly
suppressed the growth and invasion of MDA-MB231 and
MDA-MB436 cells, blocked the cell cycle in stage Gy,
WB
revealed that knockdown of CCNEI increased levels of

and facilitated apoptosis (P<0.05). Moreover,

the proapoptosis protein Bax and cleaved caspase 3
expression, while expression of the antiapoptosis protein
BCL2 was downregulated (Figure 4).
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Rescue Expe riment proliferation and invasion of cells were obviously enhanced

MDA-MB231 and MDA-MB436 cells were cotransfected compared with cells transfected with si-CCNE1. Cell per-
with miR497-5p inhibitor + si-CCNEI1. Cell growth, inva- ~ centage at the Gi/Go stage was significantly decreased,
siveness, cycle, and apoptosis were detected. The results ~ While cells at the S stage were obviously enhanced and
revealed that growth, invasiveness, cycle, and apoptosis of ~ apoptosis obviously decreased, indicating that the miR497-
cells transfected with miR497-5p inhibitor + si-CCNE1  5p inhibitor reversed the influence of si-CCNE1 on TNBC

were not different from ells transfected with miRNC, but  cells. WB detection showed that Bax, cleaved caspase 3, and
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BCL2 in cells transfected with miR497-5p inhibitor + si-
CCNE1 were not different from cells transfected with
miRNC, but BCL2 protein expression was obviously higher
and Bax and cleaved caspase 3 expression obviously lower
than cells transfected with si-CCNE1 (P<0.05, Figure 5).

Discussion
More and more evidence shows that miRNAs play a crucial
role in malignant cancer tumors by acting as tumor
suppressors or oncogenes.'* Many miRNAs have been
revealed to play a vital role in TNBC. For example, it has
been revealed that miR33a can suppress the development of
TNBC by directly targeting EZH2 to suppress growth and
migration and induce G cell-cycle arrest.'> However, there
are few reports about the function of miR497-5p in TNBC.
In recent years, there have been many reports about
the effect of miR497-5p in tumors. For instance,
miR497-5p is enhanced in colon carcinoma'® and it can
be a cancer-therapy option for regulating lipid metabo-
lism in the colon. Other studies have revealed that
miR497-5p suppresses the proliferation and growth of
gastric carcinoma cells by targeting PIK3R1."” In our
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research, miR497-5p in tumor tissue and sera of patients
with TNBC was significantly downregulated, and ROC
analysis revealed that miR497-5p had better diagnostic
value for TNBC. This revealed that miR497-5p was
involved in the formation and progression of TNBC.
Therefore, we did further cell experiments in vitro.
These findings revealed that overexpression of miR497-
S5p in MDA-MB231 and MDA-MB436 cells obviously
inhibited cell proliferation and invasiveness, blocked the
G; stage, and induced apoptosis. The proapoptotic pro-

tein Bax and antiapoptotic proig play important
roles in apoptosis. Some

mutations that destroy ghe

e also indicated that miR497-5p

le of a tumor-suppressor gene. **°

evealed that miR497-5p can block the
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Figure 5 Rescue experiments (A, B); effect of miR497-5p-inhibitor + si-CCNEI on proliferation of TNBC cells; (C) effect of miR497-5p-inhibitor + si-CCNEI on invasion
of TNBC cells scale 50 um); (D) effect of miR497-5p-inhibitor + si-CCNEI on cycle of TNBC cells; (E) effect of miR497-5p-inhibitor + si-CCNEI on apoptosis rate of
TNBC cells; (F) effects of miR497-5p-inhibitor + si-CCNEI on apoptosis-related proteins in TNBC cells. ** indicates P<0.05, *Compared with #, P<0.01.
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cycle of tumor cells and induce apoptosis.”' Also,
HOXC13-AS IncRNA can promote the development
of BC by inhibiting the expression of miR497-5P, con-
firming the role of miR497-5P as a tumor suppressor
in BC.?? This is consistent with our research.

As we know, miRNA affects cell function by binding
its target gene,” and the functional mechanism of
miR497-5P in TNBC remains to be further explored. We
found that CCNE! was one of the targets of miR497-5p
through websites. Through luciferase assays, we investi-
gated whether miR497-5p directly targeted CCNEI 3'UTR
in TNBC cells. In addition, increasing miR497-5p resulted
in knockdown of CCNE1 protein, while downregulation of
miR195-5p showed an opposite effect. Previous studies
have revealed that CCNEI is a nucleocapsid protein of
the cell cycle-regulator family,”* and plays the role of
oncogene in the G; and S phases of the cell cycle. In
addition,”>*® evidence has shown that the expression of
CCNEI in other tumors can be regulated by miRNA.

We found that CCNE!1 in blood sera and tumor tissue
of patients with TNBC was significantly enhanced and
that there was a negative correlation between its expres-
sion and miR497-5p. We also analyzed the influence of
CCNEI1 on TNBC cells. Knocking down CCNEI expr
sion significantly inhibited the growth and invasiveness
MDA-MB231 and MDA-MB436 cells, blockeg

revealed that CCNE1
TNBC and that ove
event in the prq
that overexpy a specific marker of
our results. To further
K497-5p with CCNE1, we also
conducted rescuS@gxperiments. This revealed that the
miR497-5p inhibito®feversed the influence of si-CCNEL1
on TNBC cells, and further uncovered that miR497-5p

affected the development of TNBC by regulating CCNE].

Conclusion

miR497-5p is obviously declined in TNBC tumor tissue and
can be used as a diagnostic marker for HCC patients.
Overexpression of miR497-5p can suppress the growth and
invasiveness of TNBC cells, block the cell cycle, and induce

apoptosis by directly inhibiting the expression of CCNEI,
which not only provides new insight into the progress and
metastasis of TNBC but also provides a latent target to prevent
and treat cancer. However, there are some shortcomings in this
study. For example, we did not carry out in vivo experiments
to observe whether miR497-5p has the same inhibitory effect
on solid tumors, but we will carry out further basic experi-
ments to improve our conclusions in future studies.
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