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Background: MiR-519d and miR-328-3p had tumor-regulatory properties in different
cancers, but their combinatorial effects and potential common target in breast cancer had
not been fully reported. This research targeted to study the underlying mechanism of how
miR-519d and miR-328-3p cooperatively suppressed breast cancer.

Methods: MiR-519d and miR-328-3p expressions in breast cancer tissues and cells were
assessed and Ki-67 expression was also checked. DLR assay was executed to verify whether
Ki-67 was a common target of miR-519d and miR-328-3p. Western blot, flow cytometry,
colony formation, wound healing and transwell assays were applied to examine the inhibi-
tory roles of these two miRNAs on the malignant behaviors of breast cancer cells and the
potential molecular mechanism.

Results: Impeded miR-519d and miR-328-3p expressions and enhanced Ki-67 expression
were detected in breast cancer tissues and cells. Ki-67 was confirmed as a target of these two
miRNAs. MiR-519d and miR-328-3p hampered cell proliferation and blocked cell cycle via
binding to Ki-67 and they also suppressed migration and invasion. The combinatorial effects
of two miRNAs were much stronger than a single miRNA.

Conclusion: Our findings proved that miR-519d and miR-328-3p played combinatorial anti-
cancer roles in breast cancer by directly targeting a common target Ki-67. Our study
suggested that these two miRNAs might own the potential to become novel therapeutic
biomarkers involved in the diagnosis and therapy of breast cancer.
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Introduction
Breast cancer is the most dangerous cancerous killer of women.' Its morbidity and
mortality are rising sharply in this decade.” In addition, with the development of
modern diagnostic methods, more and more studies started focusing on the non-
invasive diagnostic molecular biomarkers such as microRNAs which contributed to
the metastasis of breast cancer.’ However, the survival rate of patients carrying
metastatic breast cancer has dramatically increased in recent years due to a variety
of intrinsic and extrinsic factors.” Besides that, the proliferation ability and highly
activated cell cycle are the crucial factors contributing to metastasis of different
cancers.” Therefore, to find the effective diagnostic and treatment method of breast
cancer, there is an urgent requirement for a clearer understanding of the mechan-
isms associated with metastatic breast cancer at the molecular level.

MicroRNA is a type of small, non-coding single-stranded RNA molecules,
predominantly bind to the 3'-UTRs of complementary sequences of mRNAs for
translational repression or degradation.” Focusing on miR-519d and miR-328-3p,
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on the one hand, they are found to be ectopically
expressed in different cancers. For example, miR-519d°
and miR-328-3p expressions are suppressed in breast
cancer.’” On the other hand, these two miRNAs affect
some cellular behaviors involved in cancer progression
such as cell proliferation, migration, invasion and regu-
lation of cell cycle via targeting different molecules. For
instance, miR-519d targets STAT3 and inhibits migra-
tion, invasion, proliferation, and survival of breast cancer
cells.® MiR-328-3p targets GRM4 and suppresses metas-
tasis of breast cancer.” Therefore, more targets of miR-
519d and miR-328-3p needed to be identified and
whether they could target a common target in the media-
tion of breast cancer need to be studied.

Antigen Ki-67 exists in G1, S, G2 and mitosis phases
of the cell

. . 10 . .. .
proliferation.”” Moreover, it is a predictive biomarker

cycle which is also related to cell
involved in breast cancer diagnosis.'" Different studies
have reported the clinical and prognostic roles of Ki-67
in different types of cancers such as gastric cancer'” and
breast cancer.'® Besides, Ki-67 expression can be mediated
by specific miRNA-mRNA interactions.'* A study has
indicated that miR-519d targets Ki-67 to suppress the
growth of liver cancer cells.'” Therefore, not only is the
dysregulation of Ki-67 associated with cancer prognosis,
but also it is integrated with some potential mechanisms
involved in proliferation and cell cycle of cancer
progression.

Currently, few pieces of evidences can build up the
connection between miR-519d, miR-328-3p and Ki-67 in
breast cancer and clarify the underlying targeting relation-
ship and action mechanism between them. Therefore, this
study aimed to find the potential mechanism of miR-519d,
miR-328-3p and Ki-67 in the inhibition of breast cancer.

Materials and Methods

Cancer Tissue Samples

The breast cancer tissues and corresponding tumor-
adjacent normal tissues were resected from 10 patients at
our department and the samples were histopathologically
verified. The patients had not received any therapy before
sample collection. The fresh tissues were quickly frozen in
liquid nitrogen until use. The informed written consents
were signed by all subjects. The protocol of this research
was approved by the Ethical Committee of Guangrao
County People’s Hospital.

Immunohistochemistry Assay

The specimens were fixed using 10% formalin (Solarbio,
China) and embedded in the paraffin wax (Solarbio,
China) followed by slicing. After deparaffinization using
xylene (Solarbio, China) and rehydration by ethanol
(Solarbio, China). The primary antibody against Ki-67
(Beyotime, China) was applied and incubated at 4°C for
16 h. The DAB Histostaining kit (Solarbio, China) was
selected to localize Ki-67 in clinical tissues.

Cell Culture

The breast cancer cell lines (MDA-MB-231, MCF-7 and
SK-BR-3) and normal breast epithelial cell line MCF-10A
were obtained from the Cell Bank of the Chinese
Academy of Sciences and cultivated according to the
instructions. In detail, MDA-MB-231 was inoculated in
Leibovitz’s L-15 (Procell, China) containing 10% FBS
(Procell, China) with 1% penicillin and streptomycin (P/
S) (Procell, China). MCF-7 was cultivated in MEM
(Procell, China) with 0.0lmg/mL insulin (Procell,
China), 10% FBS and 1% P/S. SK-BR-3 was maintained
in McCoy’s 5A (Procell, China) with 10% FBS and 1% P/
S whereas MCF-10A was maintained in DMEM/F12
(Procell, China) with 10% FBS, 0.01mg/mL insulin with
10% FBS and 1% P/S. MCF-7, SK-BR-3 and MCF-10A
cell lines were kept in a humidified incubator (Herocell
180, Radobio, China) supplemented with 5% CO, at 37°C
while MDA-MB-231 was cultured in 100% air at 37°C.

Transfection

The cultivated cells were seeded into 6-well plates of
2x10° cells/well and incubated for 12 h. At 70-80% con-
fluence, the cells were divided into 5 groups (MCF-7:
blank, mimic control, miR-519d mimic, inhibitor control
and miR-519d inhibitor; MDA-MB-231: blank, mimic
control, miR-328-3p mimic, inhibitor control and miR-
328-3p inhibitor) and the HiPerFect Transfection Reagent
(Qiagen, USA) was selected to complete the transfection
process. Briefly, 150 ng miRNA oligonucleotides and 4 pL.
reagent were added into 100 pL RPMI-1640 and mixed
well. The mixture was then transferred into the cell culture
medium. 48 h after transfection, cells were collected for
the subsequent detections.

The 70 bp Ki-67 cDNA of the 3'UTR region with the
whole coding sequence was constructed into the
pcDNA3.1 vector (ThermoFisher, USA). The breast can-
cer cell lines were transfected with pcDNA3.1 vector

submit your manuscript

12988

Dove

OncoTargets and Therapy 2020:13


http://www.dovepress.com
http://www.dovepress.com

Dove

Ma et al

containing Ki-67 or empty vector via Lipofectamine 3000
as purchased from the supplier (ThermoFisher, USA). 48
h after incubation, the cells were harvested and sent to
subsequent experiments.

gRT-PCR

The RNAeasy Animal RNA Isolation kit (Beyotime, China)
was used to extract total RNA. cDNA was converted from
mature miRNAs through the application of Hifair cDNA
Synthesis SuperMix kit (Yeasen, China). To examine the
expression of miR-519d, miR-328-3p and Ki-67, qRT-PCR
was executed on QuantStudio 7 Flex (ThermoFisher, USA)
using the BeyoFast SYBR Green qPCR Mix kit (Beyotime,
China). in Table 1.
Quantification of RNA levels was normalized with U6 or
GAPDH using the 2 cycle threshold method.

The primers are summarized

Western Blot

The total proteins from the cultured cells were extracted with
the Lysis Buffer (Beyotime, China). After that, a bicinchoninic
acid protein assay kit (Beyotime, China) was applied to eval-
uate the protein concentration. After separation by 10% SDS-
PAGE, the samples were transferred onto the PVDF membrane
(Merck Millipore, Germany). 5% non-fat milk was applied to
block the unbinding sites of the membrane for 2 h and the
primary rabbit antibodies against Ki-67 (1:1000), PHH3
(1:100), cyclin D1 (1:500), pRb (1:1000), ppRb (1:500),
E2F1 (1:500), o-tubulin (1:500) and GAPDH (1:1000)
(Beyotime, China) were added and incubated for 12 h at 4°C.
The blots were rinsed and then the horseradish peroxidase-
conjugated anti-rabbit IgG secondary antibody (1:2000;
Beyotime, China) was applied and incubated for 1 h. Next,
after rinsing, the bands on the membrane were stained by the

Table | Primers Used for qRT-PCR

Primers Primer Sequences

miR-519d Forward 5'-TGCGGCAAAGTGCCTCCCTTTAG-3’
Reverse 5-TGCGGGTGCTCGCTTCGGCAGC-3’

miR-328-3p | Forward 5-CGGGCCTGGCCCTCTCTGCC-3’
Reverse 5'-CAGCCACAAAAGAGCACAAT-3’

ué Forward 5'-GCTTCGGCAGCACATATACTAAAAT-3'
Reverse 5'-CGCTTCACGAATTTGCGTGTCAT-3'

Ki-67 Forward 5'-GGCACTTTGGATGCTCTCAGGC-3'
Reverse 5'-GCATTTATGCCTGAGAGCATCC-3'

GAPDH Forward 5-GTCCATGCCATCACTGCCACCCAG-3'
Reverse 5'-CTGATACATTGGGGGTGGGGACAC-3'

chemiluminescence kit (Beyotime, China) and visualized. The
intensity was quantified using ImageJ 1.53b software
(NIH, USA).

BrdU Incorporative Assay

The cells were treated with 100 uM BrdU for 0.5 h and fixed
with 4% formaldehyde for 10 min, followed by denaturation
neutralization for 20 min. After that, 5% bovine serum albu-
min was added for blocking for 0.5 h and the cells were
rabbit anti-BrdU (1:1000) antibodies
(Beyotime, China) for 1 h. Next, the secondary anti-rabbit

stained using

antibody conjugated to Alexa Fluor 555 (Beyotime, China)
was applied and the cells were kept for an extra 1 h. Finally,
the cells were mounted with Vectashield mounting reagent
(Vector, USA) containing DAPI that stained the nucleus and
observed under the microscope (Olympus CKX53, Japan).

DLR Assay

The wild type and mutated sequences of 3-UTR fragment
of Ki-67 containing the binding sites of miR-519d and
miR-328-3p were synthesized from cDNA using ProFlex
PCR (ThermoFisher, USA) and inserted into pmiRGLO
vectors (Promega, USA) to create the wild-type
(pmiRGLO-Ki-67-wt) and mutant (pmiRGLO-Ki-67-mt)
plasmids. The cells were co-transfected when the conflu-
ence reached 80% with 10 pmol miR-519d mimic or miR-
328-3p or mimic control and 100 ng of wt/mt 3'-UTR of
Ki-67 pmirGLO
(Invitrogen, USA). 48 h after transfection, the luciferase

constructs using  Lipofectamine
activity which represented the influence of miR-519d or
miR-328-3p on Ki-67 was measured using the Dual-
Luciferase Reporter Gene Assay Kit (Yeasen, China) and
GloMax 20/20 Luminometer (Promega, USA). The lumi-
nescence activity of the firefly luciferase substrate was
normalized to the Renilla luciferase substrate.

Flow Cytometry

Cells were harvested 48 h after transfection and rinsed
three times with PBS followed by fixation with 75%
ethanol at 4°C for 12 h. After that, the cells were resus-
pended in PBS with RNase A (Beyotime, China) and
incubated with propidium iodide (Beyotime, China) for 1
h. The cell cycle analysis was conducted by Cytoflex
S (Beckman Coulter, USA).

Colony Formation Assay
48h after transfection, the cells were inoculated in 6-well
plates of 1000 cells/well and kept at 37°C for 14 days. The
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medium was discarded and refreshed every 3 days. On day
14, after rinsed three times, the cells were fixed with 4%
polymerized formaldehyde (Beyotime, China) for 0.5 h and
stained with 2.5% crystal violet (Beyotime, China) for
another 0.5 h. The 6-well plates were rinsed three times by
PBS and set to be air-dried. The colonies from each well
were counted via microscopy (Olympus CKX53, Japan).

Wound Healing Migration Assay

The transfected cells were transferred to the 6-well plates.
After confluence reaching 80%, the cell layer was
scratched using a 10 pL pipette tip to make the wound.
The supernatant was removed and the corresponding fresh
medium was added and the cells were continually incu-
bated. The images were captured at 0 h and 48 h by
microscopy (CKX53, Olympus, Japan). The relative
migration rate was calculated by (original wound area/
remaining wound area) *100%.

Transwell Invasion Assay

The cells were seeded into the top of the 24-well chamber
with 8 um pore size precoated with 80 uL Matrigel (BD,
China). The lower chamber containing 800 pL corre-
sponding medium mentioned in the cell lines and culture
section above was filled with 10% FBS. After cultured for
24 h, the cotton swab was applied to erase the cells on the
upper surface of the chamber, and the cells invaded into
the lower surface were fixed by 4% polyformaldehyde fix
solution (Beyotime, China). Then, 0.5% crystal violet
(Beyotime, China) was added to stain the cells and the
numbers were counted by microscopy (Olympus CKX53,
Japan).

Statistical Analysis

The experiments were independently conducted in tripli-
cate and repeated three times. Data were expressed as
mean + SD. Statistical analyses were conducted using
SPSS 26.0 (SPSS Inc, USA) and Graphpad Prism 8.4.2
(Graphpad LLC, USA). Student’s f-test and one-way
ANOVA test followed by post hoc analysis were con-
ducted to determine the statistical differences between
groups under different conditions. P<0.05 was considered
a statistically significant difference. All graphs were
plotted using Graphpad Prism 8.0.2 (GraphPad, USA)
and Adobe Photoshop CS6 13.0.1 (Adobe Systems
Incorporated, USA).

Results

The Low Expressions of miR-519d,
miR-328-3p and High Expression of Ki-67
in Breast Cancer

At first, qQRT-PCR was executed to evaluate the expres-
sions of miR-519d and miR-328-3p in clinical tissues. The
results revealed that both of their expressions were lower
in cancerous tissues (Figure 1A). Besides, similar results
of qRT-PCR were obtained in the cultivated cells. The
expressions of miR-519d and miR-328-3p were lower in
three breast cancer cell lines compared with the normal
cell line (Figure 1B). After that, the expression of Ki-67 in
tissues and cultivated cells was subsequently determined.
The results indicated that Ki-67 was highly expressed in
breast cancer tissues (Figure 1C-E) and three cell lines
(Figure 1F and G) at both mRNA and protein levels
compared with the normal tissues and the normal cell
line. These results summarized that the expressions of
miR-519d and miR-328-3p were decreased whereas Ki-
67 expression was strengthened in breast cancer.

miR-519d and miR-328-3p Inhibited the
Cancerous Behaviors of Breast Cancer
Cells

After the transfection of MCF-7 (blank, mimic control and
miR-519d mimic) and MDA-MB-231 (blank, mimic con-
trol and miR-328-3p mimic) cell lines, subsequent experi-
ments were conducted to check the roles of miR-519d and
miR-328-3p on the cellular behaviors of breast cancer
cells. The transfection efficiency was checked by qRT-
PCR. The MCF-7 cells transfected with miR-519d mimic
expressed higher levels of miR-519d compared with the
blank and mimic control group. Similar results were found
in MDA-MB-231 cells after miR-328-3p transfection
(Figure 2A). Then, it was also observed by flow cytometry
that the proportion of cells in the G1 phase was upregu-
lated while the number of cells in the S phase was down-
miR-519d or
transfection (Figure 2B). The overexpression of miR-

regulated after miR-328-3p mimic
519d or miR-328-3p suppressed cell proliferation which
was revealed by the results of BrdU incorporative assay
(Figure 2C) and colony formation assay (Figure 2D). After
that, a downregulation of PHH3 expression level was
shown by Western blot, because PHH3 only existed in
the mitosis of cells, which could better represent the pro-

liferation ability (Figure 2E). And miR-519d and miR-
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Figure | The low expressions of miR-519d, miR-328-3p and high expression of Ki-67 in breast cancer. (A) The expression levels of miR-519d and miR-328-3p in clinical
tissues were analyzed by qRT-PCR. (B) The expression levels of miR-519d and miR-328-3p in cultivated cell lines were analyzed by qRT-PCR. (C) The mRNA expression level
of Ki-67 in clinical tissues was analyzed by qRT-PCR. (D) The protein expression level of Ki-67 in clinical tissue (representative) was analyzed by Western blot. (E) The
protein expression of Ki-67 in clinical tissue (representative) was analyzed by immunohistochemistry. Scale bar: 50 pm. (F) The mRNA expression level of Ki-67 in cultivated
cell lines was analyzed by qRT-PCR. (G) The protein expression level of Ki-67 in cultivated cell lines was analyzed by Western blot. *P < 0.05 and **P < 0.01.

328-3p could also cause a decrease in the abilities of cell
migration (Figure 2F) and invasion (Figure 2G). These
results showed that miR-519d and miR-328-3p triggered
the arrest of the cell cycle and inhibited cancerous beha-
viors in MCF-7 and MDA-MB-231 cell lines.

Ki-67 Was a Target of miR-519d and
miR-328-3p

Ki-67 was predicted as a target of miR-519d and miR-328-
3p by ENCORI (Figure 3A). After that, the MCF-7 cell
line was divided into 4 groups and co-transfected, respec-
tively, by miR-519d mimic + pmirGLO-Ki-67-wt
/pmirGLO-Ki-67-mt or miR-control + pmirGLO-Ki-67-
wt/pmirGLO-Ki-67-mt. The MDA-MB-231 cell line was
also divided into 4 groups and co-transfected, respectively,
by miR-328-3p mimic + pmirGLO-Ki-67-wt/pmirGLO-Ki
-67-mt or miR-control + pmirGLO-Ki-67-wt/pmirGLO-Ki
-67-mt. Then the results of DLR assay showed that the
relative luciferase activity in the MCF-7 cells transfected
with miR-519d mimic + pmirGLO-Ki-67-wt reduced sig-
nificantly compared with the other groups and similar
outcomes were detected in MDA-MB-231 cells which
reported that the relative luciferase activity in the miR-

328-3p mimic + pmirGLO-Ki-67-wt reduced significantly
(Figure 3B). These results confirmed that Ki-67 was
a target of miR-519d and miR-328-3p.

After that, Western blot was conducted after transfec-
tion of MCF-7 (blank, mimic control, miR-519d mimic,
inhibitor control and miR-519d inhibitor) and MDA-MB
-231 cell lines (blank, mimic control, miR-328-3p mimic,
inhibitor control and miR-328-3p inhibitor) and the out-
comes pointed out that miR-519d and miR-328-3p dimin-
ished the expression of Ki-67 expression in two cell lines,
respectively (Figure 3C). The use of miR-519d inhibitor
and miR-328-3p inhibitor could increase the Ki-67 expres-
sion. These results above proved that Ki-67 was a target of
miR-519d and miR-328-3p.

MiR-519d and miR-328-3p Targeted Ki-67
Individually to Mediate the Proliferation

of Breast Cancer Cells

To verify whether miR-519d and miR-328-3p affected the
cell cycle and proliferation of MCF-7 and MDA-MB-231
cell lines, respectively, by targeting Ki-67, the cells were
divided into four groups (MCF7: miR-519d mimic+empty
vector, miR-519d mimic+Ki-67, mimic control+empty
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vector, mimic control+Ki-67; MDA-MB-231: miR-328-3p
mimic+empty vector, miR-328-3p mimic+Ki-67, mimic
control+empty vector, mimic control+Ki-67) and trans-
fected, respectively. Western blot was executed after trans-
fection to check the protein expression of Ki-67 and the
results indicated that mimic control+Ki-67 group in both
cell lines expressed the highest level of Ki-67 while the
miR-519d mimict+empty vector and miR-328-3p mimic
+empty vector expressed the lowest level of Ki-67 in
these two co-transfected cell lines, respectively
(Figure 3D). These results proved that the overexpression
of miR-519d and miR-328-3p could inhibit the endogen-
ous and ectopic expressions of Ki67.

Then, to check the roles of miR-519d and miR-328-3p on
cell cycle and proliferation via targeting Ki-67 in these four
groups of two cell lines above, flow cytometry, BrdU incor-
porative assay and colony formation assays were conducted. It
was reported by the results of flow cytometry that the percen-
tage of cells in the G1 phase accrued in the group transfected
with miRNA+empty vector and decreased in the group trans-
fected with mimic control+Ki-67. And the proportion of cells
in the S phase showed opposite results in these four groups of
both cell lines (Figure 3E). Furthermore, the results of BrdU
incorporative assay (Figure 3F), colony formation assay
(Figure 3G) and PHH3 expression detected by Western blot
(Figure 3H) in these two cell lines also revealed that the group
co-transfected with miR-519d+empty vector and miR-328-3p
showed lower DNA synthetic ability and proliferative potential
whereas the group co-transfected with mimic control+Ki-67
showed stronger DNA synthesis and proliferation compared
with the other groups. To summarize, overexpression of miR-
519d impeded the malignant behaviors of the MCF-7 cell line
and transfection of miR-328-3p also exerted the anti-tumor

effects in the MDA-MB-231 cell line.

Co-Transfection and the Combinatorial

Effects of miR-519d and miR-328-3p

Ki-67 had been identified to be inhibited by miR-519d as well
as miR-328-3p in MCF-7 and MDA-MB-231 cells, respec-
tively, and individually. Therefore, it is postulated that whether
a synergistic regulation of Ki-67 by these two miRNAs in
breast cancer cells existed. To verify the combined tumor-
suppressive roles of both miR-519d and miR-328-3p in one
breast cancer cell line, MDA-MB-231 cells were transfected
by miR-519d or miR-328-3p individually or co-transfected by
miR-519d and miR-328-3p (blank, mimic control, miRNA-
519d mimic, miRNA-328-3p mimic, miRNA-519d mimic +

miRNA-328-3p mimic) and Western blot was executed to
examine the expression of Ki-67 protein in cells. The results
indicated that the Ki-67 protein expression was the lowest in
the group co-transfected by miRNA-519d mimic + miRNA-
328-3p mimic compared with the other groups (Figure 4A).
After that, a series of assays were performed to examine the
cellular effect of the co-transfection of two miRNAs in one
breast cancer cell line. The outcomes of flow cytometry
reported that the proportion of cells in the G1 phase increased
in the miRNA-519d mimic + miRNA-328-3p mimic group
compared with miRNA-519d mimic group and miRNA-328-
3p mimic group (Figure 4B). In addition to this, cell cycle
regulatory protein cyclin D1 could accelerate cancer cell cycle
G1-S transition and retinoblastoma protein (pRb) is a tumor
suppressor protein and its hyperphosphorylated (inactivated)
form ppRb could trigger the release of transcription factor
E2F1 to enhance G1-S transition.'® Overexpression of these
two miRNAs also significantly decreased the protein expres-
sion levels of cyclin D1, ppRb and E2F1 (Figure 4C) which
indicated that the co-transfection of these two miRNAs dom-
inantly arrested the cell cycle at G1-S transition and the impact
of co-transfection of two miRNAs was much stronger than the
transfection of a single miRNA. Cell cycle was associated with
proliferation, and the lowest proliferative ability was also
found in the same group after BrdU incorporative assay
(Figure 4D), colony formation assay (Figure 4E) and PHH3
expression detected by WB (Figure 4F). Then the results of
wound healing (Figure 4G) and transwell assay (Figure 4H)
also proved that the group co-transfected with two miRNAs
showed stronger inhibitory effects on migration and invasion
of breast cancer cells compared with the blank group and the
groups transfected by the single miRNA. To conclude, in the
MDA-MB-231 cell line, overexpression of miR-328-3p
exerted stronger inhibitory effects on the Ki-67 expression,
cell proliferation, G1-S transition, migration and invasion
than miR-519d. The transfection of two miRNAs suppressed
the malignant behaviors of breast cancer cells more effectively
through targeting Ki-67 than the transfection of a single
miRNA.

Discussion

In this research, the roles of miRNA-519d and miRNA-328-3p
in breast cancer cells were studied. In clinical breast cancer
tissues and cultured cells, low expressions of these two
miRNAs were detected by qRT-PCR. Both of them showed
their function to suppress cancerous behaviors of breast cancer
cells. Meanwhile, the enhanced expression of Ki-67 was found
in breast cancer tissues and cell lines in comparison to normal
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tissues and the normal breast epithelial cell line and Ki-67 was
verified as a target of miRNA-519d and miRNA-328-3p. Last
but not least, miRNA-519d and miRNA-328-3p can combina-
torially regulate the proliferation and cell cycle of breast cancer
cells to show anti-cancer effects through directly targeting
Ki-67.

Up to date, although breast cancer was one of the most
studied cancer, there was still abundant hidden molecular
treasure required to be excavated. Furthermore, the diagnos-
tic approaches of breast cancer relied on the patients’ serum
level of biological molecules that were not developed satis-
factorily and the lack of biomarkers and molecular drugs
were crucial issues of the diagnosis and treatment of breast
cancer. Ki-67 was one of the representative biomarkers with
the proto-oncogenic and proliferative roles and overexpres-
sion of Ki-67 were detected in different cancers such as lung
cancer'’ and breast cancer.'® The immunohistochemistry
method was broadly applied in the diagnosis of breast cancer
and Ki-67 positive cells were often associated with the clin-
ical stages of breast cancer.'' Although the overexpression of
Ki-67 was correlated with cancer metastasis and survival rate
and it also contributed to the proliferation of breast cancer
cells and lymph node metastasis,'® the actual roles of Ki-67
were still poorly understood and there have been only a few
published studies that correlate the expression of Ki-67 with
miRNA targeting and regulation.'*

MiRNAs were small non-coding RNAs that endogen-
ously mediated the expression and function of target
mRNAs and they had become a hot research spot in this
decade. The aberrant expressions of miRNAs were dis-
covered to be linked to breast cancer such as miR-19a%’
and miR-190.?! Different sophisticated databases could be
used to predict the target of different miRNAs in combina-
tion with a variety of biological techniques to confirm
these predictions and verify their effective roles in differ-
ent cancers. On the one hand, focused on miR-519d, it had
already shown its function as a tumor suppressor gene
through the regulation of different targets in breast cancer.
For instance, it suppressed the cancerous behaviors of
breast cancer cells via targeting MMP3.° It also inhibited
the metastasis and progression of breast cancer through
binding to LIMKI1.>*> Moreover, Hou’s research had
already indicated that miR-519d could bind to Ki-67 and
involved in liver cancer suppression which was consistent
with our results conducted in breast cancer cells.'> On the
other hand, focused on miR-328-3p, it owned tumor-

research, we found that in breast cancer cells, miR-519d
and miR-328-3p directly targeted Ki-67 to reduce its
expression to suppress proliferation and block cell cycle
progression and the anti-cancer effects of miR-519d were
weaker than miR-328-3p which filled the research blank.
Interestingly, because Ki-67 is a proliferative biomarker,
the underlying reason for how these two miRNAs con-
trolled cell migration and invasion needed to be further
studied.

In conclusion, we presented in this research for the first
time that miR-519d and miR-328-3p were novel regulators
of Ki-67 which exerted anti-cancer effects combinatorially
in breast cancer. Our data provided a tentative method for
the diagnosis and therapy of breast cancer and indicated
a rational direction for further research.
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