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MiR-98-5p regulates proliferation and metastasis
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Abstract. — OBJECTIVE: The aim of this
study was to explore the mechanism of miR-98-
5p in influencing the malignant proliferation and
metastasis capacities of breast cancer cells.
PATIENTS AND METHODS: Quantitative Re-
verse Transcription-Polymerase Chain Reac-
tion (QRT-PCR) was used to detect the expres-
sion level of miR-98-5p and GRB2-associat-
ed-binding protein 2 (Gab2) in breast cgmge
samples and cells. On-line target gene f
tion software and Dual-Luciferase report
say were used to predict and verify the t3
genes of miR-98-5p, respectively. Cell pro

cast cancer is one of (8¢ most common ma-
ant tumors inemales, accounting for 7-10%
Meanwhile, it is one of the
tening female health'2. Huge

breast cancer. However, due to tumor metastasis,
gpsis of some patients is poor, and the
Y rate is relatively high®>. Therefore, it
is necessary to search the possible mechanism of
iazol-2-yl)-2,5-diphenyi tetrazo)j ide) a migration and invasion of breast cancer and to ex-
say. Meanwhile, migration a plore intervention measures, to improve the prog-
as well as the changes of nosis of breast cancer patients. Micro-ribonucleic
mal transition (EMT) afte acid (miRNA) is a kind of non-protein-coding
tsezs/tercclesbge::rtai\rl‘eslv;e" agsa small-molecule RNA widely existing in the hu-
RESULTS: Gon man body. MiRNA is involved in a series of vital

i biological activities by regulating post-transcrip-
tional expression of downstream target genes,
such as cell proliferation, apoptosis and angio-
genesis®?. Studies in China and foreign countries
have demonstrated that miRNA not only plays
an important role in normal vital activities, but
is also closely related to some pathological pro-
cesses'2. Approximately 50% of miRNAs in
the body are located in tumor-associated regions
ast cancer cells. or fragile sites. This indicates that the abnormal
e showed that miR-98-5p  expression of miRNAs is closely related to the oc-
currence and development of human tumors. Ac-
cording to relevant reports*-'*, miRNA can be in-
volved in gene expression and protein translation
that severed as a switch. Moreover, it participates
/st cancer, MiR-98-5p, GRBZ-associated-binding in multiple signal transduction pathways, eventu-
[N 2 (Gab2), Metastasis, Epithelial-mesenchymal ally playing an important role in the occurrence
transition (EMT) and development of malignant tumors. Due to
qualitative and quantitative changes in miRNAs
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during formation, their roles are entirely different
in the occurrence and development of tumors.
Some miRNAs serve as tumor suppressor genes
that inhibit the occurrence and development of
tumor'”"®, However, some others act as oncogenes
that promote the occurrence and development
of tumor**?2. Therefore, expressions of different
miRNAs in different tumor tissues or cells can
serve as a diagnostic tool and prognostic marker
for tumor. Furthermore, they can also become
reliable targets for gene therapy. MiR-98-5p is a
member of the let-7 miRNA family. By serving
as an oncogene or a tumor suppressor gene, miR-
98-5p is abnormally expressed in a variety of tu-
mors, such as hepatocellular carcinoma and epi-
thelial ovarian cancer??*. However, the exact role
of miR-98-5p in the development of breast cancer
has not been fully elucidated yet. Therefore, the
aim of this study was to investigate the correla-
tion between miR-98-5p and breast cancer, and to
explore the possible underlying mechanism.

Patients and Methods

Research Subjects and Cell Lines

From September 2015 to July 2017, a to
50 breast cancer patients who received treat
in the Breast Surgery Department of our hosp
were enrolled in this study Cag

tients were diagnosed and
cer in the Pathology

f Taizhou Hospital Affiliat-
iversity of Chinese Medicine.

Xfore the study. Breast cancer cell
e MCF -7 and normal breast epithelial cell line
F-10A were purchased from Shanghai Bioleaf
nology Co., Ltd. (Shanghai, China). All
cells” were cultured in Roswell Park Memorial
Institute-1640 (RPMI-1640) medium (HyClone,
South Logan, UT, USA) containing 10% fetal
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bovine serum (FBS) (Gibco, Grand Island, NY,
USA) in a 5% CO,, 37°C incubator. The cells in
the logarithmic growth period were used for sub-
sequent experiments.

Cell Transfection
MiR-98-5p mimics and si-Gai
sized and transfected 1nt0 breast

were synthe-
g1 cell line

MCF-7 cells, 1nclud1
trol), miR-98-5p
with miR-98-5
group (cells t
and s1-Gab ased from
transfection
to the instructions of

(Life Technologies,

the TRIzol method (Invitrogen, Carlsbad,
i, The extracted RNA was then reverse
cd into complementary deoxyribose nu-
cleic acid (cDNA) in strict accordance with miS-
cript Reverse Transcription Kit (TaKaRa, Otsu,
Shiga, Japan). The expression levels of miR-98-5p
and Gab2 were detected via qRT-PCR. Glycer-
aldehyde 3-phosphate dehydrogenase (GADPH)
was used as an internal reference. The relative
expression levels of miR-98-5p and Gab2 mR-
NA were calculated by the 224" method. The
experiment was repeated 3 times in each group.
Primer sequences used in this study were as fol-
lows: Gab2, F: 5- CACCGCCTTCCCTTGTTTGG-
CAAAGC-3, R: 5-GAACTTTGCCAAACAAGG-
GAAGGC-3’; miR-98-5p, F: 5-CACCGCAGAAG-
CGGCACTTTATAAGCGAACT-3, R: 5-TTATA-
AAGTGCCGCTTCTGCTTATAAGTTCGC-3’; U6:
F:  5-GCTTCGGCAGCACATATACTAAAAT-3’,
R: 5-CGCTTCAGAATTTGCGTGTCAT-3’; GAP-
DH: F: 5-CGCTCTCTGCTCCTCCTGTTC-3, R
5-ATCCGTTGACTCCGACCTTCAC-3".

Luciferase Reporter Gene Assay

The 3’-untranslated region (3’-UTR) (Wt-
Gab2-3’-UTR) of wild-type Gab2 and the 3’-UTR
of mutant-type Gab2 (Mut-Gab2-3’-UTR) were
co-transfected with empty plasmid and miR-98-
Sp overexpression plasmid into MCF-7 cells, re-
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spectively. The cells were then cultured for 48 h,
followed by detection using the Dual-Luciferase
reporter gene assay kit. The cells were washed
with PBS 3 times, lysed with PLB and shaken on
a shaking table for 30 min. The cell lysis solution
was mixed and blown evenly with LARIIL. The
intensity of firefly Luciferase reaction was mea-
sured. After adding Stop & Glo Reagent (Madi-
son, WI, USA), the intensity of Renilla Luciferase
reaction was detected.

Western Blot Analysis

Radioimmunoprecipitation assay (RIPA) ly-
sate (Santa Cruz Biotechnology, Santa Cruz,
CA, USA) was employed to extract total pro-
tein in transfected MCF-7 cells. The extract-
ed proteins were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) (Sigma-Aldrich, St. Louis, MO, USA)
and transferred onto polyvinylidene difluoride
(PVDF) membranes (Roche, Basel, Switzerland).
After that, the membranes were blocked with
5% milk and incubated with primary antibod-
ies of Gab2, E-cadherin, N-cadherin, Vlmentm
and GADPH [diluted at 1:1000, (Cell Sig
Technology (CST) Inc., Danvers, MA,

ware. GADPH was used 4
The relative changes 4

o the absorbance was measured using an
d spectrophotometer, followed by
ero setting using blank wells. Three replicates
are set for each group.

Trahswell Migration and Invasion Assay
For cell migration: transwell lower chamber
was supplemented with Dulbecco’s Modified Ea-

gle’s Medium (DMEM) (Gibco, Grand Island,
NY, USA) containing 15% FBS as a migration-in-
ducing factor. Cells (5x10*well) were added to
the upper chamber and maintained in a 37z
cubator. After 16 h of culture, the uppggpaiive
was removed, washed with phospg€-buffered
saline (PBS) and fixed with 95% a@@ydrous etha-

cells was counted u
(x200). For cell i
ences, Franklin

S was added to the
otal of 5x10* cells were added
r and cultured for 36 h. The
e the same as the transwell

ical Product and Service Solutions
.0 software (SPSS Inc., Chicago, IL,
USA) was used for all statistical analyses. Inde-
pendent-samples ¢-test was used to compare the
difference between the two groups. One-way
analysis of variance was adopted to compare
the difference among different groups, fol-
lowed by Post-Hoc Test (Least Significant Dif-
ference). p < 0.05 was considered statistically
significant.

Results

Abnormal Expression of MiR-98-5p and
GabZ2 in Clinical Cases and Cells

The expression level of miR-98-5p in breast
cancer tissues and adjacent normal tissues was
determined by qRT-PCR. The results suggested
that the miR-98-5p expression in cancer tissues
was remarkably lower than that of adjacent nor-
mal tissues (Figure 1A). At the cellular level,
similar results were obtained. The expression
level of miR-98-5p was significantly decreased in
breast cancer cells (MCF-7) when compared with
normal breast epithelial cells (MCF-10A) (Figure
I1B). These data demonstrated that miR-98-5p
might play a regulatory role in breast cancer.
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Detection of Transfection Efficiency

Transfection efficiency was then detected by
gRT-PCR. After transfection with mimics, the
expression of miR-98-5p in MCF-7 cells was
markedly increased. This confirmed that gaiR-
98-5p mimics could effectively up-regul
expression of miR-98-5p in breast cance
(Figure 2).

Gab2 Was a Direct Target g

3’-UTR of Gab2 (Figure
measuring the expregy

Figure 2. Transfection efficiency detected by qRT-PCR.
(***p < 0.001).

e expression of
01 compared with MCF-10A).

ressions were relative (Fig-
3A-3B). Luciferase reporter
d that after co-transfection
imics and pmirGLO-Gab2

pmirGLO-Gab2 3> UTR (mut) plasmid. These
results suggested that miR-98-5p could com-
plementarily bind to the 3’-UTR “seed region”
of Gab2, further confirming that Gab2 was
a potential target gene of miR-98-5p (Figure
3C). Western blotting assay indicated that the
protein expression of Gab2 was remarkably
declined after the up-regulation of miR-98-5p
in MCF-7 cells (Figure 3D). The regulating
effects were confirmed. We thought that Gab2
was a functional target gene of miR-98-5p
during the progression of breast cancer.

MiR-98-5p Inhibited Proliferation of
Breast Cancer Cells

MTT results showed that 24 h after miR-98-
Sp mimics transfection, the absorbance of breast
cancer MCF-7 cells was significantly reduced and
the relative cell viability was decreased. Mean-
while, the proliferation rate significantly slowed
down. However, after overexpression of Gab2 in
MCE-7 cells, the absorbance of MCF-7 cells was
markedly increased, and the relative viability was
higher. Furthermore, the proliferation rate was
significantly accelerated (Figure 4).
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: gnlﬁcantly restricted by up- regulatlon of miR-
5p (Figure 5C) Subsequently, we detected the

overcxpression of miR-98-5p in MCF-7 cells by
Western blot. As expected, the protein expression
of E-cadherin was increased, whereas the protein

utative miR-98-5p binding sites of Gab2 and relative activities of Luciferase
that miR-98-5p significantly decreased the protein expression level of Gab2

expressions of N-cadherin and Vimentin were re-
markably decreased (Figure 5A, 5B). Interesting-
ly, the addition of Gab2 resulted in significantly
enhanced malignant metastasis of MCF-7 cells.

Discussion

Breast cancer is a malignant tumor that seri-
ously threatens human health. Despite continu-
ous improvement in treatment, the incidence rate
of breast cancer remains high?®?. Studies have
demonstrated that migration and invasion are
key factors leading to the death of patients with
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Figure 4. MiR-98-5p decreased proliferation of MCF-7
cells. Cell proliferation was detected by MTT assay (***p
<0.001).

breast cancer. In recent years, researches
mechanism of breast cancer have attracte
attention. Multiple studies have focused o
to control the proliferation and metastas
breast cancer and how to prevent and treat br
cancer. Meanwhile, researcher i

important to study the nd
breast cancer. Tumor z

§ PTR, thereby inhibiting translation
leadmg to degradatlon Screening the target
pes for miR-98-5p is crucial for clarifying its
gnism in the occurrence of breast cancer.
Meahwhile, it is of great significance in explor-
ing new therapeutic targets. In this study, the
Luciferase reporter gene assay revealed that
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Gab2 was a target gene of miR-98-5p. The
overexpression of miR-98-5p could significantly
inhibit the expression of Gab2. These results
further indicated that miR-98-5p coulddias

cancer have chromo
segment®3?, Gab2i

tyrosine
the occur-
malignant tumors has
. Researches have
nstrated that Gab2 is Mivolved in regulating
proliferation, gnigration and invasion of var-

tumors®*-3-"4lt has been found that Gab2
in the occurrence and devel-
ncer?-313637 1n this work, our

NA involved in tumor invasion and migration is
complex. However, EMT in tumors is consid-
ered the most important and indispensable pro-
cess currently®®?°. EMT refers to the process that
epithelium-derived tumor cells lose epithelial
phenotype while obtaining mesenchymal phe-
notype, thereby gaining the capacity of invasion
and migration. It is the first and crucial step in
metastasis of tumor cells*”. EMT is mainly man-
ifested as dissociation of epithelial cells, loss of
cell adhesion, rearrangement of cytoskeletal ac-
companied by decreased epithelial cell markers
(E-cadherin) and increased mesenchymal cell
markers (N-cadherin and Vimentin), and gained
metastasis capacity cells*. In this work, we an-
alyzed the effects of miR-98-5p upregulation in
breast cancer cell line MCF-7. The results found
that up-regulation of miR-98-5p significantly
inhibited the proliferation, whereas reduced the
migration and invasive abilities of breast cancer
cells. However, the overexpression of Gab2 in
cells could effectively reverse the above-men-
tioned phenomenon induced by miR-98-5p. This
suggested that low expression of miR-98-5p in
breast cancer might regulate the abnormal cell
proliferation, increase cell metastasis capacity
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Conclusions

We indicated that miR-98-5p regulates the
proliferation and metastasis of breast cancer

cells. Meanwhile, we found that miR-98-5p af-
fected the occurrence of EMT by targeted bind-
ing to Gab2. Our study might suggest a new
basis for further studies on the mechanism of
breast cancer.
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