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Abstract. - OBJECTIVE: MicroRNA-199a-5p
(miR-199a-5p) was reported to play crucial roles
in cancer progression. However, its role in glio-
ma remains largely unknown.

MATERIALS AND METHODS: RT-gPCR was
employed to analyze miR-199a-5p expression
level in glioma cell lines. The effects of miR-
199a-5p on cell proliferation and invasion were
investigated in vitro.

RESULTS: We showed that miR-199a-5p ex-
pression level was significantly downregulated
in glioma cell lines compared with a normal cell.
In addition, miR-199a-5p overexpression sup-
presses glioma cell proliferation and invasion
in vitro. Bioinformatic analysis and Luciferase
assay suggested that the membrane-associat-
ed ring-CH-type finger 8 (MARCH8) was a tar-
get of miR-199a-5p. Furthermore, MARCHS8 over-
expression could partially reverse the effects of
miR-199a-5p on glioma cells.

CONCLUSIONS: These findings suggested
that miR-199a-5p may function as a tumor sup-
pressor in glioma by targeting MARCHS.
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Introduction

Glioma is a nervous system tumor with its
5-year overall survival rate of around 33%"2. Sur-
gical resection combined with chemotherapy re-
mains the first-line treatment option for glioma,
although recent improvements in targeted therapy
or immunotherapy have been achieved®. Hence,
a deep understanding of the mechanisms under-
lying glioma progression is necessary to improve
the survival quality of cancer patients.

MicroRNAs (miRNAs) are often abnormally
expressed in human cancers by binding with the
3’-untranslated region (3’-UTR) of the target mes-
sage RNAs (mRNAs)*°. Lu et al® indicated that
miRNAs were crucial regulators for multiplies
cellular processes. To date, several investiga-
tions”™ have validated that miRNAs can regulate
glioma cell behaviors, including cell metastasis,
apoptosis, autophagy, and angiogenesis. Hence,
targeting miRNAs represents a strong therapeutic
measure in glioma.

Several analyses'®'? revealed that miR-199a-5p
expression was dysregulated in various cancers.
MiR-199a-5p was found to be downregulated in
colorectal cancer, and its overexpression could
inhibit cancer metastasis via regulating Rho-as-
sociated coiled coil-containing protein kinase 1
expression'’. In hemangioma, miR-199a-5p was
shown to reduce the expression and inhibited cell
growth, but promoted cell apoptosis by targeting
HIF1A!". In glioma, recently Wang et al'? revealed
that miR-199a-5p reduced its expression and reg-
ulated cancer cell metastasis via targeting magne-
sium transporter 1.

Here, the miR-199a-5p expression level in glio-
ma cell lines was examined by RT-qPCR method.
Subsequently, we investigated the biological roles
of miR-199a-5p in regulating glioma cell malig-
nant phenotypes and the associated mechanisms.

Materials and Methods

Cell Culture
Glioma cell lines U87 and U251 purchased from
Cell Bank of the Chinese Academy of Science
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(Shanghai, China) were maintained at Dulbecco’s
Modified Eagle’s Medium (DMEM; Invitrogen,
Thermo Fisher Scientific Inc., Waltham, MA, USA).
The normal human astrocytes (NHAs) purchased
from American Type Culture Collection (ATCC,
Manassas, VA, USA) were incubated at RPMI-1640
medium (Thermo Fisher Scientific Inc., Waltham,
MA, USA). The cell medium was supplemented
with 10% fetal bovine serum (FBS; Thermo Fisher
Scientific Inc., Waltham, MA, USA) and antibiot-
ics (100 U/ml penicillin and 100 pg/ml streptomy-
cin, Thermo Fisher Scientific Inc., Waltham, MA,
USA). The cells were incubated at 37°C humidified
atmosphere containing 5% of CO,.

Cell Transfection

MiR-199a-5p mimic, corresponding negative
control (miR-NC), and pcDNA3.1 containing
the coding sequence of the membrane-associ-
ated ring-CH-type finger 8 (pMARCHS) were
purchased from GenScript (Nanjing, Jiangsu,
China). Lipofectamine 2000 (Thermo Fisher
Scientific Inc., Waltham, MA, USA) was used
for cell transfection. The cells were collected
for further analyses after 48 h of transfection.

Real Time-Quantitative Polymerase
Chain Reaction (RT-gPCR)

To detect the levels of miR-199a-5p, the com-
plementary DNA was synthesized using the Pri-
meScript 1** Strand cDNA Synthesis Kit (TaKaRa,
Dalian, Liaoning, China) from the RNA extracted
from cell line by TRIzol (Invitrogen, Thermo Fish-
er Scientific Inc., Waltham, MA, USA). RT-qP-
CR was conducted at ABI 7900 system (Applied
Biosystems, Foster City, CA, USA) using SYBR
Green Mix (TaKaRa, Dalian, Liaoning, China)
with the following parameters: 95°C for 3 min, 40
cycles 0of 95°C for 10 s, and 58°C for 30 s. The prim-
ers used were as follows: miR-199a-5p forward:
5-TCAAGAGCAATAACGAAAAATGT-3’, re-
verse:  5-GCTGTCAACGATACGCTACGT-3%
U6 snRNA forward: 5-ATTGGAACGATACA-
GAGAAGATT-3’, reverse: 5-GTCCTTGGTGC-
CCGAGTG-3". The relative expression level was
normalized to U6 snRNA and was calculated with
the 2724 method.

Western Blot

The total protein was isolated with RIPA
buffer supplemented with protease inhibi-
tor (Beyotime, Haimen, Jiangsu, China), and
quantified with BCA kit (Beyotime, Haimen,
Jiangsu, China). After that, an equal amount

of protein sample was separated using 10%
SDS-PAGE and transferred to polyethylene
difluoride (PVDF) membranes. After be-
ing blocked with 5% non-fat milk, the mem-
branes were incubated with primary antibod-
ies (anti-MARCHS: ab109690, anti-GAPDH:
ab181602; Abcam, Cambridge, MA, USA) for
overnight at 4°C, followed by incubation with
secondary antibody (ab6721, Abcam) for 1 h
at 37°C. Finally, BeyoECL kit was utilized to
visualize the band signals.

CCK-8 Assay

The cells were seeded into 96-well plate and
incubated for the indicated time. At these time
points, CCK-8 reagent (Beyotime, Haimen, Jiang-
su, China) was added to the well and incubated
for other 4 h. The optical density was measured at
450 nm using a microplate reader.

Transwell Invasion Assay

The transwell invasion assay was performed
using Matrigel (BD Biosciences, San José, CA,
USA) pre-coated 8-pum pore polycarbonate mem-
brane chamber. 5 x 10* cells in FBS-free medi-
um were plated to the upper chamber; while the
medium contains FBS was placed in the lower
chamber. After incubation for 48 h, the invasive
cells were fixed with methanol and stained with
crystal violet. Finally, the invasive cell numbers
were counted under the microscope.

Luciferase Reporter Assay

TargetScan predicted MARCHS was a pu-
tative target for miR-199a-5p. Wild-type and
mutant 3-UTR of MARCHS8 were inserted
into pGL3-control vector (Promega, Madison,
WI, USA) and designated as WT-MARCHS or
MUT-MARCHS, respectively. The cells were
transfected with miRNAs and the Luciferase
vectors using Lipofectamine 2000. After trans-
fection for 48 h, the cells were collected for
relative Luciferase activity analysis using Du-
al-Luciferase Reporter Assay System (Prome-
ga, Madison, WI, USA).

Statistical Analysis

The data were presented as mean + standard
error after analyzing at GraphPad Prism 5 (San
Diego, CA, USA). The two-tailed Student’s #-test
or One-way analysis of variance and Tukey post-
hoc test were used to analyze the differences in
the groups. A p-value less than 0.05 represents
statistical significance in the groups.
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Results

MiR-199a-5p Expression Was Reduced in
Glioma Cell Lines

RT-qPCR analysis results showed that miR-
199a-5p expression level was significantly de-
creased in glioma cells compared with normal
cell (Figure 1).

MiR-199a-5p Overexpression Inhibits
Glioma Cell Proliferation and Invasion

To explore the roles of miR-199a-5p in gli-
oma, the synthetic miRNAs were transfected
into glioma cells. As presented in Figure 2A,
the introduction of miR-199a-5p mimic signifi-
cantly elevated miR-199a-5p levels in glioma.
Next, we found that miR-199a-5p overexpres-
sion significantly inhibited cell proliferation
ability (Figure 2B). The transwell invasion as-
say showed that force miR-199a-5p expression
inhibits cell invasion ability (Figure 2C). These
results indicated that miR-199a-5p overexpres-
sion inhibits glioma cell growth and invasion.
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Figure 1. Lower expression level of miR-199a-5p in glioma
cell lines compared with the normal cell line. MiR-199a-5p:
microRNA-199a-5p.
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MARCHS8 Was a Direct Target
of MiR-199a-5p

TargetScan predicted MARCH8 was a pu-
tative target of miR-199a-5p (Figure 3A). The
Luciferase activity reporter assay showed that
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Figure 2. Overexpression of miR-199a-5p inhibits glioma cell proliferation and invasion. (4) MiR-199a-5p expression, (B)
Cell proliferation, and (C) Cell invasion in glioma cells transfected with synthetic miRNAs as examined by RT-qPCR, CCK-8
assay, and transwell invasion assay, respectively (200x). MiR-199a-5p: microRNA-199a-5p; RT-qPCR: quantitative Real-Time

Polymerase Chain Reaction; CCK-8: cell counting kit-8.
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Figure 3. MARCHS was a direct target of miR-199a-5p. 4, Sequence alignment of miR-199a-5p and the MARCHS 3’-UTR.
B, Luciferase assay in glioma cells cotransfected with miR-199a-5p mimic and Luciferase reporter containing the WI-MARCHS
orMUT-MARCHS. C, The miR-199a-5p transfection affects MARCHS protein levels. MiR-199a-5p: microRNA-199a-5p;
MARCHS: membrane associated ring-CH-type finger 8; 3°-UTR: 3’-untranslated region; WT: wild type; MUT: mutant.

miR-199a-5p overexpression inhibited the relative
Luciferase activity in the cells transfected with
WT-MARCHS (Figure 3B). Western blot showed
that introduction of miR-199a-5p mimic signifi-
cantly decreased the protein level of MARCHS in
glioma cells (Figure 3C).

MARCHS8 Overexpression Promoted Cell
Proliferation and Invasion

Then, we performed gain-of-function experi-
ments to analyze the role of MARCHS in glio-
ma. We found that the pMARCHS transfection
increased the protein levels of MARCHS in gli-
oma cells (Figure 4A). CCK-8 assay indicated
that the MARCHS overexpression significantly
promoted glioma cell proliferation (Figure 4B).
The transwell invasion assay demonstrated that
MARCHS overexpression notably elevated cell

invasion ability in glioma cells (Figure 4C). We
also showed that MARCHS overexpression par-
tially reversed the effects of miR-199a-5p mimic
on glioma cell proliferation and invasion (Figures
4A-4C).

Discussion

In the past decades, numerous molecular bio-
markers have been identified for glioma'*-'¥. Ln-
cRNA LINC00909 was reported” to be highly
expressed in glioma and correlated with poorer
overall survival of cancer patients. LINC00909
overexpression was shown to promote glioma
progression via regulating miR-194/MUCI-C
axis’®. Another work!* showed that ras suppres-
sor-1 was able to promote glioma invasion. In
addition, high phospholipase A2 group V was re-
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vealed to be associated with unfavorable progno-
sis, epithelial-mesenchymal transition, and isoci-
trate dehydrogenase 1 mutation status'. Through
these studies, we believe it is useful to explore the
mechanisms underlying glioma progression to
provide novel treatment options.

In this investigation, we detected miR-199a-5p
expression levels in glioma cell lines. We found
that miR-199a-5p expression was significantly
reduced in glioma cells compared with a nor-
mal cell. Moreover, we showed that miR-199a-5p
overexpression was able to inhibit glioma cell
proliferation and invasion in vitro. In combination
with previous report'?, we suggested that miR-
199a-5p functioned as a tumor suppressor in gli-
oma. MiRNAs functioned by modulating various
genes expression during carcinogenesis. Recent-
ly, multiple targets'®'? for miR-199a-5p have been
identified and helped us to understand the role of
miR-199a-5p in cancer. By utilizing TargetScan,
we showed that MARCHS was a putative target
of miR-199a-5p. MARCHS contains a N-terminal

RING finger domain and is able to interact with
E2 enzyme and two trans-membrane domains".
Massive reports®*?! have indicated that MARCHS8
functioned as an oncogene in human cancers. For
example, the knockdown of MARCHS reduced
gastric cancer cell viability and induced apopto-
sis?. Moreover, MARCHS was found highly ex-
pressed in esophageal tumor, and its knockdown
could inhibit cancer proliferation, migration, in-
vasion, but promote apoptosis®'. Here, we showed
that MARCHS overexpression promoted glioma
cell growth and invasion, and partially reversed
the effects of miR-199a-5p mimic on glioma cell
behaviors.

Conclusions

MiR-199a-5p expression was downregulated in
glioma, and it was able to regulate glioma cell pro-
liferation and invasion via targeting MARCHS. It
may be a useful target for glioma patients.
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Figure 4. Overexpression of MARCHS promotes glioma cell proliferation and invasion. (4) MARCHS expression, (B) Cell
proliferation, and (C) Cell invasion in glioma cells transfected with pMARCHS, pcDNA3.1 or pMARCHS, and miR-199a-5p
mimic as examined by Western blot, CCK-8 assay, and transwell invasion assay, respectively. MiR-199a-5p: microRNA-199a-5p;
MARCHS: membrane associated ring-CH-type finger 8; CCK-8: cell counting kit-8 (200x).



MicroRNA-199a-5p regulates glioma progression via targeting MARCH8

Conflict of Interests
The Authors declare that they have no conflict of interests.

Funding
Not applicable.

1)

5)

6)

10)

References

CHEN W, ZHENG R, BAADE PD, ZHANG S, ZENG H, Brar
F, JemaL A, Yu XQ, He J. Cancer statistics in China,
2015. CA Cancer J Clin 2016; 66: 115-132.

Bray F, FERLAY J, SOERJOMATARAM |, SIEGEL RL, TORRE
LA, JemaL A. Global cancer statistics 2018:
GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA
Cancer J Clin 2018; 68: 394-424.

RiBaAs A, DumMmER R, Puzanov |, VANDERWALDE A,
ANDTBACKA RHI, MicHiELiN O, Ovszanski AJ, MALVEHY
J, CeBoN J, FERNANDEZ E, KirkwoobD JM, GasEwskl TF,
CHeN L, Gorski KS, ANDERsON AA, Diepe SJ, LAssMAN
ME, Gansert J, Hooi FS, Long GV. Oncolytic
virotherapy promotes intratumoral T cell infiltration
and improves Anti-PD-1 immunotherapy. Cell
2018; 174: 1031-1032.

Di Leva G, GaroraLo M, Croce CM. MicroRNAs in
cancer. Annu Rev Pathol 2014; 9: 287-314.

AcHKAR NP, CamBiagNo DA, MAaNAVELLA PA. MiRNA
biogenesis: a dynamic pathway. Trends Plant Sci
2016; 21: 1034-1044.

Lu J, Getz G, Miska EA, ALVAREZ-SAAVEDRA E, LAMB
J, Peck D, Sweet-CorbERO A, EBERT BL, MAaAk RH,
FeErranDO AA, DowniNGg JR, Jacks T, HorviTz HR,
GoLus TR. MicroRNA expression profiles classify
human cancers. Nature 2005; 435: 834-838.

Wu M, L X, Liu Q, XE Y, YuaN J, WANGGou S.
MiR-526b-3p serves as a prognostic factor and
regulates the proliferation, invasion, and migration
of glioma through targeting WEE1. Cancer Manag
Res 2019; 11: 3099-3110.

WaNG ZF, Liao F, Wu H, Dal J. Glioma stem
cells-derived exosomal miR-26a promotes
angiogenesis of microvessel endothelial cells in
glioma. J Exp Clin Cancer Res 2019; 38: 201.

XioNG Y, CHEN R, WANG L, WaNG S, Tu Y, Zhu L,
Wana C. Downregulation of miR-186 promotes the
proliferation and drug resistance of glioblastoma
cells by targeting Twist1. Mol Med Rep 2019; 19:
5301-5308.

ZHu QD, Znou QQ, DonG L, Huang Z, Wu F,
Deng X. MiR-199a-5p inhibits the growth and
metastasis of colorectal cancer cells by targeting

11)

12)

14)

15)

16)

17)

18)

19)

20)

21)

ROCK1. Technol Cancer Res Treat 2018; 17:
15330346187755009.

WAaNG Y, Dal YX, WaNG SQ, Qiu MK, Quan ZW, Liu
YB, Ou JM. MiR-199a-5p inhibits proliferation and
induces apoptosis in hemangioma cells through
targeting HIF1A. Int J Immunopathol Pharmacol
2018; 31: 394632017749357.

WaNG G, LY, L J, ZHanGg D, Luo C, ZHANG B,
Sun X. MicroRNA-199a-5p suppresses glioma
progression by inhibiting MAGT1. J Cell Biochem
2019; 120: 15248-15254.

Liuv Z, Lu C, Hu H, Cal Z, Liang Q, SuN W, JIANG
L, Hu G. LINC00909 promotes tumor progression
in human glioma through regulation of miR-194/
MUC1-C axis. Biomed Pharmacother 2019; 116:
108965.

Louca M, StyLianou A, MINIA A, PLIAKA V, ALEXOPOULOS
LG, Gkretsi V, StyuanorouLos T. Ras suppressor-1
(RSU-1) promotes cell invasion in aggressive
glioma cells and inhibits it in non-aggressive
cells through STAT6 phospho-regulation. Sci Rep
2019; 9: 7782.

Wu C, Su J, WanG X, WaNG J, Xiao K, L1 Y, Xiro Q,
LinGg M, Xiao Y, QiN C, LoNG W, ZHANG F, PAN'Y, XIANG
F, Liu Q. Overexpression of the phospholipase A2
group V gene in glioma tumors is associated with
poor patient prognosis. Cancer Manag Res 2019;
11: 3139-3152.

SHI HZ, WanG D, Sun XN, SHenG L. MicroRNA-378
acts as a prognosis marker and inhibits cell
migration, invasion and epithelial-mesenchymal
transition in human glioma by targeting IRG1. Eur
Rev Med Pharmacol Sci 2018; 22: 3837-3846.

Ye Y, ZHi F, PenG Y, Yang CC. MiR-128 promotes the
apoptosis of glioma cells via binding to NEK2. Eur
Rev Med Pharmacol Sci 2018; 22: 8781-8788.

WAaNG Y, Lan Q. Long non-coding RNA AFAP1-AS1
accelerates invasion and predicts poor prognosis
of glioma. Eur Rev Med Pharmacol Sci 2018; 22:
5223-5229.

Goto E, IsHibo S, Sato Y, Onaimoto S, OHGIMOTO
K, Nacano-Fusi M, Hotta H. c-MIR, a human
E3 ubiquitin ligase, is a functional homolog of
herpesvirus proteins MIR1 and MIR2 and has
similar activity. J Biol Chem 2003; 278: 14657-
14668.

YiNJ, J Z, HONG Y, SonGg Z, Hu N, ZHUANG M, BIaN
B, Liu Y, Wu F. Sh-MARCHS inhibits tumorigenesis
via PI3K pathway in gastric cancer. Cell Physiol
Biochem 2018; 49: 306-321.

SINGH S, SARava A, Das P, SHAarmA R. Increased
expression of MARCHS8, an E3 ubiquitin ligase,
is associated with growth of esophageal tumor.
Cancer Cell Int 2017; 17: 116.



