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Overexpression of microRNA-129-5p in glioblastoma
inhibits cell proliferation, migration, and colony-forming
ability by targeting ZFP36L 1

Xu Guo, Haozhe Piao*, Ye Zhang, Peixin Sun, Bing Yao

ABSTRACT

Glioblastoma multiforme (GBM) is a highly invasive cancer with a high recurrence rate. The prognosis of GBM patients remains poor, even
after standard surgical resection combined with chemoradiotherapy. Thus, there is an urgent need for new therapeutic targets in GBM. In
recent years, mictoRNAs have received considerable attention due to their important role in tumor development and progression. In this
study, we investigated the role of miR-129-5p and miR-129-5p/ZFP36L1 axis in GBM tumorigenesis. Analysis of GSE103228 microarray data
from the GEO database showed that miR-129-5p was significantly downregulated in GBM vs. normal brain tissues. Quantitative reverse tran-
scription PCR analysis of miR-129-5p expression in seven GBM cell lines (LN229, A172, U87, T98G, U251, H4, and LN118) vs. normal human
astrocytes (NHA) showed miR-129-5p was significantly downregulated in GBM cells. Overexpression of miR-129-5p in LN229 and A172 cells
significantly suppressed cell proliferation, migration, invasion, and colony-forming ability. Target Scan analysis identified ZFP36L1 as the target
of miR-129-5p. UALCAN dataset analysis found that ZFP36L1 was significantly upregulated in GBM vs. normal brain tissues, and high ZFP36L1
expression was positively associated with poor survival of GBM patients. Western blot analysis demonstrated that ZFP36L1 was significantly
upregulated in seven GBM cell lines vs. NHA. Overexpression of miR-129-5p in LN229 and A172 cells significantly inhibited ZFP36L1 mRNA
and protein expression, while overexpression of ZFP36L1 in LN229 and A172 cells reversed miR-129-5p-mediated inhibition on GBM tum-
origenesis. Our results revealed an important role of miR-129-5p in the negative regulation of ZFP36L1 expression in GBM, suggesting new

candidates for targeted therapy in GBM patients.
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INTRODUCTION

Glioma accounts for the largest category of primary brain
tumors among which glioblastoma multiforme (GBM) is the
most aggressive brain tumor. GBM accounts for about 14.7%
of all primary and metastatic tumors of the brain [1]. The inci-
dence of GBM has been increasing year by year, while the inci-
dence of other glioma types has been gradually decreasing [2].
In the USA and Europe, the incidence of GBM is 2 to 3 per
100,000 people [3]. GBM is the most malignant type of astro-
cytoma, and the clinical manifestations are headache, con-

vulsions, and psychiatric symptoms. Other typical features of
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GBM are fast growth and high malignancy. Although surgery
combined with radiotherapy and chemotherapy has been
widely used for the treatment of GBM patients, the prognosis
is still very poor with a median survival of about 12 months, a
2-year survival rate of only 26-33%, and a 5-year survival rate
of about 4-5% [2,4]. In order to provide a better treatment
strategy for GBM patients, it is necessary to identify poten-
tial therapeutic targets for GBM and to clarify the underlying
mechanism.

MicroRNAs are a class of endogenous non-coding single
stranded RNAs of ~22 nucleotides in length, which partici-
pate in post-transcriptional regulation of gene expression in
both plants and animals [5]. Studies have demonstrated that
microRNAs play a crucial regulatory role in the development,
differentiation, and apoptosis of normal cells, as well as an
oncogenic or tumor suppressive role in cancer formation and
progression [6,7]. At the molecular level, microRNAs target
the 5"- or 3™-untranslated region (UTR) of the target genes and
subsequently regulate cellular functions, such as tumor pro-
liferation, migration, and invasion. Abnormal expression of
microRNAs was found in chronic lymphocytic leukemia [8],
breast cancer [9], non-small cell lung cancer [10], pancreatic

cancer [11], and liver cancer [12]. Recent studies showed that
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microRNAs are also involved in glioma development [13-17].
Overexpression of miR-148a and miR-378-3p suppressed
GBM cell proliferation, migration, and invasion by targeting
integrin alpha 9 (ITGA9) and transmembrane 4 superfamily
member 17 (tetraspanin 17, Tspan17), respectively [18,19]. In
addition, the expression of microRNAs was found to be asso-
ciated with chemoresistance of glioblastoma and non-small
cell lung cancer [20-22]. Upregulation of miR-145 enhanced
the sensitivity of GBM stem cells to demethoxycurcumin, and
overexpression of miR-29a significantly inhibited the prolifer-
ation of GBM stem cells.

Inrecentyears, miR-129-5p hasreceived considerableatten-
tion as a driver of Alzheimer’s disease [23], osteogenesis [24],
and intervertebral disk degeneration [25]. Furthermore, miR-
129-5p was reported to be involved in the tumorigenesis of gas-
tric [26-28], pancreatic [29], laryngeal [30], prostate [31], and
lung cancer [32] as well as of hepatocellular carcinoma [33].
Recent reports demonstrated that miR-129-5p was able to reg-
ulate the proliferation and invasion of GBM cells lines [16,34].
However, despite these studies, the specific regulatory mech-
anisms of miR-129-5p in glioma remain unclear and require
further investigation.

ZFP36 ring finger protein-like 1 (ZFP36L1) is a member
of the ZFP36 family of RNA-binding proteins [35], which
contains two standard repeating zinc finger motifs (CCCH).
The CCCH motif binds to the AU-rich elements (AREs) in
the 3-UTR of the target mRNA resulting in mRNA insta-
bility [36]. 1t was reported that ZFP36L1 was functionally
involved in post-transcriptional regulation of bile acid metab-
olism in hepatocytes, myogenesis, and lymphocyte develop-
ment [37-40]. Disruption of ZFP36L1 expression in mice led
to death on embryonic day 11 [41]. Increased expression of
ZFP36L1 inhibited cell growth in lung and colorectal cancer
cell lines [42,43]. However, little is known about the biological
role of ZFP36L1 and its regulatory factors (such as microR-
NAs) in GBM tumorigenesis.

In this study, we investigated the role of miR-129-5p and
miR-129-5p/ZFP36L1 axis in GBM tumorigenesis. First, we
used the GSE103228 microarray data from the gene expression
omnibus (GEO) database to analyze differentially expressed
microRNAs between GBM and normal tissues and found that
miR-129-5p was significantly downregulated in GBM tissues.
Further, our UALCAN dataset analysis showed that ZFP36L1
was significantly upregulated in GBM vs. normal brain tis-
sues. Quantitative reverse transcription PCR (qRT-PCR)
analysis of miR-129-5p expression in seven GBM cell lines vs.
normal human astrocytes (NHA) showed miR-129-5p was
significantly downregulated in GBM cells. Subsequently, we
confirmed that overexpression of miR-129-5p inhibited the
proliferation, migration, invasion, and colony-forming ability
of LN229 and A172 GBM cells. Furthermore, we identified
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that ZFP36L1 was the downstream target gene of miR-129-5p.
Overexpression of miR-129-5p in LN229 and A172 cells inhib-
ited the expression of ZFP36L1, while forced expression of
ZFP36L1 reversed miR-129-sp-mediated inhibition on GBM
tumorigenesis, including tumor proliferation, migration, and
colony-forming ability. Our results reveal an important role
of the miR-129-5p/ZFP36L1 axis in GBM tumorigenesis and
shed a new light on targeted therapy in GBM.

MATERIALS AND METHODS

Analysis of microarray data

The microRNA and mRNA expression profile GSE103228
was selected from the GEO database (https://www.ncbinlm.nih.
gov/geo/). The profile included mRNA and microRNA expres-
sion of five human GBM and five normal brain tissues. Analysis
of microRNA expression was performed on the GPL18058 plat-
form (Exigon miRCURY LNA microRNA array, 7th generation).
The differentially expressed microRNAs in GBM samples were
further analyzed by the GEO' R language analysis tool (http://
www.ncbinlm.nih.gov/geo/geoar/). Adjusted p values were
applied based on the Benjamini-Hochberg method to minimize
the false discovery rate. To determine dysregulated microR-
NAs in GBM samples, the cut-off values were defined as the
fold change >2 and adjusted p < 0.05 was used. After removing
unknown microRNAs and missing information, we found that
miR-129-5p was among the top three dysregulated microRNAs
and was selected for further analysis.

Identification of microRNA target genes

The candidate target genes of miR-129-5p were identi-
fied using TargetScan (http://www.targetscan.org/vert_72/),
which is dedicated to the analysis of mammalian microRNA
target genes. Based on the cumulative weighted context++
score, ZFP36L1 was among the top 25 target candidates for
miR-129-5p. After literature search, pre-analysis of TCGA,
and removal of proteins with unknown function, ZFP36L1
remained as the promising candidate gene and was selected
for further analysis.

UALCAN dataset analysis

The UALCAN (http://ualcan.path.uab.edu/index.html)
database provides an easy access to publicly available cancer
transcriptomics data (namely, TCGA and METs500 tran-
scriptome sequencing). In this study, UALCAN was used to
identify biomarkers and to validate in silico potential genes of
interest. In addition, ZFP36L1 gene expression and patient sur-
vival information based on the gene expression were analyzed
with the UALCAN dataset to explore ZFP36L1 impact on the
prognosis of patients with GBM.
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Cell culture

Normal human astrocyte (NHA) cells and human GBM
cell lines (LN229, A172, U87, T98G, U2s1, H4, and H118) were
obtained from the Institute of Biochemistry and Cell Biology,
Chinese Academy of Sciences (Shanghai, China). These cells
were cultured in RPMI-1640 medium (Invitrogen, Carlsbad,
CA, USA) containing 10% fetal bovine serum (FBS, Invitrogen)
in a humidified atmosphere of 5% CO, at 37°C.

RNA isolation and qRT-PCR

Total RNAs were extracted from cultured cells as
described previously [44]. In brief, total RNAs were extracted
by TRIZOL reagent (Gibco Invitrogen), and the quality and
integrity of the extracted RNAs were determined by agarose
gel electrophoresis. Poly(A) tails were added according to the
protocol of the Poly (A) Tailing Kit (Tiangen, Beijing, China).
Complementary DNA (cDNA) was synthesized using the
PrimeScriptTM RT reagent Kit with gDNA Eraser (Takara,
Dalian, China) and gene-specific primers or random primers.
gRT-PCR was performed on a LightCycler 480 II Real-Time
PCR system (Roche Diagnostics, Basel, Switzerland) using
SYBR Green (Takara). Glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) and U6 small nuclear RNA (snRNA) were
employed as endogenous controls for mRNA and microRNA,
respectively. The comparative Ct method was used to calcu-
late the relative expression of RNA. The primers used in this
study were as follows:

miR-129-5p:5"-CGCTACCCTGTAGATC-
CGAATTTGTG-3;U6:5-CGCTTCGGCAGCACATATAC-3
(forward) and 5-TTCACGAATTTGCGTGTCAT-3' (reverse);
ZFP36l1:  5-ACCACCACCCTCGTGTCTG-3°  (forward)
and §-TGCCCACTGCCTTTCTGT-3" (reverse); GAPDH:
5-CGGATTTGGTCGTATTGGG-3  (forward) and 5-
CTGGAAGATGGTGATGGGATT-3 (reverse).

Western blot analysis

Western blot analysis was performed as described previ-
ously [45]. In brief, cells were lysed with lysis buffer (Beyotime,
Shanghai, China) containing 1 mmol/L phenylmethylsulfo-
nyl fluoride (PMSF). After centrifugation at 14,000 x g for 10
min at 4°C, the extracted proteins were resuspended, and the
concentrations were measured using the bicinchoninic acid
(BCA) protein assay kit (Beyotime). Equal amounts (30 pg) of
protein were resolved by SDS-PAGE and electro-transferred
onto the PVDF membrane (Millipore). The immunoblots
were then blocked with 5% fat-free milk for 1 h, and further
incubated overnight with primary antibodies against ZFP36L1
(11000 dilution, ab42473, Abcam, USA) and GAPDH (1:3000
dilution, ab181602, Abcam, USA) at 4°C. After incubation
with peroxidase-conjugated secondary antibodies for 1 h, the
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blots were washed and then visualized using an electroche-
miluminescence (ECL) detection kit (ThermoBiotech Inc,
Rockford, IL, USA). The chemiluminescent signal on the blots
was determined and quantified using densitometric software
(Bio-Rad, California, USA).

Transfection

Transfections were performed using the Lipofectamine 3000
Reagent (Invitrogen) according to the manufacturer’s instruction.
Forthetransfectionof microRNAs,sonmol/LofmiR-129-5pmim-
ics (5-CUUUUUGCGGUCUGGGCUUGC-3)and/ornegative
control mMiR-NC  (5-UUGUACUACACAAAAGUACUG-3)
were added to each transfection well (6-well culture plate) con-
taining 2 mL culture medium. After 48 h of transfection, total
RNAs and proteins were collected for further analysis. For the
overexpression of ZFP36L1, 2 x 10* of LN229 and A172 cells were
seeded onto 6-well plates. After overnight culture, the cells were
transfected with 0.75 pg/mL of pcDNA3.1 (control) or pcD-
NA3.1-ZFP36L1 for 48 h. The transfection efficiency of ZFP36L1
was evaluated by gqRT-PCR and Western blot analysis. In order to
visualize and count the numbers of cells, cells were fixed with 4%
paraformaldehyde at 4°C for 60 min. After washing twice with
ice-cold PBS, cells were stained with impurity-free crystal violet

for 2 min and imaged under a microscope.

Cell proliferation assay

Cell proliferation was determined using the Cell Counting
Kit-8 (CCK-8) kit (Dojindo, Japan) according to the manu-
facturer’s instructions. In brief, cells (3000 cells/well) were
transfected with NC (transfection reagent control), miR-NC
(miRNA sponge-negative scramble control), or miR-129-5p
mimics and cultured in 96-well plates. After o, 24, 48, and 72
h of incubation, 100 pL of culture supernatant from each well
was collected and transferred to another 96-well plate and
then incubated with 10 pL of CCK-8 solution at 37°C for 4 h.
The absorbance was measured at 450 nm wavelength using
spectrophotometry (BioTek, USA).

Wound healing assay

Cells were seeded in 6-well plates and then treated with
NC, miR-NC, or miR-129-5p mimics. Linear scratch wounds
were created on cell monolayers using a sterile 200-uL pipette
tip, and the scratched areas were imaged at x100 magnifica-
tion using a Leica DMI3000B computer-assisted microscope
(Leica, Buffalo Grove, IL, USA). Images were captured at o,
24, 48, and 72 h after scratching and analyzed using Image-
Pro Plus v6.0 image analysis software (Media Cybernetics,
Rockville, MD, USA). The remaining wound area was calcu-
lated to estimate the migration distance of the cells.
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Matrigel invasion assay

Matrigel invasion assay was performed using Transwell
plates (BD, Biosciences, CA, USA). Transwell membrane
inserts were precoated with Matrigel (BD), and the analyzed
cells were appropriately seeded onto the upper compartment
of the chamber. The bottom chamber contained complete
RPMI-1640 medium, and the upper chamber contained
serum-free medium. After 24 h of incubation at 37°C, the cells
on the Matrigel-coated upper surface were wiped off with a
cotton swab, and the invaded cells throughout the filter were
fixed and stained with Giemsa at 37°C for 3 h. The images of
invaded cells were photographed with a microscope (Leica) at
x 100 magnification. For each membrane isolated from trip-
licate chambers, the number of invaded cells was counted in
three randomly selected fields. The results were presented as
bar graphs.

Statistical analysis

All statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 20.0 (IBM Corp., Armonk,
NY, USA). Data were expressed as mean + SD. The x* test,
Students ¢-test, and one-way ANOVA analysis were used for
comparisons. A value of p < 0.05 was considered statistically
significant.

RESULTS

Downregulated miR-129-5p expression in GBM
tissues and cell lines

The microarray dataset GSE103228 was used to examine
whether miRi29-5p expression was associated with GBM
tumorigenesis. After analyzing 3557 differentially expressed
microRNAs, we found that the expression of miR-129-5p was
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significantly downregulated in GBM tissues vs. normal brain
tissues (p < 0.005, Figure 1A). The decreased expression of
miR-129-5p in GBM was further validated using NHAs and
seven GBM cell lines, including LN229, A172, U87, T98G,
U251, H4, and LN118. As shown in Figure 1B, miR-129-5p was
significantly downregulated in all GBM cell lines with a reduc-
tion of approximately 60—90% compared to NHAs, suggesting
that miR-129-5p may play an important role in the tumorigen-
esis of GBM.

MiR-129-5p inhibited GBM tumorigenesis

To explore the tumorigenic role of miR-129-5p in GBM,
the two GBM cell lines LN229 and A172 with the least expres-
sion of miR-129-5p were selected. We first overexpressed miR-
129-5p in LN229 and A172 cells and then examined whether
miR-129-5p could affect GBM cell proliferation, migration,
invasion, and colony-forming abilities. Compared to NC
group, transfection with miR-NC did not alter the expression
of miR-129-5p in LN229 and A172 cells (Figure 2A). Compared
to miR-NC group, the level of miR-129-5p was significantly
increased in miR-129-5p mimics groups, to about 11.5-fold and
9.5-fold in LN229g and A172 cells, respectively.

Next, CCK-8 assay was performed to examine whether
miR-129-5p affects the cell proliferation ability. The overex-
pression of miR-129-5p significantly inhibited the prolifera-
tion of LN229 and A172 cells after 72, 96, and 120 h of cul-
ture (Figure 2B), indicating that miR-129-5p was functionally
involved in the tumor cell proliferation.

Further, miR-129-5p-mediated proliferation and migration
inhibition in GBM was examined by wound-healing assay, a
classic method for a comprehensive analysis of cell prolifer-
ation and migration. As shown in Figure 3A, the two control
groups (NC and miR-NC) of LN229g and A172 cells exhibited

éaéﬁéﬂﬁ

H4 H118

GBM cell lines

FIGURE 1. MiR-129-5p was downregulated in GBM tissues and cell lines. (A) The microarray dataset GSE103228 was used to
examine whether miR129-5p expression was associated with GBM tumorigenesis. The expression level of miR-129-5p was sig-
nificantly downregulated in five GBM tissues vs. five normal brain tissues. The expression values were calculated using log2 trans-
formed RPM values. (B) MiR-129-5p was significantly downregulated in all GBM cell lines (LN229, A172, U87, T98G, U251, H4,
and H118) vs. NHAs, with a reduction of approximately 60-90%. Differences were found to be statistically significant at *p < 0.05
and **p < 0.005. GBM: Glioblastoma multiforme; RPM: Reads per million; NHAs: Normal human astrocytes.
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FIGURE 2. Overexpression of miR-129-5p reduced the proliferation ability of LN229 and A172 cells. (A) Quantitative reverse
transcription PCR was used to determine the relative expression of miR-129-5p in LN229 and A172 cells transfected with NC
(transfection reagent control), miR-NC (miRNA sponge-negative scramble control), or miR-129-5p mimics. Compared to miR-NC
group, miR-129-5p level was significantly increased in miR-129-5p mimics group, to about 11.5-fold and 9.5-fold in LN229 and
A172 cells, respectively. (B) The proliferation of LN229 and A172 cells was significantly inhibited by the overexpression of miR-
129-5p after 72, 96, and 120 h of culture. The cell proliferation was detected by CCK-8 assay. Data are presented as the means
of triplicate experiments. Differences were found to be statistically significant at *p < 0.05.

high motility, while the overexpression of miR-129-5p inmimics
group reduced the wound healing ability after 72 h of culture.
The wound closure rates of LN229 and A172 cells transfected
with miR-129-5p mimics were significantly lower at 24, 48, and
72 h compared to those in miR-NC-transfected cells (p < 0.05;
Figure 3B).

Using colony forming assay, we next examined whether
miR-129-5p could affect the ability of GBM cells to form col-
onies. The results showed that the overexpression of miR-
129-5p significantly inhibited colony formation in both LN229
and A172 cells (Figure 3C).

Taken together, the results of CCK-8, wound-healing, and
colony-forming assay suggested that miR-129-5p can suppress

GBM cell proliferation, migration, and colony-forming ability.

ZFP36L1 as a target gene of miR-129-5p

To further investigate the underlying mechanism of miR-
129-5p-mediated inhibition of cell proliferation, migration and
colony-forming ability in GBM, TargetScan bioinformatics

database was used and ZFP36L1 was identified as a potential
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target gene of miR-129-5p (Figure 4A). UALCAN was used
to examine the expression of ZFP36L1 in GBM samples. As
shown in Figure 4B, the expression of ZFP36L1 in GBM sam-
ples (n = 156) was significantly higher than that in normal brain
samples (n = 5) (p < 0.0005). In addition, survival analysis
showed that patients with higher expression of ZFP36L1 had a
significantly increased risk of death (Figure 4C).

Next, the expression of ZFP36L1 was analyzed in NHA
and GBM cell lines. As shown in Figure 4D, ZFP36L1 was
significantly upregulated to 2—6.5 fold in the seven GBM cell
lines, suggesting that miR-129-5p was negatively correlated
with ZFP36L1 in GBM. To further validate this hypothesis,
miR-129-5p mimics was overexpressed in LN229 and A172
cells, and the expression of ZFP36L1 was determined by
qRT-PCR. As shown in Figure 4E, the overexpression of miR-
129-5p significantly inhibited ZFP36L1 mRNA expression in
both LN229 and A172 cells (p < 0.05). The results of Western
blot analysis (Figure 4F) further supported the hypothesis
that miR-129-5p overexpression suppresses ZFP36L1 protein
expression. Taken together, these results indicated that miR-
129-5p negatively regulates the expression of ZFP36L1in GBM.
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FIGURE 3. MiR-129-5p overexpression suppressed the migration ability of LN229 and A172 cells. (A) Photographs of artificially
induced wounds in the monolayers of LN229 and A172 cells with miR-129-5p overexpression at different time points. NC (trans-
fection reagent control) and miR-NC (miRNA sponge-negative scramble control) groups exhibited high motility, while the overex-
pression of miR-129-5p reduced the wound healing ability after 72 h of culture. (B) The wound-healing results were expressed
as the percentage of migration ability at O h (100%). The wound closure rates of LN229 and A172 cells were significantly lower
in MiR-129-5p mimics compared with miR-NC group at 24, 48, and 72 h. Data are presented as the means of triplicate experi-
ments. Differences were found to be statistically significant at *p < 0.05. (C) Overexpression of miR-129-5p markedly inhibited
the colony-forming abilities of LN229 and A172 cells, i.e., it reduced the numbers of colony formation. Differences were found to
be statistically significant between miR-129-5p and miR-NC at *p < 0.05.

Overexpression of ZFP36L1 reverses the inhibitory  (Figure 5A). Compared to pcDNA.1 control group, transfection
effect of miR-129-5p in GBM with pcDNA3.1-ZFP36L1 successfully increased the mRNA and
protein levels of ZFP36L11in both LN229 and A172 cells (p < 0.05).

Next, we examined whether miR-129-sp-regulated ZFP36L1 )
Afterwards, we examined whether miR-129-5p-mediated inhibi-

expression is involved in GBM proliferation, migration, and

colony forming ability. LN229 and A172 cells with overex- tion of GBM cell proliferation could be reversed by increased

pressed miR-129-5p were transfected with pcDNA3.1-ZFP36L1 expression of ZFP36L1. As shown in Figure 5B, ZFP36L1 over-
to increase the level of ZFP36L1, and the cells in the control ~ €Xpression significantly restored miR-129-sp-mediated prolifera-
group were transfected with pcDNA3.1 vector: The expression  tioninhibition in LN229 and A172 cells (p < 0.05), suggesting that
of ZFP36L1 was confirmed by qRT-PCR and Western blot  ZFP36L1 plays a crucial role in GBM proliferation.
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FIGURE 4. Relationship between miR-129-5p and its downstream target gene ZFP36L1. (A) Prediction of miR-129-5p binding
sites in the 3’-UTRs of ZFP36L1 gene by TargetScan analysis. (B and C) Expression of ZFP36L1 and survival analysis in GBM
patients using the UALCAN dataset. ZFP36L1 expression was upregulated in GBM tissues (n = 156) compared with normal
brain tissues (n = 5). Higher ZFP36L1 expression was associated with poor survival. (D) ZFP36L1 expression was significantly
upregulated in GBM cell lines LN229, A172, U87, T98G, U251, H4, and H118 compared with NHA. Differences were found to be
statistically significant at *p < 0.05. (E and F) MiR-129-5p negatively regulated the expression of ZFP36L1 in LN229 and A172
cells. Overexpression of miR-129-5p in LN229 and A172 cells significantly suppressed the mRNA level (E) and protein level (F)
of ZFP36L1. GAPDH was used as an internal control. Differences between miR-129-5p and miR-NC were found to be statistically
significant at *p < 0.05. UTR: Untranslated region; ZFP36L1: ZFP36 ring finger protein-like 1; GBM: Glioblastoma multiforme;
NHAs: Normal human astrocytes; GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.

We next examined the role of ZFP36L1 in GBM cell  in pcDNA3.1-ZFP36L1 transfected cells was significantly
migration, invasion, and colony forming ability. The results of ~ reduced at 24, 48, and 72 h of culture in LN229 and A172
wound-healing assay showed that ZFP36L1 overexpression  cells (p < 0.05, Figure 6B). Furthermore, miR-129-5p-mediated
increased tumor migration ability (Figure 6A). Compared  inhibition of colony-forming ability was restored by ZFP36L1
to empty-vector transfected cells, the open wound area  overexpression (Figure 6C).
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FIGURE 5. ZFP36L1 overexpression reversed miR-129-5p-mediated proliferation inhibition in GBM. (A) MiR-129-5p-overexpressing
LN229 and A172 cells were transfected with pcDNA3.1/+ vector or pcDNA3.1/ZFP36L1, and the expression of ZFP36L1 was
determined by quantitative reverse transcription PCR and Western blotting analysis. The mRNA (left panel) and protein (right
panel) levels of ZFP36L1 were significantly increased after the transfection. (B) Following the transfection, the growth rates of
LN229 and A178 cells were determined by CCK-8 assay. The absorbance was recorded at 450 nm for every 24 h. ZFP36L1 over-
expression restored the proliferation inhibition by miR-129-5p in LN229 and A178 cells. ZFP36L1: ZFP36 ring finger protein-like
1; GBM: glioblastoma multiforme. Differences were considered statistically significant at *p < 0.05.

Collectively, these experiments indicated that miRNA
-129-5p negatively regulates ZFP36L1 expression to affect
the proliferation, migration, and colony-forming abilities of
LN229 and A172 GBM cells.

DISCUSSION

Despite multiple treatment modalities are available for
GBM, GBM remains the most common primary malignant
brain tumor, with a poor prognosis. In the past few years,
increasing attention has been paid to the role of microRNAs
in the development, diagnosis, and prognosis of gliomas.
In this study, we demonstrated that miR-129-5p and miR-
129-5p-regulated target gene ZFP36L1 are involved in GBM.
We found that miR-129-5p was markedly downregulated in
GBM tissues and seven GBM cell lines. Overexpression of
miR-129-5p suppressed GBM cell proliferation, migration,
and colony-forming ability. Furthermore, we identified that
ZFP36L1 was the downstream target of miR-129-5p and was

responsible for miR-129-5p-mediated tumor proliferation,
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migration, and colony-forming ability. Overexpression of
ZFP36L1 in miR-129-sp-overexpressing GBM cells success-
fully restored all the features of GBM tumorigenesis. Overall,
our study suggests that during the development of GBM, miR-
129-5p expression is reduced and leads to higher expression of
ZFP36L1, which results in increased proliferation, migration,
and colony forming ability of GBM cells.

MiR-129-5p has recently received considerable attention as
a tumor suppressor. In gastric cancer, miR-129-5p was found to
attenuate tumor progression by targeting high mobility group
box 1 (HMGB1) [27], WW domain containing E3 ubiquitin
protein ligase 1 (WWP1) [28], disintegrin and metallopro-
teinase domain-containing protein 9 (ADAMo) [46], solute
carrier family 2 member 3 (SLC2A3) [47], collagen, type I,
alpha 1 (COLA1) [48], and interleukin (IL)-8 [49]. In addition,
miR-129-5p was shown to regulate cell invasion and metas-
tasis in lung cancer [32], hepatocellular carcinoma [50], pan-
creatic [29], and prostate cancer [31]. Gao et al. found that the
expression of miR-129-5p was significantly decreased in human

prostate cancer tissues, and downregulation of miR-129-5p
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with/without ZFP36L1 overexpression at different time points. ZFP36L1 overexpression increased LN229 and A172 cell migra-
tion ability. (B) Compared to the empty-vector transfected cells, the open wound area in pcDNA3.1-ZFP36L1 transfected LN229
and A172 cells were significantly reduced at 24, 48, and 72 h of culture. The wound-healing results were expressed as the per-
centage of migration ability at O h (100%). Data are presented as the means of triplicate experiments. Differences were found
to be statistically significant at *p < 0.05. (C) After the transfection with ZFP36L1, the colony formation efficiency of LN229 and
A172 cells was determined by counting the number of colonies formed. Overexpression of ZFP36L1 increased the numbers of
colony formation. Differences were found to be statistically significant at *p < 0.05. GBM: Glioblastoma multiforme; ZFP36L1:
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increased ETS variant transcription factor 1 (ET'V1) expression.
Overexpression of ETV1 reversed miR-129-5p mimics induc-
ing cell growth arrest [31]. On the other hand, Gu et a/. found
that DNA (cytosine-5)-methyltransferase 3A (DNMT3A), a
tumor suppressor in glioma, was negatively regulated by miR-
129-5p [51]. Overexpression of DNMT3A partially attenuates
miR-129-5p-inhibited cell proliferation, suggesting that other
unidentified downstream targets of miR-129-5p may affect
GBM proliferation as well as other features of GBM tumori-
genesis, such as migration and colony-forming ability.
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In this study, miR-129-5p was found to be significantly
downregulated in LN229, A172, U87, T98G, U251, H4, and
LN118 cells and in GBM tissue samples. To further explore
the specific biological role of miR-129-5p in GBM, the two
cell lines with the lowest expression of miR-129-5p, LN229
and A172, were selected to restore the expression of miR-
129-5p. Notably, miR-129-5p overexpression not only inhib-
ited cell proliferation and migration, but also suppressed
the colony-forming ability. These results indicated that miR-
129-5p can be considered as a tumor suppressor during GBM
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development and that miR-129-5p may be used as a potential
diagnostic and prognostic biomarker in GBM patients.

In addition to its association with tumorigenesis, miR-
129-5p was implicated in other diseases. A study by Yang
et al. suggested that dysregulation of miR-129-5p might con-
tribute to the development of intervertebral disc degener-
ation by targeting bone morphogenetic protein 2 (BMP2)
expression [25]. In patients with intervertebral disc degenera-
tion, miR-129-5p was downregulated along with BMP2 upreg-
ulation. Overexpression of miR-129-5p apparently increased
the survival of neural progenitor cells, whereas downregula-
tion of miR-129-5p increased apoptosis. Moreover, restored
BMP2 expression reversed the effect of miR-129-5p. On the
other hand, miR-129-5p was also recently suggested to play
a crucial role in the protection of cardiac function [52]. In a
chronic heart failure rat model, miR-129-5p transfection not
only improved heart function and hemodynamic parame-
ters, but also attenuated oxidative stress and inflammation
factors. In addition, a study by Zeng et al. demonstrated that

miR-129-5p may be a potential candidate for the treatment of

Alzheimer's disease [23]. Overexpression of miR-129-5p pro-
moted neuronal cell proliferation, suppressed apoptosis, and
decreased the inflammatory reaction. These studies suggest
that miR-129-5p is involved in different biological processes,
which deserves further investigation.

It is difficult to develop efficient treatment against GBM,
because GBM is characterized by many dysregulated path-
ways. Currently, maximal surgical resection combined with
postoperative radiotherapy and chemotherapy are the stan-
dard treatment of GBM. However, chemoresistance is the
typical hallmark of recurrent GBM. More than 9o% of GBM
relapsed at the primary tumor site, and 5% of GBM occurred
as multiple lesions after treatment [53]. Ma et al. demonstrated
that miR-129-5p was able to inhibit the stemness and chemo-
resistance of non-small cell lung cancer (NSCLC) cells [s54].
Namely, overexpression of miR-129-5p suppressed the ability
of sphere formation and the expression of stemness makers,
including octamer-binding transcription factor 4 (Oct4), SRY-
box 2 (Sox2), and Nanog in NSCLC cells [54]. Furthermore,
miR-129-5p/HMGB1 axis [55] and NONHSAT101069/miR-
129-5p axis [56] were found to regulate the radiosensitivity
and epirubicin resistance of breast cancer cells, respectively. In
this study, colony-forming assay was conducted to indirectly
investigate the stemness ability of GBM cells. Remarkably, our
results showed that miR-129-5p significantly suppressed the
colony-forming ability of LN229 and A172 GBM cells. This
implied that miR-129-5p may affect GBM stemness and war-
rants further investigation in the future.

The RNA-binding protein ZFP36L1 is able to directly bind
to the 3-UTRs of their target mRNAs and promote mRNA
decay. However, a few studies focused on the role of ZFP36L1 in
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tumorigenesis. Loh et al. suggested that ZFP36L1 may function
asatumor suppressor [57]. Forced expression of ZFP36L1 inhib-
ited cell proliferation in bladder and breast cancer cells. On the
other hand, a study by Zindy et a/. demonstrated that ZFP36L1
was upregulated in hepatocellular carcinoma, implying that
ZFP36L1 may be oncogenic in liver cancer [58]. In this study,
we found that ZFP36L1 was highly expressed in GBM cell lines
and tissues samples. Remarkably, GBM patients with higher
expression of ZFP36L1 were associated with poor survival. In
contrast to the study of Loh et al. on bladder and breast can-
cer cells [57], ZFP36L1 overexpression in GBM cells not only
enhanced cell proliferation, but also increased cell migration
and colony-forming ability. This suggests that ZFP36L1 may play
different biological roles in different tumors and be a potential
target for GBM treatment. This deserves further investigation.

The limitation of this study was the small number of GBM
patients available in the databases. Although the current study
found that miR-129-5p and ZFP36L1 are involved in GBM
tumorigenesis, it remains unclear whether the expression
of miR-129-5p and ZFP36L1 are associated with the overall
survival, disease-free survival, and recurrence-free survival
of GBM patients. Thus, further prospective studies should
be conducted to investigate the association of miR-129-5p
and ZFP36L1 with patient survival taking into consideration
important prognostic confounders.

CONCLUSION

The present findings revealed a tumor suppressor role of
miR-129-5p/ZFP36L1 axis in GBM cell proliferation, migra-
tion, and colony-forming ability. Importantly, ZFP36L1
expression in GBM was negatively regulated by miR-129-5p
and associated with poor survival. Altogether, our study not
only identified a new tumor suppressor role of miR-129-5p/
ZFP36l1 axis in GBM tumorigenesis, but also provided
potential targets for the treatment of GBM patients.
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