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Abstract: Background: Glioma is the most common malignant tumor in the adult human brain and has one of
the lowest patient survival rates. MicroRNAs (miRNAs) play important roles in the development of cancers, includ-
ing glioma, and potentially have valuable therapeutic applications in glioma; however, their specific functions and
mechanisms of action have yet to be fully defined. Here, we report that miR-129-5p directly targets DNA (cyto-
sine-5)-methyltransferase 3A (DNMT3A) and functions as a tumor-suppressor in glioma. Method: We analyzed the
expression profiles of miR-129-5p and DNMT3A in glioma-related databases. Quantitative reverse transcription-PCR
was applied to detect the level of miR-129-5p in glioma specimens and cell lines. Western blotting was applied to
detect the level of DNMT3A. We examined the effect of miR-129-5p on the cell cycle and proliferation of glioma cells
using CCK-8 and EDU assays and flow cytometry. TargetScan software predicted DNMT3A to be a target of miR-
129-5p, which we confirmed by means of luciferase reporter assays and rescue experiments. Result: miR-129-5p
was expressed at low levels in glioma and negatively correlated with glioma grade. Over-expression of miR-129-5p
in U87and LN229 cells inhibited proliferation and blocked the cell cycle in G1 Phase. DNMT3A is a direct target of
miR-129-5p, and miR-129-5p affects glioma cell proliferation by targeting DNMT3A. Conclusion: Taken together, our
results demonstrate that miR-129-5p plays a significant role in glioma suppression through inhibition of DNMT3A,
which may provide a novel therapeutic strategy for treatment of glioma and other DNMT3A-driven cancers.
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Introduction because the molecular mechanisms underlying
the development of glioma are not clear.
Although a number of molecular markers have
been discovered, their prediction power is
ambiguous [7]. Therefore, a full understanding
of the molecular mechanisms underlying the
occurrence, development and evolution of glio-
ma is urgently needed to enable development

of novel and effective therapeutic treatments.

Glioma are neuro-epithelial tumors or neuro-
ectodermal tumors because they occur in neu-
ro-ectodermal regions. Glioma cases are divid-
ed into four categories based on histological
classification: two low-grade astrocytomas
(WHO grade I-ll), anaplastic astrocytomas
(WHO grade Ill), and glioblastoma (GBM, WHO
grade IV [1]. The incidence rate for all glioma

types ranges from 4.67 to 5.73 per 100,000
people [2]. Patients with GBM have a low sur-
vival rate, and their median survival is only
about 15 months [3-6]. Despite large improve-
ments in microsurgical procedures and the
increased availability of advanced chemothera-
py, the improvement of patient survival has
been limited. This is attributed to the highly
malignant and invasive nature of glioma and

MiRNAs are small non-coding RNAs 19-24
nucleotides in length that were discovered by
Victor Ambros and colleagues. Imperfect com-
plementary sequence pairing between the
miRNA seed region and the 3’-untranslated
region (UTR) of target mRNAs, orchestrates the
negative regulation of target genes by either
mMRNA degradation or translational repression
and, thus, directly or indirectly affects almost all
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cellular pathways [8, 9]. As endogenous regula-
tors of gene expression, miRNAs play vital roles
in diverse physiological processes, including
proliferation [10, 11], invasion [12], apoptosis
[13], cell identity [14] and stem cell mainte-
nance [15]. There is increasing evidence to indi-
cate that specific miRNAs can be downregulat-
ed or upregulated in different types of tumor
[16-18]. Understanding miRNA biogenesis me-
chanisms in normal physiology and in patho-
logical states is important to understand the
role that miRNAs play in carcinogenesis, a situ-
ation that will result in the development and
improvement of tools for diagnosis, risk evalua-
tion and follow up of cancer patients.

MiR-129 is a miRNA family containing three
members, miR-129-5p, miR-129-2-3p and miR-
129-3p. Among them, miR-129-5p has been
reported as a tumor suppressor in many types
of carcinoma, including breast cancer [19],
hepatocellular malignancy [20], and lung ade-
nocarcinoma [21]. Some researchers have also
explored the mechanisms by which miR-129
family members affect glioma cell processes.
For example, Zeng et al reported that miR-129-
5p targets Wntba to affect the behavior of glio-
ma cells [22]. Despite this and subsequent
studies, the specific mechanism of miR-129-5p
regulation in glioma cells is still unclear.

Epigenetic modifications including DNA methyl-
ation play a significant role in regulating gene
transcription [23, 24]. DNA methylation partici-
pates in many physiological processes, includ-
ing cell differentiation [25], oncogenic transfor-
mation [26], and long-term memory [27]. It is a
covalent modification of DNA that, in mammals,
is tightly regulated by a group of three DNA
methyltransferases (DNMT), DNMT1, DNMT3A,
and DNMT3B [28, 29]. DNMT1 primarily main-
tains existing DNA methylation patterns, where-
as DNMT3A and DNMT3B are de novo methyl-
transferases and are essential for introducing
methyl groups onto CG sites [30-32]. Aberrant
DNA methylation and overexpressed DNMTs
are observed in many cancer types. For exam-
ple, DNMT1 and DNMT3b play a specific role in
tumorigenesis by silencing tumor suppressors
[33-36]. Meanwhile, several inactivating muta-
tions of DNMT3A in myeloid malignancies [37-
39] and loss of DNMT3A activity at advanced
tumor stages [40] were recently identified.
However, the expression status and the role of
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DNMT3A in the development of glioma have not
been fully elucidated.

In the present study, we investigated miR-129-
5p expression in both clinical specimens and
commonly used glioma databases. We show
that miR-129-5p was expressed at low levels in
glioma, and that its expression was negatively
correlated with levels of the DNMT3A protein.
Upregulation of miR-129-5p inhibited the prolif-
eration of glioma cells and resulted in decre-
ased expression of DNMT3A. Moreover, we
demonstrated that DNMT3A is a direct target
of miR-129-5p. Our findings provide new
insights into the molecular mechanism of glio-
ma development and will help in the develop-
ment of unique mMiRNA-based therapies for
GBM management.

Materials and methods
Ethics statement

The study has been conducted in accordance
with the ethical standards and according to the
Declaration of Helsinki and national and inter-
national guidelines. Informed consent was
obtained from all patients involved in this study,
and the study protocol was approved by the
Clinical Research Ethics Committee of Haimen
People’s Hospital.

Public datasets

Microarray miRNA expression data was down-
loaded from the Chinese Glioma Genome Atlas
(CGGA) data portal (http://www.cgga.org.cn.
portal.phpg). Whole genome mRNA expression
microarray data and clinical information of 158
glioma samples were obtained from CGGA
database (http://www.cgga.org.cn). The Cancer
Genome Atlas database (TCGA) was download
from http://tcga-data.nci.nih.gov/, Repository
of Molecular Brain Neoplasia Data (REMBR-
ANDT, was download from http://caintegrator.
nci.nih.gov/rembrandt/ and GSE4290 data
was download from https://www.ncbi.nim.nih.
gov/geo/query/acc.cgi?acc=GSE4290.

Cell culture and reagents

The human GBM cell line U118, LN229, H4,
A172, U87 and U251 (American Type Culture
Collection, VA, USA) were identified by the
American Type Culture Collection using the
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short tandem repeat genotyping method and
cultured according to the manufacturer’s rec-
ommendations.Human astrocyte cells NHAs
were purchased from Lonza (Basel, Switzerland)
and cultured in the astrocyte growth medium
supplemented with rhEGF, insulin, ascorbic
acid, GA-1000, L-glutamine and 5% fetal bovine
serum. All the cells were incubated at 37°Cin a
humidified atmosphere with 5% CO,. Antibodies
against DNMT3A (ab2850) and Actin (ab8226)
were obtained from Abcam (Cambridge, UK).
Antibodies against Cyclin A2 (#4656) and
CDK2 (#2546) were purchased from Cell
Signaling Technology (Massachusetts, USA).

Tissue samples

Nine normal brain tissues (NBT) consecutively
recruited from patients undergoing internal
decompression surgery following severe trau-
matic brain injury between December 2015
and December 2016 from the Department of
Neurosurgery of Haimen People’s Hospital.
Seventeen glioblastoma multiform tissues
were obtained between December 2015 and
December 2016 from the Department of Ne-
urosurgery, The Affiliated Hospital of Nantong
University. Glioma specimens were verified and
classified according to the WHO standard clas-
sification of central nervous system tumors.

Western blot analysis

Western blotting analysis was performed
according to our previous study [41]. Briefly,
Equal amount of protein lysates were subjected
to 12% SDS-PAGE gel and then transferred to
PVDF membrane (Millipore, MA, USA) and pro-
bed with primary antibodies (DNMT3A, CDK2,
Cyclin A2 and Actin) at 4°C overnight and sec-
ondary antibodies at room temperature for 2 h.
Bound antibodies were detected by the ECL
Plus western blotting substrate (Thermo Fisher,
MA, USA) and the results were recorded by
Biorad ChemiDoc MP Gel Imaging System, The
band density of specific proteins was quantified
after normalization with the density of Actin.

Oligonucleotides, plasmid construction, and
transfection

Hsa-miR-129-5p mimic and hsa-miR-ctrl were
chemically synthesized and authenticated by
Ribobio (Guangzhou, China). Small interfering
RNAs (siRNAs) targeting DNMT3A (sc-37757)
was purchased from Santa Cruz Biotechnology
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(TX, USA). The DNMT3A-overexpression plas-
mids were generated by cloning the Corres-
ponding cDNA into the expression vector pEN-
TER at the Asisl and M1ul restriction sites. The
plasmid was sequenced verified by Genepharma
(Shanghai, Chinna). All oligonucleotides and
plasmids were transfected into cells using
Lipofectamine 3000 Transfection Reagent (In-
vitrogen, CA, USA) according to the manufac-
turer’s instructions.

Lentiviral packaging and establishment of sta-
bly transduced cell lines

A lentiviral packaging kit was purchased from
Genechem (Shanghai, China). A lentivirus carry-
ing hsa-miR-129-5p or hsa-miR-negative con-
trol (miR-ctrl) was packaged in the human
embryonic kidney cell line, 293T, and the viri-
ons were collected according to the manufac-
turer’s instructions. Stable cell lines were
established by infecting U87-MG cells and
LN229 cells with lentiviruses, followed by puro-
mycin selection.

RNA isolation and quantitative real-time PCR
(qPCR)

Total RNA from glioma cells or tissues was iso-
lated using TRIzol reagent (Invitrogen, CA, USA)
following the product manual. RNA (1 ug) was
reverse-transcribed using a Bulge-loop™ mi-
RNA gRT-PCR Starter Kit (RIBOBIO, Guangzhou,
China) and converted to cDNA. PCR was per-
formed using 2X SYBR Green Mix (RIBOBIO,
Guangzhou, China) in a Bio-Rad instrument; U6
was used as controls to compare relative RNA
expression between samples. Bulge-loop prim-
ers were purchased from Ribobio. Data were
analyzed using the 2-AACt method.

Cell counting kit-8 assay

After transfection for one day, U87 or LN229
cells were placed into a 96 well culture plate
with 1x103 cells/well and incubated for 1, 2, 3,
or 4 days. Cell proliferation was measured
using a cell counting kit-8 (CCK-8) (Dojindo,
Japan) in accordance with the protocol. After
adding appropriate amount of reagent into
wells, the cell plate was incubated at 37°C for
two hours. Absorbance with 450 nm wave-
length was detected after incubation. Cell
growth curve was plotted based on the mea-
sured experimental values.
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Figure 1. MiR-129-5p expression correlates negatively with malignant degrees of glioma. A. CGGA database show-
ing reduced miR-129-5p expression in high-grade glioma tissues compared with that in low-grade glioma tissues.
(***P<0.001). B. The expression of miR-129-5p in nine non-tumor brain tissues (NBTs) and seventeen glioblas-
toma (GBM) tissues was measured by real-time PCR, miR-129-5p levels in NBTs were indeed higher than in GBM
specimens. (***P<0.001). C. The expression of miR-129-5p in normal human astrocytes (NHAs) and six glioma cell

lines: U118, LN229, H4, A172, U87 and U251.

EdU incorporation assay

After transfection for one day, U87 or LN229
cells were placed into a 24 well culture plate
with 5x10* cells/well and incubated for 24
days. Cell proliferation was then measured by
5-ethynyl-20-deoxyuridine (EdU) assay using
an EdU assay kit (Life Technologies, MA, USA)
according to the manufacturer’'s protocol.
Briefly, cells were incubated with 10 uM EDU for
3 h at 37°C, and then the cells were fixed with
4% paraformaldehyde. After permeabilization
with 0.5% Triton X-100 20 min, the cells were
then stained with the Alexa-Fluor 594 reaction
cocktail for for 30 min. Subsequently, the cells
nuclei were stained with Hoechst33342 for 10
min. Finally, samples were visualized under a
fluorescent microscope (Olympus).

Flow cytometric analysis of the cell cycle

After transfected for 48 h, transfected cells
were washed by PBS twice and then fixed with
75% ethanol at -20°C overnight. After washing
with PBS again, cells were incubated with PBS
containing 50 pg/ml propidium iodide (Sigma-
Aldrich, MO, USA) in the presence of 100 pg/ml
RNaseA (Sigma-Aldrich, MO, USA) for 20 min at
room temperature. The FACScan flow cytome-
ter (BD Bioscience, NJ, USA) was adopted to
analyze the cell cycle. Data was expressed by
the cell percentage in each phase of cell cycle.

Dual luciferase reporter assay

A dual-luciferase reporter vector was used to
generate the luciferase constructs. The target
genes of miR-129-5p were selected based on
target scan algorithms (http://www.targetscan.
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org/). The putative binding sites of miR-129-5p
and its homologous mutation sites in the 3'-UTR
region of DNMT3A mRNA were amplified and
cloned into the Xbal site pGL3 control lucifer-
ase reporter plasmid (Invitrogen, CA, USA). U7
and LN229 cells were seeded in a 96-well plate
and con-transfected with WT or mutated 3’-UTR
luciferase reporter and miR-129-5p mimics
(RiboBio, Guangzhou, China). The pRL vector
constitutively expressing Renilla luciferase was
used to normalize for transfection efficiency.
Luciferase activity was measured using the
Dual-Luciferase Reporter Assay System (Prom-
ega, Madison, USA) after transfection at 48 h.

Statistical analysis

All experiments were performed at least three
times, and all values were presented as the
mean + SD. Student t test and ANOVA test were
used to detect the differences in the results
between groups. KEGG pathway and GO analy-
sis were performed via DAVID (http://david.
abcc.nciferf.gov/). Spearman’s rank test was
carried out to detect the correlation between
the expression profile of miR-129-5p and
DNMT3A gene. Heat map microarray analysis
were implemented using Multiple Array Viewer
4.9 software (MEV). P<0.05 indicates a signifi-
cant difference.

Results

MiR-129-5p is down-regulated in glioma tis-
sues and cell lines

To explore the role of miRNAs in the develop-

ment and progression of glioma, we analyzed
the expression patterns of miRNAs in the CGGA
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Figure 2. Overexpression of miR-129-5p inhibits glioma cell proliferation in vitro. A. The relative expression level of
miR-129-5p in U87-MG and LN229 cells was analyzed by qRT-PCR after transfection with lentivirus carrying has-
miR-129-5p. (**P<0.01). B. Overexpression of miR-129-5p inhibited cell proliferation detected by CCK8 assays.
Data are presented as the means of triplicate experiments. (**P<0.01). C, D. EdU assays show that miR-129-5p
up-regulation inhibited cell proliferation in both U87 and LN229 cells. Representative images were shown (original
maghnification, 200x). (**P<0.01). E, F. The cell cycle phase of U87-MG and LN229 cells transfected with miR-129-
5p or negative control (miR-ctrl) lentivirus analyzed by flow cytometry. (**P<0.01).

database. We found that miR-129-5p levels decreased compared with low-grade glioma
in high-grade glioma (HGG) were significantly (LGG) (Figure 1A). To investigate the expression
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Figure 3. MiR-129-5p directly targets DNMT3A and negatively regulates cell cycle-related proteins. A. Predicted miR-
129-5p binding sites in the 3’-UTR of the DNMT3A gene. B. The expression levels of DNMT3A in non-tumor brain
tissues (NBTs) and glioma specimens were determined by western blotting; the fold changes were normalized to
B-Actin. The NBTs (n=9) were collected from brain trauma surgery. The glioblastoma (GBM) tissues (n=17) were col-
lected from Surgical specimens of patients with primary glioblastoma. Data represent the means + SD from three
independent experiments. (***P<0.001). C. Pearson’s correlation analysis of the relationship between the relative
expression levels of miR-129-5p and the relative protein levels of DNMT3A in Clinical tissue samples. D. Wild-type
and mutant DNMT3A 3’-UTR reporter constructs. E. Luciferase reporter assays were performed in U87 and LN229
cells co-transfected with the indicated wild-type or mutant 3’-UTR constructs and the miR-129-5p mimic. The data
shown are representative of three independent experiments. Data shown are mean + SD of three independent
experiments. (*P<0.05, **P<0.01, ***P<0.001).

level of miR-129-5p in clinical glioma tissues, cell lines with the lowest levels of miR-129-5p
we collected samples including nine non-tumor expression, U87 and LN229. In these two cell
brain tissues (NBTs) and seventeen GBM tis- lines we overexpressed miR-129-5p. We veri-
sues. RT-PCR showed that miR-129-5p was fied the overexpression by RT-PCR (Figure 2A).
downregulated in glioma tissues (Figure 1B). To We then planted these overexpressing cells
verify this result, we extracted RNA from the into 96-well plates at 1000 cells per well. At the
glioma cell lines, U118, LN229, H4,A172, U118 time point of 0, 24, 48, 72, and 96 h we detect-
and U251 and from normal human astrocyte ed cell proliferation by CCK-8 assay and found
(NHAs). The expression levels of miR-129-5p that miR-129-5p overexpression inhibited the
were significantly lower in the glioma cell lines proliferation of U87 and LN229 cells (Figure
than that in NHAs, especially in U87 and LN229

2B). To verify this phenomenon, we plated u87

cells (Figure 1C). Therefore, we concluded that: and LN229 cells transfected with miR-129-5p
MiR-129-5p was expressed at low levels in glio- lentivirus into 24-well plates. After 24 hours of

ma and tha_tthe expression Ieyel of miR-129-5p culture, we detected cell proliferation using a
was negatively correlated with the grade of EDU kit and the results were consistent with

glioma. those of the CCK-8 assay (Figure 2C, 2D). It is
Overexpression of miR-129-5p inhibits the pro- well-known that the cell cycle is closely related
liferation of glioma cells to cell proliferation. What effect does miR-129-

5p have on the cell cycle? Through flow cytom-
Having determined that miR-129-5p was down- etry we found that overexpression of miR-129-
regulated in glioma cells and negatively corre- 5p arrested the cell cycle in the G1 phase
lated with the pathological grade of glioma. We (Figure 2E, 2F), which may be one of the rea-
then investigated the role of miR-129-5p in gli- sons that miR-129-5p causes a decrease in
oma development. We selected the two glioma cell proliferation.

2839 Am J Transl Res 2018;10(9):2834-2847
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Figure 4. DNMT3A is highly expressed in gliomas and is associated with cell proliferation. A-D. Levels of DNMT3A
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biological process in the GO database and KEGG pathways analysis are shown. The orders of the different biological

processes is based on their enriched number.

DNMT3A is a direct target of miR-5129-5p

MiRNAs repress transcription or induce mRNA
degradation by binding to complementary se-
quences in the 3'-UTRs of their target mRNAs.
To investigate the molecular mechanism under-
lying the miR-129-5p-induced inhibitory effect
on glioma cell proliferation and the cell cycle,
we used the bioinformatics analytical tool
TargetScan to identify potential targets of miR-
129-5p. Among the putative targets of miR-
129-5p, DNMT3A captured our interest (Figure
3A). To determine the correlation between lev-
els of miR-129-5p and DNMT3A le, we mea-
sured DNMT3A protein levels in glioblastoma
specimens and non-cancerous brain tissues.
The average levels of DNMT3A were significant-
ly higher in tumor tissues than in the non-can-
cerous brain tissues (Figure 3B). We then
determined the correlation between DNMT3A
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and miR-129-5p levels in the same glioma tis-
sues. As shown in Figure 3C, DNMT3A levels in
glioma samples were inversely correlated with
miR-129-5p expression levels (Spearman’s
correlation r=-0.71). We then performed lucifer-
ase reporter assays to determine whether miR-
129-5p could directly bind to the 3-UTR of
DNMT3A. The possible binding site and related
sequence of miR-129-5p predicted by Target-
scan in the 3’-UTR of DNMT3A has been shown
in Figure 3D. The wild-type and mutant reporter
plasmids were designed and synthesized at
Shanghai Genechem, which were then co-
transfected with miR-129-5p mimic into U87
and LN229 cell lines. Luciferase activity in U87
cells was markedly decreased after transfec-
tion with wild-type vector and miR-129-5p mim-
ics (Figure 3E). Luciferase activity was also sig-
nificantly decreased when the poorly conserved
binding site 1 (7mer) was mutated, whereas

Am J Transl Res 2018;10(9):2834-2847
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flow cytometry. (**P<0.01). F. A heat map of relative expression of several DNMT3A-associated cell cycle genes in
Rembrandt glioblastoma tissues sorted relative to the level of DNMT3A expression (r>0.4). G. Western blot analysis

of DNMT3A, CDK2 and cyclinA2 in U87-MG and LN229 cells after knockdown of DNMT3A.

mutation of conserved binding site 2 (7mer)
nearly rescued the decrease. Similar results
were obtained in LN229 cells (Figure 3E).
These data suggest that miR-129-5p directly
regulates DNMT3A expression through its bind-
ing to site 2 (Nt6393-6399) in the 3-UTR of
DNMT3A. These data suggested that miR-129-
5p directly regulates DNMT3A expression
through its binding to the 3’-UTR of DNMT3A.

DNMTS3A is highly expressed in gliomas and is
associated with cell proliferation

We have demonstrated that miR-129-5p can

target DNMT3A; therefore, what is the expres-
sion level and function of DNMT3A in glioma?
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First we analyzed the expression profile of
DNMT3A in the glioma database: CGGA, TCGA,
GSE4290 and Rembrandt (Figure 4A). We
found a significant increase in the expression
of DNMT3A in high-grade gliomas. We then per-
formed western blot analysis on extracted pro-
tein from the clinical samples, and we found
that levels of DNMT3A were significantly
increased in GBM compared with NBT (Figure
4B). In summary, we have found that DNMT3A
is highly expressed in gliomas and is positively
correlated with grades. We then asked, what
effect does DNMT3A have on the properties of
gliomas? Pearson correlation analysis was
implemented using MEV software to identify
target genes that were positively associated

Am J Transl Res 2018;10(9):2834-2847
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Figure 6. Reintroduction of DNMT3A reverses the inhibitory effect of miR-129-5p. A. A rescue experiment was per-
formed by introducing pcDNA3.1-DNMT3A or pcDNA3.1 in the presence or absence of ectopic miR-129-5p or miR-
ctrl expression in U87-MG and LN229 cells. Western blot assays were performed to detect the levels of DNMT3A,
CDK2 and cyclinA2 in the indicated cells. Actin was used as the loading control. B. Cell viability of glioma cells
transfected with pcDNA3.1-DNMT3A and miR-129-5p separately or together was detected using the CCK-8 assay.
C, D. Cell proliferative potential was evaluated using the EDU assay 48 h after co-transfection of pcDNA3.1-DNMT3A
and miR-129-5p. E, F. Cell cycle distribution of glioma cells was measured using flow cytometry.

with DNMT3A expression in CGGA, Rembrandt
and GSE4290 databases (r>0.4). In total 375
upregulated genes were identified (Figure 4F).
To clarify the associations between these
genes, DAVID Web tool (https://david.ncifcrf.
gov/tools.jsp) were used for Gene Oncology
enrichment analysis and KEGG pathway analy-
sis. The up-regulated genes were mainly en-
riched in the terms, positive regulation of cell
cycle and cell proliferation (Figure 4G).

Down-regulation of DNMT3A inhibits glioma
cell proliferation in vitro

To confirm that DNMT3A affects cell prolifera-
tion and the cell cycle in gliomas, we performed
in vitro proliferation-related experiments. We
planted U87 or LN229 glioma cells into 96-well
plates at 1000 cells per well. The following day
we transfected the cells with siRNA for DNMT3A.
CCK-8 was then used to continuously monitor
changes in cell proliferation at 0, 24, 48, 72,
and 96 h after transfection. We found that
proliferation was significantly reduced after
DNMT3A down-regulation (Figure 5A). We vali-
dated these findings through EDU experiments
(Figure 5B, 5C). We then asked, what effect
does DNMT3A have on the cell cycle of glio-
mas? We detected the distribution of cells in
the different stage of the cell cycle after
DNMT3A down-regulation by flow cytometry,
and found that cells were arrested in the G1
phase (Figure 5D, 5E). Cell cycle progression is
regulated by many cyclins and Cyclin-dependent
kinases (CDKS). What then is the relationship
between DNMT3A and these cycle-related pro-
teins and kinases in gliomas? Through data-
base analysis, we found that 19 cycle-related
proteins or kinases were positively correlated
with the expression of DNMT3A, as illustrated
in a heat map generated using MEV software
(Figure 5F). The proteins mainly associated
with G1 arrest were cyclinA2 and CDK2.
Western blotting showed that the protein levels
of DNMT3A, cyclinA2 and CDK2 were decreased
after overexpression of miR-129-5p (Figure
5G). In summary, down-regulation of DNMT3A
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can inhibit the proliferation of glioma cells, and
can also affect the cyclinA2 and CDK2, which
arrest the cell cycle in G1 phase.

Overexpression of DNMT3A partially attenu-
ates miR-129-5p inhibited cell growth

We have shown that DNMT3A is a direct target
of miR-129-5p and also a carcinogenic effect in
gliomas; therefore, we further investigated wh-
ether the role of miR-129-5p in glioma is medi-
ated through DNMT3A. The plasmid pcDNA3.1-
DNMT3A was transfected into miR-129-5p-
overexpressing U87-MG and LN229 cells to
reverse the reduced DNMT3A levels. After
transfection, western blot analysis was con-
ducted. As indicated in Figure 6A, the level of
DNMT3A was higher in miR-129-5p + DNMT3A
cells compared with that in miR-129-5p + vec-
tor cells. To further confirm whether DNMT3A is
an important target of miR-129-5p with respect
to cell proliferation, CCK-8 and EDU assays
were performed. Restoration of DNMT3A levels
partially rescued miR-129-5p suppression of
U87-MG and LN229 proliferation (Figure 6B-D).
Furthermore, cell cycle distribution analysis
revealed that the increased G1 phase popula-
tion after miR-129-5p expression was abol-
ished by overexpression of DNMT3A (Figure 6E,
6F). Interestingly, levels of cell cycle-related
proteins were altered in a similar way to
DNMT3A; that is, decreased levels of CDK2
and cyclin A2 resulting from miR-129-5p over-
expression could be rescued by up-regulation
of DNMT3A (Figure 6A). Collectively, these find-
ings indicate that DNMT3A acts as a down-
stream effector of miR-129-5p in the regulation
of glioma cell proliferation in vitro.

Discussion

Glioma is the most common malignant tumor in
the adult human brain. It has features in com-
mon with other malignant tumors: rapid prolif-
eration, infiltrating growth, intracranial metas-
tases, frequent recurrence after surgery and
insensitivity to traditional radiotherapy and
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chemotherapy. Novel therapeutic strategies,
for example, using gene therapy, are therefore
urgently needed. However, any new approach
requires a thorough understanding of the
molecular mechanisms of glioma development
to enable suitable targets to be found.

MiRNAs have extensive roles in the develop-
ment of cancer, especially in decreasing the
MRNA levels of target genes and in post-tran-
scriptional regulation of gene expression [42,
43]. Numerous miRNAs, such as miR-147 [44],
miR-146a [45], miR-138 [46, 47], miR-340
[48], miR-221 [49] and miR-96 [50], have been
found to play critical roles in tumors. The miR-
129 family includes three mature members:
miR-129-5p, miR-129-1-3p, and miR-129-2-3p.
MiR-129-5p is also downregulated in gastric
cancer [51], bladder cancer [52] and colorectal
cancer [53]. In these tumors, miR-129-5p inhib-
its growth consistent with miR-129-5p being a
tumor suppressor miRNA [54].

Our pre-experimental study found that miR-
129-5p was expressed at low levels in the glio-
ma database. We then showed that miR-129-
5p was also downregulated in clinical speci-
mens of glioma. Furthermore, the expression
level was negatively correlated with the grade
of glioma. We then analyzed the expression of
miR-129-5p in the existing glioma cell lines
U118, LN229, H4, A172, U87 and U251 and in
NHAs. The expression of miR-129-5p in glioma
cell lines was indeed reduced, and it was par-
ticularly evident in LN229 and U87 cells.

So what are the roles of miR-129-5p in glioma?
We overexpressed miR-129-5p in both LN229
and U87 cell lines. We confirmed the overex-
pression of miR-129-5p by RT-PCR, and then
detected changes in cell proliferation by CCK-8
and EDU assays, which showed that the prolif-
eration of glioma cells were inhibited after over-
expression of miR-129-5p. Proliferation and
the cell cycle are closely related. So what was
the effect of miR-129-5p on the cell cycle of
glioma? We found that the cell cycle was arrest-
ed in G1 phase. This partly explained the effect
of miR-129-5p on the proliferation of glioma
cells.

It is well known that miRNAs function by induc-
ing degradation or preventing translation of
specific mRNA targets. As miR-129-5p can
influence the proliferation of glioma cells, what
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is the mechanism for this effect? Among the
target genes predicted by Targetscan, DNMT3A
attracted our interest. DNMT3A is a 130 kDa
protein that is highly conserved in vertebrates,
with 98% homology between humans and mice
[55, 56]. The gene is encoded by 23 exons on
human chromosome 2p23 [57]. As a de novo
DNA methyltransferase, DNMT3A is tradition-
ally considered to play an important role in the
establishment of methylation patterns during
primordial germ cell development and early
embryogenesis [32], and behaving as an onco-
gene in human cancers [58]. However, several
inactivating mutations of DNMT3A in myeloid
malignancies [37, 59] and loss of DNMT3A
activity at advanced tumor stages 24 were
recently identified.

We analyzed the expression profile of DNMT3A
in the commonly used glioma databases.
DNMT3A was highly expressed in gliomas and
was positively correlated with glioma grade. We
then determined the expression of DNMT3A in
clinical tissue samples by western blotting and
the results were consistent with the analysis of
the databases. What was the effect of DNMT3A
on the characteristics of glioma? We screened
the glioma databases for genes that are posi-
tively related to the expression of DNMT3A.
Through GO and Pathway analysis, we found
that DNMT3A mainly affected proliferation and
cell cycle in glioma. To verify the results of anal-
ysis, we down-regulated the expression of
DNMT3A in LN229 and U87 cells and showed
that the proliferation of glioma cells was inhib-
ited. In addition, we also found that the cell
cycle was arrested in G1 phase. Therefore, we
propose that DNMT3A promotes the prolifera-
tion of glioma cells.

What is the relationship between the expres-
sion of miR-129-5p and DNMT3A in clinical gli-
oma samples? Spearman correlation analysis
showed that miR-129-5p was negatively corre-
lated with DNMT3A, which further indicated
that DNMT3A is a target gene of miR-129-5p.
Luciferase reporter assays and rescue experi-
ments confirmed that DNMT3A was indeed a
functional target of miR-129-5p and that miR-
129-5p affected the proliferation of glioma
cells by targeting DNMT3A.

In summary, our study adds our knowledge of
the roles that miR-129-5p plays in glioma prolif-
eration and provides evidence of the complex
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signaling network in glioma development and
cell cycle. Both DNMT3A and miR-129-5p might
serve as prognosis or predictive factors and as
potential therapeutic targets in glioma diagno-
sis and treatment.
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