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Background: Brain glioma is a type of common primary intracranial malignant tumor, the prognosis of which is frequently
unfavorable. Enhancer of zeste homolog 2 (EZH2) belongs to poly-sulfur protein family and can mediate cell
proliferation and differentiation via the modulation of various genes expressions. In addition, it is further re-
lated with occurrence and metastasis of malignant tumors. This study investigated the effect of EZH2 expres-
sion on proliferation and tumorigenesis of brain glioma cells.

Material/Methods: Glioma tumor tissues were collected from 3 patients who received surgery, and the glioma stem cells were
then separated, cultured, and identified by flow cytometry. RNA interference approach was used to suppress
EZH2 expression, which was confirmed by quantitative real-time polymerase chain reaction (GRT-PCR). Clonal
formation assay analyzed the change of cell proliferation potency. The effect on tumorigenesis potency of gli-
oma stem cells was determined by mouse transplantation assay. Western blot investigated the effect of EZH2
on levels of oncogenes such as HER-2, c-myc, PI3K, and Akt.

Results: Flow cytometry revealed cancer stem cells in glioma tissues took up 39.4%, and qRT-PCR showed that EZH2
expression was decreased by 72% after the treatment of RNA interference in glioma cells (P<0.05). Both cell
clonal formation and xenograft assays showed that the downregulation of EZH2 inhibited glioma cell prolifer-
ation (P<0.05) and weakened tumorigenesis potency (P<0.05). Western blot results showed that the reduction
of EZH2 also suppressed expressions of oncogenes including c-myc and Akt (P<0.05).

Conclusions: Our data demonstrated that in brain glioma cells, the decrease of EZH2 level could suppress cell proliferation
and tumorigenesis potency, and meanwhile inhibit the expressions of oncogenes including c-myc and Akt.
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Background

Brain glioma is the most popular primary intracranial malig-
nant brain tumor, which is prominently featured with high ma-
lignancy, rapid growth, and heterogeneous. Brain glioma usu-
ally manifests as diffused and infiltrated patterns in human
brain tissues, as well as increases the difficulty for the treat-
ment, leading to high recurrent rate and short survival time [1].
Besides other types of malignant tumors, the pathogenesis of
brain glioma remains unclear, although widely accepted opin-
ions suggest congenital susceptibility and environmental on-
cogenic factors [2]. Multiple therapeutic strategies have been
deployed including the combined treatment of surgery, radio-
chemotherapy or immunotherapy. Recent progress has been
made in clinics, but no radical therapy has been developed for
treatment of brain glioma [3,4].

Enhancer of zeste homolog 2 (EZH2) belongs to PcG (polycomb
group) gene family [5]. Previous study assigned EZH2 as the
core protein in PcG family, as its can maintain silent status of
homologous genes via chromosomal modification. It has been
found that abnormal expression of EZH2 was closely corre-
lated with the development of multiple human malignant tu-
mors [6]. Previous finding unraveled significant elevation of
EZH2 expression in human prostate carcinoma cells, and its
level had close correlation with cancer cell proliferation and
disease progression [7]. In an analysis of brain glioma, in vitro
application of EZH2 inhibitor 3’-denitrification adenine A could
weaken proliferation potency of glioma tumor stem cells [8].
Moreover, the suppression of EZH2 gene expression could re-
verse temozolomide resistance in patients with brain glioma.
Recent evidence speculated that EZH2 may contribute to reg-
ulate oncogenic gene expression via mediating DNA methyl-
ation level [9]. This study thus aimed to study the effect of
EZH2 expression on proliferation of brain glioma cell and tu-
morigenesis potency.

Material and Methods

Identification of research patients

Three brain glioblastoma patients (2 males and 1 female, aver-
age age=39.1+6.5 years, all were primary cases) from the First
Affiliated Hospital, Dalian Medical University were recruited.
No chemo-, radio- or immuno-therapy was performed on study
patients. After admission, magnetic resonance imaging exami-
nation was conducted to confirm tumor lesion. All patients re-
ceived confirmed diagnosis based on the guideline of World
Health Organization. Glioma tissues were obtained by intra-
cranial surgery, without electrical coagulation, necrosis, or
cystic lesion. Tissues were stored in sterile phosphate-buff-
ered saline (PSB) on ice for further experiments. This study
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Table 1. Chemically synthesized nucleic acids sequence for cell
transfection.

GACTCTGAATGCAGTTGCTTCAGTA
AACTGAGACTTACGTCAACGAAGTC

CTTCATGGACAGTATGCTAGAGT
GAGAAGTACCTGTCATACGATCT

Anti-EZH2

Scramble

was pre-approved by the ethical committee of First Affiliated
Hospital, Dalian Medical University with informed consents
from all participants.

Separation and identification of brain glioma stem cells

Glioma tissue samples collected from the surgery were cut into
small pieces and were digested in trypsin for 10 min. Tissue ly-
sate was filtered and centrifuged to remove the supernatant.
Glioma stem cells were kept in DMEM/F12 medium containing
20 pg/L basic fibroblast growth factor (bFGF) and 20 pg/L epi-
dermal growth factor (EGF). Cells were kept at 37°C with 5%
CO, for 14 days, during which fresh culture medium was re-
plenished every 5 days.

Cells after passage were digested by trypsin and re-suspended.
After cells were blocked in 1% bovine serum albumin, mouse
anti-human CD133 primary antibody was added for 2 hours in-
cubation, and excess antibody was removed by centrifugation.
Rhodamine-labeled goat anti-mouse secondary antibody was
added for 2 hours incubation at room temperature, and excess
antibody was also removed by centrifugation. Ratio of CD133+
glioma tumor stem cells was measured by flow cytometry.

RNA interference

Based on mRNA sequence of EZH2 gene (Genebank access
ID: NM_004456), siRNA targeting EZH2 and scramble control
were synthesized and methyl-modified on all residues by
Sangon (China) as shown in Table 1. Liposome transfection
kit INTERFERin (Polypus transfection) was used for RNA in-
terference (RNAI) assay. In brief, cells were cultured until log-
growth phase, and were digested in trypsin. Cells were then
counted and diluted into 3x10° per mL for further culture into
96-well plate. After 24-hour culture, transfection assay was
performed following the manual instruction of test kit [10].
All experiments were performed in 3 groups: anti-EZH2 group,
scramble group, and blank control group (PBS for transfection).
During transfection, 1 pL Lipofectamine 2000 (Invitrogen) was
diluted in 50 pL antibiotic-free and serum-free DMEM medium
for 5 min. All cells were then mixed with anti-EZH2 siRNA,
scramble siRNA, or PBS to prepare transfection mixture. 100 pL
of working mixture was added into each well. The 96-well plate
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Table 2. qRT-PCR primer sequence.

F 5-TGTCCCGATGGCGAGTGTTT-3’

R 5’-ACACTCTCGGACAGCCAGGTAG-3’

was then cultured for 6 hours at 37°C with 5% CO,. Antibiotics
and serum-free medium was then switched to DMEM medium
containing 10% fetal bovine serum and gentamycin for 48~72
hours incubation, followed by further assays [11].

Quantitative real-time polymerase chain reaction
(qQRT-PCR)

Those cells with transfection were tested for EZH2 expression
by quantitative real-time polymerase chain reaction (qRT-PCR),
using primers as shown in Table 2. One-step total RNA extrac-
tion kit TRIzol (Invitrogen, USA) was used to extract total RNA.
Reverse transcription was first performed at 37°C for 2 hours.
Using cDNA by reverse transcription as the template qRT was
performed with SYBR commercial kit from TianGen (China).
In brief, qRT-PCR was conducted under the following condi-
tions: 95°C for 5 min, followed by 45 cycles each containing
95°C 15 sec, 60°C 30 sec. Relative gene expression was semi-
quantitative analyzed by 24 method with B-actin as internal
reference. 22*=gene copy number in test group/gene copy
number in control. Experiments were carried out in triplicates.

Western blot

Cultured cells were collected and mixed with 100 pL cell lysis
buffer. Tissues were homogenized, and the lysate was centri-
fuged at 13 000 g for 10 min. The supernatant was separated
by protein electrophoresis for western blot analysis. In brief,
SDS-PAGE was performed using 15% separating gel and 5%
condensing gel. After electrophoresis, proteins were transferred
to PVDF membrane. The membrane was first blocked at 37°C for
1 hour using 5% defatted milk powder. After the membrane was
rinsed by TBST, primary antibody working solution (mouse anti-
human HER-2, c-myc, PI3K, Akt and B-actin, all at 1: 2000) was
added for 4°C overnight incubation. Excess primary antibody was
removed by TBST washing. Goat anti-mouse IgG secondary anti-
body with horseradish peroxidase conjugation (1: 1000) was add-
ed for 1 hour of incubation at room temperature. The membrane
was rinsed in TBST and mixed with freshly prepared 3,3’-diami-
nobenzidine chromogenic substrate under 10 min dark incuba-
tion. Then the film was developed. The integrated gray values of
images were tested by gel imaging system. Using B-actin as the
internal reference, relative expression of EZH2 was calibrated.
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Cell clonal formation assay

Those glioma cells after transfection were cultured until log-
growth phase. After trypsin digestion, cells were re-suspended
into fresh culture medium, and were inoculated into culture
dish containing 10 mL fresh medium with 100 cells per dish.
The dish was gently swirled to evenly distribute cells. Triplicated
experiments were performed for each group of cells. Cells were
cultured in a chamber for 10 days. The supernatant was dis-
carded, and cells were rinsed in PBS followed by fixation in 2%
paraformaldehyde for 15 min, and 5% crystal violet staining
for 15 min. After staining buffer was washed off, the dish was
inverted and stacked onto a transparent film with grids. Clonal
formation number was counted to calculate clonal formation
rate, which was equal to clonal formation number/100x100%.

Xenograft transplantation of human glioma

Xenograft transplantation of cancer cells was performed to
measure the effect of EZH2 expression on tumorigenesis po-
tency of glioma cells. In brief, cells were cultured at 37°C for
2 hours and were re-suspended in PBS for counting. 12 adult
NOD/SCID mice (6 weeks age, 6 males and 6 females, body
weight=32.6+2.5 g) were divided into two groups. Each mouse
received 10° cells via intraperitoneal injection and were pro-
vided with normal diet at 25°C with 60+10% relative humidity.
All animal experimental protocols followed the guideline stip-
ulated by Animal Care Committee of NIH.

Statistical analysis

All experimental data were processed by SPSS 20.0 software.
Results were presented as mean + standard deviation (SD).
Statistical comparisons of multiple groups were made via an
ANOVA, followed by Bonferroni post hoc test. The differences
between 2 groups using Student’s t-tests were 2-sided. A sta-
tistical significance was defined when P<0.05, and extreme
significance was identified when P<0.01.

Results

Separation and passage culture of brain glioma stem cells

Brain glioma stem cells were separated and cultured from tis-
sues of patients with glioma tumor and were passaged every
1 week. As shown in Figure 1, we observed cell death at the
inner side of cell sphere with elongated incubation time, whilst
peripheral cells gradually attached the flask, grew and differen-
tiated. General morphology of cells after passage manifested
as regular sphere.
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Figure 1. Morphology of cultured brain glioma stem cells by passage (100x). (A) Glioma cells at 24 hours of passage. (B) Glioma cells
at 48 hours with passage culture. (C) Glioma cells at 72 hours with passage culture. (D) Glioma cells at 7 days with passage

incubation.
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Figure 2. Flow cytometry identification of brain glioma stem
cells.

Identification of brain glioma stem cells

Glioma stem cells separated previously were firstly labeled with
antibody and were sorted by flow cytometry. 2.6x10” CD133+
cells were selected from a total of 6.6x107 cells, which occu-
pies 39.4% of all cells (Figure 2).

EZH2 expression level after RNA interference

Compared to the control group, EZH2 expression in glioma cells
was significantly decreased by 72% after siRNA transfection
(P<0.05), indicating RNAi assay was successfully inhibited the
level of EZH2 (Figure 3).

Effects of EZH2 expression on glioma cell proliferation

The proliferation potency of glioma cells was then analyzed
by clonal formation assay. Results showed that 73.5+8.2%
clonal formation rate in scramble group, whilst the rate of gli-
oma cells in anti-EZH2 group was merely 27.3+7.3%, indicating

Figure 3. Expression profile of enhancer of zeste homolog 2 (EZH2)
by gqRT-PCR. * P<0.05 compared to scramble group.

proliferation potency of glioma cells was reduced after EZH2
expression was inhibited.

Effects of EZH2 expression of tumorigenesis potency of
glioma cells

After the expression of EZH2 was downregulated by RNAI,
xenograft transplantation assay was performed to analyze the
effect of EZH2 expression on tumorigenesis potency of glioma
cells. Of note, significantly small tumor size was found in anti-
EZH2 group compared to those in control group in Figure 4,
suggesting that low EZH2 expression could efficiently decrease
tumorigenesis potency of glioma cells.

Effects of EZH2 expression on oncogene expression for
glioma

To illustrate the effect of EZh2 expression on the levels of on-
cogenes in brain glioma cells, western blot was performed to
analyze expression of oncogenes including HER-2, c-myc, PI3K,
and Akt in glioma cells (Figure 5). After EZH2 gene expression
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Figure 4. Effects of enhancer of zeste homolog 2 (EZH2) expression on glioma cell tumorigenesis potency. (A) Results of glioma cell
xenograft transplantation; (B) Effects of EZH2 expression on glioma cell tumorigenesis potency. * P<0.05 compared to

scramble group.
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Figure 5. Relative protein expression levels in glioma cells after RNA interference assay. * P<0.05 compared to scramble group.

was inhibited by RNA, significantly downregulation was found
in c-myc (P<0.01) and Akt (P<0.05), whilst no significant change
of expression of HER-2 or PI3K was observed.

Discussion

EZH2 represents a kind of histone-lysine-N-methyltransferase,
and contains catalytic subunits including polycomb repressive
complex 1 (PRC1) and PRC2 [12]. EZH2 participates in medi-
ating DNA methylation thus affecting gene expression [13].
Previous study showed the involvement of EZH2 in the forma-
tion of heterochromatin. Biological studies also revealed the
close correlation between EZH2 and occurrence/progression
of multiple human malignant tumors including breast cancer,
prostate cancer, and brain glioma [9,10,14]. In this study, we
first separated and identified glioma stem cells. Further assays

showed that when EZH2 gene was downregulated, cell pro-
liferation potency was suppressed, along with weakened tu-
morigenesis potency.

Studies have shown that within PRC2 complex, EZH2 can bind
with other DNA methyltransferase, enhance the binding affinity
between DNA methyltransferase and target DNA sequence, and
eventually facilitate DNA methylation modification [15]. Analysis
for expressional profiles of various tumor related genes showed
EZH2 gene expression was significantly elevated in various
malignant tumors. In breast cancer cells, evidence indicated
that EZH2 expression was correlated with tumor size, lymph
node metastasis, pathological grade and estrogen receptor (ER)
levels. Follow-up studies revealed relatively worse prognosis
in those patients with comparably high level of EZH2 [16].
This study found that the inhibition of EZH2 expression sig-
nificantly suppressed proliferation and tumorigenesis potency
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of glioma cells. Suva et al. cultured brain glioma cells in vitro
and found that when EZH2 activity was inhibited by specific
inhibitor, proliferation potency of glioma cells was remark-
ably suppressed [8]. Fan et al. also demonstrated that down-
regulation of EZH2 in glioma cells by RNA interference and
found decreased cell proliferation potency and weakened re-
sistance toward temozolomide, thus speculating the close cor-
relation between EZH2 expression and proliferation or drug
resistance mechanism of brain glioma cells [9], as was con-
sistent with our study.

Currently, it is believed that EZH2 is under the regulation of
multiple mechanisms in tumor cells. Varambally et al. reported
that miR-101 could target EZH2 gene and suppress the ex-
pression, while miR-101 expression deficit was found in can-
cer cells with EZH2 overexpression, manifesting that EZH2 ex-
pression was under regulation of miRNA expression [17]. More
evidences showed that EZH2 was involved at the downstream
of p53-RB-E2F signal pathway. The activation of tumor sup-
pressor gene p53 deactivated RB-E2F pathway via the inhibi-
tion of EZH2 promoter activity by p21 [18]. Chen et al. [19]
and Wilson et al. [20] presented that EZH2 expression was
also modulated of cell cycle protein CDK and transcriptional
regulatory factor ETS.

We found that in glioma cells, EZH2 expression inhibition can
downregulate the levels of several oncogenes including c-myc
and Akt. The correlation between EZH2 and tumor prolifera-
tion or metastasis has also exhibited [13]. Rao et al. showed
that EZH2 could modulate H3K27m3 activity in favor of so-
matic cell transformation, via interaction between c-myc and
Sox2 [21]. Gonzalez et al. showed that BRCA12 downregulation
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is closely correlated with EX, probably due to PI3K-Aktt signal
pathway and EZH2 up-regulation [22,23].

Due to rapid growth and high heterogeneity, brain glioma is
characterized as a type of human intracranial tumors with
the highest malignancy. Despite the treatment, the 5-year old
survival rate is still less than 10%. Therefore, further studies
about cellular and molecular mechanism of brain growth are
required to develop treatment strategy for brain glioma. This
study observed the effect of EZH2 in glioma cell proliferation
and tumorigenesis, and meanwhile possible biological mecha-
nism of EZh2 on brain glioma cells. The limitation in this study,
however, still exists that requires prospective investigation of
EZH2 on DNA methylation in various tumor gene promoter re-
gions, and further analysis between EZH2 and cellular behav-
ior of glioma cells, such as cell apoptosis.

Conclusions

Our data demonstrated that, within brain glioma cells, reducing
levels of EHZ2 can decrease cell proliferation or tumorigenesis
potency, and meanwhile suppress expressions of c-myc and
Akt, which provides fundamental insights for the further de-
velopment of novel therapy against glioma tumor by targeting
EHZ2 in clinical practice.
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