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OCT4, a marker of embryonic stem cells, is also a key transcription factor that plays a regulatory role in the self-renewal,
proliferation and differentiation of stem cells. Previous studies showed that DNA methylation is involved in the regulation
of OCT4 expression during the development and differentiation of embryonic stem cells. However, DNA methylation in the
promoter region of OCT4 has not yet been discussed in human recurrent glioma. In this study, we assessed the specimens
from 24 cases of recurrent glioma for OCT4 expression and methylation status, and commenced analyzing the correlation
between the two by treating glioma cells with a demethylating agent in vitro. The results demonstrated that for the same
cases, the expression of OCT4 in specimens of recurrent glioma was significant higher than that in primary glioma (P<0.05).
DNA methylation levels in recurrent glioma decreased obviously compared with that in primary glioma (#=9.800, P=0.008).
In vitro study indicated, following demethylation treatment, glioma cells had an increased OCT4 expression. These results
suggest that DNA hypomethylation may be a key mechanism underlying the up-regulation of OCT4 in the recurrence of
glioma, which facilitates the understanding of the role of stem cells and the exploration of novel strategies for the treatment

of recurrent glioma.
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Glioma is the most common tumor in the central nervous
system. According to the histopathological and clinical crite-
ria of WHO, glioma can be classified as grade I~IV. Glioma
of grade II~IV has the characteristics of malignancies and
usually presents poor prognosis [1, 2]. With the development
of modern medicine, great progression has been made in the
diagnosis and treatment of malignant glioma. However, the
prognosis has not been significantly improved and the recur-
rence of glioma is still inevitable [3-5].

Glioma stem cells (GSCs) are tumor cells possessing the
characteristics and heterogeneity of stem cells [3], which are
closely related to the occurrence, progression and outcome of
brain tumors [6, 7]. Research has found that GSCs maintain the
growth of brain tumors in the long term and play an important
role in tumor recurrence following conventional therapies.
At present, surgical resection combined with radiotherapy

or chemotherapy cannot radically eliminate GSCs [8, 9]. Be-
sides, the changes of local tumor microenvironment caused
by surgery and other unknown reasons may make residual
GSCs accumulate at the affected site. These GSCs will further
differentiate into glioma cells, finally leading to recurrence of
the glioma [10, 11].

OCT4 (OCT3/4, POUS5FI) is an important member of
the POU family of transcription factors. The OCT4 gene is
localized on chromosome 6P21.3, and the OCT4 protein
is encoded by POUS5FI [12]. In 1991 it was first discovered
that OCT4 mRNA and OCT4 protein were expressed in
oocytes before and after fertilization. Now recognized as
the marker in embryonic and germ cells, OCT4 maintains
cell plasticity and promotes the self-renewal and prolif-
eration of stem cells [13]. Other studies show that OCT4
is also expressed in adult glioma and other tumors [14],
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but not in differentiated cells. So it is inferred that OCT4
helps maintain the current status of cancer stem cells and
inhibits further differentiation [15-17]. These findings shed
new light onto the stem cell theory of tumor occurrence.
However, the expression of OCT4 and its role in recurrent
glioma are rarely studied.

Epigenetic regulation is a mode of gene expression that
affects gene transcription activity but does not involve DNA
sequence changes. It is one of the chief regulatory mecha-
nisms for gene transcription [18]. Among these regulatory
mechanisms, DNA methylation has drawn wide attention.
DNA methylation is a chemical modification regulated by
enzymes, which mainly occurs in CpG islands. High-intensity
methylation usually predicts a reduction of transcriptional
activity, while low-intensity methylation is exactly the opposite
[19]. Interpreting the epigenetic information carried by DNA
methylation may be of great importance to understanding
the mechanism of tumor occurrence and progression [20].
As found by numerous studies, high-intensity methylation
occurring in the promoter region of a gene is connected with
glioma occurrence. Overmethylation is also related to the
signaling pathways involved in the occurrence, progression
and histopathological typing and grading of glioma [21-24].
During the course of mouse and human embryonic develop-
ment and embryonic stem cell (ESC) differentiation, DNA
methylation and histidine modification may regulate OCT4
expression [25-27]. However, DNA methylation in the pro-
moter region of OCT4 has not yet been discussed in human
recurrent glioma.

Therefore, we speculate that DNA methylation is involved
in the regulation of OCT4 expression in recurrent glioma.
We assessed the specimens from 24 cases of recurrent glioma
for OCT4 expression and methylation status, and then com-
menced analyzing the correlation between the two by treating
glioma cells with a demethylating agent in vitro.

Patients and methods

Patient selection and sampling. All the investigations
described in this study were conducted after informed con-
sent was obtained and in accordance with an institutional
review board protocol approved by the ethics committee at
the Affiliated Hospital of Nantong University. 24 patients
with recurrent glioma were recruited from the Department of
Neurosurgery, Afiiliated Hospital of Nantong University from
January 2010 to December 2014. Recurrence of glioma was
defined as the presence of glioma at >3 months after surgery
for primary glioma. All patients received chemoradiotherapy
after the first surgical intervention. Pathological findings
were determined by more than 2 pathologists and classified
according to the WHO classification standard (Table 1). The
tissues of primary and recurrent glioma were collected and
fixed in 10% formaldehyde followed by embedding in paraf-
fin. In addition, a fraction of samples was placed into liquid
nitrogen for use.

Glioma cells and demethylation treatment. U87MG and
U251MG, the two human glioma cell lines, were purchased
from the Shanghai Cell Institution of Chinese Academic Sci-
ences. They were maintained in Dulbeccos Modified Eagle
Medium: Nutrient Mixture F-12 (MDEM/F12) supplemented
with 10% heat-inactivated fetal bovine serum (FBS), 100 U/ml
penicillin and 100 pg/ml streptomycin (Gibco). Cells were in-
cubated at 37°C in a humidified 5% CO, air atmosphere. When
cell culture reached 50% confluence, U87MG and U251MG
cells were treated with 5-Aza-2’-deoxycytidine (5-Aza-dc,
A3656; Sigma-Aldrich, St. Louis, MO, USA) at the final con-
centration of 10 nM for 3 days, respectively.

RNA isolation and real-time PCR. RNA expression levels
of OCT4 were determined using quantitative real-time PCR
with GAPDH as positive controls. Total mRNA was isolated
from glioma specimens and cell lines using mRNA isolation
Kit (Roche, UK), and the quantity and quanlity of mRNA was
measured by ultraviolet spectrophotometry. Isolated mRNA
(100 ng) from each sample was transcribed to complementary
DNA (cDNA) using a First-strand cDNA Synthesis Kit (Ro-
che, UK), which was then used as a template for quantitative
real-time PCR.

PCR primers (OCT4 fwd: 5-TATTCAGCCAAACGAC-
CATCT-3’, rev: 5-TCA GCTTCCTCCACCCACTT- 3%
GAPDH fwd: 5-GGAAAGCTGTGGCGTGAT-3), rev: 5-

Table 1. WHO grades of glioma patients

) WHO grade
patient
primary recurrent

1 1I 1I
2 v v
3 1I v
4 III III
5 111 1A%
6 11 v
7 I v
8 1I 1I
9 I v
10 v v
11 v v
12 111 I
13 11 1I
14 v v
15 v v
16 v v
17 I I
18 1I v
19 11 I
20 11 v
21 v v
22 v v
23 v v
24 v v
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AAGGTGGAAGAATGGGAGTT-3’) were designed using
Primer5.0 software and synthesized by TIB molbiol. A 20 ul
reaction, which included 2 pl DNA template, 2 ul forward
and reverse primer, 6 Wl DEPC H,O and 10 pl SYBR Green
Mix (QPK-201, Toyobo), was conducted using the ABI
Prism 7500 Sequence Detection System (Applied Biosys-
tems). PCRs of each template were performed in duplicate
in a 96 well plate. The thermal cycling conditions included
an initial denaturation step at 95°C 5 min and 40 cycles at
95°C for 10 sec, at 59°C for 15sec and at 72°C for 20 sec. The
relative fold-change 27T method was used to determine
the relative quantitative gene expression compared with
GAPDH. The transcription level of target genes observed in
calibrating samples was treated as the basal level and given
the value 1.0. All PCR reactions were performed in triplicate
and a negative control was included that contained primers
without cDNA.

Western blot analysis. The samples were homogenized
in lysis buffer (1% NP-40, 50 mmol/l Tris, pH 7.5, 5 mmol/l
EDTA, 1% SDS, 1% sodium deoxycholate, 1% Triton X-100,
1 mmol/l PMSE10 mg/mL aprotinin, and 1 mg/mL leupep-
tin; Sigma, USA) and clarified by centrifuging for 20 min in
a microcentrifuge at 4°C. After determination of its protein
concentration with the Bradfordassay (Bio-Rad, USA), the
resulting supernatant (50 pg of protein) was subjected to SDS-
polyacrylamide gel electrophoresis (PAGE). The separated
proteins were transferred to a polyvinylidine difluoride-
membrane (Millipore Corp., USA) by a transfer apparatus
at 350mA for 2.5 h. The membranes were first blocked and
then incubated with the primary antibody described above
for 2 h atroom temperature. After washing three times, filters
were incubated with horseradish peroxidase-conjugated hu-
man anti-mouse or anti-rabbit antibodies (Pierce) for 1 h at
room temperature. Immunocomplexes were detected with
an enhanced chemiluminescence system (NEN Life Science
Products, USA). The Western blot experiments were repeated
at least three times.

Immunohistochemistry. Each glioma was immunohis-
tochemically examined for OCT4 nuclear staining using an
avidin-biotin-peroxidase technique (Dako, LSAB+ System-
HRP). Specimens were cut serially into 4 pm sections. Sections
were dewaxed in xylene and rehydrated in graded ethanols.
ALL sections were treated with 0.3% methanolic peroxide for
30 minutes to neutralize endogenous peroxidase. Antigen
retrieval was performed by microwaving and incubating the
tissue sections for 10 minutes in 0.1 mol/L citrate buffer. With
the primary rabbit polyclonal antibodies OCT4 (1:200, Abcam,
USA), the sections were incubated overnight at 4°C. With
the secondary goat antirabbit immunoglobulin (Invitrogen,
USA), the sections were incubated for 1 h at room tempera-
ture followed by streptavidin-peroxidase. Immunocomplexes
were visualized by brown pigmentation via a standard 3,
3-diaminobenzidine (DAB) protocol. Counterstaining was
performed by hematoxylin. The substitution of PBS for pri-
mary antibodies was used as negative cotrols. Ten high-power

fields were randomly chosen, and at least 300 tumor cells were
counted per field. The tumor cells were irregular in size and
in shape, filled with transparent homogeneous cytoplasm,
obvious nuclear atypia with 1 to 2 distinct nucleoli. Mitotic
figures were frequent. Percentage of cells showing positive
staining in nuclei was designated as the OCT4 labeling index,
as a percentage (%). The staining procedures were repeated at
least three times.

DNA preparation and Bisulfite genomic sequencing.
With the proteinase K digestion and phenole-chloroform
method, genomic DNA was extracted from frozen tissues
[28]. Sodium bisulfite treatment of the extracted DNA was
performed as previously described [29]. In brief, 10 ug DNA in
50 ul TE was incubated with 5.5 ul of 0.3 M NaOH at 37°C for
15 min and 95°C for 2 min, and subjected to sodium bisulfite
chemical treatment (2.4 M sodium metabisulfite; 0.5 mM
hydroquinone, pH 5.0; both from Sigma). Following incuba-
tion at 55°C for 4 h, the treated DNA was purified using the
SK1261 kit (Shenggong, China), desulfonated in 0.3 M NaOH,
neutralized to pH 7.0 using 3 M sodium acetate (pH 5.2). The
neutralized DNA was purified using SK1261 purification kit
again, dissolved in TE bufter (pH 8.0).

The primers (fwd: 5-GGATTTGTATTGAGGTTTT-
GGAG-3) rev: 5’-TAACC CATCACCTCCACCAC-3’) were
designed to amplify the promoter and exon 1 from -234 to
+46 for bisulfite genomic sequencing. An initial denatura-
tion at 98°C for 4 min was followed by five PCR cycles of
94°C for 45 sec, 68°C for 45 sec and 72°C for 1min. The
PCR was then completed with 35 cycles of 45 sec at 95°C,
45 sec at 58°C. The amplified products were gel-purified
using the SK1261 kit and subjected to TA-cloning using
pUCI18-T vector (Shenggong, Biotechnology Co.). Ten
clones for each case were selected for sequencing using
BigDye version 3.1, and analyzed on automated DNA se-
quence analyzer (ABI Prism 3730; Applied Biosystems, Inc.,
Foster City, CA, USA). The cytosine or thymine residues
at the CpG sites represented methylated or unmethylated
status, respectively.

Statistical analysis. Statistical analysis was performed using
SPSS 13.0 for Windows. Data is expressed as mean + SD. Paired
t-test analysis was used to determine the differences of gene
expression and methylation level between primary and recur-
rent tumor. All statistical tests were calculated in two-sided and
a P-value <0.05 was considered statistically significant.

Results

Up-regulation of OCT4 mRNA and protein in recur-
rent glioma. OCT4 mRNA was expressed in all specimens
from 24 cases with primary or recurrent glioma. For the
same cases, the expression of OCT4 in specimens of recur-
rent glioma (2.07+0.15) was higher than that in primary
glioma (1.01+0.12), and the difference was statistically
significant (¢=19.57, P=0.000) (Fig. 1A). We also analyzed
the prognostic value of OCT4 expression using cBioPortal
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Figure 1. Up-regulation of OCT4 mRNA and protein in recurrent glioma. (A) Relative levels of OCT4 mRNA in primary (n=24) and recurrent gliomas
(n=24) are shown as histograms. 0CT4 mRNA expression was quantified by qRT-PCR compared with GAPDH.*P<0.05. (B) Western blot detection of OCT4
protein levels in primary and recurrent gliomas. The blot shows representative results from primary and recurrent gliomas. GAPDH was used as a loading
control. P: primary gliomas; R: recurrent gliomas. (C) Statistical analysis of OCT4 protein in primary (n=24) and recurrent gliomas (n=24). *P<0.05.

software. The result turned to be negative (P=0.094). Dur-
ing western blot detection, it was found that OCT4 protein
level in recurrent glioma (1.15+0.18) was obviously higher
than that in primary glioma (0.28+0.06) (t=19.86, P=0.000)
(Fig. 1B, 1C).

Increased number of OCT4-positive cells in recurrent
glioma measured immunohistochemically. The number of
OCT4-positive cells in primary and recurrent glioma was
detected immunohistochemically. According to the results,
OCT4 was expressed in cell nuclei, and OCT4-positive cells
were detected in all specimens (Fig. 2A). The percentage of
OCT4-positive cells in primary and recurrent glioma was
3.79%~79.67% and 14.64%~98.07%, respectively. Paired
t-test indicated that the number of OCT4-positive cells in
recurrent glioma (56.90+24.36) was significantly higher than
that in primary glioma (37.23+£26.50) (¢=8.182, P=0.003)
(Fig. 2B).

Reduced DNA methylation of the OCT4 gene in recur-
rent glioma. By means of BSP (Bisulfite Genomic Sequencing,
BSP) 11 CpG dinucleotides were analyzed. The promoter
region contained eleven CpG dinucleotides (Fig. 3A). DNA
methylation occurred to OCT4 in all specimens. The DNA
methylation level in primary glioma and recurrent glioma
was 52.73%~81.82% and 23.64%~74.55% (Fig. 3B, 3C), re-
spectively. Statistical analysis indicated that DNA methylation
levels in recurrent glioma (57.61+13.95) % decreased obvi-
ously compared with that in primary glioma (65.96+11.42)
% (t=9.800, P=0.008).

Up-regulation of OCT4 after treatment with demeth-
ylating agent. U87MG and U251MG glioma cell lines were
treated with the demethylating agent 5-Aza-dc in vitro. As
a result of treatment, OCT4 mRNA expression in U87 cells
was up-regulated by 3.38 times, and up-regulated by 2.35 times
in U251 cells (Fig. 4A). Expression of the OCT4 protein was
detected by western blot, and it was found that the changes of
OCT4 protein expression in the two types of cells were similar
to those of OCT4 mRNA (Fig. 4B, 4C).
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Figure 2. Increased percentage of OCT4-positive cells in recurrent glioma
measured immunohistochemically. (A) OCT4 expression in paraffin-embed-
ded sections from primary and recurrent gliomas immunohistochemically.
OCT4 expression was primarily localized in the nuclei of tumor cells (brown).
Scale bar = 100 um. (B) Statistical analysis of the percentage of OCT4-positive
cells in primary (n=24) and recurrent gliomas (n=24). *P<0.05.
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Figure 3. Reduced DNA methylation of the OCT4 gene in recurrent
glioma. (A) DNA methylation profile of 11 CpG dinucletides (-234 to +90)
located in the promoter region. (B, C) Analysis of DNA methylationat 11
known differentially methylated CpG sites in the OCT4 -234 to +90 region
with DNA from primary gliomas and recurrent gliomas. Black and white
circles represent methylated and unmethylated sites, respectively.

Discussion

In recent years, stem cell-like cells have been identified in
glioma and found to be related to tumor initiation or tumor
recurrence or both [30]. Stem cell-like cells can invade into
the brain tissues surrounding the glioma or interstitial tissues

[31-33]. Under certain conditions, stem cell-like cells may even
migrate into the contralateral hemisphere [34]. The stem cell-like
cells have no evident biological features of tumor cells. Although
there seems to be a boardline between the tumor and the normal
tissues, completely resection of GSCs under a microscope is
seems to be impossible [30]. Neveretheless, the residual GSCs
are insensitive to post-operative chemotherapy and radiotherapy
[35]. Following surgery, a lot of inflammatory cytokines are
produced, and angiogenesis, proliferation of glioma cells and
surgery induced changes in local microenvironment and other
unknown factors may cause recruitment of residual GSCs into
the surgical site. GSCs then proliferate and differentiate into
glioma cells, leading to the recurrence of glioma [36].

OCT4, a transcription factor, which has been found to be
a marker of stem cells, is essential for the maintenance of stem
cell plasticity and plays important roles in the self-renewal and
differentiation of stem cells [35]. During the tumorigenesis of
some cancer stem cells in adults, OCT4 expression is detectable
and the OCT4 expression level is found to be consistent with the
number of cancer stem cells and closely related to the malignant
degree, development and prognosis of tumors [37]. In NSCs and
glioma cells, OCT4 is also detectable, but OCT4 expression is
not present in the neurons and glia cells. Moreover, Ikushima
H et al. found that OCT4 maintains tumorigenicity of glioma-
initiating cells in cooperation with the Sox axis [38]. Thus, the
OCT4 expressing cells might be the tumor-initiating cells.

In the present study, OCT4 expression was detected in the
glioma and higher in recurrent glioma than in primary glioma.
These findings supported the GSC theory of glioma recurrence
[39, 40]. However, when we analyzed the prognostic value of
OCT4 expression on glioma, the result turned to be negative.
Although the result did not show the definite relationship be-
tween them, we believe that the OCT4 level may be related to
the recurrence glioma. In the recurrent glioma, the proportion
of GSCs is relatively high and these cells have more potential of
self-renewal and proliferation, which may produce more cancer
stem cells or daughter cells possessing potential of proliferation
and growth. These characteristics are consistent with the clinical
manifestations and pathological features of recurrent glioma.
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Figure 4. Up-regulation of OCT4 after treatmeat with demethylating agent in glioma cell lines. The glioma cell lines (U87MG and U251MG) were treated
with 5-Aza-dc for 72 h. (A) qRT-PCR analysis of OCT4 mRNA expression. *P<0.05. (B) Western blot analysis of OCT4 protein expression. GAPDH was
used as a loading control. (C) Statistical analysis of OCT4 protein in U87MG and U251MG. *P<0.05.
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During the differentiation of embryonic stem cells, terato-
carcinoma, neural stem cells and the embryonic development
of rats and humans, the DNA methylation of OCT4 gene at the
gene regulatory region is a key regulatory factor in the tran-
scription of OCT4 [27]. At the state of stem cells, the promoter
of OCT4 gene undergoes demethylation, leading to the evident
transcription and expression. With the differentiation of these
cells, the promoter is highly methylated and the expression is
reduced subsequently. Thus, OCT4 gene expression is almost
undetectable in mature cells.

To explore whether the changes in OCT4 expression in
recurrent glioma is related to the DNA methylation, BSP
sequencing was employed to measure the methylation of
promoter region (-234 ~ +46). Results showed the meth-
ylation level of OCT4 gene was different in recurrent and
primary glioma. And the methylation level in recurrent
glioma was significantly reduced as compared to primary
glioma, which was corresponding to the changes in mRNA
and protein expressions of OCT4. In normal brain tissues,
complete methylation was found at the targeted region. In
glioma cell lines, following demethylation treatment, the
mRNA and protein expressions of OCT4 were increased.
These findings demonstrated that the DNA demethylation
of OCT4 gene might be an important cause of up-regulation
of OCT4 expression during the glioma recurrence. However,
the changes in DNA methylation of OCT4 gene and the
further reduction in methylation level in recurrent glioma
are unclear and required to be confirmed. We speculate that
the methylation level in glioma is reduced and the changes
in local environment following surgery and radiotherapy/
chemotherapy may be an important cause of demethylation
of OCT4 gene at regulatory region [41-43].

Taken together, our findings demonstrate DNA methylation
of OCT4 gene in recurrent glioma is an important mechanism
of up-regulated expression of OCT4, a key transcription fac-
tor, which may be involved in the recurrence of glioma. These
results support the stem cell theory on glioma recurrence
and provide evidence on the role of DNA methylation in the
recurrence of glioma, providing directions for the clinical
treatment of glioma.
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