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Methylation of Werner syndrome protein is associated with
the occurrence and development of invasive meningioma
via the regulation of Myc and p53 expression
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Abstract. The aim of the present study was to investigate the
positive rate of Werner syndrome protein (WRN) methylation
in meningioma patients, and further assess the association
between WRN methylation and the occurrence of meningioma.
A total of 56 consecutive meningioma patients and 26 healthy
individuals were enrolled in the study. A methylation-specific
polymerase chain reaction assay was performed to detect the
positive rate of WRN methylation in the peripheral blood
and tissue samples collected from the recruited subjects. In
addition, western blot analysis was performed to determine
the protein expression levels of WRN, Myc and p53 in the
peripheral blood and tissue samples. The positive rate of
WRN methylation in the peripheral blood of the meningioma
group was increased when compared with the control group
(P<0.05). In addition, the protein expression levels of WRN
were significantly decreased in the peripheral blood and tissue
samples collected from the individuals with a positive WRN
methylation status (P<0.05), as compared with the samples
without WRN methylation. Furthermore, the protein expres-
sion levels of Myc and p53 were increased in the peripheral
blood and tissue samples that exhibited positive WRN meth-
ylation when compared with those without WRN methylation
(P<0.05). Therefore, WRN methylation was demonstrated to
be associated with the occurrence and development of invasive
meningioma, possibly through the regulation of Myc and p53
expression.

Introduction

Meningiomas are one of the most common types of intracra-
nial tumor, with the incidence rate of meningiomas (~19.2%)
ranking second among intracranial tumors worldwide (1). At
an early stage, meningiomas are benign tumors. However,
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previous studies (2,3) have demonstrated that meningiomas
exhibit several metastatic malignant forms, with characteris-
tics of fast-growth, invasion, metastasis and easy to relapse.
The malignancy degree of meningioma increases with the
increasing tumor grade (4).

Methylation is involved in the modification of heavy metals
and the regulation of gene expression. DNA methylation in
vertebrates includes global hypomethylation and regional
hypermethylation, which typically occurs at cytosine-phos-
phate-guanine (CpG) sites. DNA methylation is associated
with the activation and expression of cancer genes (5), and the
process of DNA methylation has been demonstrated to play an
important role in the occurrence and development of tumors at
an early stage (6-8).

Werner syndrome protein (WRN) is a protein-coding
gene that is associated with a variety of diseases, including
Werner syndrome and Rothmund-Thomson syndrome (9).
The WRN gene is located on the short arm of chromosome 8
between positions 12 and 11.2, and the promoter of the WRN
gene has been shown to be methylated in numerous types of
malignant tumor (10,11). A previous study demonstrated that a
polymorphism of the WRN gene was associated with the risk
of developing a meningioma (12). However, the association
between WRN methylation and the occurrence of menin-
giomas remains unclear, despite the incidence of meningiomas
being associated with the abnormal expression of a variety of
genes (13).

In the present study, the methylation status of the WRN
promoter was detected in the peripheral blood and tissue
samples of patients with meningioma using a methyla-
tion-specific polymerase chain reaction (PCR) assay. Thus, the
association between WRN methylation and the incidence of
meningioma was further investigated.

Materials and methods

Reagents. A DNA extraction kit and a total protein extraction
kit were purchased from TTANGEN Biotech Co., Ltd. (Beijing,
China). An EZ DNA Methylation-Direct™ kit was purchased
from Zymo Research Corporation (Irvine, CA, USA). A
rabbit anti-human WRN polyclonal antibody (ab200), a rabbit
anti-human Myc polyclonal antibody (ab9106) and a mouse
anti-human p53 monoclonal antibody (ab26) were purchased
from Abcam (Cambridge, MA, USA). In addition, a horse-
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radish peroxidase (HRP)-conjugated goat anti-mouse IgG
polyclonal secondary antibody (ab6789) and a goat anti-rabbit
IgG polyclonal antibody (ab6721) were purchased from
Abcam. BeyoECL Plus enhanced chemiluminescence reagent
was obtained from the Beyotime Institute of Biotechnology
(Suzhou, China).

Patients. A total of 56 consecutive patients with meningioma
were enrolled in the study (meningioma group), of which
31 individuals were male and 25 patients were female. The
age of the 56 patients ranged between 9 and 76 years, with an
average age of 47.6 years. The course of the disease ranged
between 2 and 51 months, with an average disease course of
21.3 months. With regard to the control group, 26 healthy indi-
viduals were enrolled in the study (control group). Peripheral
blood samples were collected from the meningioma patients
and the healthy individuals. In addition, meningioma tissues
were collected from the meningioma patients, while healthy
arachnoid tissues were collected from the healthy individuals
in the control group. Prior written and informed consent was
obtained from every patient, and the study was approved by
the Ethics Review Board of the Capital Medical University
(Beijing, China).

Detection of DNA methylation. DNA from the peripheral blood
and tissue samples was extracted using the DNA extraction
kit, in accordance with the manufacturer's instructions. The
detection of the DNA methylation status was performed using
the EZ DNA Methylation-Direct™ Kkit, in accordance with the
manufacturer's instructions. DNA methylation was detected
using a methylation-specific PCR assay, where DNA without
the presence of methylation was used as a control. The primer
sequences for positive WRN gene methylation were as follows:
Forward, 5'-CGGGTAGGGGTATCGTTCGC-3' and reverse,
5'-CGATATCCGAAATCAAACGACG-3'. The primer
sequences for negative WRN gene methylation were as follows:
Forward, 5'-GTAGTTGGGTAGTAGGGGTATTGTTTGT-3'
and reverse, 5'-CCAATATCCAAAATCAAACAACAAC-3".

Western blot analysis. Total proteins from the peripheral blood
and tissue samples were extracted using the total protein extrac-
tion kit. The total proteins were separated by 12% SDS-PAGE,
and subsequently analyzed by immunoblotting, where (3-actin
was used as an internal control. Briefly, the membrane was
blocked with 5% non-fat milk at room temperature for 1 h.
The membrane was then incubated with primary antibodies
at 4°C overnight, prior to washing. The membrane was incu-
bated with secondary antibodies at room temperature for 1 h,.
The primary antibodies used included a rabbit anti-human
WRN polyclonal antibody (1:2,000), a rabbit anti-human Myc
polyclonal antibody (1:500) and a mouse anti-human p53
monoclonal antibody (1:1,000). The secondary antibodies used
in the experiment were a HRP-conjugated goat anti-rabbit
IgG polyclonal antibody (1:3,000) and a HRP-conjugated
goat anti-mouse IgG polyclonal antibody (1:5,000). The blots
were detected using BeyoECL Plus enhanced chemilumi-
nescence reagent, and image quantifications were performed
using ImageLab software, version 4.1 (Bio-Rad Laboratories,
Inc., Hercules, CA, USA). The experiments were repeated a
minimum of three times.
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Statistical analysis. All results are expressed as the mean =+ stan-
dard deviation. The statistical analyses were performed using
SPSS software, version 17.0 for Windows (SPSS, Inc., Chicago,
IL, USA). The least significant difference t-test was used to
analyze the comparisons between groups and for the analysis of
paired data, where P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Positive rate of WRN methylation is increased in the periph-
eral blood and tissues of meningioma patients. To investigate
the levels of WRN methylation in the peripheral blood and
tissues, a methylation-specific PCR assay was performed. As
shown in Table I, the positive rate of WRN methylation was
55.36 and 0.00% in the peripheral blood of the meningioma
and control groups, respectively. Furthermore, the positive rate
of WRN methylation was 60.71 and 7.69% in the tissues of the
meningioma and control groups, respectively. Thus, the posi-
tive rate of WRN methylation in the peripheral blood of the
meningioma group was significantly increased when compared
with the control group (P<0.05; Fig. 1A). In addition, the posi-
tive rate of WRN methylation in the tissues of the meningioma
group was significantly increased when compared with the
control group (P<0.05; Fig. 1B). These results indicated that
the positive rate of WRN methylation was increased in the
peripheral blood and tissues of meningioma patients.

Protein expression of WRN is inhibited following WRN
methylation in the peripheral blood and tissues. To determine
the protein expression levels of WRN in the peripheral blood
and tissue samples, western blot analysis was performed. As
shown in Fig. 2A, the protein expression levels of WRN in
the peripheral blood samples with positive WRN methylation
were decreased when compared with those without WRN
methylation (P<0.05). In addition, the protein expression levels
of WRN in the tissues with WRN methylation were decreased
when compared with those without WRN methylation
(P<0.05). Therefore, in the peripheral blood and tissue samples
with positive WRN methylation, WRN protein expression
levels were significantly decreased. These results indicated
that the protein expression of WRN is inhibited following
WRN methylation in the peripheral blood and tissues.

Myc and p53 protein expression levels are increased in the
peripheral blood and tissues with WRN methylation. To inves-
tigate the effect of WRN methylation on the regulation of tumor
gene expression, western blot analysis was performed to detect
the protein expression levels of Myc and p53. Myc and p53 are
regulated by WRN in the process of tumor development (14).
As shown in Fig. 3A, the expression levels of Myc in the periph-
eral blood of the patients with positive WRN methylation were
increased when compared with those without WRN methylation
(P<0.05). In addition, the expression levels of Myc in the tissue
samples with WRN methylation were increased when compared
with those without WRN methylation (P<0.05) (Fig. 3B). As
shown in Fig. 4A, the expression levels of p53 in the peripheral
blood samples with positive WRN methylation were increased
when compared with those without WRN methylation (P<0.05).
Furthermore, the expression levels of p53 in the tissue samples
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Table I. Positive rate of WRN methylation in the peripheral blood and tissues.

Methylation in the peripheral blood Methylation in the tissues
Groups Cases(n) Yes(n) No(n) Positiverate (%) P-value Yes() No(n) Positive rate (%) P-value
Control 26 0 26 0 2 24 7.69
Meningioma 56 31 25 55.36 <0.001 32 24 60.71 <0.001
WRN, Werner syndrome protein.
A Methylation B Methylation in tissues
in peripheral blood

60.0% 60.0%

40.0% 40.0%

20.0% r 20.0%

0.0% 0.0% [
Control Meningioma Control Meningioma

Figure 1. Positive rate of Werner syndrome protein (WRN) methylation in the peripheral blood and tissues. A methylation-specific polymerase chain reaction
assay was performed to detect the positive rate of WRN methylation in the (A) peripheral blood and (B) tissue samples collected from the meningioma patients

and the healthy control group.
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Figure 2. Protein expression levels of WRN in the peripheral blood and tissues. Total proteins from the peripheral blood and tissue samples were harvested,
separated by 12% SDS-PAGE and analyzed by western blot analysis, where -actin was used as a loading control. Protein expression levels of WRN in the
(A) peripheral blood and (B) tissues were detected using a rabbit anti-human WRN polyclonal antibody (1:2,000). Left panel, representative western blot; right

panel, quantitative assessment of the western blot analysis results. "P<0.05, vs. non-methylation group. WRN, Werner syndrome protein.

with positive WRN methylation were increased when compared  Discussion
with those without WRN methylation (P<0.05; Fig. 4B). These

results indicated that the protein expression levels of Myc and  The incidence of meningiomas has increased in recent
p53 were increased in the peripheral blood and tissue samples  years (15). The occurrence of tumors is associated with the
that exhibited positive WRN methylation. activation of cancer genes and the inactivation of tumor
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Figure 3. Expression levels of Myc in the peripheral blood and tissues. Total proteins from the peripheral blood and tissue samples were harvested, separated
by 12% SDS-PAGE and analyzed with western blot analysis, where -actin was used as a loading control. Protein expression levels of Myc in the (A) peripheral
blood and (B) tissues were detected using a rabbit anti-human Myc polyclonal antibody (1:500). Left panel, representative western blot; right panel, quantitative
assessment of the western blot analysis results. "P<0.05, vs. non-methylation group. WRN, Werner syndrome protein.
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Figure 4. Expression levels of p53 in the peripheral blood and tissues. Total proteins from the peripheral blood and tissue samples were harvested, separated by
12% SDS-PAGE and analyzed by western blot analysis, where (3-actin was used as a loading control. Protein expression levels of pS3 in the (A) peripheral blood
and (B) tissues were detected using a mouse anti-human p53 monoclonal antibody (1:1,000). Left panel, representative western blot; right panel, quantitative
assessment of the western blot analysis results. "P<0.05, vs. non-methylation group. WRN, Werner syndrome protein.

suppressor genes (16,17). Tumor suppressor genes exist in
normal cells of every healthy individual. When the tumor
suppressor gene is activated, cell proliferation is inhibited.
However, when the tumor suppressor gene is suppressed, the
role of the tumor suppressor is eradicated (18).

In the human genome, fragments that are rich in CpG dinu-
cleotides are known as CpG islands, and these are primarily
located in the promoter region and the first exon region of
the gene (17). Approximately 60% of the promoter region is
estimated to contain CpG islands (19). The occurrence and



development of tumors are associated with DNA methylation.
A number of tumor-associated tumor suppressor genes are
methylated in the CpG islands of the gene promoter, which has
been shown to affect the conformation and stability of DNA,
and ultimately regulate gene expression (20). WRN plays an
important role in DNA damage repair processes, which are
involved in the maintenance of gene stability (14,21). High
expression levels of WRN have been shown to inhibit the
regulatory function of Myc in the process of cell aging (14).

In the present study, the results demonstrated that the posi-
tive rate of WRN methylation in the peripheral blood of the
meningioma group was increased when compared with the
control group. In addition, the protein expression levels of WRN
were significantly decreased in the peripheral blood and tissue
samples of the individuals exhibiting positive WRN meth-
ylation, indicating that the expression levels of WRN may be
inhibited by the regulation of WRN methylation. Furthermore,
the protein expression levels of Myc and p53 were increased in
the peripheral blood and tissue samples from the patients with
positive WRN methylation, as compared with those that did not
exhibit WRN methylation. Therefore, these results indicate that
WRN methylation may be associated with tumorigenesis.

In conclusion, the methylation of WRN was demonstrated
to be associated with the occurrence and development of
invasive meningioma, possibly through the regulation of
Myc and p53 protein expression. Subsequently, the diagnosis
of meningioma may be predicted by the detection of WRN
methylation. Therefore, the detection of the WRN methylation
status may play an important role in the diagnosis and treat-
ment of meningioma patients.
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