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INTRODUCTION

Tumor replication is associated with two types of genes. 
One is the oncogene and the other is the tumor suppressor 
gene. The oncogene is activated by amplification, transloca-
tion and point mutation. The function of the tumor suppres-
sor gene is inactivated by point mutation, deletion, and cyto-
sine-guanine dinucleotides (CpG) island hypermethylation. 

Scientists have studied genetic and epigenetic alteration; 
which one plays a larger role in tumor development. In many 
studies, it turns out that key regulating genes have tumor 
suppressor genes silenced by developing epigenetic changes 
[1]. Among them, CpG island methylation is being actively 
studied. There are many reports on the relationship between 
hypermethylation of tumor suppressor genes and malignant 
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Background    The authors analyzed whether the promoter hypermethylation of cancer-related 
genes was involved in the tumorigenesis of malignant gliomas.

Methods    A total of 29 patients received surgery and histologically confirmed to have malignant 
gliomas from January 2000 to December 2006. The promoter methylation status of several genes, 
which were reported to be frequently methylated in malignant gliomas, was investigated using methyl-
ation-specific polymerase chain reaction.

Results    All cases of malignant gliomas represented the promoter hypermethylation in at least 
2 or more genes tested. Of 29 tumors, 28 (96.55%) showed concurrent hypermethylation of 3 or more 
genes. Ras association domain family member 1, epithelial cadherin, O-6 methyl guanine DNA methyl-
transferase, thrombospondin 1, p14 and adenomatous polyposis coli were frequently methylated in 
high grade gliomas including glioblastomas, anaplastic astrocytomas, and anaplastic oligodendroglio-
mas.

Conclusion    Aberrant hypermethylation profile was closely related with malignant gliomas suggest-
ing that epigenetic change may play a role in the development of malignant gliomas. Two or three tar-
get genes may provide useful clues to the development of the useful prognostic as well as diagnostic 
assays for malignant gliomas.
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tumors in extraneural tissue. Aberrant methylation of 5’ CpG 
islands is thought to play an important role in the inactiva-
tion of tumor suppressor genes in several types of cancers [2]. 
Epigenetic silencing associated with aberrant methylation of 
the promoter region CpG island is one of mechanisms, leading 
to the loss of tumor suppressor function in human cancers [3]. 
Published reports have shown that in addition to the frequent 
amplification and deletion of the epithelial growth factor re-
ceptor gene, the main genetic events affecting tumor suppres-
sor genes such as O-6 methyl guanine DNA methyltransfer-
ase (MGMT), the members of the inhibitor of cyclin-dependent 
kinase 4 A initiated cell-cycle arrest pathway p14, phosphatase 
and tensin homolog, p16, tumor protein 53, retinoblastoma pro-
tein, and protocadherin-gamma-A11, paternally-expressed 
gene 3, distinct subgroup of the ras family member 3, epithelial 
membrane protein 3, and caspase-8, are commonly aberrantly 
methylated in malignant brain tumors [4-8]. Ras association 
domain family member 1 (RASSF1A) has been shown to be 
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downregulated by methylation in cancer, and MGMT is lo-
cated in areas commonly deleted in astrocytomas. Specific 
changes in methylation associated with different subtypes of 
gliomas also have been reported. However, these studies were 
limited to only a few samples or a few genes, or to only limited 
subtypes of gliomas [9]. Profiling CpG islands methylation in-
dicates that some genes are more frequently methylated than 
others, and each tumor type is associated with a unique set of 
methylated genes [10,11].

This study was performed to investigate whether the promoter 
hypermethylation of cancer-related genes is involved in the de-
velopment of malignant gliomas. For this purpose, the authors 
correlated methylation and expression levels to identify genes 
that are transcriptionally regulated by epigenetic alterations.

MATERIALS AND METHODS

Patients and specimens
Tissue samples of 29 consecutive patients with pathologi-

cally confirmed malignant gliomas were included in the pres-
ent study. The number of male patients was 18, and 11 females. 
Various malignant brain tumors contained 15 cases of glioblas-
tomas (GBMs), 8 cases of anaplastic astrocytomas, and 6 cas-
es of anaplastic oligodendrogliomas. All patients received 
neurosurgery for primary tumors at our institution between 
January 2000 and December 2006. The tumor specimens ob-
tained in the operation room were fixed in formalin for 24 
hours, paraffin-embedded and used for later analysis. Clini-
cal information was obtained from the patients’ charts. Pe-
ripheral blood was analyzed as controls. Permission to per-
form this study was provided by our local Institutional 
Review Board. Informed consent was obtained from all pa-
tients in accordance with the Declaration of Helsinki.

DNA extraction
Twenty nine tissue samples gained through an operation 

of malignant brain tumors were put in a 2 mL container, then 
cancer cells were homogenized by a tissue crusher. Gained 
through this process, tumor tissue was limited to cases involv-
ing over 90% of cancer cells. Fixed by formalin, paraffin-em-
bedded samples of malignant brain tumors were cut into 5 to 
6 slices to a thickness of 7 mm. After paraffin removal by xy-
lene and alcohol treatment, deoxyribonucleic acid (DNA) was 
extracted following the manufacturer’s instructions. For ex-
traction of DNA from blood, 10 mL blood and ice-cold lysis 
buffer [1.28 M sucrose, 20 mM Tris (pH 7.5), 10 mM MgCl2 
2% Triton X-100] was poured into a 50 mL container and 
mixed. This solution was put into ice for 10 minutes then cen-
trifugated for 15 minutes, and the upper portion was thrown 
away. After 700 μL TE9 solution (10 mM Tris-hydrogen chlo-

ride, 1 mM ethylene diamine tetra acetic acid, pH 8.9) was 
added into the container, it was cultured and floated. 

Next, the mixture of 70 μL sodium dodecyl sulfate and pro-
teinase K was made to react for from 48 to 60 hours in 60°C. 
Then additional mixture of 10 μL sodium dodecyl sulfate and 
proteinase K was added and made to react for from 24 to 48 
hours in 60°C. After that, this solution was put into the boiled 
water for 10 minutes to inactivate proteinase K and cooled at 
room temperature. Then the same amount of phenol/chloro-
form/isoamyl alcohol was put, mixed and centrifugated. Next, 
the upper side of the solution was moved to another container, 
and 3 M sodium acetate (pH 5.2) was added, a tenth of that so-
lution, and twice amount of absolute alcohol were added to get 
the DNA spool. After cleaning with 70% alcohol and dried in 
the air, the DNA spool was dissolved in 500 μL LOTE (3 mM 
Tris, 0.2 mM ethylene diamine tetra acetic acid, pH 7.5), then 
the absorbance was measured and kept at 4°C until it used.

Methylation of CpG island of DNA promoter
In this study, the degree of methylation of the promoter of 

11 tumor-related genes was analyzed (Fig. 1). These 11 genes 
were selected for the known involvement in carcinogenesis 
and frequent epigenetic inactivation in malignant brain tu-
mors or other functions in other cancers; cell cycle regula-
tion: p14, p16, cyclooxygenase 2, DNA repair or protection: 
human mutL homologue 1, MGMT, glutathione S-transfer-
ase pi 1 (GSTP1), signal transduction: adenomatous polypo-
sis coli (APC), RASSF1A, angiogenesis: thrombospondin 1 
(THBS1), tissue inhibitor metalloproteinase 3, metastasis and 
invasion: epithelial cadherin (E-cadherin). Among these, p16 
and RASSF1A genes are commonly methylated in a variety 
of cancers. But other genes are methylated in specific can-
cers. For example, GSTP1 is methylated in more than 90% of 
prostatic cancer and APC is methylated in 90% of esophageal 
cancer (Table 1) [12,13]. 

To analyze the methylated condition of a gene, a method 
of methylation-specific polymerase chain reaction (PCR) re-
ported by Clark et al. [14] and Herman et al. [15] was used. 
The CpG island position of methylcytosine was measured by 
using the Clark and Herman method. Cytosine methylated by 
bisulfite modification was not changed, and unmethylated cy-
tosine was changed to uracil. It was checked whether cyto-
sine was methylated or not through the amplification of PCR. 
First, extracted DNA was made to react with sodium bisul-
fite, hydroquinone and sodium hydroxide, and then deamina-
tion reaction was induced to change the unmethylated cyto-
sine into uracil. Next, DNA was extracted by using the Genomic 
DNA purification kit (Wizard®; Promega, Madison, WI, USA), 
and desulfonation induced with sodium hydroxide. Then it 
was settled with ethanol and amplified using PCR. To ampli-
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fy DNA unmethylated by CpG island, the unmethylated prim-
er set of each gene was used, and the methylated primer set 
of each gene was used to amplify DNA methylated by CpG 
island of DNA promoter. The size of each gene was measured 
by base pair. Each base sequence of primers was in the fol-
lowing Table 2. The PCR reaction was 20 μL reaction, adding 
deoxy-nucleotide tri-phosphate 250 mM, 10 pM primer each, 
DNA 150 ng, MgCl2 1.25 mM and Taq polymerase 0.5 U to 

1×PCR buffer solution. The solution was made to react in the 
condition of a temperature of 95°C fo r 15 minutes, and for 50 
seconds at various annealing temperature depending on each 
primer. Then it was kept to react at 72°C for 50 seconds and 
repeated 40 times. This process finally finished after addi-
tional 10 minutes at 72°C. The PCR products, the result of the 
reaction, were visualized in 4% Agarose gel (MetaPhor®; Lon-
za, Rockland, NY, USA), and each base pair could be confirmed.

Fig. 1. Representative data of methylation-specific PCR analysis of DNA samples for peripheral bloods and malignant brain tumors. L, size 
marker (100-bp DNA ladder); P, positive control (a normal lymphocyte DNA treated with Sss1 methylase before bisulfite modification); N, 
negative control (distilled water without template DNA). T: tumor, B: blood, M: methylated, U: unmethylated, E-cadherin: epithelial cadherin, 
MGMT: O-6 methyl guanine DNA methyltransferase, RASSF1A: Ras association domain family member 1, THBS1: thrombospondin 1, 
APC: adenomatous polyposis coli, COX-2: cyclooxygenase 2, TIMP3: tissue inhibitor metalloproteinase 3, GSTP1: glutathione S-transfer-
ase pi 1, hMLH1: human mutL homologue 1, DNA: deoxyribonucleic acid.
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RESULTS

All of 29 malignant gliomas were the promoter of methyla-
tion of at least two genes per sample. Methylated genes range 
from one to six. Of 29 tumors, 28 (97%) showed concurrent 
hypermethylation of three or more genes.

In GBMs, eight genes were methylated at frequencies rang-
ing from 7 to 80%. E-cadherin methylated in 12 of 15 samples, 
MGMT in 9 cases, RASSF1A in eight cases. In anaplastic astro-
cytomas, seven genes were methylated at frequencies ranging 
from 13 to 100%. RASSF1A methylated in all cases of eight 
samples. E-cadherin, MGMT and THBS1 methylated in seven 
cases. In anaplastic oligodedroglioma, six genes were methylat-
ed at frequencies ranging from 17 to 100%. RASSF1A and E-
cadherin methylated in all cases of six samples, MGMT in five 
cases, and THBS1 in four cases (Table 3).

DISCUSSION 

Epigenetics, which is not the consequence of a change in 
DNA sequence, is brought about by three systems, which in-

clude DNA methylation, histone modification and ribonu-
cleic acid-mediated action [16]. Tailoring the correct anticancer 
drug to the right cancer patient should be one of the foremost 
goals of oncologic treatment. Aberrant DNA methylation is a 
common hallmark of human cancer, and so the methylation-
associated silencing of certain genes is another good candi-
date in the pharmacogenomics field [17].

CpG island, the size of 0.5–2 kilobase and a short stretch of 
DNA in which the frequency of the CG sequence, is concen-
trated and located in the promoter which controls the tran-
scription of genes [18,19]. CpG island is a useful marker for 
genes in organisms containing 5-methylcytosine in their ge-
nomes [20]. In addition, methylation of cytosine inhibits the 
transcription, and consequently leads to the inactivation of 
genes. It is also reported in the process of the inactivation of 
X chromosome and imprinted gene [21]. The case of methyl-
ation of normal genes is an exceptional result, and CpG island 
is not always methylated in most genes involving tumor sup-
pressor genes. The function of tumor suppressor gene is inac-
tivated when a hypermethylation happens from some causes, 
which leads to the development of several tumors [22].

DNA methylation is an epigenetic event. There is no change 
in the gene sequence, but some changes of gene activity and 
methylation at the gene promoter region, and consequently 
the expression of genes is reduced. It is also reported that the 
epigenetic change, especially the hypermethylation of the 
DNA promoter gene plays important roles in this process. 
The methylation of the CpG island located in the promoter 
of tumor suppressor genes inhibits the transcription of genes, 
which loses the expression of proteins. These days the tumor 
with hypermethylation of many genes at the same time has 
been named as the CpG island methylation phenotype.

The present study shows that the Bead array technology 
(GoldenGate®, Illumina, San Diego, CA, USA) is a powerful 
method for classification purposes, allowing the identifica-
tion of specific methylation profiles related to different ways of 
tumorigenesis. However, due to the heterogeneity of methyla-
tion, the sensibility and specificity of methylation arrays can 
be variable among the genes. Therefore, as demonstrated for 
the assessment of MGMT methylation, results obtained on 
individual genes need to be validated using another technique 
[6]. The large number of genes that undergo hypermethyl-
ation in a wide variety of cancer types suggests a key role for 
changes in DNA methylation during the initiation and pro-
gression of cancer. Promoter hypermethylation and silencing 
of the associated genes, especially MGMT is widespread in 
GBM. Many of the genes that are targeted by the methylation 
machinery in cells play a role in regulating apoptosis and im-
portant cellular functions such as cell growth, differentiation, 
and DNA repair. The most significant gene that has been de-

Table 1. Examples of genes exhibiting hypermethylation in vari-
ous cancers

Gene
Effect of loss of function  
in tumor development

Tumor types

hMLH1 Increased mutation rate,  
  drug resistance

Colon, ovarian, 
  endometrial, gastric

E-cadherin Increased cell motility Breast, gastric, lung, 
  colon, prostate, leukemia

APC Aberrant signal  
  transduction

Breast, lung, colon,
  gastric, esophageal,
  pancreatic, hepatocellular

p16 Loss of cell-cycle control Most tumor types
RASSF1A Aberrant signal  

  transduction
Lung, breast,  
  ovarian, kidney

GSTP1 Increased DNA damage Prostate
MGMT Increased mutation rate Colon, lung, brain,

  esophageal, gastric
COX-2 Regulation of COX-2 Colon, breast, gastric
p14 Loss of wild p53 function Colon,  

  neuroendocrine tumor
THBS1 Loss of angiogenesis  

  inhibition
Brain, neurofibroma, 
  colon

TIMP3 Loss of tumor metastasis  
  suppression

Gastric, colon, lung 

E-cadherin: epithelial cadherin, hMLH1: human mutL homologue 1, 
APC: adenomatous polyposis coli, RASSF1A: Ras association do-
main family member 1, GSTP1: glutathione S-transferase pi 1, 
MGMT: O-6 methyl guanine DNA methyltransferase, COX-2: cy-
clooxygenase 2, THBS1: thrombospondin 1, TIMP3: tissue inhibi-
tor metalloproteinase 3, DNA: deoxyribonucleic acid
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scribed is MGMT, which is methylated at high frequencies in 
malignant gliomas [23].

Our result showed that 100% of malignant gliomas exhib-

ited the hypermethylation of the promoter at least one of 
tested genes, and none of them is hypermethylated in periph-
eral blood. In at least one of the genes, 28 (96.55%) showed 

Table 2. Primer sequences and PCR conditions for methylation-specific PCR analysis

Primer Sequence Size Annealing temperature (oC)
APC M-sense

Antisense
5’TATTGCGGAGTGCGGGTC3’
5’TCGACGAACTCCCGACGA3’

98 55

U-sense
Antisense

5’GTGTTTTATTGTGGAGTGTGGGTT3’
5’CCAATCAACAAACTCCCAACAA3’

108 56

COX-2 M-sense
Antisense

5’TTAGATACGGCGGCGGCGGC3’
5’TCTTTACCCGAACGCTTCCG3’

161 61

U-sense
Antisense

5’ATAGATTAGATATGGTGGTGGTGGT3’
5’CACAATCTTTACCCAAACACTTCCA3’

171 61

E-cadherin M-sense
Antisense

5’TTAGGTTAGAGGGTTATCGCGT3’
5’TAACTAAAAATTCACCTACCGAC3’

115 57

U-sense
Antisense

5’TAATTTTAGGTTAGAGGGTTATTGT3’
5’CACAACCAATCAACAACACA3’

97 53

GSTP1 M-sense
Antisense

5’TTCGGGGTGTAGCGGTCGTC3’
5’GCCCCAATACTAAATCACGACG3’

91 59

U-sense
Antisense

5’GATGTTTGGGGTGTAGTGGTTGTT3’
5’CCACCCCAATACTAAATCACAACA3’

97 59

MGMT M-sense
Antisense

5’TTTCGACGTTCGTAGGTTTTCGC3’
5’GCACTCTTCCGAAAACGAAACG3’

81 59

U-sense
Antisense

5’TTTGTGTTTTGATGTTTGTAGGTTTTTGT3’
5’AACTCCACACTCTTCCAAAAACAAAACA3’

93 59

hMLH1 M-sense
Antisense

5’TATATCGTTCGTAGTATTCGTGT3’
5’TCCGACCCGAATAAACCCAA3’

153 60

U-sense
Antisense

5’TTTTGATGTAGATGTTTTATTAGGGTTGT3’
5’ACCACCTCATCATAACTACCCACA3’

124 56

p14 M-sense
Antisense

5’GTGTTAAAGGGCGGCGTAGC3’
5’AAAACCCTCACTCGCGACGA3’

122 60

U-sense
Antisense

5’TTTTTGGTGTTAAAGGGTGGTGTAGT3’
5’CACAAAAACCCTCACTCACAACAA3’

132 60

p16 M-sense
Antisense

5’TTATTAGAGGGTGGGGCGGATCGC3’
5’GACCCCGAACCGCGACCGTAA3’

150 65

U-sense
Antisense

5’TTATTAGAGGGTGGGGTGGATTGT3’
5’CAACCCCAAACCACAACCATAA3’

151 60

RASSF1A M-sense
Antisense

5’GTGTTAACGCGTTGCGTATC3’
5’AACCCCGCGAACTAAAAACGA3’

93 60

U-sense
Antisense

5’TTTGGTTGGAGTGTGTTAATGTG3’
5’CAAACCCCACAAACTAAAAACAA3’

105 60

THBS1 M-sense
Antisense

5’TGCGAGCGTTTTTTTAAATGC3’
5’TAAACTCGCAAACCAACTCG3’

74 60

U-sense
Antisense

5’GTTTGGTTGTTGTTTATTGGTTG3’
5’CCTAAACTCACAAACCAACTCA3’

115 60

TIMP3
 

M-sense
Antisense

5’CGTTTCGTTATTTTTTGTTTTCGGTTTTC3’
5’CCGAAAACCCCGCCTCG3’

116 59

U-sense
Antisense

5’TTTTGTTTTGTTATTTTTTGTTTTTGGTTTT3’
5’CCCCCCAAAAACCCCACCTCA3’

122 59

E-cadherin: epithelial cadherin, PCR: polymerase chain reaction, APC: adenomatous polyposis coli, COX-2: cyclooxygenase 2, GSTP1: gluta-
thione S-transferase pi 1, MGMT: O-6 methyl guanine DNA methyltransferase, hMLH1: human mutL homologue 1, RASSF1A: Ras associa-
tion domain family member 1, THBS1: thrombospondin 1, TIMP3: tissue inhibitor metalloproteinase 3, DNA: deoxyribonucleic acid
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that hypermethylation of 3 or more genes. And RASSF1A, E-
cadherin, and MGMT are frequently methylated in neuroepi-
thelial tumors such as glioblastomas, anaplastic astrocyto-
mas, and anaplastic oligodendrogliomas [24,25]. So, aberrant 
hypermethylation profile is associated with malignant glio-
mas, and it means epigenetic change plays a very important 
role in the malignant changes of brain tumors.

The limitation included in this study is based on the het-
erogeneous group of the tumor samples. Twenty nine malig-
nant brain tumors were studied, and these samples were di-
vided into three groups. The number of each group was not 
the same. Also, this study is only based on a single center 
study. Last, this study involves only a small number of patients 
and has no statistically meaningful relationship as to which 
gene is related with malignant brain tumors. Not every single 
patient’s prognosis ccould be checked, specifically long time 
survival, so clinical usefulness of methylated tumor related 
genes cannot be assessed. This study is a preliminary investi-
gation that shows whether promoter hypermethylation of 
cancer-related genes is involved in the development of brain 
tumors. Therefore, multi-center study and more patients for 
further evaluation regarding hypermethylated cancer-related 
genes except those already known will be needed. Also, fu-
ture studies pertaining to low grade gliomas will be needed. 

Conclusion
Aberrant hypermethylation of CpG islands may be in-

volved in malignant change of brain tumors. The identifica-
tion of CpG promoter methylation status by using methyla-
tion-specific PCR technology allows the selection of patients 
most likely to benefit from chemotherapy. So, multi-center 
study and more patients for further evaluation about hyper-
methylated cancer-related genes except already known will 
be needed.
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GSTP1 0 0 0 0
hMLH1 0 0 0 0
E-cadherin: epithelial cadherin, RASSF1A: Ras association domain 
family member 1, MGMT: O-6 methyl guanine DNA methyl-
transferase, THBS1: thrombospondin 1, COX-2: cyclooxygenase 2, 
APC: adenomatous polyposis coli, TIMP3: tissue inhibitor metal-
loproteinase 3, GSTP1: glutathione S-transferase pi 1, hMLH1: hu-
man mutL homologue 1, DNA: deoxyribonucleic acid, GBM: glio-
blastoma, AA: anaplastic astrocytoma, AOD: anaplastic oligoden-
droglioma
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