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Effect of Promoter Hypermethylation of DNA Repair Gene
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ABSTRACT Objective: To investigate the effect of the hypermethylation of MGMT promoter on the treatment of temozolomide to
glioblastomas (GBM). Methods: Tumors were chosen (divided into two groups according to different clinical endings with the same
treatment of temozolomide); Methylation-specific PCR was used to detect the promoter methylation of the MGMT gene and loss of trans-
cription in glioma tissues. MGMT expression was examined by immunohistochemistry method. Results: The majority(72.2%) of tumors'
MGMT protein expressed positive in the group whose clinical endings are bad, but the positive rate is only 39.1% in the other group
whose clinical endings are relatively good. Among the 41 GBM samples, MGMT expressed in 22 samples, in which hypermethylation
was in 7 (31.7%) cases, while there was no MGMT expression in 19 samples, in which hypermethylation was detected in 14(73.7%) cas-
es. Spearman correlation coefficient was used to analyze the result. The relation was significant (P<0.05). Conclusion: The relationship
between the aberrant methylation of MGMT gene promoter and the expression of MGMT in glioma is significant. The promoter
hypermethylation of MGMT can elevate the sensitive of temozolomide through inhibiting the expression of MGMT gene.
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Fig.4 Electrophoretogram of the tissue which MGMT promoter hypermethylation and control groups. PS:MGMT promoter hypermethylation.
NS: MGMT promoter demethylation. NL: Lymphocyte of normal human blood (positive control of demethylation).P:Methylation of placenta tissue
(positive control of hypermethylation).M: MGMT promoter hypermethylation.U: MGMT promoter demethylation
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Table 1 The correlation of the treatment of temozolomide and the expression of MGMT protein
MGMT n MGMT n % n
Positive expression of MGMT(n) Negative expression of MGMT(n) Positive rate Total(n)
1(Group 1) 13 5 722 18
2(Group 2) 9 14 39.1 23
(Total) 22 19 41
2.5 MGMT MGMT 14 MGMT
MGMT 73.7% spearman
22 7  MGMT P<<0.05 2 MGMT
31.8% MGMT MGMT -
2 MGMT MGMT
Table 2 The correlation of the expression of MGMT protein and Hypermethylation of MGMT promoter
MGMT MGMT n Spearman
Expression of MGMT Correlation coefficient of
Protein The promoter of MGMT Total n Spearman
n n
Hypermethylation(n) Demethylation n
(Positive) 7 15 22 0.04
(Negative) 14 5 19
(Total) 21 20 41
3
3.1 MGMT 1 2
MGMT
MGMT 72.2%
1 6 MGMT 39.1% P<<0.05
2 6 12 MGMT °
1 2 (112
DNA
1 18 ( N N )
6 2 1 DNA DNA
2 5 MGMT 2
DNA  O%
DNA °
[7.8]
MGMT
o1 MGMT Me-
1 - Mex- MGMT
1 Mer+ Mex+ o
2 . Mer- Mex-



www.shengwuyixue.com Progressin Modern Biomedicine Vol12 NO.8 MAR.2012

. 1475 .

,Mer+ Mex+ s
MGMT °
"MGMT
MGMT o
MGMT “ ;
, MGMT
(TMZ) DNA o°
, MGMT DNA
) - N
MGMT MGMT
3.2 MGMT
MGMT
MGMT
7 MGMT
31.3% MGMT 1
11 MGMT
78.6% MGMT
MGMT o
MGMT ,
TATA CAAT GC
) 90%., MGMT
s' GC o
5
o MGMT ,
CpG o
MGMT ,
MGMT CpG ,
, . Esteller [ 524
MGMT MGMT
. MGMT S
(IHC)
MGMT MGMT , 13
MGMT (92%)
MGMT R MGMT
(94%) MGMT, MGMT
CpG MGMT
. Pulling [ (Meth-
ylation-specificPCR,MSP) IHC MGMT
MGMT MGMT
51% MSP  IHC
83% MGMT
MGMT °
MGMT MGMT

DNA

3.3 MGMT
MGMT

° DNA
( NN . )
Ramirez!'"! Weave™® DNA

Balana ! Ramirez 2, M-
GMT

References

[1] Rekers NH, Sminia P, Peters GJ. Towards tailored therapy of glioblast-
oma multiforme[J]. ] Chemother, 2011, 23(4):187-199

[2] Haar CP, Hebbar P, Wallace GC, et al. Drug Resistance in Glioblasto-
ma: A Mini Review[J]. Neurochem Res, 2012

[3] Zhang J, Stevens MF, Bradshaw TD. Temozolomide: Mechanisms of
Action, Repair and Resistance[J]. Curr Mol Pharmacol, 2011, 24

[4] Fu D, Calvo JA, Samson LD. Balancing repair and tolerance of DNA
damage caused by alkylating agents[J]. at Rev Cancer, 2012 12. doi:
10.1038/nrc3185

[5

[k}

Gouws C, Pretorius PJ. O°-methylguanine-DNA methyltransferase (M-
GMT):
Hypotheses, 2011, 11, 77(5):857-860

Zhang YP. Study on MGMT assay and tumor individual predictable
chemotherapy[J]. Chinese Journal of Cancer, 2004, 23(6):724-734

can function explain a suicidal mechanism [J]? Med

(6

—_

[7

—

Freson K, Izzi B, Van Geet C. From genetics to epigenetics in platelet
research[J]. Thromb Res, 2011, 10

[8] Madrigano J, Baccarelli A, Mittleman MA, et al. Aging and epigeneti-

[

cs: Longitudinal changes
Epigenetics, 2012, 7(1): [Epub ahead of print]
Polisetty RV, Gautam P, Sharma R, et al. LC-MS/MS analysis of diffe-

in gene-spe cific DNA methylation [J].

[9

—

rentially expressed glioblastoma membrane proteome reveals altered
calcium signalling and other protein groups of regulatory functions[J].
Mol Cell Proteomics, 2012-2014
[10] Golubovskaya VM, Cance W. Focal adhesion kinase and p53 signal
transduction pathways in cancer[J]. Front Biosci, 2010 6;15:901-912
[11] Quillien V, Vauléon E, Saikali S, et al. MGMT analysis in gliomas
[J]. Bull Cancer, 2011, Mar 1, 98(3):291-303
[12] Felsberg J, Thon N, Eigenbrod S, et al. Promoter methylation and ex-
pression of MGMT and the DNA mismatch repair genes MLHI, MS-
H2, MSH6 and PMS?2 in paired primary and recurrent glioblastomas
[J]. Int J Cancer, 2011, 8, 129(3):659-670
1494



. 1494 .

www.shengwuyixue.com Progressin Modern Biomedicine Vol12 NO.8 MAR.2012

(References)

[1] Ralf F. Bischoff, Herwig Ponstingl. Catalysis of guanine nucleotide
exchange on Ran by the mitotic regulator RCC 1[J]. Nature, 1991, 354
(6348):80-82

(2] ) )

,2004, 26(3):6-9
Cao Yun-kao, Zhang Gui-xue, Chen Da-yuan, et al. GTPase Ran and i-
ts biological role[J]. Journal of Cell Biology, 2004, 26(3):6-9(In Chin-

. GTPase Ran [J].

ese)
[3] Karsten W. Regulating access to the genome:nucleocytoplasmic trans-
port throughout the cell cycle[J]. Cell, 2003, 112(11): 441-451
[4] Alex M, Erin C.Towards a quantitative understanding of mitotic spind-
le assembly and mechanics[J]. Cell Science, 2010, 123(20): 3435-3445
[5] Athale CA, Dinarina A, Mora CM, et al. Regulation of microtubule dy-
namics by reaction cascades around chromosomes [J]. Science, 2008,
322:1243-1247

[6

=

Dinarina A, Pugieux C, Corral M. M, et al. Chromatin shapes the mit-
otic spindle[J]. Cell, 2009, 38: 502-513

Krister W, Kent LR, Channing JD, et al. The Ras superfamily at a
glance[J]. Journal of Cell Science, 2005, 118: 843-846

Koichi A, Tetsuro S, Hiroko T, et al. Ran,a Small GTPase Gene, Enco-

(7]

(8]
des Cytotoxic T Lymphocyte (CTL) Epitopes Capable of Inducing HL-
A-A33-restricted and Tumor-Reactive CTLs in Cancer Patients[J]. Cli-
nical Cancer Research, 2004, (10):6695-6702

Jesse CG, Kerry B. Microtubule motors in eukaryotic spindle assembly
and maintenance[J]. Semin.Cell Dev. Biol, 2010, 21:248-254

]

[10] Gatlin JC, Matov A, Danuser G,et al. Directly probing the mechanical
properties of the spindle and its matrix[J]. Cell Biol, 2010, 188:481-

489

Goshima G, Kimura A. New look inside the spindle: microtubule-de-

(1]

pendent microtubule generation within the spindle[J].Curr. Opin. Cell

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20

[21

]

]

Biol, 2010, 22: 44-49

Needleman DJ, Groen A, Ohi R, et al. Fast microtubule dynamics in
meiotic spindles measured by single molecule imaging: evidence th-
at the spindle environment does not stabilize microtubules [J].Mol.
Biol.Cel, 2009, 21:323-333

Walczak CE, Cai S, Khodjakov A. Mechanisms of chromosome beh-
aviour during mitosis[J]. Nat. Rev. Mol. Cell Biol, 2010, 11, 91-102
Liu D, Vader G, Vromans MJ. Sensing chromosome bi-orientation by
spatial separation of Aurora B kinase from kinetochore substrates[J].
Science, 2009, 323:1350-1353

Emberley ED, Gietz RD, Campbell JD, et al. RanBPM interacts with
psoriasin in vitro and their expression correlates with specific clinical
features in vivo in breast cancer[J]. BMC Cancer, 2002, 2:28-34

Fang X, Pedro MC, Thomas MG, et al. A Survivin-Ran Complex Re-
gulates Spindle Formation in Tumor Cells [J]. Molecular and cellular
biology, 2008: 5299-5311

Kimi H, Ichiro T, Ryo M, et al. Screening of potential molecular targ-
ets for colorectal cancer therapy [J]. International Journal of General
Medicine, 2009,2:243-257

Li SR, Gyselman VG, Dorudi S, et al. Elevated levels of RanBP7 m-
RNA in colorectal carcinoma are associated with increased proliferat-
ion and are similar to the transcription pattern of the protooncogene
c-myc[J]. Biochem Biophys Res Commun, 2000, 271:537-543
Karsten W. Regulating Access to the Genome: Nucleocytoplasmic
Transport throughout the Cell Cycle[J]. Cell, 2003, (112): 441-451
Carter SL, Eklund AC, Kohane IS, et al. A signature of chromosomal
instability inferred from gene expression profiles predicts clinical ou-
tcome in multiple human cancers[J]. Nat. Genet, 2006, 38:1043-1048
Hideyuki A, Takao K, Hiromichi S, et al. High expression of Ran G-
TPase is associated with local invasion and metastasis of human clear

cell renal cell carcinoma [J]. Int J Cancer, 2008, 122: 2391-2397

1475

[13] Hegi M E, Diserens A C, Gorlla T, et al. MGMT gene silencing and

—

benefit from temozolomide in glioblastoma [J]. N Engl J Med, 2005,
352(10): 997-1003

[14] Hegi M E, Diserens A C, Godard S, et al. Clinical trial substantiates

[}

the predictive value of O°-methylguanine-DNA methyltransferase pr-
omoter methylation in glioblastoma patients treated with temozolom-
ide[J]. Clin Cancer Res, 2004, 10(6): 1871-1874

[15] Esteller M, Hamilton S R, Burger P C, et al. Inactivation of the DNA

[}

repair gene Of-methylguanine-DNA methyltransferase by promoter
hypermethylation is a common event in primary human neoplasia[J].
Cancer Res, 1999, 59(4): 793-797

[16] Pulling L C, Divine K K, Kllnge D M, et al. Promoter hypermethylat-

[}

ion of the O°-methylguanine-DNA methyltransferase gene: more com-

mon in lung adenocarcinomas from never-smokers than smokers and

(7

[18

[19

[20

—

]

]

[t}

associated with tumor progression [J]. Cancer Res, 2003, 63 (16):
4842-4848

Ramirez JL, Taron M, Balana C, et al. Serum DNA as a tool for canc-
er patient management[J]. Rocs Akad Med Bialymst, 2003, 48: 34-41
Weaver KD, Grossman SA, Herman JG. Methylated tumor-specific
DNA as a plasma biomarker in patients with glioma [J]. Cancer
Invest, 2006, 24(1): 35-40

Balana C, Ramirez J L, Taron M, et al. O°-methylguanine-DNA meth-
yltransferase methylation in serum and tumor DNA predicts response
to 1,3-bis(2-chloroethyl)- 1-nitrosourea but not to temozolamide plus
cisplatin in glioblastoma multiforme[J]. Clin Cancer Res, 2003, 9(4):
1461-1468

Ramirez J L, Taron M, Balana C, et al. Serum DNA as a tool for can-
cer patient management [J]. Rocz Akad Med Bialymst, 2003, 48:
34-41



