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Background: O°-methylguanine-DNA methyltransferase (MGMT) gene promoter methylation is
currently the most promising predictive marker for the outcome and benefit from temozolomide
treatment in patients with glioblastoma, but there is no consensus on the analysis method for as-
sessing the methylation status in the molecular diagnostic field. The objective of this study was to
evaluate methylation-specific polymerase chain reaction (MSP) and pyrosequencing methods for
assessing MGMT gene promotor methylation of glioblastoma as well as assessing the MGMT
protein expression by immunohistochemistry. Methods: Twenty-seven cases of glioblastoma from
the archives at the Department of Pathology Konkuk University Hospital were selected. MGMT
promoter methylation was evaluated by MSP and the pyrosequencing methods. The MGMT ex-
pression was also measured at the protein level by immunohistochemistry. Results: Overall, MGMT
hypermethylation was observed in 44.4% (12/27 cases) of the case of glioblastoma using either
MSP or pyrosequencing. The concordant rate was 70.3% (19/27 cases) between MSP and pyro-
sequencing for MGMT methylation. There was no correlation between MGMT methylation and
the protein expression. No significant differences in progression free survival and overall survival
were seen between the methylated group and the unmethylated group by using either MSP or
pyrosequencing. The status of the MGMT protein expression was correlated with progression free
survival (p=0.026). Gonclusions: In this study the concordance rate between MSP and the pyro-
sequencing methods for assessing MGMT gene promotor methylation was relatively low for the
cases of glioblastoma. This suggests that more reliable techniques for routine MGMT methylation
study of glioblastoma remain to be developed because of quality control and assurance issues.

Key Words: Glioblastoma; MGMT protein, human; Pyrosequencing; Methylation-specific polymerase
chain reaction; Temozolomide
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FYFo) 109(37%), FZ KT AR ool 13.7m% o, ==
A= 1701(62.9%) HFoll A AA| EF AA7} 7}—91*@(% e D).
T AT AR RO} HERE|E ROk FAof w2
T BT HRERN]E FoRS uke: 7] 189](66.7%), WAMAIA]
G 7|} SFR) 2k e SR} 600)(22.2%), T2 1L ko] Aul
2 A7} EA] kot opit A7 Ik WhA] ok B} 36(11.1%) %
(Table 1).

Table 1. Clinical data of the 27 cases of glioblastomas

Patients n=27
Age (range, yr) 52.3 (16-82)
Sex

Male 15 (55.6)

Female 12 (44.4)
Symptom

Headache 9(33.30)

Weakness 9(33.30)

Memory loss 5(18.50)

Seizure 3(11.10)
Tumor location

Left 10 (37)

Right 16 (59.3)

Both 1(3.7)
Extent of surgery

Gross total resection 17 (62.9

Others 10 (37.1)
Initial treatment after surgery

RT+TMZ followed by TMZ alone 18 (66.7)

Other 6(22.2)

No treatment 3(11.1)
Follow-up, averge (range, mo)

All patients 16.3 (2-42)
Final event

Dead 8(29.6)

Alive 7(25.9)

Die of others 13.7)

Lost 11 (40.7)

Values are presented as number (%).
RT, radiotherapy; TMZ, temozolomide.
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MSPRo|| SJsf MGMT = HE o] w|Es} /dw(methyl-MSP)
1204(44.4%), 2 *J-unmethyl-MSP)-2 159|(56%) $=Tl|(Table 2), &
o bl A, AW, FoFel Aol YA19] Aol figithdata not
shown).

IE pyrosequencing A A] Z} O}l WA ELE0] MGMT 2 5
8 WEshs 137 CpG 2 H-9j9] wls ol thet Ha-S 7915
11, o5 W EshlE S (average methylation percentage)©|2}
BRIk 71 A A 277 FFollA B 137 CpG F-919] Hat
HESPNES-2 methyl-MSP} unmethyl-MSP<- AFoJof| A -]t
Z}o]E BYTH319+207 vs 95+5.3) (Table 2). 7L2]3L 13742] CpG
9 5 871 CpG H-7T methyl-MSP} unmethyl-MSP Ako]of|
FAHLZ STk Table 2).

3HH 7 Z9Fof| A pyrosequencing®]] I3t MGMT = 2 1 E] |
s} ol w5 H27)0) aoesh gl ohg 05% 4
B72k9] AHEAIE cuofl 42 3] BekIsITE? & ] of
2olH MGUT TEisle] BRI B 1266
H2} 7500, 95% A7) AFSHA = 15.1%Th whebA 151%
£ cutoff =2 2 8107 15.1% 0|42 HES}H(methyl- pyrosequenc-
ing [PS]), 15.1% "7 H]HE S} (unmethyl-PS) 2. 2 A5}tk

olof w=H HA| 270 5 12¢](44.4%6)7} H|E S (methyl-PS)]
1, 1590(55.6%)7} v E S}t unmethyl-PS)O]QITHTable 3). 1]

L A 1371 CpG F-91 B gt et Eabl -5 methyl-
PS4 329%, unmethyl-PSw-o| 4] 87%= THEE|ATHTable 3).
137} CpG H-9 % 107§ CpG F-7} methyl-PSw=2} unmethyl-PS
= Apolof A F-2J3E Aol S HATHp<0.05) (Table 3).

Methyl-MSP-9] 66.7%7} methyl-PSZ HE|Q13L, unmethyl-

Table 2. Quantification of MGMT promotor methylation as assessed
by pyrosequencing for the groups analyzed using the MSP assay
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MSP-2] 73.3%7} unmethyl-PS2 2HE]Q) 01 MSPQ} pyrose-
quencing HHH-2-70.3% (1991 2] Lx]8-2 HIATH Table 4).

E&Qﬂ}_&]g}-o]—oﬂxﬂqv\—].‘; MGMT ©h Jh&o] = S 00] 69
(22.2%), 5 1 (FF2] 25% ol W&)o] 144(519%), 12|31 5+
2 (FFY 25% Ol )7L 700)(259%) ST HFig. 1. 3HH methly-
MSPZOI A S 02 25%0]1, unmethyl-MSPo| 4] -2 0-2 20%
2 5 3 ZF MGMT ol HFE 0] Zjol= Holx| ARkth(p=0.168)
(Fig. 2A). I pyrosequencing®]| 2]t methyl-PSw-ofl 4] MGMT H<
AL 54 00] 33.3%0] 2L, unmethyl-PStHof| A= 5 00] 13.3%
2 o2 BSioL] BAROE $9IaH USITHp=013) (Fig
2B).
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Table 3. Analysis of MGMT promotor methylation using pyrose-
quencing

Cutoff value (15.1%)?

Cases Total Methy-PS  Unmethyl-PS  P-value®
(n=27)  (n=12,44.4%) (n=15, 55.6%)
CpG1 1714258 3442306 3262 0.01
CpG2 364252 534+248  221%15 0
CpG3 225+232  402+228 84103 0
CpG4 275+28  491%266  10.1x13.1 0
CpG5 242273 464252  64x112 0
CpG6 254+205 358+19.4 172179 0016
CpG7 1174215 2384272  21+45 0.041
CpG8 3524196 4294233  28.9+14.1 0.075
CpG9Y 1754207 268+246  95+123 0067
CpG10 984202 21.1£266  08%25 0.005
CpG11 78+19.8 1594281 13+29 0.217
CpG12 764164 1554223 12432 0.025
CpG13 1124224 2244303  2.3+4 0.075
AlCpGs  195+181 3294197  87+44 0

Methyl-MSP  Unmethyl-MSP

Cases (nT?t;) (h=12) (h=15) p-value®
- (44.4%) (65.6%)
Pyrosequencing®
CpG1 17.1+258  34.3+30 32+841 0.003
CpG2 36+25.2 52+26.3 232+15.6 0.006
CpG3 225+232  37.3+259 10.7+11.7 0.003
CpG4 27.5+28 47+295  11.9+134 0.001
CpGb5 242+27.3 44+28.3 8.3+12.5 0
CpG6 254+205  314+216 20.7+19 0.256
CpG7 11.7+215  23.8+27.2 21145 0.041
CpG8 35.2+19.6 42+234  29.7+145 0.356
CpG9 17.5+20.7  29.8+23.4 6.5+10.2 0.004
CpG10 9.8+20.2 19.8+27.3 18145 0.032
CpG11 7.8+19.8 16.3+27.9 1+2.7 0.83
CpG12 7.6+16.4 13.7£22.6 2.7+6.2 0.39
CpG13 112+22.4 23+29.8 1.7+37 0.21
All CpGs 19.5+18.1 31.9+20.7 9.5+5.3 0

3Average + standard deviation (%); °p<0.05, considered statistically signifi-
cant.

MGMT, O5-methylguanine-DNA methyltransferase; MSP, methylation-spe-
cific polymerase chain reaction; Methyl-MSP, methylated by MSP assay;
Unmethyl-MSP, unmethylated by MSP assay.

All data, average + standard deviation (%).

2>95% reference range (mean normal brain + standard deviation) for non-
neoplastic brain; °p<0.05, considered statistically significant.

MGMT, O°f-methylguanine-DNA methyltransferase; PS, pyrosequencing;
Methyl-PS, methylated by pyrosequencing; Unmethyl-PS, unmethylated by
pyrosequencing.

Table 4. Concordance rate between MSP and pyrosequencing

Cases (n=27) Methyl-MSP (n=12)  Unmethyl-MSP (n=15)

Cutoff value? (=15.1) (<156.9)
Methyl-PS (n=12) 8(29.6) 4(14.8)
Unmethyl-PS (n=15) 4(14.9) 11 (40.7)

Cutoff value® (=9 (<9)
Methyl-PS (n=19) 12 (44.4) 7(25.9)
Unmethyl-PS (n=8) 0 8(29.6)

Values are presented as number (%).

2>95% reference range (mean normal brain + standard deviation) for non-
neoplastic brain; >95% reference range (mean normal brain + standard
deviation) for nonneoplastic brain [6].

MSP, methylation-specific polymerase chain reaction; Methyl-MSP, methyl-
ated by MSP assay; Unmethyl-MSP, unmethylated by MSP assay; Methyl-
PS, methylated by pyrosequencing; Unmethyl-PS, unmethylated by pyro-
sequencing.
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qlom, 2717t 5 89(29.6%)7F A o &= APg8ERIaL 119)1(40.7%) 0|8t MoMT =2 WE| WE s} Aute} A EE-S Kaplan-Mei-
© 40l &7FsstAtk(Table 1. Z} MSP} pyrosequencing¥l=r er 3410 2 95 uf) A4 f-o/do] QIItk(Table 5, Fig. 3A, B).
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Fig. 1. The O°-methylguanine-DNA methyltransferase (MGMT) pro-
tein expression by immunohistochemistry. (A) Grade 0, no expres-
sion of MGMT protein in the tumor cells except for infiltrating lym-
phocytes or endothelial cells. (B) Grade 1, nuclear expression of
MGMT protein in less than 25% of the tumor cells. (C) Grade 3, nu-
clear expression of MGMT protein in more than 25% of the tumor
cells.

Methylation status by MSP Methylation status by pyrosequencing

Cutoff value 15.1% MGMT IHC
66.7% 58.3% 467% 0o
8r m 1
m 2
6 L
40% 40%
6 n
[0
2 8
8 5 4f
o 4f 2
2 20%
2 L
2 L
0 0
Methylated Unmethylated Q Methylated Unmethylated e

Fig. 2. Relationship between the O°f-methylguanine-DNA methyltransferase (MGMT) protein expression and MGMT promotor methylation as
assessed by methylation-specific polymerase chain reaction (MSP) (A) and pyrosequencing (B) (MGMT immunohistochemistry, MGMT im-
munohistochemistry grades 0, 1 and 2). IHC, immunohistochemistry.
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Table 5. MGMT data and the survival analysis
Progression free survival average 5 Overall survival average
(95% Cl, mo) p-value (95% C, mo) p-value
Methyl-MSP (n=12) 14.5(9.4-19.8) 29.9 (24.5-35.3)
Unmethyl-MSP (n=15) 6.7 (4.5-9) 0.07 21.5(11.2-31.7) 0.198
Cutoff value 15.1%
Methyl-PS (n=12) 13 (7.4-18.6) 0.435 32.3(20.7-43.9) 0.14
Unmethyl-PS (n=15) 11 (5.6-16.3) 21.1 (13.7-28.6)
Cutoff value 9%
Methyl-PS (n=19) 13.2(8.8-17.6) 0.093 30.4 (21.6-39.3) 0.103
Unmethyl-PS (n=8) 4.8(3.3-6.3) 17.6 (7.3-28)
MGMT IHC?
0 26.8 (13.9-39.6) 0.026 26.8 (13.9-39.6) 0.928
1 23.8 (14.5-33.1) 23.8 (14.5-33.1)
2 20.8 (11.2-30.5) 20.8 (11.2-30.5)

Protein expression by immunohistochemistry: grade 0, 1, 2; p<0.05, considered statistically significant.
MGMT, O8-methylguanine-DNA methyltransferase; Cl, confidence interval; MSP, methylation-specific polymerase chain reaction; PS, pyrosequencing; Methyl-
MSP, methylated by MSP assay; Unmethyl-MSP, unmethylated by MSP assay; Methyl-PS, methylated by pyrosequencing; Unmethyl-PS, unmethylated by py-

rosequencing; IHC, immunohistochemistry.

HH methyl-MSP-©] unmethyl-MSP<o] H|3]| & ¢ 7] FLHAIE
&5 Helou), EAA golido] ¢1glal(p=0.07) (Table 5, Fig. 3C),
pyrosequencing'l2 ©]-§-3t w3} Auto] tfgh FHYEES 5
AHo g §-2544 erdth(Table 5, Fig. 3D). HY2AS}8FAALL)]
MGMT ©Hal b ol whe #4130 uf, We el Whgo] o
S8 FHAgEE] A EE =T ol FAXCE fofst
PO (p=0.020) (Fig. 3B), AAYEE-S 207} glISATHFig. 3F).
Dunn 50| pyrosequencing2- ©]-8-3] AJA|St H|ZEFA Wz
A cutoff 22 9% 5 7|02 B AARE B4 HIHE Table
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Fig. 3. Kaplan-Meier curve showing the O8-methylguanine-DNA methyltransferase (MGMT) promotor methylation status with the overall sur-
vival (A, B) and progression free survival (C, D). Kaplan-Meier curve showing the MGMT protein expression with the progression free survival
(E) and overall survival (F). MSP, methylation-specific polymerase chain reaction; PS, pyrosequencing; Methyl-MSP, methylated by MSP as-
say; Unmethyl-MSP, unmethylated by MSP assay; Methyl-PS, methylated by pyrosequencing; Unmethyl-PS, unmethylated by pyrosequenc-

ing.
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