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[ Abstract] Background and purpose: Temozolomide (TMZ) is the only drug available for the treatment
of glioblastoma, and O°-methylguanine-DNA methyltransferase (MGMT) promotor methylation is the only gene for
prediction of the sensitivity of TMZ in glioblastoma patients. However, detecting the status of MGMT gene methylation
alone is not sufficient for evaluating the sensitivity to TMZ. One reason is that the current MGMT detection is
qualitative and it is not quantitative. Another reason is that detection of MGMT gene methylation just reflects one of
the three DNA repair pathways. The other two repair pathways are not tested. Methods: In this study, we used high
resolution melting (HRM) analysis to qualify the methylation status of the patients’ samples, and then measured mRNA
levels of N-methylpurine DNA glycosylase (MPG) and human alkane hydroxylase gene homolog 2 (4LKBH?2) in the
other two pathways by polymerase chain reaction (PCR). Furthermore, the expression levels of MPG and ALKBH?2
were divided into high and low expressions, respectively. Results: We found that patients with triple positive test
results were more resistant to TMZ whereas patients with triple negative test results were more sensitive to TMZ.
The results were consistent with the survival data. Patients with triple negative test results survived the longest, while
patients with triple positive test results survived the shortest. Conclusion: Our results suggest that this novel method
may predict TMZ sensitivity more precisely in glioblastoma patients.

[Key words] Temozolomide; O°-methylguanine-DNA methyltransferase; N-methylpurine DNA glycosylase;
Alkane hydroxylase gene homolog 2
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Fig. 1 DNA damage sites induced by TMZ

DNA damages are usually divided into major damages and minor ones. The major damages are at the sites of O°-meG and N’-meA/ N’-meG. The
minor damages are at the sites of N'-meA and N°*-meC. MGMT directly repairs the damage at the site of O°-meG. MPG repairs the damage at the sites
of N’-meA and N'-meG through BER. ALKBH? directly repairs the damage at the sites of N'-meA and N’-meC
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O, IACKH B ) 28 1K 8 ## 25 100 wmol/L, i
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IR, R RS R B 10 pmol/L, 5
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SEAFDENGERPCR (real-time fluorescent quantitative
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A5 ) 5 WGEMEAKS.3 pL; AHFHDNA
1 uL, 20 ng, BARFL15.0 pL., KWV FETF I HE .

FHIADNAZEPEYS €, 2 min, 1M, 284k
95 °C, 10 s; B K/AEKG60 °C, 30s, 45MEHF;
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TCCGGCGACTTCC-3", a8 4% -H
5"-CTTGTCTGGGCAGGCCCTTTGC-3",
ALKBH2WIE 05975 45’ -GCTGGGCTGAC
CTACACATT-3", RIa81¥F5] k5 -TGCCGG
AAGACAAAGTCTCT-3", FHF¥ N =6
2 H i EE i =8 ( glyceraldehyde-3-phosphate
dehydrogenase, GAPDH ) F:H B IE 751 955
$15°-AGATCATCAGCAATGCCTCCT-3", K [a5]
Y% 5175’ -GGTCATGAGTCCTTCCACGA-3’,
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3T
1.8 ZEitFAiE

i FISPSS 2004 F it 7 geit=A00 b, i
MGMTW AL . MPGHIALKBH2 mRNAZK L E
TMZ 25 W)U R A &M . FHGraphPad Prism#X
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KAt (50% ) trAJCH E4k CBIPE) |, 44
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1, E2) .

*1 MGMTRELHER
Tab.1 The results of MGMT promotor methylation

Samples MGMT promotor methylation
1 unmethylated (positive)

2 unmethylated (positive)

3 unmethylated (positive)

4 methylated (negative)

5 methylated (negative)

6 methylated (negative)

7 methylated (negative)

8 unmethylated (positive)

The unmethylated (positive) MGMT promotors are shown in samples (1,
2, 3 and 8) and the methylated (negative) MGMT promotors are shown

in samples (4, 5, 6 and 7)

ES
The relative fluorescent
differences

he relative 1l

(o]

The relative fluorescent

The relative fluorescent
differences

:. :ﬁ [
Temperature #/°C

2 MGMTREWLHEENH

Fig. 2 Quantitative analysis of MGMT promotor methylation

The HRM analysis method was used to analyze the methylation status of MGMT promotor in the eight samples of glioblastoma patients quantitatively.
A: The standard curve of HRM analysis. This curve reflected its percentage deviation according to the relative fluorescent differences of each sample.
The 0% difference means methylation was negative. Samples (P1, P2, P3 and P8) showed 0% difference and it means that there was no methylation
of the MGMT promotor in each sample. B, C, D: Samples (P4, P5 and P6) were located within 5%-15% range indicating their MGMT promotors were
methylated mildly. E: Sample 7 was located within 25.0%-37.5% indicating its MGMT promotor was highly methylated
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Fig.3 The expression of MPG mRNA

The quantitative PCR was used to measure the expression of MPG
mRNA in eight glioblastoma samples. The GAPDH of normal brain
was suggested as one, and each sample was divided by its own GAPDH
value. The bar graphs were made according to the divided results. The
value 10 was indicated as the highest of expression. The value above
5 means the expression was positive, and the value below 5 means the
expression was negative. MPG expression were negative in samples (P1,
P3, P6 and P8), and MPG expression were positive in samples (P2, P4,
PS5 and P7)

100 «=d. Triple positive
«=dee Triple negative
8
o
- i
s 50
]
:
7]
0 T T 1
0 200 400 600 800

t/d
B 5 Z=PREM=FAERENETRE
Fig. 5 The survival curves of triple positive and triple negative
patients

The blue curve was the survival time of the triple negative patient (P6),
and it was around 600 d. The red curve was the survival time of the
triple positive patient (P2), and it was around 300 d

(IR o K IAEAS R P b H ALKBH2 mRNA
P FRIR WA . FRATTH IEH 2 GAPDH A&
KA, RIGHS MR ALKBH2 mRNAY
GAPDHHARR, VPR mFRE NS5, 2.500 L BHYE
FKik, 25U MRS,
24 RERBEENEEHZ

Bt 1 T 8B, ARYE AT A AE T R 2
T =M (I iisht) M=t (i) B
M AAF IR, & B = BAPE B i AR A (el B g
T RS (E3~5, R2) .

—T=

The expression of mRNA
S = N W A W

E—J
= e | 1
P1 P2 P3 P4 PS5 P6 P7 P8

B 4 ALKBH2 mRNAH %A
Fig. 4 The expression of ALKBH2 mRNA

The quantitative PCR was used to measure the expression of ALKBH2
mRNA in glioblastoma samples. The GAPDH of normal brain was
suggested as one, and each sample was divided by its own GAPDH
value. The bar graphs were made according to the divided results. The
value 5 was indicated as the highest of expression. The value above 2.5
means the expression was positive, and the value below 2.5 means the
expression was negative. ALKBH? expression were negative in samples
(PS5, P6 and P8), and ALKBH? expression were positive in samples (P1,
P2, P3, P4 and P7)

F2 TMZEEEER
Tab.2 The results of TMZ sensitivity

Patient =~ MGMT MPG ALKBH? Sensitivity

7 Negative Positive Positive Not sensitive

6 Negative ~ Negative  Negative The highest sensitive
4 Negative  Positive Positive Not sensitive

5 Negative ~ Positive ~ Negative  The lower sensitive

1 Positive ~ Negative  Positive Not sensitive

2 Positive Positive Positive  The highest resistant
3 Positive ~ Negative Positive Not sensitive

8 Positive ~ Negative  Negative  The lower sensitive

Results of patient 6 (triple negative) indicated it was the highest
sensitive one to TMZ. Results of patient 2 (triple positive) indicated he
had the highest level of resistance to TMZ. Results of patients (1, 3, 4
and 7) indicated they were not sensitive to TMZ, and patients (5 and 8)
were lower sensitive to TMZ
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dehydrogenase, IDH ) ZE75 i 4 Mox e B2k y 7
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