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Abstract: [Objective] O°methylguanine DNA methyltranferase (MGMT) is one of the main mechanisms of chemoresistance for
alkylating agents in malignant glioma. Recent studies showed that glioma stem cells (GSC) was the main cause for tumor recurrence
and chemoresistance. This study aimed to explore the effects of interferon-a/ against MGMT-positive glioma stem cells, and to
investigate whether Interferon-a/B can enhance the efficiency of temozolomide and the possible mechanism. [Methods] Glioma cell
line U251 and SKMG-4, MGMT-negative in conventional culture, were induced through serum-free clone culture to get MGMT-
positive GSC U251G and SKMG-4G. CCK-8 assay was used to test the growth inhibition effect of temozolomide with interferon-a/3
against the MGMT-positive GSC. RT-PCR and Western blot analysis were applied to detect the MGMT and NF-kB expression in
MGMT-positive GSC administered by interferon-a/B.  [Results] GSC were successfully obtained from two parental glioma cell lines
U251 and SKMG-4, and MGMT expression in GSC was significantly increased determined by Western blot analysis. The chemotherapy
sensitivity of temozolomide was significantly enhanced by using interferon-a/ in vitro. The expression of NF-kB and MGMT in
MGMT-positive GSC decreased significantly in both mRNA and protein levels after using interferon-o/ through RT-PCR and
Western-blot tests. [ Conclusion] As to MGMT-positive GSC, interferon-a/ can enhance the sensitivity of temozolomide, and down-
regulate NF-kB expression, lower MGMT transcription expression and reverse the chemoresistance of temozolomide.
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Fig.1  Western blot analysis of MGMT in GSC and
glioma cells

Data are the mean ¥ + s of three independent experiments
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Fig.2 The growth inhibition effect of different group
drugs against the MGMT-positive GSC
Each bar represents the x +s from three independent experiments.

1)P < 0.05, compared with TMZ alone.
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Fig.3 NF-kB and MGMT mRNA expression in GSCs

administered by interferon

The results are representative of three independent experiments.
Co:control; A: TMI: B IFN —o; C: IFN ;D : TMZ +IFN - ; E: TMZ +
IFN-B
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Fig.4 NF-kB and MGMT protein expression in GSCs

administered by Interferon

The results are representative of three independent experiments.
Co:control; A; TMI: B:IFN —a; C: IFN -3 ;D : TMZ +IFN —a; E: TMZ +
IFN-B

LRI T, P, AT BRI SRR A Y
GSC J2Bs 1k e 52 A (i S

TEEEXS GSC RSP i ferp, A TEE R
TEMNIMIFR RS — TR, THIEE -k



372 FILRAE A (B2 R

H33E

NN T, BAPUREE IR A
i 0L A B RS S T RE S 2 AU E W T RE
Natsume 55:10% Bl IFN-B Bl 14 #47% ISGF3 iz 4%
Hm P53 FEH i sk 3Rk, AT MGMT 3Rk
NV B AT TEN-B B TMZ JA77 # RS 1
AU T B M RARLY . Colman 258 MRS & 3
i Bk 20 R AR B AR S R RUROT IS , fEH IFN-B
A AW 52 45 . Motomura 45 I BFFE 278 MGMT
Ja B AL R TMZ+IFN—B  J5 5 BE 28 97 1)
[ AR S
AT B 5% LL MGMT %% 3k FH % A9 GSC

(U251G SKMG-4G) MRl FRB LR e x)
GSCEAMER , Fr B ZWFFEXT GSC 1Y MGMT A4
TCREM | %o B i (1 Ak 7 RE 5 7 AE B RN 25
R, s T TR, GSC ik MGMT B i
AR, J-AEAZ I 2 0 B S 6 GSC A 4L
o AN FRAT T A INF-o 5 TFN-B 1EFIAHY | [
FERE A TN B ()78

FEHLFIF T, FRATRLI T 4% I F kappa B
(Nuclear factor kappa B, NF-kB)f1 MGMT, NF-«B
SEER R A R R GSC II4E A BN 2
[ 2 5 7 & 2 il MGMT 99575, Lavon
LRI HTE N R e T 988 A P AR e, NF -k B AT LA
S MGMT 2 (A R, 24 kR e fb 70 24
BT KBS MA TR RER G, &1k
Z W GSC F35 NF-kB . MGMT 7F mRNA & #&
KO- 1835 N, X $2 78 NF-kB 5 MGMT ik
AN 5 Lavon BOWFSE —20, Hen T4 E X8
B e AT 14 B BL R 0T BB 238 i R NF-xB
B, IR MGMT Y54 3635

SR, FeATTHORF ISt & 30, BIAE T4 KBRS 8
BEME AR, GSC H MOMT 235 JLT-IR 3], -
RGP ABAL 60% 47, $E7n MGMT FHPE ik 1
J& GSC i 25 () RN 22—, nl e A7 7E HoAth i i
EA 2R, A, TIE T NF-«B ¥
S, PETT MOMT 23K 055 1% AL A 78 T ik
— L RAIBFSE

SE
[1] Stupp R, Mason WP, van den Bent MJ, et al.
Radiotherapy  plus  concomitant and  adjuvant

temozolomide for glioblastoma[J]. N Engl J Med, 2005,
352(10): 987-996.

[2] Stupp R, Hegi ME, et al. Effects of

Mason WP,

(3]

(4]

(6]

(7]

(9]

[10]

[11]

[12]

radiotherapy ~ with  concomitant  and  adjuvant
temozolomide versus radiotherapy alone on survival in
glioblastoma in a randomised phase III study: 5-year
analysis of the EORTC-NCIC trial [J]. Lancet Oncol,
2009, 10(5): 459-466.

Groves MD, Puduvalli VK, Gilbert MR, etal. Two
phase Il trials of temozolomide with interferon —alpha2b
(pegylated and non —pegylated)  in patients with

recurrent glioblastoma multiforme [J]. Br J Cancer,

2009, 101(4): 615-620.

Park JA, Joe YA, Kim TG, et al
antiglioma effect with combined
interferon —beta [ J]. Oncol Rep, 2006, 16(6): 1253 -
1260.

Singh SK, Hawkins C, Clarke ID, et al. Identification
of human brain tumour initiating cells [J].
2004, 432(7015) . 396-401.

Pk, vhae, FE5e, S5 WU T 40 MR A0 i h
MGMT ik LA K 558 Bm il ) s 25 5C = P52 [T ). vk
[E 0 22 fifgE 235, 2011, 11(02). 107-114.

Huang Q, Dong J, Zhu YD, et al. Isolation and culture

Potentiation of

temozolomide and

Nature ,

of tumor stem cells from human brain glioma tissues[J].
Zhonghua Zhong Liu Za Zhi, 2006, 28(8): 331-333.
Liu G, Yuan X, ZengZ,
expression and chemoresistance of CD133+ cancer stem
cells in glioblastoma[ J |.Mol Cancer, 2006,5(1):67-69.
Natsume A, Ishii D, Wakabayashi T, et al. IFN-beta
down —regulates the expression of DNA repair gene
MGMT  and
temozolomide [ J ]. Cancer Res, 2005, 65(17): 7573 -
7579.

Colman H, Berkey BA, Maor MH,
Radiation Therapy Oncology Group trial of conventional

et al.  Analysis of gene

sensitizes resistant glioma cells to

et al. Phase II
radiation therapy followed by treatment with recombinant
interferon—beta for supratentorial glioblastoma: results of
RTOG 9710[J ]. Int J Radiat Oncol Biol Phys, 2006, 66
(3): 818-824.
Motomura K, Natsume A, Kishida Y, et al. Benefits of
interferon —beta and temozolomide combination therapy
for newly diagnosed primary glioblastoma with the
unmethylated MGMT promoter: A multicenter study[J].
Cancer, 2011, 117(8): 1721-1730.
Lavon I, Fuchs D, Zrihan D, et al. Novel mechanism
whereby nuclear factor kappaB mediates DNA damage
repair through regulation of O(6)-methylguanine—-DNA-
methyltrans —ferase [ J|. Cancer Res, 2007, 67 (18):
8952-8959.

(%% KEAE)



