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Among gliomas, glioblastoma is the most severe malignant brain tumor. Although the first choice for
chemotherapy is the alkylating agent temozolomide, it remains insufficiently efficacious. In particular, the
antitumor effects of temozolomide and of other alkylating agents are reduced by the expression of O%-
methylguanine-DNA methyltransferase (MGMT), which removes the methyl group from O°-methylguanine.
Thus, in patients who express MGMT, temozolomide is less effective and the 2—year survival rate is one—
third lower than in patients who do not express MGMT. Therefore, the purpose of this study was to establish
a screening system for new MGMT inhibitors, which would enable us to develop temozolomide-combination
chemotherapy against temozolomide-resistant glioblastoma. First we investigated the sensitivity of
temozolomide in human glioblastoma cell lines—MGMT-positive cells (T98G) and MGMT—negative cells
(U87MG)—by using water—soluble tetrazolium salt 8 and colonogenic assays. The 50% effective
concentration of temozolomide was 390 1t M in T98G cells and 28 1t M in US7MG cells. These data suggest
that the sensitivity of temozolomide in MGMT-expressing T98G cells was about one—twentieth lower than
that in non—-MGMT-expressing U87MG cells. Interestingly, the protein level of MGMT was markedly
decreased by the MGMT inhibitor lomeguatrib. Next, we analyzed the cytotoxicity of the combination of
temozolomide and lomeguatrib. We found that the sensitivity of the combination of temozolomide and
lomeguatrib in T98G cells was 45 times greater than that of temozolomide alone. These results suggest that
our direct cell-based method is useful for screening candidates for inhibiting MGMT. We are now using the
cell-based screening system to search for and create effective new MGMT inhibitors.

(Tokyo Jikeikai Medical Journal 2016;131:141-7)
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Fig.1. Chemical structure and action mechanisms of TMZ.

(Nu = nucleophilic centre on DNA)

(A) The structure of Temozolomide (TMZ). (B) The action mechanisms of TMZ. TMZ undergoes spontaneous breakdown to
form monomethyl triazene 5—-(3—-methyltriazen—1-yl)-imidazole-4-carboxamide (MTIC). MTIC reacts with water to liberate
5-aminoimidazole-4-carboxamide (AIC) and the highly reactive methyldiazonium cation.
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Fig.2. Chemical structure of Lomeguatrib (LOM).
The structure of Lomeguatrib (LOM).
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Fig.3. Protein levels of MGMT in T98G and U87MG cells.
The protein levels of MGMT and GAPDH were analyzed
by western blot analysis. Cell lysates of T98G and
UB7MG cells were subjected to 12% SDS-PAGE,
followed by immunobloting with antibodies against
MGMT and GAPDH. The protein level of GAPDH was
used as an internal control.

Table 1. Antitumor activities of TMZ in human glioblastoma cell
lines, T98G and U87MG cells.

MGMT ECso(pM)
WST Colony formation
TI8G + 390 420
UB7TMG - 28 N.D.

Effects of TMZ on cell viabilities in human glioblastoma cell
lines, T98G and U87MG cells, were evaluated by WST-8 and
colonogenic assays.

N.D.; not detected
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JEIZxd % TMZ D ECso 13, 31241390 uM &
28 UM TdH o7z (Table 1). F/z, IO=—JEKL
HEIZ L B, TI8G (MGMT+) HIBZIZ X T % TMZ
DECs i1, 420 M TH > 7. L L, USTMG
(MGMT-) #ifalZ, J0=—BREEIMENE®D, T
DF51E T D ECs fE DT I HIH 7R/ > 7= (Table 1).
INSDOFERNS, MGMTO FEHIZ L - T,
TMZ OFUEBEIRITBET S N D Z EAVR I N,
2. EbHERBFIEMBKTISGHREICK T S
LOM B3 BB DRI TE IC R (T T &

IO —FREICE D, T9SG (MGMT+) Hilig
2% L CLOM % HMULEE U /= #E 2R % Fig. 4A 1Z7R
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Fig.4. Anticancer activities of the single treatment with LOM in
T98G cells.
The effect of LOM in MGMT-expressed T98G cells
was evaluated by colonogenic assay. (A) T98G cells
were treated with the indicated concentrations of LOM.
The level of colony formation in non-treated cells (NT)
was assigned as 100%. Values are mean = SE for two
independent experiments in duplicate. (B) The change of
MGMT protein level by the treatment of LOM in T98G
cells. The protein levels of MGMT and GAPDH were
examined by western blot analysis. T98G cells were
treated with vehicle (NT, nontreated) or LOM (indicated
concentration) for 72 hr. Cell lysates were subjected
to 12% SDS-PAGE, followed by immunobloting with
antibodies against MGMT and GAPDH. The level of
MGMT protein was represented by the ratio of MGMT
density to GAPDH density relative to the non—treated
stage. The protein level of GAPDH was used as an
internal control.
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0.01, 0.1, 1 pM) ZOFHAEEL, 10 H MRS
#L/Z. TOFEE, TMZ 200 yM &ELOM 1 uM &
DOOFRITE D, TMZIZ K 2 Hl i 3 5E 30 ] 50 5 A3
0= —JERLEET, TMZBEMALEEEFD 96 %7 5
2% ETITWAL, ZOOFAZIRITH 45 518
INDHZENHSNTIED .
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Fig.5. Anticancer activities of the combination of TMZ with
LOM in T98G cells.
T98G cells were treated with TMZ 200 uM and versions
concentrations of LOM. The colony formation assay
was performed and the relative values were calculated
at each sample. (A) The level in non—treated cells (NT)
was assigned as 100%. Values are mean £ SE for two
independent experiments in duplicate. (B) The level of
colony formation in TMZ-treated cells without LOM
(TMZ alone) was assigned as 100%.
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L], A DML LIZA 7 ) —Z 2 FHEDZY
239 % 72912, MGMTILZE(LEMmEL T
HKENTNWBLOMZRY T 1 THBILEY &
L, MGMT¥E] b b #2125 I Hl ik (T98G)
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HMGMTIZHEE L TR b S b &, Z DA,
TV —LRDMEEHL T, MGMT% > /%7
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MICE>T, TMZD X S 787 )L FILLHI D %h#
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Z&ET, DEOHBEZHEELLT, TMZEDf
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9B Z & T, TMZ Ol el 34 5 400 il 2 S & kg
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