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In silico MGMT

Discovery of specific inhibitor of MGMT against glioblastoma using in silico
screening method

Arai, Takao
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An alkylating agent, temozolomide (TMZ), is a standard chemotherapeutic drug
against malignant gliomas. Epigenetic silencing of the 06-methylguanine-DNA methyltransferase
(MGMT) gene promoter in tumor tissue from patients with malignant glioma is associated with improved
survival after treatment with TMZ. A specific inhibitor of MGMT, therefore may improve prognosis of
patients with malignant glioma. We extracted several MGMT inhibitory candidates from compound
libraries by using an in silico screening method. Based on the results of a cell-based screening
assay using a MGMT-positive human glioblastoma cell line * T98G" , we selected a papaverine
hydrochloride (PH) as an object for this study. The results of WST and colony formation assays
indicated that PH had an antitumor effect against not only T98G but also a MGMT-negative cell line
“ UB7MG” . A study using a subcutaneous tumor model of nude mouse indicated that a PH had an
antitumor effect against U87MG in vivo.

in silico drug repositioning MGMT



B X C—19, F—-19—1, Z—19, CK—19 @)

1. WFZERAR Y I DT 5

JEURS 1 JIb B 355 0D R Tl b BRI 0D o
TRIBEENE L, RS Cd 2 FiiT - B #in
W - AL A A G D T R IR AT
STEHETSH, B L TR W TR AL
LNTELT, REAM THROMD TEE
PRER Cd H, Temozoromide (TMZ) 1%, ##
B IEIZ & L CTAHMEDN R S e b 7
WMBZRIEAID D TH D08, ZNNihE+
% DNA 15 % X 05-methylguanine-DNA
methyltransferase (MGMT) I & » TIEHE i,
Z OHUIEFFNRITBET T 5, § 7255 MGMT
Z RGN CREAICIHE T 52 L8 T
SHE TMZ IS K DR 2R LS5 2
EINTEDLDEEZLND,

2. WHIEDHP

FRGRR B 2 L 6t 2 BT BRI E D B %8 &
L T, insilico AIHEFEZ T MGMT [
ke Elbam 7477 ) —hb 5§
% - #ifit L. drug repositioning (DR) Fik%
FACTHHEL MGMT iy 520 BH 5 346 2 A 11 7
DX ANTART 222 HME LT,

3. WD A
1) Al & AR

AWFFETIE, B b glioma cell lines T98G #fi
Jlea ik K OF UBTMG il ik 2 F VN 72, T98G i
IL. RPMI-1640 15Hi (Wako, #189-02025) .
USTMG i B 1X E-MEM 1% #1 ( Wako,
#051-07615) Tilluksa L7c, £ Thoks
HIZIX, 10% 7 PR iiiE (FBS, Biosera,
#FB-1061/500) . 1% X=+U -A FL 7 K
~A > (Wako, #168-23191) Z ¥ L CHl
HLT7,
2) WST assay

&M % 96 well plate (Z 1< 108 cells/well T
L, 24 PR ICH BRI S B, &
52 72 BF M # (2 Cell Counting Kit-8

(DOJINDO, #CK04) % 10 pL/well THANL

7%kl v 7 a7 L— kU —%—infinite
M200 (TECAN) % H\ T, WSR2 JIE L
7o
3) Colony formation assay

7V A —~<flld% 6 well plate (Z 200
cells/well THEFE L, 24 Br#4 10k 348 % 1R )
S¥7, 10 HRERRE . 4% T IEREE AL~
U CHIRAZEE L, 0.01% (wiv) 27U A%
WA F Ly TR EATH T2, B, 2
n=—HEit LT,
4) Western blot

FEEEMIEZ AL L, PBS T 2 [AI¥EH %,
s (260X g, 5min, 4°C) L. fifg~<L v b
215G, TN 10% B-ANH T b K ) —
/v (Wako, #135-07522) &4 laemmli ¥~
LNy 77— (Bio-Rad, #1610737) # N,
100°CC 8 ZfIM#EA L7z, ok £ 5 Rk
L. @ (15,000%g, 15min, 4°C) #%., k%
SDS-AR VU727 VT I R VERKBIEIC
K OfRAT LTz, 12%AR Y727 U7 I K7L

(Bio-Rad, Mini-PROTEAN TGX, # 4561045)
T, A sh R (5X10% cells H 2/
lane) % 200 V. 357y, FEXUkENZ L7z,
KR TR, X FTA1EICK %S PVDF A
TV DG EIT o, BEHROA LT L
VAR T 1 OB, A A 307 (wako,
#190-12865) =M\ 7 v v ¥ 7 BTV,
—WRPUIKR% 4°C T over night %, —WkPiik%
iR T LRSS /T, Z X7 B
X, Immobilon Western HRP Substrate Peroxide
Solution (MILLIPORE, #WBKL-00-500) %
VT, ChemiDoc MP Imaging System (Bio-Rad)
TITo7, —IRPUAIL, anti-MGMT antibody

(CST, #2739, 1:1000) , & % \\ M anti-GAPDH
antibody (TREVIGEN, #2275-PC, 1:20,000) #
Mz, Z R Huikix . anti-rabbit 19G
HRP-Linked Whole Ab Donkey (GE-Healthcare,
#NA934, 1:20,000) Z M\ 7=,
4) MGMT B AlMpA R D 2R

In silico AlIFE 124 FHV T MGMT PR {74




ICEMEALED T A 7T U — B - fhil
L7z, £9 MGMT &M LICHEGRRE AT
% BLERIGEARAL A% % docking study |2 & 1 3
WU, E£72. BEfF MGMT [HEAITH S
lomeguatrib (LOM) O#id % 5112 B Al
b EW sk L,
5) MGMT FLEZHRD in vitro fiEfT

4) TER L 2B AW OV T, Al
i glioma cell line DAffEZ V7= WST assay
B L W colony formation assay #17V>, TMZ Hi
M. B ESHEM, B X0 TMZ & ik
BMEOHMC L DR EMR LT, HIZ,
ROEWVIREE LAV T T98G
MR 2 T2 i@ 2470 (LA L O
TMZ Of 1 C O AR Ia S FE s i 20 R A a8 U7z,
6) i FHEET /L~ A2 L5 invivo fEHT

1X10%ff > UBTMG % X — R~ T 2 FIZ
B L 2% Day0 & L7=, Dayll XV {Efl
{bA% % 40mglkg X 2 [al/day X 4 H REIEENIZ
BhH L, v U ADKER JOMGRE) O H
U 7 JRISH AR & b L 7,

4. WFIERRE
1) Western blot 512 & 5 MGMT & ERfEAT
T98G K X UBTMG IZ81T 5 MGMT ZH. L

~yL% Westernblot t5 12X VRIT L7=& 2 A,

T98G T L TV 7=, USTMG TIZ I N
FeFR S LA h o 7= <Fig. 1>,

MGMT

GAPDH | —_—

<Fig. 1>

2) WST assay (& J 2 A S i 4 il 2o R f AT

- %96 well platelZ108 cells/ well THEf#
L7=#%., TMZCLBEE L, T2IRF[EIER 28 O M
DORFHEME (WST assay) (2L D TMZIZ X 5
Rt I R A KD T2, Z DOEBRTIL,
MGMT+?DTI8GIZ b~ TMGMT-DUBTMGIZ
BT DTMZOHGFEIHIN R E <. MGMTIC
K DTMZOZHRB T LTV D Z & AR X
N7z <Fig. 2>,

100{%
80 |/

T98G

(o)}
o
T

u87MG

N
o
T

0 1 10 100
Concentration of TMZ (uM)
< Fig. 2>

Cell activity (%)
N
o

o

3) BEAF MGMT [HEHE LOM % v 7o fif T

Colony formation assay (Z & ¥ , T98G HifziZ
% L CLOM % BAAMULER L 7= 55 LOM % 0,
0.001, 0.01, 0.1, 1, 10 pM DK CTIEM
SETH., AMRHEFEIEI R R ITRD ST,
LOM BMAER CIIHUEG IR Z RS20 2
LA ffERd L,

LOM HAAALERRE (0.01, 0.1, 1, 10 pM)
DTI8GIZFIT 5 MGMT # /R 7 B L~L D
721k % Western blot JETill7=& Z A, Bl
ROLBHL T (5 e B SR ) 20 2R A R S AR WO R
BT B W TREKAFRIIC MGMT & 327
LAV LTy,

Colony formation assay (Z C., T98G flifiiZxf
T 5 TMZ & LOM & DOOF N R A M LT- &
Z %4, TMZ 200 uM & LOM (0, 0.001, 0.01,
0.1, 1 uM) ZPFHAEEL, 10 H RIAHIaE: &
Liz&ZAh, TMZ £ LOM 1 uM & DRI
£V TMZ (2 X 5 Ml s e gh s = v =




—IERHE T, TMZ HUMSLELIF O 96%7° 5 2%
TITHAD L. ORI RITK 45 58N
LCWe, ZOfER %It LOM % positive
control & L 72 MGMT [HLEEii{L&W D
cell-based screening assay & L C, Z D% DE
BRICARIEE W, ZOWFERCERIE. fsCss
F (FEAH[EKGE: 131, 141-7,2016) L THY
KREFEICB T D57 — X RRITERT D,

4) Cell-based screening assay (Z J % MGMT [H
Al L& DfEAT
T98GH#M i % 6 well platelZ200 cells/ well TH&

ffit%. in silico screening & CHlitH L 7=MGMT
PRFE A LA W1IAFE (No.1~14) THRELL
77 T30 EEE L TMZ [ECo] CALEEL . 10
ARG &%, 2 n =—8Aa e Lakh L7z &
Z A EMIEAPIN0.L0 (=733 Y R
(23U T b R 72 M 0 7l 230 2R A 38 oD

<Fig. 3A>, MGMTIHEZN R %2 A9 5 etk

DDy — MMt e LTER L,

seed i T98G cells| ©1HM

140 L 10 UM

Il

NT1 2 3456 7 8 9(1011121314
Compounds

Colony formation (%)
=
A O 0 O N
© O © o ©

N
o

(=)

<Fig. 3A>

T98G & L <1F USTMG IZx%] T 5 /331
> YRR B AR 35 U 2 s AE A 2 SR oD
FRATCIE, 738 LS Z BT TI8G K
O UBTMG D 51T %} L T IRIFR EE O H U %)
REGT 52 LR INT<Fig. 3B>, *
72, T98G % H\ 7= colony formation assay (Z
BNTANRRY & TMZ LTl L7- & 2
AL SR A E O SE NI 20 5 2 e
W INT<Fig. 3C>, LLEDFERMNG | /<3
AU T MGMT BEHAIE L TORR G W
S5 T, THHAIT MGMT OREHIZRE

Do A — < M3 D BRI )
REAT D ATREMED R S LT,

100 %//
/

)
-2
©. 80 U87MG
§“ 60
.E - T98G
= 40 |
s I
= 20
Q |
O 0 L
0 10 100 1000
(UM)
<Fig. 3B>

140
< 120 | L vz
[=)
S 100 L</\_* .
.‘3 80 b
£ ®
e 60 [
2 40 |
o papaverine |\
o 20 \
O Y

0 0.1 1 10 100

Conc. of Compounds (pM)

<Fig. 3C>

5) i FIEEET L~ 7 AZ L HHEE

T98G N DAl TR TITNEIG 2N AT,
in vivo ORRFEAT 2 72 03> 72, — 5, USTMG
MRIXAEE L, R FTEBET VELTINE
/-, B FBHMiH % Day0 & L, Dayll &
0 SR R A 40mg/kg X 2 [Al/day X
4 HEMERENICE S Uiz, AR o hEE
DIKEEIT, 2> bu— AL L TH
Blhezirnl, AEMIMEIN T,
Fio, EER O FE M LSRR O g T
X, 2> be—ngE (O) |
CEHRE (@) (TR R A IR h R

ZEE T oIy



DR S - <Fig. 4>,

Xenograft model mice

(US7MG)
—~ 3000
E 2500
E; 2000
: -
% 1500
; 1000 | éLi
§ 500 | iil
= i
0

0 10 20 30 40 50 60
Days
<Fig. 4>

P EOFERD 5 | in silico A F% K& OV drug
repositioning (DR) FikE4a HWTER L 72X
INRY R IE, TR EMS L <IE TMZ
ORI L L THRIBIFEICKT T2/ %)
RIRRIEIC R D E R L T D LB X
bz,

5. ERFEEKHE

(FFEARFRE . WFFEo 8 K ONEEEF TR |2
=)

(MEskams) GE 1 1h)
Temozolomide it M # 2B 2EME L2 % L TH %D
7R PF AL A TREIC T 50T MGMT [H.
FRA T ) —= 0 T ROWEE. RS, &
PRI, ILARPEFE, S fhberE, JRIGZENG ., TAT
se—, WA —.  AEEAGE 131(5), 141-7,
2016.

(Fa%E£) Gt 4 1)

1) Studies on the development of novel MGMT
inhibitory drugs for TMZ-combination
therapy against TMZ-resistant glioblastoma.
Mika Shindo, Akira Sato, Yohei Yamamoto,
Takao Arai, Yasuharu Akasaki, Koichi

Ichimura, Sei-ichi Tanuma. The 75" Annual
Meeting of the Japanese Cancer Association,
October 6-8, 20186, PACIFICO
YOKOHAMA, Yokohama.

2) b MRRIEHIIEIE I X9 B FIRIEE (LA
¥ TLP-019 Dl As AAERIFEFF D AT, /1N
MAVE, BRI, PR, AR,
R R, FIERSEB, miAfsE—. HidE
—. % 39 [a] H Ay 7AW FaFEEs, 2016
11 H30H-12H 2 H, "7 ¢ ik,
A,

3) TEY I FMtMEARB IR L TH
BHIRHTRLN A OF B S HRIEBRSE D T2 8O D
RARTTE. SRR, SRR BRI
IWAPENE, RG220, ik sE—, HEE
. % 34 [l H AR 2R,
2016 4 12 7 4-6 A, HfE LEAT L,
HURF, i3d

4) RXBUEIZH %72 HMGBL/RAGE FHAEH
AR &3 D HBLHI Y A B ORI BTk
FA . VIR AR, LIARTEE
SHERE, AR, TiAE— B

—. AAHRZERN 137 4R, 2017 4F 3

J 24 B-27 A, (iaEEEEY 2 — - F

RN, 7, B

-,

<k

puiil

(¥EF) Gt 0 fh)

(PEZEI PERE)

Oy Gt 1 )
4% : RAGE INHIBITOR
F&BAZ : Sei-ichi Tanuma
MERIZE T B

FHYE « FFRT

F5 1 W02016/158810A1
HFESEH B : 2016 453 / 26 H
EWNs DR HhE

IS4 H H @ 2016 4 10 71 6 H



(Z D)
R—b_—=T% 2L

6. WFZERARE

(D) WFZEAEETRE - RJFFERE (ARAI TAKAO)
FORFERER RS - B - SR
e 25 : 40307400

) W #FE: HEE — (TANUMA
SEI-ICHI)

BURBRRL R - S0 - %
e 5« 10142449

(3) HERFTEE @ 72 L

(DIFTERH N - 72 L



