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(Anti-tumor mechanism of a G-quadruplex ligand on glioma stem cells)
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APh, aphidicolin; ATM, ataxia telangiectasia mutated; ATP, adenosine
triphosphate; ATR, ataxia telangiectasia and rad3-related protein; ATRIP, ATR
interacting protein; bFGF, basic fibroblast growth factor; BSA, bovine serum
albumin; CD, circular dichroism; Chk1, checkpoint kinase 1; Chk2, checkpoint
kinase 2; DAPI, 4',6-diamidino-2-phenylindole; DMEM F-12, Dulbecco's Modified
Eagle Medium:Nutrient Mixture F-12; DRB, 5,6-dichloro-1-8-D-
ribofuranosylbenzimidazole; EAU, 5-ethynyl-2'-deoxyuridine; EGF, epidermal
growth factor; ELISA, enzyme-linked immunosorbent assay; FACS, fluorescence
activated cell sorting; FBS, fetal bovine serum; FISH, fluorescence in situ
hybridization; G4, g-quadruplex; GBM, glioblastoma; GSC, glioma stem cells;
HRP, horseradish peroxidase; IC50, half maximal inhibitory concentration; IgG,
immunoglobulin G; IHC, immunohistochemistry; MDC1, mediator of DNA
damage checkpoint protein 1; NP-40, Nonidet P-40; NSGC, non stem glioma cells;
PBS, phosphate buffered saline; PLL, poly-1-lysine; PNA, peptide nucleic acid;
POD, peroxidase; POT1, protection of telomeres 1; RAP1, repressor activator
protein 1; RIPA, radioimmunoprecipitation assay; RPA, replication protein A;
SDS, sodium dodecyl sulfate; TBS, tris buffered saline; TERT, telomerase reverse
transcriptase; TIN2, TRF1-interacting nuclear protein 2; TMS, telomestatin;

TRF1, telomeric repeat binding factor 1; TRF2, telomeric repeat binding factor 2.



FFam

DS AALFIRIE O JF SIS — R IR KRR E T D, (LFRRBTH DI A X — RH
INOIRAOFNAFITA b Yo~ A 2 — RS, TO%, 1960 FRit4IC
IF. TERBIC T D0 AHIBICE D IAEH 5 2 & THRAMBOHESE A IH+ 5 A ~ b
LEH— o7 Any T o EORGEHENRAZ WL D K ok o7z, 1970
FRIIVAT ZF 2T LD ET L7 7 FFRAOHIIZLY | BN A IRE
SR E R T IHAIDNEA S, BUETIE, BAMIORED DT 2N EL T 551
IRREDBHFE BT O TV D, DALTFRIEOERIZ LY | TR ADEE D
FEAT IR 2 JE VX372 T <L BERIIIEOENE Y LN E W o 28 AT LT
VBN OND L) IZ7e o7, LILZRR B, BREDAREEN AT D2 68%)
RIS AFIDG BT, FANE TR 1981 FFLLR, BADERO k> 7 TH Y Fiel) T
W5,

PR EENE (glioblastoma: GBM) (3R CH & NEVEMEMERETH 5, B
FREZ R LT, AR FIT & BURBRIE, (LPRIEEZ DR TIBRPMTHOIL D 3,
VRIEFHRIZ 12 000 15 2 ARETHLONRBIRTH S (1-3), 2O XL HITTHER
TVFIR & LT, MRIBZEIEDS SV IR 2 2 TV D 803281 b s, IMORE
RAFT 2 72 OIIXIRME L7 i 2 FIN Tt 2 O WEETH v | B RIEERIZE
Wb IEF LR~ D FEE 2 BT D 7201 — EREE B A - RN 2175 2 &

THEE L W, fEFREEICE L i sE, TAFAfbAIThHDLHTE Y r 2R

171

(Temozolomide) 2MEEIZHWHIA X 51720 | ENTHFEREN M ELZH O
D, 5 EAGFRITBIED 10%FRE Lo TEY (2,3). BNT-IBEROBBNER &
o TWN5D,

1990 4FARIC TS AVERAlie ) DAF(EDS AR TR > TLICK, SR HFFEDMT

2



OILTW5, BNAFMIREL, EENOARE—2laLRoFIz < —5HFEEL, B
BRIEERC 0 bRE, TRVIEEENE, 1B IEIEZ R L TV D, FLAANC L fEE
DOEFE A —REICI D 32 & AR TH | EENIC—AFET 2 03 A iiin & PEkk
IRTIL, ZOFmWEBEMEICI O DRARHRELTLEY B2 OND, HRRBIE
JEDO AR — 72 LR O Iz & 23 AVl (glioma stem cells: GSC) 23F(EL. A
SRR AR T DRI I H 5 LT b L B2 b Tnd (4,5), A
7 = TR LT IB SR IE A 1S CD133 X° SOX2, Nestin & Vo 7223 AUERHRE -
R~ — 0 — &2 3BL L, EEEGHEZRFF LTS (6,7), —F. ZOHIMEIX 10%
U UG IR ME S AR CIIEE M 2R L, iflllatE 2 7625 L 72 non stem glioma cells
(NSGC) 725 (8),

BT 2MBEETIEIINETIZ, RARBRILEHTHDLT R ARZF
(Telomestatin) 7% GSC (Zxf L., [FHIAEA 3k L CA U7z NSGC & T X v if s
22 M SR 2 R ds KO DNA HEGARIEM 2~ 2 L 2P 6 M2 L TE 72 (9,10,
Fig. A), Telomestatin (X, 77 =2 & (G-quadruplex: G4) & M:EH D458k
ElRmREE 2 ZENT D 1G4 U R L LTHLNATWDS, G437 7 =%k

n[%
o}

ARSI B W TR SN D (11,12, Fig. B), G4 %27 %I DR ER
e LT, RRRRRICEET 2T e AT 8% F o5 (13-15), 7r AT IX
TTAGGG Of 0 K LB 57257 1 A7 DNA & ZOREA S 237 B TR S,
PEROKGEZRHE L TN D, 7 17 A TI2IE 6 2DK T (TRF1, TRF2, RAP1, TIN2,
TPP1., POT1) o225y =nNZ U LTINS Z ™7 BEGKENHAE L TV D,
g rofTh, TRF1I BEX O TRF2 X DNA A KA A THD Myb K A
A v EMH o TEARST 7 A7 DNA ICEEEE L, POT1 1 G-tail & PRI D —AEH
71 A7 DNA ICEEHE L TWD, Gtail 87 12 A7 DNA O " ASHEMICRAT
52T, BHFMEETH D T-L—T DR S, REERREREL T D, TV
— 7 DORICIE TRF2 RSB THY . v =% U it DNAHERLT 1 A 7 HERER 4



BRI ICEERK%E A>T 5 (16-20), DNA #H#iZ DNA RV 2 7 —¥H#H
HBRZEI LT TS 23, DNA ORE Z SERICITERT 2 Z L TE R0\
DNA $H DD 7 7 A7 DNA [Tk 2 (2K T <, T E K R & eSS,
b MEFAHIE TR, RnEMEMAEOT-OIZT 28 AT R4 ICEME L TVnE, Zan
BRAUCET 2 EMIIT B ITon T 5 2 E KR 2D | MlasbnFEEIN D,
L LD, DAKIIROZ L, 7a XA T ElEBERTH LT 1 AT —EREHEEL
T, 7r A7 —EE, % RNA Ll 72— h& 78 (TERT) TH
RS, ZOBMROMEIZLY T o AT EHEFFT 2 2 & CHIROARIER RS T
W5, T B AT OYESEHO Grtail TG4 BRSNS Z ERM L TEY (13-15)
Telomestatin 73 Z OFEID G4 ZZETHZ LT, T AT —ER Gtail ~7 7
BATERI R TuATHENHSND (9, 21,22), G4 ZTERT DESIE
T AT OMIZ, %< ONABEEELE O 7T — X —fEgR SICHFEETH I ER
HMHNTEY (23-36), BAIRRIZE T 2872 IR E LTHIfF SN TWD, 2
ABIEBIE T cMyb O 7 vE—4% —fEkic Y G4 WERESINFET 25 2 LR bR
TkY (37). PRI 2HF9E=E TiX Telomestatin 75 c-Myb OB AKX TFEELZ &
25, GSC (X3 2 M iEsmHi R e~ —o>0HBATHHZ AP 6nE LTE
7228 (10), ZOfLAEWH GSC iERAYIC DNA 154755 2 FARIIRIZH L i &
TR,

AL, G4 U T R Toh 5 Telomestatin 75 GSC 2R M 2 7m 9 2 B & 72>
T D2 a2 AL Lic, ZOMMARZMRIT 5 2 & A HRIVUT, PR EFIED F B
TRIRERIE ORI HBR TX 5 Th A 9, Telomestatin DIERTH D G4 1377 =&
B EEES N —ARBICR D ETREND Z BB TEY, 7 u X7 O—AHHHE
72T iR BRI EORRIZY G4 BEREND Z ERTHISND (38,39),
ZDRITHE B L, AWFSETIE Telomestatin @ GSC BIVEIZOWT, T 0 4 7 ~DFE

MET v AT LSO TO/EMICENEEREZ S T L7,



Aim 1%, Telomestatin @ DNA 85 A 7 =X L (5 1 %) 5 LU Telomestatin
DA b L AIERBE~ORE (8 2 8) »roflonicHLuvailzet T,

Telomestatin 7% GSC &EIRPE A2 R T HHAEZER L -LDTH D,



Telomestatin

Figure A. Structure of Telomestatin.

5-...GGOXy 7 GGGXy 7 GGGXy 7 GGG..e3?

G-quartet

G-quadruplex (G4)

Figure B. Structure of G-quadruplex.



H1E

Telomestatin @ DNA #E X b =X A

€:25)

J7 = WEHY 2 K Telomestatin X, 72 A7 G4 2 LZE/THILETT
AT —BIENERET S (9), ZDIEMAN Telomestatin @ GSC SIRMEICHEZ 5. 2
TWD R Z % 2 72y, TERT OfitiyEEAZHES 527 v A T — B HEFA
BIBR1532 (40) X GSC ERMEZ R S 7edno 7z, BULBRIENZ &1, Telomestatin I3
TRATHEG S X BT D TRF2 O 7 +—H A (foc)) % GSC BIRAYIZI
REEDLZEBHLNERD . ZOEEN GSC IZEBF 57 1 2 70 DNA 15

T LK ToH D R RSN, £, 0% FISH EE2 W
Telomestatin |2 £ Y #FHE I35 DNAHEITT 2 A 7720 TiEa R 787 1 2
TUNDEALTAEL D Z RO bz, BRAER (7747420 0) BLOER
BRL#ER] (5,6-dichloro-1-B-D-ribofuranosylbenzimidazole, DRB) % GSC |Z pijfL#
9% &, Telomestatin #FE D DNA HENBEE KT L2 2 &5 Telomestatin
1T GSC TRV T TRF2 #HEAI L LT 1 A TEER T Tlde <, EREEICHIK
f£ L C DNA 527559 5 AraettE 03 sk S vz,



1-1 GSCIZxd5TO+*5—EHRBERDEE

[ErY]

Telomestatin |37 0 A 7 —BHEEHAZETHZ ENMBILTWD, Z OEMEN
GSC BIRMEICE R LY 5 2 TWDONMETT 5,

[#18t - F5ik]

M oD BE 2%

PRI IE L GBM146, GBM157 I%, KET 73~ K50 FEFFHEL A0 D
W72\, 3L H O#ifaIE, Dulbecco's Modified Eagle Medium:Nutrient Mixture
F-12 (DMEM F-12) #£5#1 (Gibco, Grand Island, NY, USA) (2. B27 (Gibco). 20
ng/mLbFGF (Peprotech, Rocky Hill, NJ, USA). 50 ng/mL EGF (Peprotech). 100
U/mL penicillin/streptomycin (Gibco), GlutaMAX (Gibco). 5 pg/mL heparin

(Sigma-Aldrich, St. Louis, MO, USA) %Nz 7=l HEE iz X v, 37C. 5%
CO2.95% air DM T T N2 b F v v AR Lzl 7 7 2 2 (Iwaki,
Tokyo, Japan) % AW CTE:FE L72 (10), GBM146. GBM157 @ GSC 725 NSGC ~
O43biEE 21X, DMEM F-12 12 10% fetal bovine serum (FBS, Mediatech Inc,
Manassas, VA, USA) & 100 U/mL penicillin/streptomycin (Gibco) % il 2 7= 55 Hi %
AV, GSC Mk 7 « v v = (Iwaki) THi#E L7z, FBS (%55C. 30 7l
LB 2 LI RITEH L7c, FROR S 2 WEEERIZ DWW T, TR UL ||
FLEEFINCET LI O LT,



W, ARBFZEIC O T 2 MR AR B 2 E  (glioblastoma) HISKOMILTH 523, #f
IR fEEAIN (glioma stem cells: GSC) &\ 9 —fRAG AR FERRZ FIV T 5,

Flow cytometry

Mz okm L7z PBS T 3 B L2k, 742 A Y Uik~ v AHie b
CD133 #ifk (293C3; Miltenyi Biotec, Bergisch Gladbach, Germany) % 30 45X
i STz, E D% MR E 3 ElEEE L C PBSIZERME L, 7 1 L ¥ —F = — 7 (FALCON,
Corning, NY, USA) (Zi# L, FACSCalibur flow cytometer (BD Biosciences, Franklin

Lakes, NJ, USA) TfEfr L7z (41),

¥ R D 7R
Western blotting S FERIZLL T O X 9 R L7-, g%z PBS T 3[Ry

L. phosphatase inhibitor cocktail & protease inhibitor cocktail (Nacalai, Kyoto,
Japan) %/l z 7= RIPAbuffer (50 mM Tris-HCI, pH 8.0. 1.0% Nonidet P-40 (NP-
40). 0.5% deoxycholic acid, 150 mM NaCl, 0.1% sodium dodecyl sulfate) T
Mozl Lc, 2NAK ETI00f#EEL, V=7 —v a3 V%217 - 721, 15,000
rpm, 4°C, 10 MO ITT T2, 2O B Z ISR & L CEIR Lz, & X
7 8O EEIL Bradford @ J7 112 % U C PROTEIN ASSAY i3 (BIO-RAD, Hercules,

CA, USA) Z#HW\WTITo 7,

Western blot analysis

EHME 10 pg 12 5xSDS sample loading buffer (250 mM Tris-HC1, pH 6.5,



50% glycerol., 10% sodium dodecyl sulfate, 10% 2-mercaptoethanol. 0.25%
bromophenol blue) #MNx 7=, ZiL%& 98°CT 10 ZrME L., X512 2 55k ETH
HIL721%. SDS-PAGE f17 /L (Nacalai) %M\ T, 100V T 10 73fd], & 512200V
T 50 4rESKIKE LT, VA X~—H—I21% Rainbow marker (GE Healthcare,
Little Chalfont, UK) #ZMHW\\7o, KEIK T, H 52> C® transfer buffer (25 mM
Tris-HCI, pH 8.3, 190 mM glycine. 20% methanol) (ZiZ L TEBW== ekl
— A A7 L (Millipore, Darmstadt, Germany). A#k. 8L U7 /1% TRANS-
BLOT (BioRad) {2t FL, 45V, 4°CT 30 53f. 51290V, 4°CT 90 53 k
T URAT 7—%4ToT-, D%, washing buffer (0.1% Tween20/TBS) ZI&f#E L 7=
5% AF A I/L7 (Morinaga, Tokyo, Japan) T30 37 mryF 7L, A7 L
> % 7P SOX2 Hifk (Cell Signaling Technology, Danvers, MA, USA) . v
X5t Nestin frf& (Millipore) . ~ 7 A$L B-actin fif& (Sigma—Aldrich) OV T i)
2 4°CT—WiE L7-1%. washingbuffer T5 3 (4 1[8]) ¥iE Lz, DW\WT, A7
L > % horseradish peroxydase (HRP) ikt v ¥ Huik, HRP fEikfi~ 7 Ak
(GE Healthcare) DWW\ 9 7UMZ R C 1 FEER L. washing buffer T 5 43 (4 [9])
Ve Uiz, BFRA Y 7 oL, ECL start Western Blotting Detection Reagent
(GE Healthcare) 5 X O Pierce ECL Plus Western Blotting Substrate (Thermo

Fisher Scientific, Waltham, MA USA) ZH\TiT-7= (42),

A0 SR T P AR

AR R FE A FRER 1L, CellTiter-Glo Luminescent Cell Viability Assay (Promega,

Fitchburg, WI, USA) ZHW\W T, ATP ZE &3 5 Z & CAEFMIEEZNE L=,
Jld % 96 well plate (Iwaki) |Z 103 {f/well & X 1A 24 R[] 5548 L 721412, Telomestatin

(PEEFINRAMZRFTOHFE —BoE X0 ikE), BIBR1532 (Selleck Chem,

10



Houston, TX, USA) OW T TUEL L 7=, 37°CT6 HREEE L7-%. =IEIZ T30
sriiEE L7z 96 well plate (2 CellTiter-Glo i3 (Promega) ##IL., v =—0—
T 10 T L Tz S Ez, 20k 10 DEFEL, ExXvT 17 Lk
HMPRIARRNR 7 4. 96 well plate (Sumitomo Bakelite, Tokyo, Japan) (Zf& L. %
T FNETL— Y —F—THllIELT,

[ R]

GSC DIHALFHEEIZLE 5 RoH{b~—H —DRBEEA
£79°. Flow cytometry %17\ GSC D/biZfES CD133 OFREBEIE(LZMET LT

(Fig.1-1), = O#EF., GSC THRILL T\ 5 CD133 1, MIERIKIZEVVE T +5 2
ENBIZEE ST, & 512, Western blot analysis #47V>, SOX2 % Nestin &\ o7~
Kb~ —T —OFHBE LR L72fEFR, GSC TRELL TWH I b DR~ —T
—ILMIERRIC L VIR T35 2 LR & 72 (Fig. 1-2),

GSC iZ%4 % Telomestatin DAl REFEPNHIZH R
Azl ~_7= . GSC &/ biFiE L T4 U7= NSGC 122U T, Telomestatin @i

FEINHIZh R A MEt Le (Fig. 1-3), Z O#EE. Telomestatin @ 50%[HERE (Half
maximal inhibitory concentration: IC50) £ GBM146, GBM157 @ GSC (23 T
T2 0.23 pmol/L., 0.24 pmol/L T - 7=dizkf L. NSGC Tix —FfE ol

12 1.0 ymol/L LA ETH 7=, T2 5, Telomestatin F “FIADHMALIZIB N T,

4 5L LD GSC IR 22 A I PRI 2 R 2 7R 2 & SRR TE 7,

11



GSC iZxt¥ %7 v X 5 —PHEAR| MK FEMmH 2R
W TIE.GSC & NSGC IZxd 57 1 A 7 —BHFEEEO B HETT 272012,

Tnu A7 —VER (BIBR1532) % HW 7= Mo aimEiR 217 -7 (Fig. 1-4),
Z DOFEF ICH0 % 9% & GBM146 @ GSC Tl 57.8 umol/L.NSGC Tix 71.9
pumol/L. (NSGC/GSC thix 1.24 %) TH Y, GBM157 @ GSC TiX 60.0 pymol/L,

NSGC TiZ 71.5 pmol/L (NSGC/GSC ki 1.19 %) Th o7z, ZHDHDOFERND,
BIBR1532 iZ Telomestatin CTEIZE X 7= & 9 72 GSC BRIRA 72 M A sg i il 2h 2 %

IRSTEWNWZ ERHBMNE 2o T,

12



Incubation with serum

GSC
2
] Day 5
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1w  1ef
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Figure 1-1. Measurement of CD133 levels in GBM146
cells by flow cytometry. Black histogram indicates

normal immunoglobulin as negative control.

With
serum
Day
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p-actin

3 6 1 20
-40K
-
e — - -
- 260K

|- 40K

Figure 1-2. Western blot analysis of GBM146 cell lysates

with indicated antibodies.
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—8—146-GSC

(a) —B—146-NSGC
—4—157-GSC

120 ——157-NSGC

100

80

40

20

Cell viability (% of control)

0.0 01 1.0
Telomestatin (M)

(b)

Control Telomestatin

GSC

NSGC

Figure 1-3. Effect of Telomestatin on growth of GSCs and NSGCs.
(a) GBM146 and GBM157 cells were treated with Telomestatin for
144 h. Error bar, standard deviation.

(b) Morphological changes in GBM146 cells following treatment
with 1 uM Telomestatin for 72 h.
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——146-GSC
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Figure 1-4. Effect of telomerase inhibitor BIBR1532 on growth of
GSCs and NSGCs. GBM146 and GBM157 cells were treated with
indicated concentrations of BIBR1532 for 144 h.
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1-2 GSC Izxt9 B Telomestatin M5 A * 7EE/ER

[ErY]

TH AT DNA ©O77 =20 v Fp 1l REHENIT G4 Sz T 5720,

Telomestatin ® % —/47 > k & 72 0155, % Z T, Telomestatin 7237 @ X 7 fEl|Z DNA

HBEZFEL TWAONEHALNCT S,

[#18t - F5iE]

A DR XA A

TIE LYW AR O X IAZIZLL T O L 5121757, TrypLE Express

(Gibco) LR L CHiffE L 7= %2 10% fetal bovine serum (Mediatech Inc) & 4755
Ho(5F 13 1-1) IR L. 1 K/well 5 Poly-L-Lysine (PLL) ==— h B/ X—H4F
A (Matsunami Glass, Osaka, Japan) % A#l17z 12 well plate (Iwaki) (Z. 105
Iwell DA Z#E ZIAA T, 37T°CT 2 Refilhsae Lo, WRilsiiia Hss (55 1% 1-1)
T2 [EPEE Lc, DWW T 1 mL/well ORI IR T 37°C, 24 WpEEE L72i&,

PRl RS O IR L 72 38 A 2 AL B U 7,

FAR oD [ E
SRANEE L 7= Mifd 2 PBS T 1 [BI¥EF L721%. 2% paraformaldehyde/PBS % 10 47

AL U 2 [E e L, D%, PBS T 10 4 (3[F]) ¥ei# L. 0.5% NP-40/PBS

16



Z 10 Sy USSR 2 LU=, & 512 PBS T 10 43 (3 8]) i L. 0.02%
74k F b U 7 A/PBS iz ACITRAE LT,

b )

MW ZBE LD NN—HT A%/ 7 4 )L L. 1% bovine serum albumin

(BSA, Roche, Mannheim, Germany) /PBS T30 /70 v 7 &fTo7-, TD
#%. v ¥ XH1 53BP1 #1{A& (Cell Signaling Technology) . ~ 7 AL TRF2 #if& (Novus,
Littleton, CO, USA) ®OW T L% 120 7RIS SHE, ZivEd 1% BSA/PBS T 5 47
i (4[B]) ey L7z, DU T Alexa 488 Bkt 7 % IgG FiLik, Alexa 488 IEikhi~
7 A IgG $ifk (Thermo Fisher Scientific) DWW 3% 60 rfEl s S 7%, 1%
BSA/PBS T 5 43ff] (4 [F]) ¥ L7z, € D%, 4',6-diamidino-2-phenylindole (DAPI,

Vector, Burlingame, CA, USA) TE &R E L, V7T A E85 LT,

$oy% FISH ¥k

AR AR X IR Z EE LT X—H T A% /NT 7 4 )L AIZE L. PBS T2%

W (1 [a) Lz, 212 70% =4 /—/L (Nacalai) % 5 73fi], 95% T4 / —/L
Z 543, 100% =%/ —/L%& b pREL L, £D%, 7T AE L —Z—TRVRED
IN—H T A% 10 /3R & 7=, DWW T, 70% formamide (Nacalai) . 0.5% blocking
reagent (Roche). 10 mM Tris-HC1 pH 7.2. 300 ng/mL Cy3 #&i#k peptide nucleic
acid (PNA) 7'r—7(CCCTAA); (¥r A7 DNA Z#mii+57n—7) 25T
hybridizing solution THLEE L, 80°CT 5 RIMB L=, RILT 120 4 R#HE L
7z. % D1% . washing solution (70% formamide, 10 mM Tris-HClpH 7.2) T 15 43

i (2F]). 1% BSA/PBS T 5 47l (3 1) ¥ L7=%. 1% BSA/PBS T 30 /pfil7 =

17



X T ETo T, £ 2B XH 563BP1 fitfk (Cell Signaling Technology) % 120
BG4, 1% BSA/PBS T5 23ffl (4B PEEH L7, S 612, Alexa 488 #5ak it
7 %X IgG $UK (Thermo Fisher Scientific) % 60 77t &, 1% BSA/PBS T

547 (4[8]) ¥eif L7-% DAPI TE: A2 %ttedef L= (10),

[#ER]

Telomestatin (Z & 5 GSC jZiRE) 7% DNA 5

%£9°. DNA #HE~— 1 —Th % 53BP1 OFiEZ A d bt 21T > 12,
53BP1 (X DNA HEIREICD D # L3 B Th 5, DNA ZARGEIN & 2\ T
ANVABRELD L ZOEBICT = v I RA hTaT 4 % —EThD ataxia
telangiectasia mutated (ATM) & %\ % ataxia telangiectasia and Rad3-related
protein (ATR) 23U 7 )b— k&, H2AX &V 139 1NV k. (kH2AX) &h
5o YH2AX (2T ¥ 7 2 —52 /R EThH MDCL, EHIZE3 2EFF U H—E
THSH RNF8 NY 7 —hsh2dZ e T, H2AX T2 F v b d, 2% F
A&tz H2AX 12 53BP1 28 ) 7 b— k&, wf&HIC DNA (EERIERET 5

(Fig. 1-5), s tie@m 217y, GSC H 53 NSGC (Zxf9 5 Telomestatin ™
53BP1 foci #HE(EH & et L7-fE %, Telomestatin (3 GSC #R#JIZ 53BP1 foci %

HET DL kR TE 2 (Fig. 1-6),

Telomestatin IZ X 527 2 X 7{E®R DNA 4

ft\ T, Telomestatin 28 GSC (ICHWTT = A 7 #HIC DNA 54555 L T\

BONEBR ST 572010, %l FISH ¥4 0 CF 1 A 7 & DNA i~ —7n—

18



53BP1 & DILREMEZ T L7z (Fig. 1-7), £ DR, 7 v A 7 fHik DNA #{5 0%
AlE. BRI T L X LA ToH % Temozolomide TiX 11.5% TH > 7= DIZXF L,
Telomestatin Tl 31.4%TH V., 71 AT TELLBENHEITE D & DR S
N7z, L)L, Telomestatin (2 X 57 1 A7 DNA 51X, =EEHAO 3 FIFLE T

HY, EOVOKTENTT o ATUSATECTHDLZEbHLMNE ST,

Telomestatin (2 & %5 GSC iZEiRK 72 TRF2 foci DI/

AL 51, Tr AT —BHEEFEAT GSC BIRELZ RIS RN Ehb,
Telomestatin L7 72 X 7 —EBHEERE L ITER R DA D =ALTGSCIZBITHT R A
THEEZFETLARENEZOND, TTET HEETIIZINE TIZ, HeLa X
SiHa &\W\o 7o F =80 AHROMAKH 5L MCF-7 & o 731708 A H R R ik
TlX. Telomestatin 237 0 A THES X /X7 E T2 TRF2 &7 0 AT )b ilidEd
52 ET, MIAENPFESNDGZEEMLNILTE (43), £z, ZOkF TRF2
ERILT R ATREG S /7 E T2 TRFL ITIFBE G202 L bR ST
W5 (43), £ I T, HW\TIE Telomestatin @ TRF2 ~DRE A et U725 R,
Telomestatin 1% GSC ZN#JIZ TRF2 foci b S5 Z EnH b L7257 (Fig.
1-8), ZDOEIGE 5 ymol/L @ Telomestatin % 24 KFfEJALEE L 72355 CHEIZRD H

T3, 4 BEALER L7238 THEW RN bl I,

Temozolomide IZ & 5 NSGC Izx3 % DNA #&

DNA #f~—57—Th2 53BP1 Z#H W\ - E# ittt 21T\, GSC H DV
NSGC (Zxf9 % Temozolomide ® DNA #H{EFFIEH Mt L7z (Fig. 1-9), € DOf

M. Temozolomide £ GSC & NSGC #£iZ 53BP1 foci ZiHET A5 Z EHL M E 2
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-7,
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DNA double-strand breaks
, Replication stress

L
¥

DNA double-strand breaks
, Replication stress

Figure 1-5. DNA damage response by double-strand

breaks or replication stress.

21



Control Telomestatin

GSC

NSGC

Figure 1-6. DNA damage foci induced by Telomestatin in GSCs.
GBM146 cells were treated with 5 pM Telomestatin in serum-free
medium for 24 h and subjected to immunofluorescence staining with

anti-53BP1 antibody.
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Figure 1-7. iFISH assay. (a) GSCs were treated with 1 uM Telomestatin in serum-free
medium for 96 h. Representative images of telomeric and non-telomeric DNA damage
foci are shown (arrowsin upper and lower panels, respectively). Red, telomere; green,
53BP1; blue, DAPI staining for nuclear DNA.

(b) The rate of telomeric 53BP1 damage foci in Telomestatin- or Temozolomide-
treated GSCs. GSCs were treated with 1 yM Telomestatin or 10 uM Temozolomide in
serum-free medium for 96 h (these drug concentrations inhibited the cell growth to
equivalent extents). The rate of telomeric 53BP1 foci among all 53BP1 foci was

calculated. Statistical evaluations were performed using the Welch #test. **, P<0.01.
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Figure 1-8. TRF2 immunofluorescence staining. (a) GBM146 cells were

treated with 5 yM Telomestatin in serum-free medium for 24 h.

Representative photos are shown.

(b) GBM146 cells were treated with 5 pM Telomestatin in serum-free

medium for 4 or 24 h. The numbers of TRF2 foci per nucleus were counted

and normalized against those in GSC/control cells. Statistical evaluations

were performed using the Welch #test. *, P<0.05; **, P<0.01.
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Control Temozolomide

Figure 1-9. Temozolomide-induced DNA damage response in both GSCs and
NSGCs. GBM146 cells were treated with 10 uM Temozolomide for 96 h.
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1-3 28 - EEBIZHKkE L 1= Telomestatin F&E {0 DNA &5

[ErY]

G4 DOJEHIZIZ DNA —HEHOLHADIENLETHY . 71 A7 DNA O—KEHH

WP TR BREEORICYE G4 BNEKREIND & THEINS, £ T,

Telomestatin @ DNA HEFHHEEH NERSCIREITETF L TW D00 ERFTT 5,

[#18t - F5iE]

AR D [ E & S st
S WMyt d 5712, Click-iT EdU Imaging Kits (Thermo Fisher

Scientific) % i\ 7= 5-ethynyl-2'-deoxyuridine (EdU) Yt %17 7=, M [EEd
AHENC, 10 pmol/L @ EdU #EEZ72 5 X 912, 10 mmol/L @ EdU stock solution
(Thermo Fisher Scientific) A E57HZAN % 37°C T 10 47552 L, EdU % S H DO
(D IAERE T~V LT, TOROMBOBEEIX, % 1% 1-2 TR~ X D197 -
7o [EE L7z, 3% BSA/PBS T2 43f# (318 ¥ L. Click-iT EAU reaction
cocktail (Thermo Fisher Scientific) % 30 3G SHE72, D%, Rinse Buffer
(Thermo Fisher Scientific) T 10 Z3fA¥EH L. & 51T 3% BSA/PBS T 15 43 [Hei
L7, EDOH%DOMIERIEGEITE 1 7 1-2 I LT T To 70, MilE#H o 5%EICIE, IN
Cell Analyzer 6000/Workstation (GE Healthcare) Z#fEH L. EdU OFE., &5\
I3 DAPI s & mfg A flET 2 2 & THlEB 2 G1 1. S . G2/M MlicXsy L
72, EdU Tt snMilaz S# L L, EdU THRE I N0 - /lfdiE. DAPI @
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SREE & EAESMRWVEIE 2 G ], muvilidz G2/M #i L B L. Zh e ol fE 5]

» DNA Bz Ef{L L7,

[ R]

Telomestatin #53&E1E: DNA & DM E 5 0 REt
F 7. GSC (T Telomestatin Z WLEE L 72 BRIZFHE S5 DNA 4525 a8 H 24k

FLTWDDONERETT DD mEE gt ziT->7- (Fig. 1-10), & OfE5E,
Telomestatin (£ G1 #i, S #i, G2/M HiDO ML Z iz 53BP1 foci T35 Z &
DG E720 | AR IR M TGO oo T,

Hi - IREFHEIC L B Telomestatin $5iE M4 DNA £ DREE

feV Tl Telomestatin © DNA 8{5# R /EH PN ERSCIREITKFE L TW L 00
BT D72 BREER (T 7 1 7 4 2V ) & 5 WG E A (5,6-dichloro-
1-B-D-ribofuranosylbenzimidazole, DRB) Z LB L 7= GSC OfE st et 211572

(Fig. 1-11), ZO#%E . DRB 5WX7 7 4 F 4 2 ) U ORI IZ LY
Telomestatin # & MED DNA BENBE IR T2 Z AR S iz, Z ok, DRB
ISR ER D AR B E 5 2 oo 1208, 77 45 4 2V % EdU-positive TH

% S Mloflid z el il R S Hiz,
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Telomestatin-treated GSC

Figure 1-10. Cell cycle analysis of DNA damage foci in Telomestatin-treated GSCs.
Cells were treated with 5 uM Telomestatin for 4 h and subjected to anti-53BP1
immunofluorescence staining. Cells in S phase were detected by EdU labeling.
Colored dotted lines indicate the nuclei boundaries and the cell-cycle phase. A
representative image depicting Telomestatin-induced DNA damage in G1-, S-, and

G2/M-phase cells is shown. Blue, G1; red, S; green, G2/M.
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Figure 1-11. Effects of replication/transcription inhibition on Telomestatin-
induced DNA damage foci in GSCs. (a) Cells were pretreated with 0.5 pM
Aphidicolin (APh, an inhibitor of DNA replication) for 2 h and/or 50 upM 5,6-
dichloro-1-8-D-ribofuranosylbenzimidazole (DRB, an inhibitor of transcription)
for 1 h before treatment with 5 yM Telomestatin for 4 h. Cells were classified
as focus-positive or -negative according to the numbers of punctate nuclear

53BP1 foci (n > 2). (b) Cell cycle distribution as in a.
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[&%]

T A7 DNA DT =V v F7p 1 REERIL G4 ELTERT 5 Z E0nmbhn
TW5 (13,14), G4 U 5 K Telomestatin (%, Z DOfEIkD G4 2L ENT HZ & T
TR AT —EORILERET S (9,21,22), Z OIEMED Telomestatin O GSC #R M

ICHBE 52 TWD AL B 2 7203, G4 BEMER Z Rz /o7 r 2 7 —2H
#| (BIBR1532) 1% GSCi#ERMEA2 /RS2 o7- (Fig. 1-4), 378bb., 71 A 7 HiE
IZE D ¥y v TREEOHREEIT Telomestatin @ GSC J&IRMEZPE-SIF 5 EIK Tldre
WeEBZHID, LL7en G, Telomestatin 13 GSCIEIRAJIZT 1 A THEG X 2%
7'E T D TRF2 O foci /0 3852 LRGN E -7 (Fig. 1-8), GSC (Zx}
4% Telomestatin @ TRF2 foci /0 /F 1%, Telomestatin % 24 FRFfEJALEL L 72FRIZ
BREICRD DN, 4 BRELE LZSE TOHWRBOBEINT, T AT %
DNA #HENLREL TS TRF2 AT e XA 7 bl 2 2 LIc ko THI&EEZ S
NHETaATOEEX, 7 X7 —FBHEICIVELDF v v IEEORE L i L
T, THONCBERISNDZENTRIND, HDMEON ML TIX
Telomestatin 7% TRF2 % AT v A T 0 HilElfEd % 2 & T, flasEniy s
N5 ENMBNTND (43), Telomestatin 23728 GSC BIRMIZT 1 X T D5
TRF2 ZERET 2 D& S BRI IR TSR Tlidd 5035, Telomestatin O Z D
L ORERIZE Y GSCIZB W TT A7 v A 7 fHik DNA BENFEI D Z
ENTREID, Telomestatin 7% GSC #RYIZ DNA HEEFHESTH—FH T, 7Tb
X /WA TH 5 Temozolomide (% GSC 721 Tix72 < NSGC (2%} LT DNA H55%
FHE L7 (Fig.1-9), 772 H, NSGC Tix DNA HEISEDOMEEEENA L TV
72®IZ Telomestatin #5500 DNA #5106 L Tt 27~ 9 & v 5 ATRe kiR &

FEABND,



S0 % FISH &% A 72t 5. Telomestatin 12X 57 1 2 758 DNA 851X
EHREH O 3EITHY TRV O TENLT 2 AT LA TELTND Z ERH S5
&7 (Fig. 1-7), G4 OEALICIE DNA —HOBADBMALETH Y, T 1 R
7 DNA O— AR T Tl S ERSCIR G ORI S G4 BRSNS & THRIhS

(23,38,39), HE, HHMEEH (T 74742V ) BIOEEHEHR (DRB) %
GSC IZHMLEET % & | Telomestatin #% &40 DNA HENBEIZILT Lz (Fig. 1-
11), DRB % #ifLEE L 7= 454 TlX Telomestatin #3100 DNA BER —H#0H S

ORI LT, 7747 42V UERIERT 2 & Telomestatin #5810 DNA 4815
PIFIEFERICHH SNz, 2o, S #HI7ZT TidZe<, G1 #1<° G2/M #d DNA
BLIHI SN NS T 7 47 42 ) NFEREZAET L7720 Tl < S HILUE
OB MO NDOHBEEZHEX TWDHZERTREND, ZHLDLORENDL
Telomestatin (% GSC (28T, #HHE L OBk L C DNA 5% #8345 A

REMEDS RIE STz, EdU BHERIROEIA X, GSC Tt 14.0% TH > 7= DIZ%F L T,
NSGC TiX 6.3% Th 7=, T72bH, NSGC Tix EdU R 7202 &3,
Telomestatin (24 % DNA #5135 X Z S WEBOVOESTHH EB D
N5,

Telomestatin (Z & % M 5N HIFER Tk, Telomestatin % 144 K[ & R R AL
HLL7Z0IZxt LT, ffEdtye s © DNA 5S> TRF2 foci #8123 525461, @ik
J£ @ Telomestatin % 24 RHFREE ORIRFHLEE U CTRET Lo, 20 X9 &M TR
LY 21T o T IR, GSC OB L 2 B L R/NMRICIZ 572D Th 5,
WY T, ZEE TH 5 GSC I —RIC BRI Z 5 % Tl % 53— R Y

TN AE S, ZFOBRFEAVBLILZAT O, T DT, Tl 2 Ml g5l & [

INZEMMNEES 2 & GSC OMEREZ D, £ 2T, MIREEREHE &) 3
AIMERS A TR b e o 24T o 72, 2D X 9 72T 4 Telomestatin (2 & %5 GSC
R 7Z DNA SIS, #FE Sz DNA BEIXT v 2 77210 Tl < il
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BIOEBBEIZLEFEL TWDLZ ENRHLNMNER-oT2, KETIE GSC 12815
Telomestatin @ DNA {815 X 71 = X L% fit LT & 7223, £ 40 Tldfarig Telomestatin
723 GSC ZEIRMIC DNA HELZFHET 2008 W) RIEA R4~ RIRHHH%

1T-7-,
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o=
Telomestatin DFER X F LR GERBADFE

€:25)

AIE ClX GSC IZ81F % Telomestatin @ DNA 85 A 1 = X LA ZFT L CTE 7203,
i Z Dby GSC BIRIZ DNA 54 F 5T 2008 ) B AR~ <
W2 Bat 21T > 72, £ H % b Telomestatin DEHTH 5 G4 D GSC & NSGC
TRAEDLZOTIERVONEE 2, TT1X G4 O ba R Adz, ITHF, G4 HdRrR
AT 5 BG4 HUIRDBHFE S 7z 2 & TOMiia G4 O b2 ATRE & 72 > 72 (44)
% 2T, BG4tk 7 2 I (3[H - Shankar Balasubramanian i+ 3 0 fit5.)
O REGEZ D TR 2 U, a0t et 217 > 7o & Telomestatin 0 4 —
7y R Toh% G4 1L GSC & NSGC THRBREICFIET HZ EBHLNE R oT,
Replication protein A (RPA) 1Z— A& DNAFEA X L XV HTHDH, HRA ML R
DAL RPA 12— FSlz—AKE8 DNA BNEETHE, FT=v I/ RA v N TaTA
v ¥ —18 Th D ataxia telangiectasia and Rad3-related protein (ATR) 23 {EMEAL
S, RPA2 O U VLG & Z S (45), £ I T, Telomestatin 23H = |
VRAZFELTWDDONEHHINCT 5729512 RPA2 OV UIRIREE & fat L 7o f
£, Telomestatin #LPE L 72 GSC & NSGC L2 RPA2 O U U@ biiz, L
P L7235, Z DR Telomestatin 75 DNA #1513 GSC TORALE L2720, &
A b LRGBS Telomestatin @ GSC BRWAFII L 5 250 FERAARH D
EEZ T, BRA MLV ARECD & ATR OTEFEIIZ AR Ml B o1 T & il 5
% Chkl @V U fk (&MEAL) 24U 25 (46), Telomestatin % 4LPE L7-FE Chkl
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DY CEALIRREZ MR L2 fE R, GSC Tlx NSGC & ik L Tififi 72 Chkl O U g
ERFEIND Z LN R Siz, DNABEIEED EiICAET 2 H2AX O+ U v
139 D U Pft (’H2AX) & Chkl & [FAERIZ ATR F 7 —BIZKAF L TH Y. ATR F
T—FBIZL-oTU Uik a5 Z & T DNA HBEISENSIEEZShD 47, Lk
DFEFRD G, Telomestatin 2% GSC #IRAJIZ ATR-Chk1 #RE& 2 1G9 25 2 & T,
GSC BRIy HE RN H] 2h s L O DNA HEBINENSI SR S b 2 &R
STz,
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2-1 BGAHADARLE G4 BFERMEDHERR

[ErY]

Pt G4 fuik (BG4 $Lik) 72 A3 K (¥[FH - Shankar Balasubramanian f# =+ X

D#fEG) OB L7ZHURD G4 Fr R M2 RErd 5.

[#18t - F5ik]

G4 BEDRK
ELISAICH WS GAEEZ TR T 572D 3FEFEO v 4F AL DNA 2 L 7=,

KIT2 (G4 motif) 5-CGGGCGGGCGCGAGGGAGGGG-35 hTELO (G4 motif) 5™
GG(TTAGGG)4TTAG-3; control DNA (Non-G4) 5-GGCATAGTGCGTGGGCG-3.
ZN 5D EFF Ak DNA % 100 mM KCl & %\ ME 100 mM NaCl IR L, 95C
T 10 A L 72, —1°C/30 BON— A THRAIZHL L. G4 ORI & Ak
SH7- (48), G4 HEEDOEZ MR T 5 7-DIZ, circular dichroism (CD) A2 h
NAEEITo T2, CD A7 FLORIEIZIE J-820 43R (Jasco, Tokyo, Japan)
%\ (2 nm bandwidth, 100 nm/min scan speed, 0.1 nm step resolution), ZE%

BREE T 200~320 nm OFiJH T G4 &R A7 CD A~7 MV ZHIELTZ (48),

Ll R 512 7=—) 7 LT G4 2K EE-4F {t DNA %,
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binding/wash buffer (0.05% Tween20 /0.1% BSA/TBS) T 3 [al{Ei% L 7= 96 well 7
v Y7L — K (Sumitomo Bakelite) (2@ L, 1 K]t S 72, binding/wash
buffer C 5 [EI%e L7-% . 8 L 72 BG4 Hiik % 1 Kef#] i &, binding/wash buffer
THEYEHF LTz, X512, anti-FLAG-HRP (Abcam, Cambridge, UK) % 1 i
Jir &4, binding/wash buffer T 5 [B]{:1% L 72 1% . peroxidase (POD) substrate solution
(Roche) % 10 57 ff4LEE L 7=%% . stop solution (1 mol/L HoSO4) Tt & 15 1k S+,

FL— ) —F—THIELT,

iR D [l E

TR ORI WD M OFE X AT, B 1 1-2 O HIEICHEL TT o 72, il
DEEFTLLT DX 5124727, bEWZ LI L7-fila%z PBS T 1 B Lok, —
20°CIZHEI L7z 100% A &% 7 —/ (Nacalai) #4LEEL, —20°CT 10 srfEiFE Lz,
RWNT, TAEL—F—TAX ) —/LERYRE  EIRT5 o EIE, Z0%,
PBS T 10 73 (3 [8]) #EiF L. 0.02% 7 k) b U 7 A/PBS #1x 4CITRFL
7o

a1 ot g )
A EE LTI R—HTF A&/ 7 4 )L N2 L, PBS T 1 [H%E L%, 120

2= NH/ =777 2D Turbo DNase I (Thermo Fisher Scientific) . 1% BSA/PBS
DWW HL % 37°C T 60 43 HEE L 7=, D\ T 1% BSA/PBS T30 pffl7 v v ¥ 7
AT\, I L7 BG4 Pz 120 S0MIBOG S8, e 1% BSA/PBS T 5 70 (4
[\l) Perg L7z, DWW T %5 FLAG fitfk (Cell Signaling Technology) & 5\~

7 Z§1L TRF2 #i{k (Novus) % 60 7S, ZHvx 1% BSA/PBS T 5 75 (4
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D) P L7, S 512, Alexa 488 fEFkfL 7 % IgG iR, Alexa 488 fRikpi~ 7 A
IgG $i{A (Thermo Fisher Scientific) OW T 2% 30 RIS S 2%, 1%
BSA/PBS T 5 45ft] (418]) ¥y L7z, D%, DAPI TEZxfbea L, v 7%

BT,

[ %R]

CD 27 MVRIZ K % G4 FERRDOHERS

ELISA 2179 (&> T, £F1E. G4 JBRELSZ &> DNA 728 G4 OIS %
R TE TWDH D% CD A7 MUVIETHER LT, G4 &I, G4 TEAELS 2 & D
DNA % —filt FAAHET, 7T=—V 752 TRETELZENMBAT
%o FT-. GAEEIL G4 2T D 4 KD DNA X T > ROFEMNL, &2 THREL
J7 1] % AV 7= Parallel propeller G4, 2 K317 Cé % Anti-parallel propeller G4,
1 A2SF47Cd % Mixed parallel and anti-parallel propeller G4 0 3 FE¥EIZ 54
i, TNHOMHEEIL CD A7 MUWEZ K VERT 22 &N TE D, CD A7 |k
NEOFERS . KIT2 % KCLIZAR LT =—V > 73 % = & C Parallel propeller
G4 #IEZRk L., F72 hTELO + NaCl TiX Anti-parallel propeller G4, hTELO + KCl
-G% Mixed parallel and anti-parallel propeller G4 /B % = & 73R C & 7= (Fig.
2-1), G4 RIS 2 FfT= 720 A Y 2 (Non-G4) ORI —flih F4 L FEFTT =
— Uy 7% LTH, G4RRNL AT VRIS ESh o Tz,

ELISA £ & 5 BG4 FLiED G4 5B DIREE

R 3FEEO R AR AEMEEZ S 572 GADNA & G4 2K L= b
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—/L DNA (Non-G4) % M\ T ELISA #17\, #HH L 7= BG4 HitlkD G4 FrRME %
S L7- (Fig.2-2), ZOfE%E., BG4 Hifkid=> F v —/L DNA & ki U<, EftEo

B2 3FEEED G4 DNA 2% L TR @ W B R 2 s Lz,

BG4 itk & A - MR G4 DRIHEAL
ELISA 12 X 0 BG4 HLANRERE L~V T G4 3B A RT 2 LR TX -1

D O TR SEAOL Y 2 ATV TO G4 O ik & ik 7- (Fig. 2-3), £7°,

&7 L7- GSC 12 BG4 Hifk, 74X FLAG Hifk, Alexa 488 HEiifi 7 = IgG i
KERSSEDZ LT, ERNIZEED foci BHER TX7-, X512, DNasel % wijfLH
LTRSS B 0 24T 5 2 & T, BN D foci SHET 5 2 L MR TE 2, fit
Tix. BG4foci &7 1 A7 OILJFEMEZ MR LTz, 0 FISH{E (51 % 1-2) (TX
H7u AT & BG4 OB m R T, BERET G4 ONLIEREEEN N D DD
JRRZ2 D> ZDFIETIE BG4 foci OIS TE o7z, £ T, TRF2 #Hifk L
BG4 #ifhkD — Bt % T o7 (Fig. 2-4), BG4 HUik THRIEE LY EAT 5 54 13
fz AL ) —NVEETDHHENDY | ZOFRMTIETRF2 O3 7 /W3R Lzt O

D, 2TD BG4 foci ® 9 HHI 2 EIN TRF2 & —E4 52 ENfEIRTx7-,
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CD [mdeg]

Mixed parallel and anti-

Parallel propeller G4 parallel propeller G4
"7 Non-Ga S Kim * Lo
on-

~Control —Control =Control
100 | =99°C 100 | —09°C 100 =99°C

=KCl 7 —KCl =) —KCl
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3 8
00 M 00 04
4——_ Anti-parallel
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Figure 2-1. G4 formed in guanine-rich oligos.

Circular dichroism spectra of control (Non-G4), KIT2, and
telomeric (hTELO) oligos. Control, oligos were not dissolved in
KCl or NaCl and not annealed. 99°C, oligos were heat-denatured
at 99°C without KCIl or NaCl and rapidly cooled down. KC/ and
NaCl, oligos were annealed in KCI and NaCl, respectively, by

heating to 95°C for 10 min, then cooled slowly to room

temperature.
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51 o km-k

—8— TELO+K
—4— TELO + Na
—s— Non-G4
—=— Blank

0.5 -

Absorbance {arbitrary unit)

0 3 6 9 12

BG4 concentration (nM)

Figure 2-2. ELISA verification of the affinity of the anti-
G4 antibody BG4 for G4-forming oligos in Fig. 2-1.

DNase (-) DNase (+)

Figure 2-3. Immunofluorescence staining of GSCs
with BG4. Blue, DAPI staining of nuclear DNA.
Dotted Iines indicate nuclear boundaries. Right
panelindicates disappearance of nuclear BG4 foci

after DNase I treatment.
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(a) (b)
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Figure 2-4. Immunofluorescence staining of GSCs with BG4 and TRF2
antibody. (a) Representative photos are shown. Red, TRF2; green, BG4;
blue, DAPI staining for nuclear DNA.

(b) The rate of telomeric BG4 foci among all BG4 foci was calculated.
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2-2 GSC & NSGCIzBI[15 GA1BED B

[ErY]

PR L 7251 G4 Bk (BG4 Hiik) 2 Hu T, Telomestatin D% —/%~7 > K Th 5 G4

DED GSC & NSGC & DETRRDDNZHEtT 2,

[#18t - F5ik]

B )

MR ORE ZIAZ L HEIX, 55 2 B 2-1 THA72l@ 0 12T o 7o, SO YA 2

2-1 D7 1 X TEANELIED FTHEICHE L TiT o 72, BG4 foci ® v v b, Gk

P

L EOGHEFE OB E 21T IN Cell Analyzer 6000/Workstation (GE Healthcare) % fiff

H L7,

ELISA
ELISA |3% 2 3 2-1 OFIEICHEL T{THo7-, fHEL., TEY 7L — Mo gtF o
{t. DNA # 56 SH7-21%. 0.1 uyM Telomestatin % 4°C T—BrALEE L, &\ T BG4 #it

K% Ot =72,
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[ R]

BG4 Hifs % v = GSC & NSGC D RF st it
A L7z BG4 fifl 2 W7z g dotde i 2170 GSC & NSGC IZB1T % G4 1

EOBIE NN B 2 DO MET L7z (Fig. 2-5), ZOfEH. G4 O¥iE GSC & NSGC
THBEICHFET D Z LR LnE o, £, GBM146 ® GSC & NSGC 124
F% 1 SOMIYS T Y O BG4 foci DHOEHE (Mean intensity of BG4 foci) 35 & O°
#ItiifE (Mean area of BG4 foci) (ZOWTHIRFT L7223, [ARRE TH D Z & D3RR
7= (Fig. 2°6),

Telomestatin % LB L 7= GSC % FV 7z BG4 Hifk g &t i
G4 % Telomestatin NZE(T 5 Z & T, BG4 foci BN THZ LM FPHEIND,

% Z T, Telomestatin Z LB L 7= GSC % BG4 Piik CTHEH et L= M8,
Telomestatin (2 X % BG4 foci O LIFBIE 72~ 7 (Fig. 2-7), Telomestatin
N G4 ZRENT D LT BG4 HilkD G4 ~DOFFMEZ KT SH 5 AlREEZ 5 %,
% Tix ELISA TZ 0 iz kit L= (Fig. 2-8), T DfsH, == > + 1 —/L DNA (Non-
G4) &ltb# LT, TELO + K, TELO + Na &\ »7- G4 DNA (Fig. 2-1) DA T
IX. Telomestatin #/LE T 5 & BG4 HiikD DNA ~OFFMENMETT 5 Z L0885

nElpol,
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Figure 2-5. BG4 foci in GSCs and NSGCs. Representative
photos (Jeft) and quantification of BG4 foci numbers per

nucleus (righ?) are shown.
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Figure 2-6. Mean intensity and mean area of BG4 foci in
GSCs and NSGCs.
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Figure 2-7. Immunofluorescence staining of Telomestatin-
treated GSCs with BG4. Cells were treated with 1 or 5 pM

Telomestatin in serum-free medium for 24 h.
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Figure 2-8. ELISA verification of the affinity of the BG4
antibody for 0.1 pM Telomestatin treated G4-forming oligos.
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2-3  Telomestatin [C&KBEEHRX FLADFE

[ErY]

Replication protein A (RPA) 3—7A$4 DNA #EA X /7T, HEA L AR
L% ERPA2D Y U EBENFSI & Z S5, RPA2 OV U bRz 7o iz

Syt 217, Telomestatin 78 GSC X° NSGC (ZEBWTHM A N L A &5 & EZT
ARV T A O

[#18t - F5ik]

i

-
—

OB X IALBIOETEIX, 132 1-2 THRRZEV 757, (B L, —RHUEL
X7 VP Ser33- U L E2{L-RPA2 $ifk (Novus)d 2 W T 7 ¥ X451 53BP1 #ifk (Cell

Signaling Technology) ZfiH L. ZkHUAKIZIT Alexa 488 ikt v ¥ IgG Huik
(Thermo Fisher Scientific) ZfEH L. wtv 7TV a2 @BlE2 LT,

[FER]

F 93, RPA2 O U Uitk &2 V7o g s e 2 170, Telomestatin 73 GSC
L NSGC IZBWTHRA F L 2A&2g| &I 0mat L7z (Fig. 2-9), £ OfER. GSC

& NSGC #t:1Z Telomestatin (25 Y RPA2 OV UERENB X SNbD 2 &% HLH

47



L7, Telomestatin % 24 FFfHALEE L 7354 Tld RPA2 @ U UL 3R EEAR A HIIZ 3R
HHIVTZAN, 4 BRI L25A il s o7z,

fev T, A CERANLE ST oo DNA {50755 % 53BP1 HUkDHEHOL Yt T
Mat L7 A . Telomestatin #53E M D DNA 21513 GSC O A TR bz (Fig. 2-
10), Telomestatin % 24 KefHLFE L 72554 Tld GSC #RHY 72 DNA 8157381 1281

RINT, 4R L7258 TH Ve b DNABENFE ST,
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Figure 2-9. Immunofluorescence staining of Telomestatin-treated GSCs and NSGCs
with anti-p-RPA2-Ser33 antibody. GBM146 cells were treated with 1 or 5 yM
Telomestatin in serum-free medium for 4 or 24 h. (a) Representative photos are
shown. (b) Cells were classified as focus-positive or -negative according to numbers of

punctate nuclear foci of p-RPA2-Ser33 staining (n > 3). Error bar, standard deviation.
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Figure 2-10. Immunofluorescence of Telomestatin-induced 53BP1 foci in GSCs
and NSGCs. GBM146 cells were treated as in Fig. 2-9. (a) Representative photos
are shown. (b) Cells were classified according to the numbers of punctate nuclear
53BP1 foci (n > 4). Statistical evaluations were performed using the Welch #test.
* P<0.05; %% P<0.01.
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2-4  Telomestatin [Z& 5 GSCZIRM7Z: Chkl1 DY) v EYE

[ErY]

LA N L A4 U 5 & ataxia telangiectasia and Rad3-related protein (ATR)
DIEVEGIZ R AIaE S OHETT 20425 Chkl @V @k GEVMEL) 23T 5,
F7-. Chkl & FERICHIRLE B Z $IH9 % Chk2 X, DNA #HEIC I iEHE LS D
ataxia telangiectasia mutated (ATM) (ZX > TV &b (GEMAL) b, HivT
IZ. Western blot analysis 17\ Telomestatin ® Chkl, Chk2 ~M 2% kit

Do

[#1t « 5]

Western blot analysis

F A AR OFHHLES LU Western blot analysis I3, %5 1 3 1-1 (2R L72@ 0 11T
7= (AL, —UHifk L LT~ 24 Chkl Hifk (Cell Signaling Technology) . ™7
XU Ser317-V »H2{k-Chkl $ifA& (Cell Signaling Technology). ~ 7 A$T Chk2 #t
tk (Millopore) . ™ %5 Thré8- U > [{k-Chk2 Hifk (Cell Signaling Technology) .
~ 7 AH B-actin FUA (Sigma-Aldrich) DWW )E 4°CT—Bs S8, Pk
(21 HRP #a&Hi ™ ik, HRP fEi#$i~ v A5k (GE Healthcare) DOV 347
ZHWT, 7Rt Lz,
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[ %]

Chkl & Chkl ® VU v E{bHifk % FH 7= Western blot analysis % 17\,
Telomestatin O#EHL A kU R IRERREK I B2 Mt Lz (Fig. 2-11), £ O
K. £ Telomestatin Z L L TWRVVREETO Chkl O % 37 B3 8l GSC
DI773 NSGC & L T\ 2 & 3RS S 7z, & HIZ, Telomestatin Z L3 %
& GSCIERAYIZ Chkl DU UBEA ISR I SND T ENHABMNE -T2, £,
Chkl & FERICHIAE S 2 HI#9 5 Chk2 22\ TH & 7 BB EIT GSC O JF
W< . Telomestatin LT 5 Z & T, WA HH GSC &R U (2R
O HT,
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146-GSC 146-NSGC
™S (uM) 0 1 5 0 1 35 CPT

Chk1 | e a— a— -_ o«
p-Chk1 | — |
- 76K

ChK2 | e e am o e
- 76K

p-Chk2 - -
p-actin | 38K

Figure 2-11. Western blot analysis. GBM146 cells were treated
with 1 or 5 uM Telomestatin for 24 h. Cell lysates were prepared
and subjected to western blot analysis. CPT, GSCs were treated
with 2 pyM Camptothecin for 1 h as positive control of p-Chk1 and
p-Chk2.
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2-5 ATR ¥ F+—F¥HEEHD GSC ERE

[ErY]

Telomestatin 7% GSC i#RAJIZ Chkl DV bz sl 2 L Z &nn, HEX
L RSB T 5D ATR-Chkl #2725 Telomestatin @ GSC ZRMHEZFHAL 5 5
ERRTH D RN IR SN D, ZORKN GSC OAFFICEHEREE 2 K- L,
BRIERE RV GD LB ONDT2D, W TUIZ ORKZAE L725E OMifg~D
W E T 5,

[#18t - F5i5]

A4 e 8 5 P A BB
AR S FEAM A FABR I 1 3 1-1 O FRICHEL TiT o 7o, #5501 ATR - —BIF

% VE-821 (Selleck Chem) & %\ NE ATM % F—F[HEH| KU-55933 (Selleck Chem)
OWTFNNEEH L, 37°CT 6 AR L %I AFEMaikz2 e L,

b )

MO & AR, BIER L OEd0t g, % 15 1-2 TR~@ 1T -7,
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[ R]

F9°, ATR F 7 —EHFHAl (VE-821) & 2\ X ATM - —EFHEA] (KU-55933)
2% % GSC &5\ ik NSGC DM %, MM FmHIRRBRIC X v bl L7z

(Fig. 2-12), £ D#E%, VE-821 @ IC50 fli%, GBM146, GBM157 ® GSC {23\
TIXZENEH 6.87 ymol/L, 6.33 ymol/L TH - 7=DIZxf L, NSGC Tix _FEFHD
fadiZ 10 umol/L LL ETH o 7=, VE-821 DTN & S5 7= 10 ymol/L % i .
FRETORFHIRECH 7203, ZNDOFRNI D, VE-821 (X FEHOMIIZE
WT, GSC IR ML G FE N0 R A om T A B S dvfz, ZHusxt LT KU-
55933 @ IC50 fEix, GBM146 (28 Ti% GSC T 28.11 ymol/L, NSGC Tl 31.66
umol/L. (NSGC/GSC tuid 1.13 %), GBM157 IZ-5\Tix GSC T 31.05 pymol/L,
NSGC T 38.38 umol/L. (NSGC/GSC fhid 1.24 f5) E{EN 2 512 GSC #INMEAE
AR LT, VE-8211F & D GSC SR 72 Ml e E FE M D SR TR C X 2o 7,

IZ, VE-821 @ DNA #5558 /EH 2 52T 5729012, 53BP1 Hiufk % Hv iz
gAYt 217 o 72 (Fig. 2-13), T O#ER, VE-821 1T GSC #IRHIZ DNA 15
RHETH I E DR TE . MR & — 8 LIRS DT,
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Figure 2-12. Effect of an ATR inhibitor VE-821 or ATM inhibitor KU-55933
on growth of GSCs and NSGCs. GBM146 and GBM157 cells were treated
with VE-821 or KU-55933 for 144 h. Error bar, standard deviation.
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Figure 2-13. Immunofluorescence of VE-821-induced DNA damage foci in
GSCs and NSGCs. GBM146 cells were treated with 5 uM VE-821 in serum-
free medium for 24 h. Representative photos (/eff) and quantitation of 53BP1
focus-positive cells (righ?) are shown. Cells with more than four punctate
nuclear 53BP1 foci were classified as the focus-positive cells. Error bar,
standard deviation. Statistical evaluations were performed using the Welch ¢

test. *, P<0.05.
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[&%]

% 1 B TIX GSC 1281 % Telomestatin © DNA 85 A H = X L& kEt L T & /-
M, Telomestatin 7% GSC Z{R1)IZ DNA 54 #FE 3 28 HE LT, ¥—F v b T
0% G4 O GSC & NSGC O TR D AMGEMEZ & 2 Jo, £ 2T, T ITMN
G4 O b ARz, TNETIEL, G4 MEZ RN TEIEET L2 Z LIFRETH Y |
Z < NEBE LV TORET Cho7o, LAL, 2013 12 G4 FrEFLAE (BG4 it
K) MBS NZZ LT, MianN G4 ORI LR RTRE L 7o 72 (44), BG4 HLlED~
TAI R LHREIRE L R L7-PURD G4 KM% ELISA THGE L 72 fE 2R,
BG4 PiiRiL 3 FED B2 HE A1 D G4 #1E (Parallel propeller G4, Anti-parallel
propeller G4, Mixed parallel and anti-parallel propeller G4) (Zxf L TR% &
BAMEZ R4 2 LR TE 2 (Fig. 2-2), £72. BG4 Hilkz Hlv oz st v %

T9 LEENIZE D foci 235HERR T & . DNase I Z BiALEL L 728 12 E s e e e 247 9
ZETINGO® foci BHK LTz (Fig. 2-3), ELISA & dt B OFERN D i
# 1L 7= BG4 HiiRITMIEAN TH DNA 2587 L. DNA OH THEFC G4 DNA % 585%
T 5 AREMEAVR STz, RIZ, BG4 Hifk % AW soe et 2170 GSC & NSGC
2B 5 G4 O E I LT Z A, G4 DFIZKE 72BN TE) -7 (Fig. 2-5),
7 LRIIEZED G4 U FET 5 2 LM B TR Y BG4 HFiikiTn<
D G4 DESKREZEIT 7 e LTRHUEL TWA Z N TSNS, —DD
FAPT &8O DR A XANFIR % foci FEL TV AHT-®, GSC & NSGC 2k
7% BG4 foci DHIEIRIE S D WVITHEMEICOWT HBE L7722, MiE O TRE &
WITBIZE S o 7z (Fig. 2-6) . 1> T, Telomestatin % —47 > F TH 5 G4 1%
GSC & NSGC TlRIFREEICAFIES D rlREME DS R S 4172, GSC & NSGC & DT G4
OHEIITIRE 72BN B B0 57, (il Telomestatin 23 GSC BRI A R3O
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INEUN D BEM RS R E AR D Et AT o 7,

Felzib ~ 7= X 512, Telomestatin (37 &7 A 7721 Tid/a < HHIZ 1417 L T DNA
BEEFET L LN E o7 (1 %), 5612, Telomestatin |3 GSC &
NSGC IZBWTHMA LA EZFE L2 &b (Fig. 2-9), HMERICEMR IS
G4 % Telomestatin N ENT 2 2 & T, MROETHY T Hiv, A L 2ng]
TR END RS R SN D, GSC & NSGC TRIFRFEICHEHE A kL ANFHE S
N7z D%, Telomestatin DIEHTH 5 G4 7 GSC & NSGC TRIBEICTFEL TWD
MO THHEHATLZLENTED, HBRAFLVANRELD &, ATR OFEME(RIZHE
W, MR OWEST 295 Chkl @ U UL (EME(L) BNAET D (46), AREt
35, Telomestatin (% Chkl ® VU U ER{b % GSCERMICHEE T 5 Z LA Sz

(Fig. 2-11), GSC ZE1F % Chkl @ U fE{kix, Telomestatin Z 5 uM LH L 7235
ATITTUEL72—FH T, 1 uM A3 5 L ETED Le (Fig. 2-11), G4 U T R
D—>Td % Pyridostatin I, (RIRE & mIRE CTHES 5 DNA HEOHEITED 6
RN, EIREOG N T v A T S DNA 5% @ OEE THET 5 L 0O RERD
% (23), Telomestatin # 1 uM ZLEE4 2% Z & T Chkl @ U U ERLAH] X 5 JFUA
IR TH D28, Pyridostatin & [E£EIC Telomestatin & . JEEEIC X 0 /EM SRR
LHAREMEDR B 2 bivs, DNA HENAEL D E ATM X —EB DI EIC VL, il
JEHA O HEAT A4l 9~ % Chk2 @ U bk (TEMEAL) 2342 U %, Afiith & | Telomestatin
Z 5 UM LE§ 5 Z & T Chk2 0V by GSC EIRWIZERD bz Z & 226 (Fig.
2-11), GSC #IRAYIC Chkl OV Uk 5 & 2 75 Tidk., DNA HELFHFES
N5 Z LR TE T, GSC TiX, ATR <° Chkl &\ -7- DNA BEIGEICED S
BRI BORBNBENT ENRHBILTWD (49), AfFEr6 6, Chkl % X7
BRI AT GSC D528 NSGC L H# L TEW 2 &R sz (Fig. 2-11), L7z
N5 T, GSCIZBWTITHER A b L AR U7ZBRIC, ATR & —¥ OiFE{L=e Chkl
DY AL B & ST VIREBICH D L TllE D, DNA BEIREO Lific
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&9 5 H2AX 0V k. GH2AX) % Chkl & [FAERIC ATR 7 —EBIZIKFEL Tk
D, ATR ¥F—BIZL-oTY vWfbEhdZ & T DNA HEILENFIEEZ SN
(47), LA EJ Y| Telomestatin 7% GSC ZERAJIZ ATR-Chk1 #R#& 2 7& ML+ 5 2 &
T. Chkl ® VU ki X 5 GSC BRIV MIEHEANHIZIER ., 2DV T H2AX DY
VAR XD GSC EIRAY7Z: DNA HESE R G & Z S D et R Sz,
GSC THHNE W ATR X° Chkl & W\ o 72 & 237 B OiEMHAGIE, FE B o 1k
IZ& % DNA BEEZE L, BREOHEREBEIIEICFSG L DL EZEX6NTND
(49), L L7236, 587778 ATR-Chk1 #E#EOTENELIZ, Froiry 722t fa)E B oo 45 1k
ZolEE I L, MiRELZFHEST 52 LA THEIND, FEFE. ATR-Chkl £ OIEME(L
WX DM E B OEIEZS SR T2 & THIRELZFET 2Lam b Mo TEY
(60). G4 U > FThH 2 NSC746364 b ilins AMIRIZISWNT, T X 5 27
TR ZFHET DL EZ DN TS (51), ZDXHIZ, ATR-Chkl B ILMLD
EAFICEE BB 2> TEY | FFIZ GSC TIEZ ORBENEE & EI 2 K7 LT
HZENTHIEND, ARFtnn, ATM $F—EfEA] (KU-55933) &bl LC,
ATR %7 —EHFAl (VE-821) 1% GSC B#IRAY MR AE NI 2 R 2 =7 2 & 23
Sk irodz (Fig. 2-12), ATR-Chkl & A IGMELT 5 &5 % D Telomestatin
72T TiE < JATR ¥ —EBOEAI S GSC BIRMEZ R L2 L2026 GSC 1% ATR-
Chk1 RO ARLHBARAEIS XTI 2 MEFIPED @Al BEME S R S5, GSC 12 W T
13, FEHIAALEEOWREE T H 59V 72728 51T Chkl @V U EM LA R S - (Fig. 2-11),
T b, HEHIEWUE L T RWIREET Y Z ORI OMEHCHF S LD 2 &
MY, ZORBEEABENIEHELT 27200 T HET 52 & THHMRIC ST
W7rmEad 52562 nBx bbb, LEXYD, ZOREKIL GSC ([ZxiT 28771k
WAER) & 7R V15D WREMEDS R S D,

Telomestatin % 24 FEfFJLEL L 72354 Tk, RPA2 © U E{k & 53BP1 foci DL

NCEEF IR S NT=72% (Fig. 2-9. Fig.2-10). Z O To DNA 5T I
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BRA N L AOFHICERK L THD Z LRI S5, LA L7RAD, Telomestatin
Z 4 R L 72554 ik, RPA2 OV UREIZA T THRWZHED LT, 55072
2H b DNAHEGRFHFEIN (Fig. 2-10), 77205, ZOFRMTITEREA ML 2D
O ITE R DA T DNABENFEI N TWDL Z R THISND, EITE~T
£ 912, Telomestatin 5D DNA HHEIFERIZT T/ 7 r AT REREICH
EFELTWDLZEBHLNER>TWDS (BB 1 &), TRF2 37 v X7 1 LEHET %
ZEICEVAELDT AT OREIL, TuAT—BHEICLDST v A T E/ME & iR
LTTHONCAEL B Z EN TS, ZO/ERIT Telomestatin @ GSC (2% % H]
R 7esh e LCHIfF S D, 2D X 91T, Telomestatin (37 v A 7R, #5570
EMEINVER) 2 FF0 2 & T IR TS S L MR E A~ D4R F MRV DNA 815
0, FEFVOHRFIRAF L TR E SN HE-Z L AR L7z DNA #5545 ik
Z I RIREMED R ST,
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BIE KB

FRER R F I T 12 N B OBMERIER Ch 5, FINIC K 2 RS mE e, Fiff &
O T R L ARIE 21T > T D, LU D, 20X 5 i E{T-
T OB IERE O EAHEIE 1 ERETH Y | ENTIRRIRIE OB N S8
7o TWND (1-3), MRIBIHFIEO AR — 2/ RtER O FIzi3n Al (glioma
stem cells: GSC) MAE L, HEIEHIMEICHFHELTCWDH EEZX LN TWD (4,5), A
BT HMEE TN E TS, RIRHSRILEM TH LT 1 A 2% F o (Telomestatin)
25 GSC IZkF L, R 23571k L T4 U7z non stem glioma cells (NSGC) & kb T
£V i) 2R RS 2 R A K OV DNA HIEEFRIEM 2~ T Z L 2B oI LT
7223 (10), 72 Z DAY D GSC IEIRMEZ R T ONIRTEH B NIT S TR,

ZD LD BRERNOARGHLE 1 T, Telomestatin IZ L D FFHEZN 5 GSC #IR
()72 DNA 85D 2 71 = X K% fit L7z, Telomestatin (37 7 A 7 — B HFEME 2 A
THIETHHNTWD (9), ZDOIEMED Telomestatin @ GSC BINMEICEE %L 5 2
TWDHRetE 2 & 2 72Dy, G4 ZE(LREZ Fiz 72\ T v X T —EAFEAl (BIBR1532)
1% GSC BIRMA RS2 ole, Thbb, T ATEMIZLDF v v I HEIED R
I% Telomestatin @ GSC EBIRMEAZREDIT HEKTITRWEZE X bND, L LR
5. Telomestatin 737 1 A TG % /37 'E Toh % TRF2 foci % GSC ERAJIZIH KL
SHDLZENRHLMNIRY . ZOIEEN GSC IZBIT 57 v A 7l DNA 5%
B LK TH D ATt s S iz, £, % FISH B2 HWTEBans,
Telomestatin (2 & %7 ® A7 DNA #£513, £BREHMOK 3FITHY | %0 DK 7
FNIT e AT USNOFIRTAELD ZEBALNER-T, G4 DOIFAKIZIE DNA &
SRHADIEENLETHY , 71 27 DNA O—AREEFEIK 71T Tre < HRSCERE OB
b G4SN D ETFREND, #5, HRIER T 74742V 2) BIOD

62



25 FEA] (DRB) % GSC IZHILEEY % Z & T, Telomestatin #5140 DNA {5
PEEEIIK T Lz, LLEDORERND, G4 U H > K Telomestatin 13 GSC 123\ C,
TRF2 27 0 A7 bilfidT 5 2 L TTFu AT EELZF SR IT720 Tl Hil
RRFIZ KA L C DNA 545557 2 alRErE 0~ Sz,

2 B TIX, £ Telomestatin D% —7> > h Th D G4 DAL ZiAA T, LG4
ik (BG4 HUK) O T AI RinbHURZHRE L, SR L 725K G4 R0 % Mk
L7-, ELISA OfEHEG ., SR L7- BG4 HiiklE G4 Bk S H7= DNA 2% L TE
WEAIME AR R T Z L MR T&, & 5HIZ DNase I & RTALHEE L /=% IC s docdefa %
179 2 & TEAN® focl BMHERT 5 Z EMRHERTE 72, Zhvb ELISA Lty
DOFERN G | TR L 72 BG4 HUAILMIEAN T H DNA % 7%# L. DNA OF T H##2 G4
DNA %385 L T\ % AIREMEAVR S 47z, 8 L7z BG4 HUiR & W o g s Y fans
5. Telomestatin ® % —7%7 v h TH 5 G4 1% GSC & NSGC CTHRIEEICFET L &
MAGNEIRoT, ZHETO G4BT HMFRILFITRRE L~V TIThil Tz
M. 2013 4E1Z BG4 FUABR &= Z & T, MilaNTO G4 O RfEALIN ATRE & 72 -
7= (44), BG4 HLiKITZENTIZI DNA I X2 G4 #3857 2 0Ickt L, MlaE M <X
RNA ICHKT D G4 2 HfbTE L 0o o@HELHY (62), G4 VT FOZ—7
v AL TEDDAMRY =R 015, £-, BG4 HURIC K bzl
(IHC) HATHLILTE Y, ENASH N A O SR CIE, B & ik LT BG4
PURIC X D3R MNE VO ME b H D (53), MG L EFMEMKED G4 DI/
HOEWR B D ONIRHTH LM, — 2O FEMEE LT, G4 OIRESCHEICE DL S
B BEOBENRTTHEND, T, G4 RN T D& %2 b o~ I —EDOFE
NERENTEBY, ZOHFO—2PIFL ~Y I —I3MIRANICES N T, SOeE L7z
G4 V #> K Pyridostatin &LFETHZ ENALNERS>TND (23), ~U I —
P LITfiic G4 2T 24 VNV BEOFEBMBNTEY ., ZDOXI 7% G4 XA T
RV R B2 D8 NI EOFEDN, MlNO G4 DL G4 U T RO
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PEICR B 5 2 TO D AREMDSE 2 D, BG4 HUARIZ X 2851025 | Telomestatin
DIEHITH 2D G4 1X GSC & NSGC TRBEICHAEL TWD ZERHEMMNE o7
N, BRSNS 2D L 9 7 G4 % Telomestatin W &E(LT 5 2 & T, #HE
OETHHT o, HEA ML ARSI ZEIESND ETFRLLE, RN X2RT
RPA2 OV bR A AW T s Ot et 21T o 7ot R, Telomestatin A 4LBE L 72
GSC & NSGC TiE, HLICHEBMA ML ANFEINDL ZEBHLNE o7z, Ll
PRI E, 2 DEED Telomestatin 781 DNA #1513 GSC TOARAEL TR Y, Hflx
b LR SEREIIT Telomestatin @ GSC @#IRMEZFAL 2 20 TEHARRH L &5
Ao BRARNVANET D & ATR OIEPELIZE ML E ] O HETT & il 3 5
Chkl U Ugfk. (&M L) olEE S5 (46), FEEEWZ L1Z, Telomestatin
IX Chkl @V U #{b% GSC IEIRAICHET 5 Z L AR &N, GSC TIXATR X
Chkl &\~ 72 DNA BESEICHED S 2 L 7 BORBANE W ERRESHTE
D (49), ARFHSEH GSC TIE Chkl O X N7 EREBN @V D & AR ST,
U EOFERNG . GSC ITBWTIER A R L2034 UZBRIZ, ATR-Chkl f&REOIE
ML B & Z ST WVIREBICH 2 & TSI D, DNA HEISE D EiRIChiE T
% H2AX @V »Ufgfe (sH2AX) & Chkl & [AEEIC ATR ¥+ —BITIKFEL TR,
ATR ¥+ —FIl2 L > TV Vb ENn 5 Z & T DNAHBEISEN X EZ Shd (47),
T 7245 Telomestatin 28 GSC #IRAIIZ ATR-Chk1 #2151 L% = & T, Chkl
DV I £ D GSC IERAY 2 M TEIHI 2 R, &5 WIT H2AX 0 U U Fbic &
% GSC &7z DNA HEISENsI & snsd & THsh5 (Fig. 3). Fiz.
Telomestatin 7217 Tid7e < ATR ¥ —E[HEH (VE-821) & GSC ERMEZ /R LT
Z &5, GSC TiX ATR-Chkl BB AFO DI EE 2 EZRIZ R LTEBY, Z
DOFREEE DA IBRR B KT D MEBFERN BN E R HER S D, BLEX Y ZoRKIX
GSC (23T DH T 7R 1RIREER) & 72 2 AIREME DS RIE S T,

LLED X9 WZARFFETIE, Telomestatin 137 1 A 7 721 Tld/e < | HRSCHR BT IK
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e 292 & T GSC @I 2 Ml A 20 2R s KO DNA G5 F 1M &2 7”9 vl 6e
PEDSRIE STz, 2D KD 708 LWL, GSC Z1ERY & L 72 BRI RIS O EL 0D
el EERQEHREARELEL2 D EEZEZOND,
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Figure 3. Telomestatin impairs GSC growth through potent activation

of the replication stress response pathway.
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