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HIE ERE

Bex oy 7P VR TR T D5 7 & U CiRe L, Ml O A8 & I 95 RAS 1X, Z2< 0N A
AR CIEFANCIEMIL L, NADEMRLEZFET L, 072D, RAS O FERIEKIIEMED &R AR
WD LEBEZ BN TERY, HRFTHERENTONCTE Iz, Lol ¥ /X BofEm e R8s
EDLRRENEE T, RAS 1IFU/E“Undruggable”/s & L XV B TH D Z EBNALS RS T\ D, £ T,
RAS ¥ 7T UREE D L0 NI CTIEA T 2 0 T 21 & L2 IRFIOBRFE B HED HiTE 7223, RAS 1E%4k
RV T F IR EATEAL T 2720, B—0 3 7T UREEIEL Th, hos 7T REsiEtE kL, 2
AAIRR DS SEANM M 2 ST 5 Z L MDA L 7> T D, ZD72®, RAS ZEHEEICTE 53 D
BAFITHIR E LT BEN TV D, — 7 RAS V7 VR & LTy TAERIEE e E O LA RIEIT.
BANTK L TEWVIBEZIRZ SO Z LD ->TETEY, RAS 7 U % i3 2 A DO BRFE 8 &
UHTHLAISRIZN 23 1 D [RIE~DOHIRE b K& W,

Z ZTARMFZETTIE. RAS 7 /URIRIC T 2 HTRAIRER 0 FDOREL B L LT, RAS BREET D
PYAARRDIEE - SRR\ C R B AR A R s TR B S BRI B B T 7 F L B RE IR AR O fif
B, FRME - ESRORNCT EE 5 LB D TMPRSSZ/ERG D FSHIEIMEAE O MR 2 37
Too EHIT, HTIERIN R RAS OIEMHEA G 287270 Fik & LT, RAS Z=2— N7 2% mRNA (0&
PICREG T2 7 % v o7 = FE R E Vo RAS OFBUNHIFIEIC OV TRHRET L7z,

3 ETIL. RASICK DR - IS0 27 7 T VBB D KBS OfEA A2 A& LT, AAHIHIA
T p53 DARTEHEACIZ E 22 WRABIBT RAS BT 27 7 F U MHEIED — D> THLT AV RT 4T D
TERHEIEIZ ISV TC, NFxB BN EERGFThHhDH Z L &2FEFE LTz, & 4 B Tld, TMPRSSZ/ERG DFHHIEIC
BT, TMPRSS2 AR D=7 YV 2 2 TR S D W ESHEIES, IREIGHEZ G521 v F & LTHE
REL TV D AREMEA I B INNC L7 3 5 ECIX OISR 2B 35 7 % 1 7 = U FFE(K zinc phthalocyanine
tetrasulfonate (ZnAPC) 7%, JEHRSHEIERIIZ RAS OFB AT 5 Z L AP 620 LTz, ZnAPC 1%, RAS
mRNA @ 5’UTR SEIK TR & 2 MBS TI IS RS & L A6 A L72 ZnAPC 13, SBIREHZ K- T RAS
mRNA Z73f# L, ZHUCE > TRAS ¥ U 37 EDOFRBEZIHIT 5 & &b, MIELFE L7,

PLED X S IR TIE, BADIREICARD TEETH S RAS ¥ 7 T /VRRIKIZBI LT, #iic 22 IR
DIEEEL, V7 TNAGFOREBTHREARBEZMAT L2 LR TEL, IHIZ, IRNETHEEE =N T
& 72 RAS OFBLA il C & 2 5 TAERISEEATOBIFIC BB LTz, 2D OFERIE, BATRKRIZB T 280
TeIRBER 2 R BERETRT DT T, # UV EE 2 — K95 DNA ° RNA O EHFHEE 2 - 7=
ABEBFRECTH D Z L AR LTS, TR b OHMRIE, ABEOENCES ) 7 4 —%IRT 52 & T
LS ATRIRIE ORI D723 D I S LD,



W2E S

AARANDFER O —(ilE, 1981 2 BBHEICE D E TEMEHAY (KAL) T2, 5 TEWFOmsR
DIBILE, RSN R 2 LR S TWD, —FH T, REEHAUICERT DIETE T2 HT T
BY . BAOHIRICIANT T2 RIGRIEORBIIEE Th 5, PARKOEN L L THICER STV
2R BIZRAS I D, RAS I, %< O MR THEFIICIEMHEA L TRV . ZORF RIEMHbIE,
RO MRRF 22 2 R 572 8L BADFAESLH VMO EMLIZES BE L TW 59, hbnz e
735, RAS X° RAS ¥ 7 F VIR OILEF 3D TH RN AIREITIEIC 25 L B2 b T 5,

RAS I, 5318 G ¥ /37 ERD GTPase TH V. RNIHMA! (GDP fEE7T) LIHMHER! (GTP #5E7)
DIRFETIFFEL T 5 (Figure2-1) 19, GDP f&%10 RAS & GTP iAo RAS IF, X7 LAF RiEE
Ry MIHEL TV D ) VEEREG /L —T (10-175%55) . A v F 1 (30-38 5%HL) . A A v F 1 (60-76 5%
) BIOWEKEAL—T (116-120 %) O 4SOOI 73 A—2a VBB THZ ENmbNT
W5, GTP LA L7 RASIZ GTP D y-U VAN, AA v F LITAET DAL A= 35 & AL v F ML
BETD7Y 260 EAKRFHEEEIEKT HZ L TRAS &2 /%7 M f_FF L, RAF X° P3K 72 &0
TS F=° RAS DIEM T ThH D SOS D7 m A7V w 7 & OMAAEM 2 AIREIC T 5720, RAS 23
P 20012, TEFEMIIZET 5 RAS @ GTP/GDP FiAREEIX, /7 =0 X7 L AT RHIKN T (GEF:
Guanine nucleotide exchange factor) & GTPase I&1#:{b % > /X7 & (GAP: GTPase-activating protein) 2 J ¥ il
SN TWD, LInL2RAs 5, RAS BUR T ORFEFNLOZRIT, 73/ RE#HZE LD Z & TRAS & GTP
Dt E BMREF S D72 RAS DIEFHIZRTEM L 2 5 S 27, EHBITTEMAL L7z RAS |3 MAPK © 2
JVRRER0 PIBK & 7 /LK 7 & ORGSR #L (EMT: epithelial mesenchymal transition) % fill 4]
T ORI 7T N AR KT TLUE D o, ERF2MIHEFES EMT & 51 & Z L, Miltons AL
AEMALDER & 72 20394 2 2T BNAMOBMAICEE 2551 CTh D RAS ZHERI & L7oTREREE L
T, GTP FEEEBAL 2 AR LI PHERI DR RA L TET, LA L, RAS & GTP DR EBFIMEILIEH

KRAS with GDP KRAS with GTP

5W22: 10.2210/pdb5w22/pdb 5VQ2: 10.2210/pdb5vg2/pdb

Figure 2-1 Conformational change of KRAS by binding with GNP.
The structure of KRAS binding GDP (left, PDB ID: 5W22) and GTP (right, PDB ID: 5VQ2).



W<, GTP £ 0 b @mWEftEE b LA MOBFITREECH - 7205, —F5, GTP fiE A LIS 2 1R &
L7ZAIBE B AR HED H AL T E 7203, RAS T EIERERIEE A BT 572, (LEMORRIIRETH 5
06l RARIZE > THRFTHERED LN TNDITH 0D LT, 2O K ) REHND RAS ITER LA
#72"Undruggable” 727y & L CRREIEN TV B, 2020 EIC L 9K, RASDT A Y 7 4 —LD—2ThH 5D
KRAS D 12 FHD T Y L iRy 2T A AL 28K (KRAS G12C ZR{K) (2B T, BRLZY
AT A RS & OIATEE ML ERI OB AR S 70T, LasL, 2 OO ZIE NI AL
BT B%THLIMR, MOBATIEIZALVEWVEETH LIS, =512, ZOERELSMIITILEW I
ARG TE ROV, WAORWGAIBEGIE L 1Z720 B2, 2O X 512, RAS -5 720 THERIZE DB
FITE L OMEE IR Z T2 ORBURTH 519,

RAS ZEHEE T 2D TIE<| RAS 7R 5 2RI & LIZAIEEZE 1D Hi T %, RAF
X MEK &\ o7 MAPK ¥ 7 /URIKIC B0 5 45 70, pl10 R° AKT &\ 572 PI3K & 7 /URKIC b 5
531728 RAS D FHRD & 7T VR B0 2 43 11Tk 5 43 FAERIEE e LR 2 DRFTH 52021, Fiiik
DY | RAS 13 OV 7T IREBETEEAL T 587 & LTHRET 22, 72, RAS OIEHAZRIEMELIC
X RAS R T OERLIMC S BRATEMEICA DN D ZHERMF 1y % —+F EGFR 72 £ RAS
IR T OEFRRIEEL G B ET 53, 207w, — OO A IEHTHE - fil+2 2 LITlH L
BETH, BIOREMNEMLT D Z & AHEBEICBI S 524, BB OTEMEIL, 7 F VR EEBLE R
%t UCHiEZ OB AMIRO ML E | ZIUSHE D BABFHRET D Z LIZO2N 0, K& AR 2->Tn
BB, ZOXIED—> L LT, TR EOZHINFRFRER VIR E O Z LRI ST
BY, 57225 RAS 7 T URKIZE T HRIEER 1 OFE, 3 L OSEHHHIEREOEE MM EENT
W5, BLED X 5 ZRBERN S, RAS OF LY 7 /UREREREOfiEH & . RAS OFEMZ O b O &2 HIiH+ 5
FED, BT PAIRREDORFICB W TIRASREN TV D, IHIC, BADFESE L TR KX
ETh DR - IBREEEET D RAS O LW 7 REEBOMBIL, THROWEIORND LB X
bhvd, T ZTARIFETIE, @ RAS BERT 5N AMIORM - 658 CEEREEZ 7237 7 F Bk
DHIEERE DREIC @ RAS NEE T 228 M DRNE - 158 CHZEZ EMT (ICB4> 5 TMPRSS2/ERG #
BT DOF T IR BB ORI 21T o 7227, Z b ORI A H 3 mEH 4TI T, £, © M
HI72 R8> B 43 TAERI DS R EECd o 7 RAS 43 112%F LT, RASmRNA ZAERY & L7 BBlia I O BRI B

T OWFERRENZ 5 5 TRl (Figure 2-2),
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Figure 2-2 Aims of this study

The three aims of this study are indicated as (D-3) in the figure. (D Identification of a novel molecule that promotes oncogenic
RAS-driven cell invasion by inducing the formation of lamellipodia. @ Elucidation of the expression mechanism of the
TMPRSS2/ERG gene encoding TMPRSS2/ERG, which is activated by oncogenic RAS and induces EMT. (3) Development of
a novel cancer therapeutic method for targeted RAS by the inhibition of its mRNA expression.




HIE RASHEETHIMBEORME - imBICEDLS
7 7 F L BIRE D | B AE o> fiR B

3-1 FFi

RO AT, FEEOBEETHER L, BEREICET LTV & W) TZEMERENAET V] 23, UA
UN= T GIZ L o TIRBEIN TV B RIGHR AP A 72 & Tk, RAS BB TIZEBNE Utk
W2 MAMKBIE T p53 OERBAEL D Z L% T X > TEHEDOFmW B AUME~EEEE X
LB, RAARDEMALOEED—2 L LT, Bl - IBBROEENRH Y . TIITIET 7 F UHRHERIE D
RSB L CWABY, HEHBEICB 2T 7 F DT A Y 7 4—LE LT6DODT A Y T+ —LBbHY, %
OFTPR EyLIE, FEALEETOMITHRIAL TNDIP, 77F 03, BEREMNESGEZHRVIELTEY,
TANIUR Arp REDT I FUEGRFIERFE L TT 7 F Ui (F-7 27 F ) OENRES N, M
fagko—B L L THET D33, MR TIX, BABGTEDE L THBIET D RAS 74 Y 7 +—240
Ha-RAS OTEHFIIEMERIZE BAR (Ha-RASVI2) 12X 0 S AAL L7-HIRIZ IRV T, p53 AHEEEL T\ 5 LR
REDMEWAS, p33 DRERENNKIAL T D L | F-7 7 F UMD — 2> THHEEREE (FA VAT 4 7) OF
FROMERE S, IRIEHRES EV 2 L A 52N L CE 72 (Figure 3-1) B, Z o4y 144 & LT, © Ha-RASVI2
THIEOR ALEFET DL, I har R TOWAEREI &R S, FRSEW B-7 7 Froras
T —E L L TH< HrA2/OmiPIAR I h 2 R U 7 bAIIE ISR %, © Ha-RASVI2 iX p53 OMiIaE
JRTEERET D, @ p53 OIEMEKIFHNCI b R TOBEEMMET L, AU b RU TN
T HtrA2/Omi Z 5L T 5 p38 MAPKPIAHIIWE 75 X b2 KU TIZBATT 5, @ p38 MAPK (2 & 0 iE
P S 7z HrA2/Omi 13X F 2 KU T HlE~BIT L, B-7 7 F L a28liT 2, ® B-7 27 F Dl
WHKAF L CF-7 7 F o Q&M L, 7 AU RT 4 7 OJEAHICEE: Rho 7 7 X U —GTPase T 5 Rac
DIEMALZFHES 57 X7 5% —4r7 pl30Cas DIEMPEIME N5, ZHIC X > T, ZAVRT 4 T DAL
MRHE S, MIRORERIEH S D 2 EELMNI LTz, ©F V., Ha-RASVI2 I X » TiEE X5 Ml
DIEERIE, pS3 OIEMEKFR2 I F 2y R TIREBAMOK FIZHE D p38 MAPK O X k= KU TBITO
R L FAUT L VIEME(L L7e HrA2/Omi 28 B-77 7 F U 28Il 5 Z L TIR N5 Z &ERranzB, =
O DOFERN S RAS OIEHEI21EMAL., 38 L O p53 OFEREN KIE L 72 B E OB WS AFIICB VT,
B-7 7 F L&Y 5 Z LR TENE, MIRORECIERE A MK C& SRR RSz, DEY, pS3 D
TEPEEAFIR S Fay FY 7EEBMOE T, 3L p38 MAPK O3 ko Y 7BATICET 5351
A ONCT 22T, B-7 7 F UL D BT AR T2 RIET 2 2 E N TE L RN H
by X ZCABIE T, 2O HHEEOMIAZ B E LT, Ha-RASVI2 23 SE-ps3 /v 7T U b~



7 A MR IR HRAESERAD  (p53 7 MEF: p53 knock out mouse embryonic fibroblast) % T, B-7 7 F > OHIEiZ
(D)

BG4 % 53 F DIRIE Z2 ATz,
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Ag,®p53
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Cleavage
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)

Release of

Figure 3-1 Molecular mechanism of p53-mediated prevention of oncogenic RAS-driven cell invasion.

This model has been shown in our previous study (Reference No.26). The purpose of this study was to identify a/the molecule(s)
that regulate the mitochondrial translocation of p38 MAPK promoted by p53 (the point is shown as “?”’). The explanation is
marked (D-® and indicated in the text.

32 ERGE

3-2-1 MfasEE L L b a v A VARG,

p537"MEF IZ, Taconic 22BiEA LTz p53-7- v A LBAR (WT) O~ 7 A (C5TBL/6)) % AR S/ TA
EFhizps3 ~T <y AE AR S, BE 125 BBOBRFL SRR L2 b0 &AL, 293T ek
FOYMEF X, #F~A> (S0pg/ml) ZETe 10%FBS ZRM LA Ny a4 — 7 N (=
AA) BT, 5% COTFEIE T, 37°C THEZ L7z, L bu oA /L ARYRT, 3 M D MEF & v, &Yt
WA a3y (B00pg/ml) EEa—mwATr (15ug/m) ZETeEM T3 BRI 52 L T,
Yl DE L7 va & T o0z, RIBEERIC L 28R FERZ T 272012, 2 BRUMNIZETOFER
EToT

322 7RI FBIXUW L RERR

pSuper retro p65 1% p65 DAZIEEFI], 5° — GAAGAAGAGTCCTTTCAAT — 3°% pSuper retro  (Oligoengine)
WA AT = & THESE L 72, Mito-DsRed (% Clontech Laboratories Inc.7> S A L7=, Flag # 7'ff & p65 &8
77 A X K pcDNA3-Mito-Flag-p65P1? Flag-p65 ® 5’ Khfilck hF hZ b e AF A —EDHTa=y
VIIO R b2 KU TBATY 7 AR & il A5ATe 2 & C, pcDNA3-Mito-Flag-p65 &4 L7-, Hip3s v
FARY 7 a—FAHiK (C-20, Santa Cruz Biotechnology) . p38 T H X AR YU 7 o —F A Hifk (Cell Signaling
Technology) . #T HtrA2 / Omi ¥ ¥ 74K U 7 m—J /L4ifk (V-17, Santa Cruz Biotechnology) . T B-Actin ¥ 7 &
%/ 7 m—F Uik (ACTBDI11B7, Santa Cruz Biotechnology) . T VDAC ¥ ¥R U 7 u—FLFifk (Cell
Signaling Technology) . 35 Z Ot a-tubulin v 7 ZE / 7 = —JF LEifk (DMIA, Sigma-Aldrich) %V = A%

Ta T T ONIER L, HiFlag~ 7 AE /) 7 a—F A (M2, Sigma-Aldrich) 2V A% 7
6



2T 7B L OO RIER A COMTICER U, doRERAIZIX, $T cortactin W HFARY 7 n—
FABUA (H-191, Santa Cruz Biotechnology) % i L 7=,
323 vxREFVTuwT4vT

AR R L, ok L= AIEvAfE S » 7 7 —(50 mM Tris pH 8.0, 150 mM NaCl, 1% Triton X-100, 0.5%
SDS. 10 mM EDTA, 1 mM Na;VOs, 10 mM NaF, protease inhibitor cocktail [PIC, Nacalai Tesque])" ' C, ##
WALEL 24T\ MR A BEE L7, 2%, 20,000 xg T 15 oG L, 557 B2 Mfaimtid & Ll
MUz X by N 7Ey S SO E ) 2 0B 572012, I b= FU 78S v & (QIAGEN)
ERBOT 0 N a it THEM Lz, BEEL7-I b KU T %2kE Liz SDS %5 & 728\ O Al s
Xy 77— (50 mM Tris pH 8.0, 150 mM NaCl, 1% Triton X-100, 10mM EDTA, 1 mM Na;VO,, 10 mM NaF,
PIC) TiAEfi# L. 20,000xg T 15 flimE ik, HonzbiFEaI har KUT X0 E L TER L,
B-7 7 F L ORI TIL, [\ L7l % 0.5% SDS % & TeflluiAfig S » 7 7 — CERMR L 7= M g 2 5
LIz ZNDHDEARIZEHEMZANT, FEVARBT N AR 77 VLT I R VERIKE)

(SDS-PAGE) %17 > 7=, UkEi#4, # /X B % PVDF A > 7 L AZHRE L 5% A L 27 (Sigma-Aldrich)
/ TBS-T % L < % 2% Brocking agent/ TBS-T C 30 4317 7 v 7 L7z, 2% BSA/TBS-T % L < I 2% Brocking
agent/ TBS-T AR L7z —RPUET T, 4°C T, FLERETIMMA v F a2~ LT, TD%, A
V7 V% TBS-T Tl L, WHEV I ESAAF X —F8 (HRP) A “RkPUE (Sigma-Aldrich) % ¥RN
L. BET309WA Fa_X—KL, FDO#%., HRP LI (Perkin Elmer) 27N L., X# 7 «
Jb A (Fujifilm) IZEEYET 5 2 LIT k> TR L7,
3-2-4 BOEHREYEA

HT AR LT 4 v 2 THEE LIZHINZ 4% PFA TEER. 0.2% Triton X-100 % U CHUKBGZE @ 2L
BRAATVY, 2%BSA/PBS T/ r vy ¥ 7 Lic, #0%, —IRYUKZE IS S®, $U7 ¥ IgG- Alexa Fluor 488

(Molecular Probes) 35 & Ui~ 7 X IgG- Alexa Fluor 546 % " kHifKk & L TG STz, F-7 7 F 0y
2. 77 7 A - AlexaFluor 594 (Molecular Probes) % FV Mz, HifRIZ, M ABAMEE (LSM700, Zeiss)
ZfEH L CHAS L. Image J software (NIH) T L 72,
3-2-5 I bav FY TEENMORENT

R har RUTIREBMOE=4Y 713, HTARRNLT 4 v a2 THEEL OO T,
Fay RYTICERT D F A EEFETH D 5,5, 6, 6-tetrachloro-1, 1, tetraethylbenzimidazolocarbo-cyanine
iodide (JC-1,2 uM, Molecular Probes) %1% T 37°C T 15 43fijEs3 L, PBS THg#, Wz mz CEERE
1770 o Tz, Wifg 3, SRR EAMEE (LSM700, Zeiss) THriE L (Ex=488 nm/Em= <545 nm, Ex=>555nm/Em=>575

nm). ImageJ software (NIH) Zffif L CoftimE s gk L,



3-3 HREEBZE

3-3-1 BABETF RAS BBMIRIZBIT DT AV RT 4 TIERB LV B-7 7 F L HIHNIC
*t3°% NF-kB D% F|

WRFFER TlX, p53 OFEARER KB L7-MIIC Ha-RASVI2 #RBBLEE D &, F-T7 7 FURED—>Th 5
FAVERT 4 T OBREMEESND Z EEZHLNICLTHEBY, p53 ORREXRAIL, #5INT NF-«xB OfE
R RIEMAL A G T 5094, NF«B 1% < OB AMIETIEHE LI TEY . BDADOBEM A RET 2 =
ERHBENTNDHEH, 2 Z T Ha-RASVI2 58 L7z p53 - MEF 123517 2 7 A VART 4 7 DIBRIZIE,
NF-kB DIEPEALABE G- L T2 D Tid/anin & & 272, NF«B X, NF-xB 7 7 2 U — L EE3 5 pSO0. p52.
p65/RelA, c-Rel, RelB D SFEFAD X LRIV BEDFREL A< —b LIINT BE A v =00k b X I E
BAEKRTHD, R ThH, p65/RelA & p50 D~T XA < —iF, 1F&AEOFHEOMILTHEAELTRY,
NF-kB > 7 T VR ICB O T b FERELSERTH D L ST 5™, p65RelA & psS0 X, EH5
# N RKIHZ Rel IRE B V— KA A > LTS DNA OGS BABKICSKER FAL V2 LTS
2, CARIMBOEEEIEMAL B A A 1% p65/RelA DI L TWHEAT, ZD7=8 ., p65/Reld DFEE % il 5
5ZETNFkBICRDEEAE T SEL LN TED, £Z T, TAVRT 4 T DOMITI T NF-kB D
G 2R 5 Z 2 HIE LT, p65/Reld \Z%t3 5 shRNA ZFBLT 5 L 1 v A L A% VT p65/Reld
D)y I ET BT, TAVRT 4 TORRMIE, 7 A VKT 47 ~—A—& LTH Cortactin FifE, 35
F O Foactin Hil & AV e ZHE R GREYOEIT) Z L CTHRE L, TO/RKER, 2> br—/1® Ha-
RASVI2 %381 L 7= p53--MEF Tix T A ViRT 4 7 ORI eRR S 7278 (Figure 3-2a 72, AR . p65/Reld
DI ET AL ST, TAVRT 4 7 ORI &7z (Figure 3-2a £7) . RIZ, p65/Reld % /) v 7
Bt HIET, B-T 7 F AN FEESNDDONIONWT, V=AZ T yT 47 TR LT, B-
TIFNE, 315 T X VNGB 42 kDa DX NI ETH D, HrA2/Omi 1E, B-7 27 F o d 106 FHD
AvF=r (T) BEOHTL 1071 FRDO 7NV I Ui (BE) BRIEOHTZ O 2720, SIWE A% 30kDa &
12kDa & 72 583536, FWeHiikid, B-7 7 F o O C Kl hiik TH 572, 30kDa D32 RBH I
X HEA2Omi 12 K 5-7 7 F o OUIIAFHEE SN E B ONL, VU AX TR YT 4 VT OFRERNG
p65/Reld %/~ 77 Z %7 LTz Ha-RASV12 ZFEHL L T 5 p53 7~ MEF IZB W T DI B-7 7 F > OYIWik A
DN R EN T2 (Figure 3-2b) , LAEDOFERD D, pS3 KIBHILIZF T, NFxB 4042 2 & T,

Ha-RASVI12 {2 & % HtrA2/Omi /- L= -7 7 F o DY 2 H TE 5 2 L RN Sz,
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Figure 3-2 Oncogenic Ras induces B-actin cleavage in p53 "~ MEFs expressing p65/RelA shRNA.

Cells were infected with a control or Ha-RasV 12-expressing retrovirus together with or without a p65/Rel4 shRNA-expressing
retrovirus. (a) Confocal images of the cells stained for cortactin (green) as an indicator of lamellipodia or F-actin (red) are shown.
Scale bars, 20 um. Z-stack images with an interval of 1.0 um were obtained using a confocal microscope, and projected images
are shown. The white arrowheads point to the edge of the lamellipodia. (b) The levels of p65/RelA and the cleavage of B-actin
were evaluated by immunoblot analysis. Black arrowheads indicate full-length B-actin, and white arrowheads indicate cleaved
fragment. a-tubulin used as a loading control.

3-3-22 BABEBF RASIZXD B-7 7 F U HIHTICEE> S p38 MAPK DX F =2 R U 74T
IZx9" % NF-xB O#&F|

Ha-RASVI2 |2 £ % p53 {KAFAY72 HorA2/Omi OIEMHALIZIE, I b=v R Y TIRBMA O T & ZHusfE S
p38 MAPK O b RUTEBITHAMLETHD Z L 2R L CEEP, 22 CIRIZ, p65/Reld D) v 7 XD
VNI bay RUTIEERICE 2 DB HONWT, BF A MEETHS IC-1 (Figure3-3a) % FVTHEHT
AT/ olz, JC-1 1%, HERREBCITFAELE T 508, 20BN U CEEREIA L. EEAR
RECITREE N E R T D L HI2BW9) JC-1 BL OB F AL PEDOBMIT, 2 by N THBEOEN &
BFIEA B2 HIPNICE Y A ENTZIC-1IER hay R TOREMISGE T b2y R THICE
BT5, Ihary FUTRHNTEREINEL IC-1 OREMRWE JC-1 ITHERTHEET 5720, itz
L. BENEWEQENEET DO REAEEZ AT LISk D, TOLD, IC-1 X Far RUTO
PERENL DM & Rk EEOE, RV & FREEOE 2R3 51 (Figure 3-3b),
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Figure 3-3 Model diagram of the potential measurement of a mitochondrial membrane using JC-1.

(a) Chemical structure of JC-1. (b) JC-1 monomers and polymers emit green and red fluorescence, respectively. Monomeric JC-

1 accumulates mitochondria and hyperpolymerizes when the outer mitochondrial membrane potential is high.

JIC-1 ZHWTHT 21T/ 72 & 2 A, Ha-RASVI2 238 L 7= p53 7 MEF (Z3\UNTC, p65/Reld % /) v 77 &
TrTHIEICEY | RREERPRAELIV LERDLI Far R T DFEVEBEBMMES 7eo7e 2
hay KU T RERSENCHE X D 2 E R &7z (Figure3-4a), JC-1 OAREAAEHRE &k iR ¢l -
T fEE BB LT 2 A, p6S/Reld % ) v 7 XD THZETHEILI hay R 7 OBEEMAA
BIUETT2E0) ZENHLMNE R -T2 (Figure3-4b), B p53 ZRHL L TWA R LIz~ 7 AR
HELFMARZ 35U VT Ha-RASVI2 OFRBUZ LW BRAALZFE LB A BND I b2y R TIREMOK T
b, HOBICEIE R T BB, MENOTRTOI hay KU 7 THEEBEMOK TN EEZ 5 &Ml 3
BINDZEMbP BEEMOKRTAEZ 52—5 T, I hay P 7IREN MR 2ERE TV D
LEZOND, HAMICHEEEND I bay R TEEMOIR T EFBE LT, p38 MAPK @I h=ar K
TRATHEIE R Z 1D 2 &3 HrA2/Omi DIEFMEALICEZETH D, 2 TRIZ, FREho X R0 8
DREEMERT D201, MIEEmSE I hay FUTHEHSOX X7 R L, Zh btz v
TUxRE Ty T 4T E{Tol, ZOME, p65/RelA ITHIIEZ T TR, T hary RUTIRLE
1545 Z LR INTZ, MlE, I b=y R THZEICIEN T, p65/RelA DIELTIL p65/Reld D/ >
JET AL ST LT, MlERB LR hay KUY TIZRET D HirA2/Omi O &L, p65/Reld
shRNA OFBDOF )b HT—ETH o7, —H T, I bar FUTIIRTET S p38 MAPK D#IE,
pO5/Reld D/ 7 X0 A2 K- THEITHM LTz (Figure3-4¢)y 2D DFERMN D, p65/Reld D J >
7 XU % HrA2 / Omi OJRTEICITEREE 5272000, I har R TIREMOIKR N E5 &I L,
P38 MAPK O by RUTEBITERESE DL Z LR bholz, 07D, NFkBIEI b= U 7 IEE
PLEHERFT D2 LIZL > Tp38 MAPK @2 k2> KU TRATZHH L, HirA2 / Omi 241 L7z B-actin DY)
Wi & B0 LT D TREMEDS B 2 BT,
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JC-1 Green JC-1 Red Merge

Control

p65 shRNA

Cyto Mito
1.4 * y

p65 shRNA - + - +

1.2 1
1.0 1
HtrA2
08 | tr.
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0.4 -

Relative Red/Green ratio
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a-tubulin
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Figure 3-4 p65/Rel4 knockdown enhances mitochondrial translocation of p38 MAPK in p53 —/~MEFs expressing Ha-
RasV12.

Cells were infected with Ha-RasV12-expressing retrovirus together with or without a p65/Rel4 shRNA-expressing retrovirus.
(a) Confocal images of cells stained with JC-1. Red fluorescence (J-aggregate) and green fluorescence (monomer) are shown.
Scale bars, 20 um. (b) The ratio of red fluorescence to green fluorescence, which is correlated with mitochondrial membrane
potential, at peripheral mitochondria was quantified from images in a. (c) Following subcellular fractionation of the cytosol
(Cyto) and mitochondria (Mito), the distribution of p65/RelA, p38 MAPK, and HtrA2/Omi was evaluated by immunoblot
analysis. VDAC and a-tubulin were used as mitochondrial and cytosolic markers, respectively.
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3-3-3 BABETF RAS BHET 5 p-7 7 F L EIWICHT 5 hary RY TICRETS
NF-xB D#&#|

TR RUTIZRETS NFB 1%, S b3 RUTOXAFIT A, TR =R, ERHIEZRE,
Z OSREIT ST B354 NF-xB D by RUTEBITIZIE. S har RUT7HFyy~nr b LT
BLENEY v EDFGINEETH DM, p53 1L NF-kB & BN U v DOfEAEET % Z L2k > T, NF-
KB O Fay FUTBITEMGEIT D 2 ERHE SN TNWDELS, o2 Lhn, ps3 BRIBTDHZ LT,
NF-kB DI har RUTEBITHMEE SN, I b3y RU TIZRTET 5 NF«kB 723 p38 MAPK O h= K
T AT B ONT B-actin DI Z2HHI L CWDDOTIEHARWNEB X, ZOZ L 2HERTHIHIC, 2 ba
Y RUTBATY 7 IV EAINL, 728730 shRNA OREWEFNCZ B %2 H T 5 p65 (Mito-Flag-p65) DFEHL
TTAI REBELE, U ha UV AEYRIC L 5T, Ha-RASVI2 B X p65/Reld shRNA ZFEBL S H7-
p53 7~ MEF |2, #5572 Mito-Flag-p65 BB 77 A K& I hay R 7~—%—& LT Mito-DsRed F 81
TIAIREANT AT 27 Vg Ltk MBREEE L, BiFlag filkzE O CRERGEITHI 2L T
Mito-Flag-p65 D RTEZ MR LTz, EOFEF. i Flag HLi THH S 4172 Mito-Flag-p65 (X, Mito-DsRed & 3
JATEL TV Z &5, Mito-Flagp65 1X2 b2y KU FIZRTET 5 2 & 2R T & 7= (Figure 3-5a), IKIZ,
p65/Reld D ) v 7 B 7 TS 2 p38 MAPK D3 F 2 KU 74T, 72 B NS B-actin DYIEIAS, Mito-
Flag-p65 \Z L D PIHI SN B DN E I MERFET D720, I b= R U 740 L OEMiaih gz Hviz
Ve AZ LTy T 4T ETo7, X vy KU T mER p6s kA VTR L7 & 2 A, p65/Reld
shRNA DFEELENT TITNTEM:D p65/RelA DFSHLZ FERITITINHITE iz, NTEMED p65/RelA /N R

(Figure 3-5b H%Ji endo) & Mito-Flag-p65 @3> K (Figure 3-5b BKf exo) MBHiEniz, LnL.

Mito-Flag-p65 Z B S H MR Clday he— L oMifal ki LT, 2 hay FU TIZRET D p6s D&
DEFIHIML Tz, —FH T, 2 har RY TICRIET 2 p38 MAPK O, T4IZK LT, Mito-Flag-
p6S ZHRBIHTH, 2> b —/L LB L CEN -7 (Figure3-5b), —J57C. YIS 47z B-actin @
£ Mito-Flag-p65 Z 3B IE5 Z LI VDT 5 Z ERALNC/ o7 (Figure 3-5 ¢), LA ED#ER%
FLwor L, I har RUTIREL TS NF«B (X, p38 MAPK ® 3 k=2 KU ZBITEHI#EIT L0 T
1372 <. p38 MAPK DiEMAL, 7213805+ %I L C HirA2/Omi OIEPEA (KT S8 25 Z & T, B-actin D
B & H LT D 2 EREZ DLz,
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Flag Mito-DsRed Merge

Mito-Flag-p65

Mito-Flag-p65 - + Mito-Flag-p65 - + kDa

p65

p38

VDAC

Mito

Figure 3-5 Expression of p65/RelA, localized in the mitochondria, attenuates p-actin cleavage in p65/RelA-knockdown
P53 " MEFs expressing Ha-RasV12.

Cells were infected with Ha-RasV12-expressing retrovirus together with a p65/Rel4 shRNA-expressing retrovirus. (a) The cells
were transfected with Mito-Flag-p65 expression vector together with Mito-DsRed expression vector to visualize mitochondria.
Confocal images of cells stained with anti-Flag antibody for Mito-Flag-p65 (green) and Mito-DsRed (red) are shown. Z-stack
images with an interval of 1.0 um were obtained using a confocal microscope, and projected images are shown. Scale bars, 20
um. (b) and (c) The cells were transfected with control or Mito-Flag-p65 expression vector. (B) Following subcellular
fractionation of the mitochondria (Mito), the distribution of p38 MAPK was evaluated by immunoblot analysis. VDAC was used
as a mitochondrial marker. Black arrows indicate exogenous p65/RelA, and white arrow indicates endogenous p65/RelA. (c) The
cleavage of B-actin was evaluated by immunoblot analysis. Black arrowheads indicate full-length B-actin, and white arrowheads
indicate the cleaved fragment.

3-4 fEwm e RE

ARE T, p53 7 MEF (25 A8 15T Ha-RASVI12 & p65/Reld shRNA ZRBL S5 Z L T, p38 MAPK @
MRE 2L by R T~OBITRTLE L, B-actin OUIEINFHEIND Z LALLM L, 61T,
2 hay RU T TO p65/RelA OIEFFIIL, p38 MAPK D2 F 2> KU 7BITA[E T2 Z & 72 < | p-actin
OYIE 2K Lz, 260 Z & 2D NF-kB ISHIEO RSB BN L CTMHlIZ @ < B-actin DY % |
2 OLLEOSFHRE TR L WS AR B X DLz, 1 D1k, I har RUTIZREL TS NF-«B
23, p38 MAPK % 72(% HtrA2/Omi DIEMALZFHE S 2 Z & T B-actin OUIW 2 #1H L TW D ATREMHETH D,

13



Fio, ENLS O THEHE L LT, BN O NF-«B MPERYBEE OB ZM LT, p38 MAPK DI h=a R
U 7 BATZBHE L. B-actin OYIET Al L TV 5 AIREMETH 5, EOMIZ | MR O NF-«B 7% p38 MAPK
D hay FUTBITICEE LTV D TREME L G E TE ARV, B-actin DYIWHZ XL 2T A URT 4 TR
FLEIE, S AMIE ORI OIS 23 5135, 207, Z O FHICE LT & 0 dE 72t
115 2 & T, Fle 2B RO TRFEETE 2000 LIV, F7o, BFREOKITHRTIE, ¥
AF pS3 ZFEBLL T D B MELAY AU SR MCF-7 M3\ T, pS3 D/ » 7 X0 v %4T 9 & NF-xB OTEG
HIZRIEHEAL S FEE S L, Z DR NF-«B OENEREG T Ch AMlusEEs 11 77V v B3 ORBIR 5
L. ZAVRT 4 7 OMEIMEESIND Z & BB HAIT LTV HE, Ha-RASVI2 3% L 7= p53 7~ MEF |2
BWTH MCF-7 & [FBEIC, NF-kB 231 > T 27 U > B3 DI LAEFEUT LI LTI AVRT 4 T DI
ZIREL TV DL ARENES & 5,

Ha-RASVI12 12 X 5 p53 " MEF D73 AALIZIE NF-kB 3BT B0, Z D78, p65/Reld shRNA L Ha-
RASVI2 %381 L7z p53 - MEF (303 AALHIH S 7 REEOMIE CTH Y . Z D & &1, B-actin DEIEFTR A5
NDHLWNH il d, AR ps3 ZRBLT DA/ Lz MEF 0~ U ARUELRMIN NIH3T3 TiX, Ha-
RASVI2 DFBUZ Lo THAALT 228, 2 HMMTH Bactin OYIRIASFHFE S 509, L7znd> T, pactin
DYWL, B D7 v ARG TIC. BDAMBOREEZMEIT2EHRE D LEX BNRD,

ARFZED RIS, p53 DEEREREE L OV RAS OIEFIZRIEMAIC X 0 23 A L L T B EEMEE O E A
AT WThH, NFkB BLERNENT 5 mTREMEA R T2 L3 TE 7, NF«B 13, 23 Ml CHEFRICIEEL
LTHEY ., BEORMCEMELICED 720, ZE TIZ LB ATREOIREEN 5T & L TREIEDOBT
DD LN TETThbH, NFkB 23, FEHA KT 5 AIREMD & 585115 200 BL EH D | Hilao4
FLEHDONRT U AERH L TWND ST LEHEDLNTNDEEN, 2078, NFkB #E &35 X 5 iRk
RIS DFZN LTI OV THEERS RS T 2 0 ER B 2 b OO, BIKEHNMRE S TWH AL %
V6581 A [EIBF 5 /M L7z, NF-«B 2§l 4 2 B-7 2 F 2 ORI W T, NF-«B I3EER DR B %
NLTCB-T7F Ul EHIEI L CTOD NS 5, ZD7=8H, NF-xB ORBURTFHNIEENEL L.
B-7 7 F v DUIWHIBA 5T 20 & FET 5 Z & T, BSAMIE T RAS AT 2 M o0 RO 2 ]
TE DLW B IRERERRFE TE 5008 Liveu,
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FHA4E RASHEERTHIMBEORME - imBICEHDLS
TMPRSS2/ERG D 1- 7238 T R B HAE DR

4-1 FFi

BARABIECBN T, B S 2V AVFIZRNLIRA A Th 25, BINZIRA A TIX, £ ORESHE
fFZBWT, BHFRLEL DT U R UBREELTND I ERAMBILTWNDO, 7o Ra ik, il
BTT v Fus 5K (AR: Androgen receptor) & fier L. EWNICEATT 5, T D%, AR EEGHBIA T
mELLEBIC, BHBIETFOTRE—F =R U YU FET 27 M e 7 U RS RS

(ARE: AR responsive elements) (ZfEG7 5 Z & THEMEE T ORBLZHHT 500, fiRERoize A&
T AR ZNEMHAE LTI | IRERTDORISIIRA A DI 90% TiX, 7 v Ru b AR E H T2 &
BDHESN TR, ) 7 uTF7—EThsd TMPRSS2 % 22— K35 TMPRSS? #\in 1%, \FM:
Ty RkaZ U RAENORIB T TH D, TMPRSS? AisT1%, #EEIZ X > T ERG Bz T LA LT
TMPRSS2/ERG EfnT L7250 2 E BN BN TS, TMPRSSZ/ERG ~DHsHEL, RBINIARA A B O 50% T
BRI ST B, $5EN]TTH D ERG IE. ALK1 =X° FZD4 72 & OERSE R T ORI E A L TH M
DI - W7 LICFHHT 5047, TMPRSS2/ERG #AS 1Y) CTd 5 TMPRSS2/ERG 1E, ERG DGR -1
L L TOMBEZE LTV A2, ERG & [ERRIC ALKI X° FZD4 72 & DREREIA T DORRE N LT, DA
FHE IR - IRV CEEE R EMT el 2 2 L A ST D (Figure4-1) U678, TMPRSS2/ERG
WAGTFDOIEIL, 72 R F A RET %D TMPRSS2 D7 e — 4 —iHE LT 5720, 7 Ras i
JRE LT EA L, BEEE T O5BL A LT EMT 212 St %, TMPRSS2/ERG DIEHALIZIE, M AEIE
T RAS OTEMALBEE LTV B720, BNV IRA A DIRERIZE T, TMPRSS2/ERG 1E RAS o 7' /LR H

androgen Cell invasion

®\f

EMT

=~ ~
S cytoplasm
e o \ S \
iessaeo) P
Target gene AN
/ f gene fusion \
{TMPRSS2 ]-/A-[ i ERG } e \

Figure 4-1 Mechanism of RAS-promoted EMT by TMPRSS2/ERG activation in prostate cancer cells.
Fusion of the TMPRSS2 and ERG genes was induced by DNA break and ligation. Binding of androgen induces a conformational

change in the androgen receptor (AR), resulting in the translocation of AR to the nucleus. AR binds to androgen response
elements (AREs) in the promoter or enhancer regions of androgen-regulated genes, including 7MPRSS2 and TMPRSS2/ERG.
Oncogenic RAS induces activation of the MAPK/ERK signaling pathway, resulting in the activation of TMPRSS2/ERG.
Activated TMPRSS2/ERG promotes cellular EMT through targeted gene expression.
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(2B DIRFATEI 1 & L TR ST 281, BIE, BISZIRAS A DB TIE, AR o 7 F LV EEIEOME
FRPHIZ R ORGP T O T D32 2 b OIRFREP D) LR WBROTBFEITHEL SN THRY, £0
72, AR ¥ 7 VEE L3R DRI K o C TMPRSS2/ERG A1 DR % M3 2 1R HRIEOBRF AR
DHIVTNDLD, EIElEZR, & 2 CTARIIZETIL, TMPRSS2Z/ERG DT 72 R BUHITIHE 4 1 & 2023 5

ZLAEHEME LT, TMPRSS2 DEEFESICTHEAK 415 DNA O ERIEEIZHER L CTFEET T - 7,
4-2 EBRFHE

4-2-1 IR

DNA AU X7 LAF RiZ, RAFRT IX A MEICE Y BEHEER L, S — U v o0 T A TR
FRWRLIZbDEa—n T 1oV ) I 7 ZARAEE, BIOY—F7 vy =P AT 4T 4y
IR L VA LTz, EBRIZHWZ DNA AU X7 L AT ROESIE Table4-1 12F & 6072, IRET,
FUFART VAT Ra7RRAKRTEM L, UV-1800 436 EERE (Shimadzu) Z MV T 260 nm (Z351F % 90°C

TOWNEZRE L, £4Y) IX 7 LAF ROTAW IR e (L-mol'-ecm™) 2»HHH Lz,

Table 4-1 DNA sequences used in this study

Oligonucleotide Sequence (5' - 3')

wr CCTCCGGGCGGGGCAGGGGGCATCGGCGGGTCCCAGGCGCCCAGGTTCCCCTCCCCAGE
CCGGACCCCGAGCCGGGACCC

1 CCTCCGGGCGGGGCAGGGGGCATCGGCGGGTCTCAGGCGCTCAGGTTCTCCTCTCCAGET
CGGACTCTGAGCCGGGACTC

2 CCTCCGAGCGGAGCAGAAGGCATCGGCGAGTCTCAGGCGCTCAGGTTCTCCTCTCCAGET
CGGACTCTGAGCCGGGACTC

T CCTCCAGACGCGCCAGCGCGCATCAGCGGGTCCCAGGCGCTCAGGTTGCGCTGCGCAGTC
TGGACCCCGAGCCGGGACCC

T CCTCGGCGCGCGCCAGCGCGCATCGCGCGGTCCCAGGGCGCCAGGTTGCGCTGCGCAGT
GCCGACCCCGAGCCGGGACCC

Temp-WT CCTCCGGGCGGGGCAGGGGGCATCGGCGGGTCCCAGGCGCCCAGGTTCCCCTCCCCAGT

et CCGGACCCCGAGCCGGGACCCCAGAGAGAGCACCGAGCCTAGTTCGTGTCATCTCCTATAG
TGAGTCGTATTATATAGTGAGTCGTATTAGTG

TempMTL CCTCCGGGCGGGGCAGGGGGCATCGGCGGGTCTCAGGCGCTCAGGTTCTCCTCTCCAGET

e CGGACTCTGAGCCGGGACTCCAGAGAGAGCACCGAGCCTAGTTCGTGTCATCTCCTATAGT
GAGTCGTATTATATAGTGAGTCGTATTAGTG

Temp-MT2 CCTCCGAGCGGAGCAGAAGGCATCGGCGAGTCTCAGGCGCTCAGGTTCTCCTCTCCAGCT

s CGGACTCTGAGCCGGGACTCCAGAGAGAGCACCGAGCCTAGTTCGTGTCATCTCCTATAGT
GAGTCGTATTATATAGTGAGTCGTATTAGTG

TempMT3 CCTCCAGACGCGCCAGCGCGCATCAGCGGGTCCCAGGCGCTCAGGTTGCGCTGCGCAGTC

s TGGACCCCGAGCCGGGACCCCAGAGAGAGCACCGAGCCTAGTTCGTGTCATCTCCTATAGT
GAGTCGTATTATATAGTGAGTCGTATTAGTG
CCTCGGCGCGCGCCAGCGCGCATCGCGCGGTCCCAGGGCGCCAGGTTGCGCTGCGCAGE

Te'“"‘l""” GCCGACCCCGAGCCGGGACCCCAGAGAGAGCACCGAGCCTAGTTCGTGTCATCTCCTATAG

(template) TGAGTCGTATTATATAGTGAGTCGTATTAGTG
TCCCAGGCGCCCAGGTTCCCCTCCCCAGCCCGGACCCCGAGCCGGGACCCCAGAGAGAGE

zm:late) ACCGAGCCTAGTTCGTGTCATCTCCTATAGTGAGTCGTATTATATAGTGAGTCGTATTAGTG
TCTCAGGCGCTCAGGTTCTCCTCTCCAGCTCGGACTCTGAGCCGGGACTCCAGAGAGAGCA

zsemlate) CCGAGCCTAGTTCGTGTCATCTCCTATAGTGAGTCGTATTATATAGTGAGTCGTATTAGTG
CATCGGCGGGTCCCAGGCGCCCAGGTTCCCCTCCCCAGCCCGGACCCCGAGCCGGGACCT

B CAGAGAGAGCACCGAGCCTAGTTCGTGTCATCTCCTATAGTGAGTCGTATTATATAGTGA-

{eElate) GTCGTATTAGTG

oshIT CATCGGCGAGTCTCAGGCGCTCAGGTTCTCCTCTCCAGCTCGGACTCTGAGCCGGGACTCC

i AGAGAGAGCACCGAGCCTAGTTCGTGTCATCTCCTATAGTGAGTCGTATTATATAGTGA-
GTCGTATTAGTG

/LIy CACTAATACGACTCACTATATAATACGACTCACTATAGG

(non-template)
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422 WHARY FLHEIE

Thioflavin T (ThT)3 & U8 N-Methyl mesoporphyrin (NMM) D A2 27 R VBEIEIE, 0.3 cm x 0.3 cm (O 3
V& FP-8200 43 te JeytERt (JASCO) % AV TATo7z, 40mM Tris-HCl (pH 7.2at37°C). 150 mM KCl
BLU8mMMgCl 7> b 72 HFE@EHE T, 0, 1.0, 2.5, 3.0, 10, 30uMDNA # Y TX 7 LA F R (Table4-
1) FAEFIZEIT % 1 pM ThT (Ex = 450 nm, Em = 470-600 nm) %, L < {% 1 uM NMM (Ex = 399 nm, Em = 550-
750 nm) DAY bR BHIERNCEFENE 93°C T 5 RN L, 0.5°C/min T 25°C £ TREONITH
HL7=, 25°C CHIE L7,
4-2-3 MRS FAHEIE

FJ — M (CD: Circular Dichroism) 22 R L ORIEIL, 0.1 cm OREEZH T 5 A5/ % H T J1-820
IYIEIEEERE (JASCO) TiT- 72, 40 mM Tris-HCI (pH 7.2 at 37°C), 150 mM KCl 3 & T8 8 mM MgClL 72572 %
FRENE T T, 20 pM A Y IX 7 AT REFEEE 93°C T 5 3 fIMER L, 0.5°C / min T 25°C £ TN
WCHHEIL M, CD A2 MV AERIIE L7z, 265 nm & 290 nm (23817 5 CD BRIHARAIE X, @ 20°C 255
90°C £ T 0.5°C/min THIZEAL, 0.5°C BXIZREEIT- 7=,
42-4 TTIRY AF5—F%HW invitro BER S

HRE ST, 40 mM Tris-HC1  (pH 7.2 at 37°C), 150 mM KC1 B X O'8 mM MgCl, (M4 235413 10%
PEG) 7> 72 DARMENRF T, 2.5 uM O#F5! DNA &5k % 93 °C ¢ 5 oMM L, 0.5°C/min T25°C £T
PRI A L7, 1 mM NTP, 5 mM DTT, B X100 unit ® T7 RY A7 —E (Takara Bio) Zh1x .
37°C T0, 10, 30, 60, 90, 120 Z3ffA > F =X— k L7z, ZD, 10unit ® DNaselZ 1z T, 20 53 37°C
TG L. 10 FREOEREE IR (80wt% A/LAT 2 K, 10mM NaEDTA, 0.01% 7 /L—F %A LT )
ZNNZ T 93°C TS5 AMMEA L%, SdIOKNT 5 2 & CHBEREEIEIL LT, BERREZOREHNL, M
RFEHEEGL 12%R VT 7 VAT I REVEHWT, 70°C CTEXUKEN 217720 72#. SYBR Gold (PerkinElmer
Life Sciences) THeft L7z, HIEOMHIZIZ. FLA-5100 (GE Healthcare) % f\ >, #GHEEORIER L OE

HfiEATI Image] (NIH: National Institutes of Health) T{T-7z,
4-3 FERLELE

4-3-1 TMPRSS2 BIzFDT 7 V2 2 R CHER SN BB O _Kki&rE

TMPRSS2/ERG D T= 72 58 BUREIMRE 2 R8T~ < | MERICHE 4D TMPRSS2 s DBCY| % fift
L7z, ZORER, =7 Y 2 2 (OSSN I O IEEHERIRE S C b £ U B (G4: G-quadruplex) ¥
AHEEESINFEL TWDHZ E 2 R Lz (Figure 4-2 a), G4 (X, 77 =2V v FREFINERT Dk
DIEEHERI O — R AEETH D, 4 DOV ATE T T = U HEN T — 7 2T ¢ — U HEZ L - T G-
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quartet & FFIEN B85 Z TR L (Figure4-2b) . G-quartet B n-n A & v % > ZHHAAE & s~ F
A DB &0 BWIICLER G4 BB SN D (Figure4-2¢) B, D7 G4 OEVZZEMIX, Bifrd
BDAFHAAMRIF L, K>Na™>>Li " OIEE 725 Z ERMHNTWBE, Z OIAF A T L FRAFI 204
WREMEE, OEBEE TIIRAONAR VM TH D Z 05, G4 TERO —>OERNHERTELE LTH
FHEN TV, A%y X ZTHEERIC L 28 EMIL. G-quartet 23 3 L LR 2 2 & TRi< 25
T2, TT =20 3 DA ATZELFIDS 4 [EliR 0 IR EZ N DEFNTIBWT G4 BRI N DB, 2oz, —i
BIZIE [G3sN17 G3sN17 GasN17 Gar (ZZTHENIHMEREOX 7 LATF R TH Y . G Oifgilsy & EfiEd 51
—7 L LTHRET D) R TEAIN G4 TERHEERSI L L TEZ BN TWD, T X5 REANIE, & R
72T Tl < BEREBOSTIORAEAS) . 7 oA L 2BV LR A I EMFED 7 7 A TR LD, & HIZHIRRNZ
L2, B N AZEBT D G TEEHEERSNIX, T A TP AMEEE O E—4—% 5UTR 72 &
E Vo T AR EE A S TS < [FE S TE Y B, G4 AP E RIS OV TE I 2B E 03
BHHITND, 2 E TOEYZHIFITIC L > T, G4 23 DNA OBBLIEE, =8P = X7 (7 A, RNA
DORFE VST, EPDOEMBGIT L > OFEFICHEEREREZ SO Z LRI TV L2, TMPRSS? &
BAPRIZIBNT, BARFHREFIENCR S92 G4 BRSNS R S iz Z & 6, TMPRSS2 A1 DiRS
IZBWTH G4 DEEREEZ RICTAREERH D LB OND, I HICHMENZ &1, TMPRSS? s

a
TMPRSS2
—

+1 +78 +94 +209

) Exoni [ Exon2 [e—

3 +98 +177 5

EECAGGGCCGAGECEEAGGECEGALECEETECCETTGGACEEGCGGAEEETGGGCGGCTACGGGGGACGGGGCGGGCCTCC
b c

Hairpin
R
R\N/\NH/ i | > G
G| = et MO
L W
>—N M* | H —H 1[,
— H
ALY pA
G %NIE"/\N/H" — |G r |':
N)\ HINAN G-quadruplex
=] g G-quadruplex

Figure 4-2 GC-rich region within exon 2 of TMPRSS2 gene has a putative G4-forming sequence.

(a) Schematic showing the location of the GC-rich region in the TMPRSS2 gene. The guanine and cytosine stretches are
highlighted in blue and green, respectively. (b) Four guanine bases can form a G-quartet with Hoogsteen base pairs. (¢) Two or
three G-quartets were stacked to form a stable G-quadruplex structure. (d) The GC-rich region within exon 2 of the TMPRSS2
gene may form hairpin and G-quadruplex structures. The guanine and cytosine stretches are highlighted in blue and green,

respectively.
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FIZBWTIEL, G4 TRl (Figure 4-2 a HAH5) ICBEL T, v h v U v F R4 (Figure 4-2 a ik
ERy) PEETDHZ R R L, oY b v v FRESNE, 77 =20 v F 7 G4 BEES & G-
CHiEI 2 LTe iy AT E UL U TE 5, §72D 5, TMPRSS2 Bin D> 2 Y L 2 G
B2 LIS U TGE EnT B UER THIEAAL vy T REL TV A ARENRH D (Figure 4-2d), 2D XD
72 G4 LT EUREEMOBIEA A v FIE, TNETICHEFINR R <, G4 BBG-T 2 EE TR BUHIENIC B
T DEHERE L R D TTREMER B D, X HIZ, TD G4 AT EUREEMOMEIE A A~ F A, TMPRSS2 DFEHL
A LT 5 BIREMED & 5 72D TMPRSS2 i85 TR S 412D G4OMEA A v FHFEN &35 2 & T,
AR ¥ 7 FNVESMNT & % TMPRSS2/ERG B DR BRI FIREIC 2 2 LHIFf S D, £ 2 TAIFZETIE
TMPRSS2 BB DxT7 V) U 2FIRCTRNIZENT T =0 v b v Uy FREH TR S 1D ki
e L. EOBRMEPHREIZ G 2 BB OWTIREIAT 5 Z & 2l AT,

FPT. Vb T =0 ) FRESNO D REE R R D 2 & A aA s, ARESNE, HEA RO
£ 805 247 572, NMR b E Mt 72 & ¢, EHEMICHEZIRET 5 Z L IIR#CchH 5, Z
T, G4 3 TANTEUREED EBH B HIEM L 9 5 TMPRSS2 B151HRDES] (+98~+177) % WT &
LT, G4 BLOGTHRANT EUBEDENENOED B LB T DA RES L. EbbDMEB R L
IRWVEREH Z | m-fold* IO TRNC Lo TH BN D ZIRIEEOBLENE (AGs) &b LITakEt Lz,
DFRANT EAEEEZTERET G4 DA ZNT DELFIE MT1, G4 25 NI FRAT B EH B BIERK
L7Z2WELF 2 MT2, G4 IFTERCE T WT & RIRRE DL EMND 531 NA~T B Uil D B % TS 5 iS4 MT3,
G4 TIPS WT KU B LEWRDE WS TFHAT EABED R LT T DRFE MT4 & LT, £4x DA
U = DNA %%t L7 (Figure 4-3 a,b : FRICFHAEREF) , MT2, MT3 BLONMT4 X, G4 OFEEKIZE S
THTT = OEGRINCEREZEAT D 2 L TG4 2R TE RV K 5 ITH#E L7, m-foldNZ X % His
TRDHIE, WT, MT3 B8EMT4 TiEy AT B UGS E RS 5 FIREMEA R S, BiEhiz A
G’ 1. WT 73-24.8 keal /mol, MTI1 73-12.8 keal /mol, MT2 73-13.1 keal /mol, MT3 %3-24.3 kcal / mol, MT4

73-29.0 keal / mol & Tl =417z (Figure 4-3 ¢),
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Figure 4-3 Schematic diagram showing the location of the GC-rich region in the TMPRSS?2 gene.

The guanine and cytosine stretches are highlighted in blue and green, respectively. WT is a wild-type sequence. MT1 has C-to-

T mutations. MT2 has C-to-T and the G-to-A mutations. MT3 has the same secondary structure and thermodynamic stability
(AG’25) as the WT. MT4 is designed as MT3 but has a higher thermodynamic stability than the WT. Note that MT3 and MT4 do
not have any guanine stretch and thus cannot form G4. The mutation sites are indicated by the red letters. The Sequences of WT,
MT!1 and MT2 are shown for comparison. (b) Possible WT, MT1, MT2, MT3 and M T4 structures. (c) Possible WT, MT1, MT2,
MT3 and MT#4 structures and their thermodynamic stability at 25°C. These structures were predicted using m-fold. The mutation

sites are indicated by the red letters.

INBDAY = DNA OHEZ BT 57912, 20uM O 4 Y = DNA % 150 mM LiCl 77E T, 3L G4

NEENT S 150 mM KCIFFE FTCD A7 MVERIE LT-, ZOFEER, WT BLXOMTLIZB W T,

150 mM LiCl /74 F T 240 nm (TR D E— 27 | 260 nm FUTIZIEDO B —27 . B X1V 290 nm ATy =

NWE—FIDE— 7 PR TE 7=, 150 mM KCI f/#7E FTliE, 290nm O B — 27 32 & & 412 260 nm O

v nmIhc, B L7k 91T G4 O

N et

1IEZC ]

PiZ, SEDFA KT 22 Lb, WT &

MT1 (&, B U T LA FARIFHNC AT PNV DOEACHHER SNTZT2D, G4 ZTERL TV D Z LRI S

N, —FH. MT2, MT3 B L OMT4 TiE, 150 mM LiCl fF7E T & 150 mM KCILFEF EBH B2V Ty,
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240 nm FITICAEDOE—7 . 280 nm FMUTICIEO B —27 &R Uiz, F72. MT2, MT3 BLUO'MT4 1%, 171
FATHESFE LTZ CD A2 MIVOBALNBIE SR o 2720 RERSEMETIZ G4 ZTER L TWhanz

W E N7 (Figure 4-4),

20 | 20 20
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Figure 4-4 TMPRSS2 WT and MT1 changed conformation in the presence of potassium ion.

CD spectra of 20 uM WT, MT1, MT2, MT3 or MT4 in buffers containing 150 mM KCI (black line) or 150 mM LiCl (gray line),

40 mM Tris-HCI (pH 7.2), and 8 mM MgCl, at 25°C.
ZZ T, WT. MTI~4 2 G4 2 TER L T D D0NE I D ERTHZ L2 AMNE LT, G4 IHERT D2
& THOEMEIRT D Z L 3 STV D ThT?, B L UNNMMPY! (Figure 4-5) &4 U IX 7 LAF RO
FEOMRIT 21T 572, ThT & OFEEFEBRICE W TIE, WT & MT1 Tl ThT 3% 9 5 3% K 488 nm 353 DNA
DI FERAFHNCTEZ TR LTz, — 07, MT2, MT3 B L UYMT4 CIEEE OB K MBIE2 S e - 72 (Figure
4-6 a), [FERIZ NMM & OFEGERICHB VTS, WT & MTI 2BV Tl DNA ORERFNIZHEE 610 nm
DHENBEITHER L7 DITx L, MT2, MT3 X MT4 TIXEEOBRBNBR S e h > 72, ThT &

NMM OHEEEEENT—FH L TEBY, WT & MT1 28 G4 #TERLT 2 DI LT, MT2. MT3 BLXOIMT4 I2B

co,
co,
/s
O
s \
thioflavin T (ThT) N-Methyl mesoporphyrin (NMM)

Figure 4-5 Chemical structure of thioflavin T (ThT) and N-Methyl mesoporphyrin (NMM).
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WTIE G4 2R L7220 2 & 3R Sz (Figure4-6b), %72, ThT & NMM OWFHUICHEWNTH, WT X
Db MT1 OHOEIBEDOH RN RENZ & RSNz, L, WT TIX G4 &7 B UIED Z D OHiE
AT D DR LT, MT1 TIXSYIOFRFHE D 1T~ T EUEEDSER ST, G4 OFEBMEES -2
LERLTVD, ZNHLDZEND WT IR, FEREMZL ST G4 ENTEMEED —HSDOER AL v

FLTWD AIREMED R STz,

a
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Figure 4-6 TMPRSS2 WT and MT1 increase fluorescence of ThT and NMM in the presence of potassium ion.
Fluorescence spectra for 1 uM ThT (a, b), or I uM NMM (b, c¢) in the presence of 0-30 uM WT, MT1, MT2, MT3, MT4 DNA
oligonucleotides in buffer containing 150 mM KCI, 40 mM Tris-HCI (pH 7.2), and 8 mM MgClz at 25°C (ThT: Ex = 450 nm,
Em = 470-600 nm, NMM: Ex = 399 nm, Em = 550-750 nm). Fluorescence intensity of ThT at 488 nm (b) or NMM at 609 nm
(d) in the presence of various concentrations of WT (black), MT1 (red), MT2 (blue), MT3 (green), MT4 (yellow).
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4-3-2 TMPRSS2 Bin¥DxT7 Y 2 FHM TR EIND G4 PEBEIZE X 58

TMPRSS2 SBIZTF-Dx 2 Y 2 2 FECCHER STz Z RIS A A » FREEIC G 2 5 BIZ OV TR L
720 BREIHMEDORRFI D720, TT R Y A T —8E A invitro 55 A7 L CHAL L 72 5 DNA 8% 5451 L
72 (Figure 4-7), $FRBHIZIE, T7 R Y A 7 —EBXEE L CIEG 2T 572 DI TR TT 7 rt—H —
& TMPRSS2 S HROES|ZEA LTz, E£7o, BEESIO ZKIEIEDIEAEZLE Lnizdic, T7 7
07— — L AEEFI ORI 35 nt D AR—H—FLFI|Z AT,

5 3
— =P Linker (35 nt)
Template T7 promoter | ——————+ |
DNA * X 5
3

‘ |  - _ \ﬂSml ’
3 s

Temp-WT : -AGGGCCGAG-AGG-GA-T-TTGGA-GCGGA-‘I‘vGGGCGGCTACvGGGGGACGGGGCGGGCCTCC
Temp-MT1 : EECAGGGCCGAGECECAGGEICGACCICTECTETTGGAETEGCGGABEETGEECGGCTACGGGGEGACGGGGCGGGCCTCC
Temp-MT2 : CECAGGGCCCAGECTCAGGETFCCACCHICTECTETTGGACTCGCGGACTETCGACCGGCTACGEAAGACGACECEAGCCTCC
Temp-MT3 : ECEAGGGCCGAGECEEAGGECTGACECETCECETTGGACTCGCGGACCETEGECGACTACGCECGACCECECAGACCTCC
Temp-MT4 : [EECAGGGCCGAGEECEAGCEECCACECETCECETTGGACCECGGGACCETGGEGCGCTACGCGCEACCEGLGCELEGCTCC

Figure 4-7 Design of the template strand for the T7 transcription experiments.

Temp-WT, Temp-MT1, Temp-MT2, Temp-MT3 and Temp-MT4 contain WT, MT1, MT2, MT3 and MT4, respectively. The T7
RNA polymerase-binding site is separated from the GC-rich region by a linker sequence with a length of 35 nucleotides. The
cytosine- and guanine-stretches are shown in green and blue, respectively. The 85th, 95th, and 115th nucleotides from
transcription start site are highlighted by red arrows. The total length of all templates is 152 nucleotides.

BFRNTELE GEDOELLOREELBK L 9 5 Temp-WT Z AWV T, G4 248 L L7220V 150 mM LiCl
fAAE T, BELUGE #LET 5 150mMKCI AFHE N TG SR EAT o T2, BOGHIT, G REW & 215
NVESKVKEITHBEL ., ERLT 2 2 & T, SFRHOMIENIR B RIT TR MRF Lz, £ O/, 150mM
LiICIfFE T T, Temp-WT 2351, 100nt D~<—H—L V) LEHOEHENEL . EENEE SNIZEEEY
WCHSRT DN RR—ofti &7z (Figure 4-8 a), —7. 150 mM KCLf#7E FCix, RENMEE Shicix
GREYHRO NS REFIT, 100 nt LY HEEERRHF TEIL LIEBEEYICHR T 230 R oM
Sz, ZhbHONY ROENCIRE 2 E &I L7z & Z A, 150mM KCI AF/E T Tl 150 mM LiCl 17
TEF &L T, 2EOWFEYET 0.54 fFI2 LT Y | SEREF CE I L2 WG EYIZ O
T, HEMNEVWLOLENLONZTNEN 15 %L 44 (512HIN L2 (Figure4-8b), 150 mM KCl fE1E{LIC
BOTOR, BEERIEPARPCTEIELTND ZEMND, Temp-WT ZHWIZIREKIGTlX, G4 OFERIZ X

S THREDMELL LTV D ATREMEA RIS S 417,
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Figure 4-8 Transcription of TMPRSS2 is arrested by the formation of G-quadruplex
(a) Transcripts from Temp-WT in the presence of Li* or K*. (b) Relative amounts of full and arrested transcripts observed in
panel (a), respectively.
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e

B JAFT 2 LI H AL T S PEG200 77(E R CORRE R & 4T 572, PEG200 |2 K » Tt S D517
T T 4 v TEBREEIL, A SRS & Hel LT Watson-Crick o> " ESEEE & R 2 ELT B OISk LT,
G4 ZRENT D2 EBNMBNTNDHO, 2 Z T 10% PEG200 771E F C Temp-WT & HWCTIRE G & 1T -
72& 25, 150mMKClHAHE T TG 24T - T2 lf & [FERIS, 8RR OEBEM OMIC, G @ TiElkd
D2 ETEASND Z OOV EW DR L7 (Figure4-9a), #/30 ROUOGTREE 2 & R T
L7-& 24, PEG200 OFFE FCIEIEFAE F &l LT, 2R OBEEEYRIX 028 fFI2d LTk, ik
BB THE L LIEWEEEEDIZOW T, HENRWH O LHN S ORZNZLH 1.08 5 & 1.64 f5IZHIN
L7 (Figure 4-9b), DX HIZ, PEG00IZ L D5 F 27 T UT 4 v 7ICE» T, BREDIREFEY RN S
ST H0Izx L, AR OEREEYRITH A L7z, PEG200 f77E F T, G4 DE[T TG DME L
LB oD, HEPEWIREIZILFEYORIGN L VBN LIZZ &b, 24Uk PEG200 23
G4 ZZEL, ~TEUEEARZE LEEFICERTHEBRILIENTED, ThbDZ b,
TMPRSS2 {51 D> Vv 2 SHIK TS LD G4 DB 2T 5 2 & BRI, S5I2, G4 &
AT VOIS A A » FRIBEIGHEZ G LT\ D Z 8 bREing,
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Figure 4-9 Stabilization of G-quadruplex by PEG200 more arrests transcription.
(a) Transcripts from Temp-WT in the presence of K™ at 0 and 10 wt% PEG200. (b) Relative amounts of full and arrested
transcripts observed in panel (a), respectively.
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4-3-3 TMPRSS2 BInF DEFERSH TR T D _REED 5 FWBLE & T DRE
TMPRSS2 AR T DT 7 Y 2 2 TR SN D G4 IFIREAPHET 2 Z LAVREN T, BIRRNZ &1,
ZOfEIE G4 7T TRIAT EURIEGIERL O 5720, N T oOERHE LTV 2R 0E
D ENGEOWNT o —T EHWREE CD A7 MUZEARFHC LV RSNz, 22T, b0
TSN 2 DB OWTRETT 7. WT ORFNCERAZEA L MT1, MT2, MT3 B &
O MT4 (Figure 4-3) OBECHIZ ST AIA AT Temp-MT1, Temp-MT2, Temp-MT3 35 L O Temp-MT4
(Figure 4-7) Z %31 L7z, AIRD Temp-WT & [FERIC, G4 2L ELT D 150 mM KCl A£7E K C invitro 75
KIS %AT 12, TOFREE, G4 DHEZEAT D Temp-MT1 Tid, REEEOWBEEMNHER SN, —7,
G4 LT EMEED EDH BB LRV Temp-MT2, ~7 EUEIEDHZTERT D Temp-MT3 & Temp-
MT4 Tit, 2R OEEEYO LRS- (Figure4-10a), Temp-WT & Temp-MT1 O HlE» 5, FH iR
BREMN G4 OFRRICL VFR SN D Z LR S, 72, Temp-MT3 & Temp-MT4 OFERN DI, ~
T EEENHFFRRICER S NG E TH IBERISHMEIL LW & bR &7z, S 61T, Temp-MT1 &
Temp-WT &l L TR OWEEWED 031 fFI2B4 Lz (Figure4-10b), —J7, EEREH TIEIL Lz
REERETEDIL, HEDRWLDO LEWSEORZENEN 130 5L 2.79 f5ICHIN Lz, 8545 IEEDIC
BWC, HEOEWH DL G4 DERT, HEORWH DIE G4 HEEORT CIREAMEIE L TRV, K%
72 G4 ZIBE LTV DHAITE T, G4 OEBITTELET2EEG0/HENT 52 08B 5N 5, Temp-MTI
%, Temp-WT & [l UC G4 QBRI TIE LT 2 G EWENBEE SN L., 2, Temp-WT (I~7
UHEE L G4 BHA L TEDL L OHE B SN TV D A[REMED S 5 53, Temp-MT1 (X3 b2 U Tk
WCERZ L HAT EUREZTRE T, G4 DB LV ZEMITEHR L TS ZEITERLTWS L EZD
ND, £ZDZ&E. G4 2T DRITHAHET D2 b Uy FRREBIFEEIL. G4 ZTERL
57T =0y FREBIEIR E ~T E UG E T 5 2 L1 Ko T G4 TERIC L B Hs G B E NS 2 il

THHREE b OFREMENRH D Z & R LTV D, Temp-MT2, Temp-MT3, Temp-MT4 (ZE\ CiE, Temp-WT
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Figure 4-10 Transcription is not arrested in the formation of hairpin structures.

(a) Transcript production from Temp-WT, Temp-MT 1, Temp-MT2, Temp-MT3 and Temp-MT4. Reaction mixtures contains 100
units T7 polymerase, 2.5 uM DNA template in the buffer of 150 mM KCI, 40 mM Tris-HCI (pH 7.2), 8 mM MgCl.. Denaturing
gel electrophoresis were carried out at 70°C of transcription reaction products after 120 min at 37°C. (b) Relative amounts of full
and arrested transcripts observed in panel (a), respectively.
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E R L T AR OEEEREN 2.07 4. 1.924F, 3.01 FLVWFhbEBmLE, —J, ReEteEOEEEY
i HEBEW LD 022 5, 021 5, 038 %, BHEMNENH DA 0.18 5, 0.07 5, 0.08 fr&WFh HIH
FIWAH LTV, IO ENE, Temp-MT2, Temp-MT3, Temp-MT4 (%, Temp-WT & LH#ed 2 &
R G AR TR R LB WIR TR R BEE B L TR Y | 2R DG EM N L % < #EAINTZ, Temp-
MT2, Temp-MT3, Temp-MT4 DMLY 5T E AR5 2 B ) HNRENE L 72 D K O ITESI G &
NTWD, ZNHDZLinh, G4 ZR LW BRI IV TR S LD ZIREEERA~T B Th 254,
Z OBSIFRRLEMECE D P BEIE SNV R SN, 2T G4 MRS TV 5
A LIEIXBHTHY . b ) v FREINLS T = ) o FRESINERT D G4 OEREHENREE
MBS CTHIEIL TWE Z EZ2RB LT3,

RIZBIRGENZ L2, TMPRSS2 IR T 0Ox 7 V2 2 FHIR TR S D G4 DIEFHIZFET DV bl
v FHEEIE. G4 TERBLY & ~T B URIEE TR T 2 2 LT, G4 DB, 72 b T E T L DIRF DOE
R AEHIET DHRED R S Te, ZHETITONTE T G4 IZBET DD L 1L, G4 DIERELSI D I
EHLTITOR TN Db DREN, LnLeRb, SEEONTEREBEZ D &, G4 ZTEAT D ESI D
RIICY Ry v Uy FRENGEET 285813, ~T EUBEEZEMT 5 2 212k 5 T G4 OFELM
ENTWBAREM R B D, £ 2T, TMPRSS2 USN DT T 7 —F & a— R 5EETFICBNT, G4 2
FHEERLS[G3N1.7G3N 17 G3N 17 G3] 2 AT DB 1D G4 TR HEERH & . G4 FTERELH D FiTHL 50 bp 1Z331)
D, ¥ MNUOEBEHEREMBENNT LT, SOICRAEINTZZT =) vF Ly by ) v FHEETE
FRATRE 72~ T B ARG OB ) IR ENE (AG 25) & m-fold® & AW TR L7z D% Table4-2 (TR L7z,
TRTTERNLOD, £ O rT 7 —BIZIE G4 FRHEEEFIAFE SNz, S HIZ, T_XTTEARN
b DDRIE S NTZBARFITIE, G4 TR HEERLINC BT 2 B & FIRfEEIC > R B EER TS
ZERDroTL, EBHIT, ZOBRSINBET 5T EUMEGED AG s 0 DIL, BIIFEINCRER~T B
W& Z R ATHETH D Z L AR STz,
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Table 4-2 Putative quadruplex sequences (PQS) and number of cytosines at upstream or downstream 50 bases from

PQS in some proteases.

Name Mathced sequence (anti-sence: 5'—3') up AG°;; down AG 'y
CAPN2 GGGCCGAGGGGATGGCCGGGAAGGACGGG 20 -1741 17 -14.8
CAPN9 GGGTGATCCGGGCGTCCTTGGGAACCGGG 14 -13.7 16 -14.2
CAPN10 GGGAGGGATCCTGGGAAGCTCTGGGATCCTGGGG 20 -15.0 14 -16.3
CTSA GGGATGTACAGGGCTCTGGGAAGGGGG 14 -96 16 -14.9
CTSD GGGTGTGTGTGGGAGGGGCCGCTGGGCCAGGGG 19 -16.8 14 -15.8
Furin_1 GGGGGCATGGGGCCGAGACGGGCAGGGCTCGGGAGGG 6 -114 19 -18.5
Furin_2 GGGACTTGGGCCCTGACGGGAGAGGCGGG 10 -11.9 17 -12.5
Furin_3 GGGCCAGGGCAGCCAGGGAGGAGCAGGG 12 -104 23 -13.0
Furin_4 GGGCAGGGGGATGGGAGAGGAGGGGGCACCCCTGGG 7 -13.0 19 -174
MMP3 GGGTACCAGGGGGGTCTCAGGGGAGTCAGGGGG 7 -93 12 -14.6
MMP19_1 GGGCTGCCCGGGCTGTGTGGGGTGGAAGGGTGGAGGG 12 -96 12 -11.6
MMP19_2 GGGGCCATGAGGGCCTGGGAATATCGGG 17 -18.4 14 -124
MMP19_3 GGGACTGGGTTCTGTGGGCACTGGGGGCACAGTGGG 19 -6.0 17 -15.8
TPSB2 _1 GGGACGGGGGGACCGGGGTGGG 14 -16.6 8 -79
TPSB2_2 GGGCCTGGCCGGGCCTCACAGGGCAGGGCTGGGGG 6 -16.1 12 -16.5
TPSB2_3 GGGAGTGGGGGTTGGGGGGCGGGGGGCGGGGGACAGGCGGGG 20 -145 16 -12.4
TPSB2_4 GGGCAGGGGAGGGCCGGAGGG 10 -8.9 16 -10.2
ADAM12 GGGCGCGGGCGGGGGACACGGGCAGCGGG 21 -251 17 -193
MMP15_1 GGGGGTTGAAGGGCGGCCGGGCCACGTCGGGCCATCGGGGG 18 -25.0 27 -221
MMP15_2 GGGCGGGGCAGACAGGGTGTGTGAGGGCTGAGAGGGG 18 -17.9 9 -79
MMP15_3 GGGCCCAAGGGGAGGTGGGAGCTGGGGG 13 -15.2 12 -12.8
MMP17 GGGGGCTCTGGGCGGGGTAGCCGGGG 14 -9.0 19 -18.0
MMP25_1 GGGCCTGGGCAGGGTGGGG 12 -8.1 16 -7.1
MMP25_2 GGGGGTCGCTTTGGGGGGCCTGGGGGCGCGGGG 15 -15.1 16 -11.4
MMP25_3 GGGAAGGGGTTCTTGGGGATAGAAGGG 12 -121 1 -6.9
TMPRSS2_1 GGGCGGGGCAGGGGGCATCGGCGGG 27 -19.0 27 -17.0
TMPRSS2_2 GGGGCGTACTGGGGCACGGGGGACGGG 12 -11.0 13 -13.8
TMPRSS5 GGGGCAGGGAGGGGAGAGGGCAGAAGGG 21 -16.3 18 -123
TMPRSS6_1 GGGCAGAGGGGGCGGGATCGGGG 11 -10.5 9 -89
TMPRSS6_2 GGGGAAGGGGAGAGGCTGGGTAGGG 12 -12.0 7 -40
TMPRSS6_3 GGGAATCAGGGCATGGGACGGG 5 -42 9 -641
TMPRSS6_4 GGGCCCCCAGGGGAGGGGGTATATGGGGAGGG 16 -18.1 17 -18.8
TMPRSS6_5 GGGCTGGGCAGGGGAGCCGGGTGGGG 20 -13.0 16 -17.8
TMPRSS6_6 GGGCTGGGGTCTGGGAGGGGAGTGGCAGGGAGGG -9.3 15 -13.2
TMPRSS6_7 GGGTGCCAAGGGGAGAGGGCAGGGAGGGGGTGAGGGGCAGAGGGGAG 9.0 18 -12.8
TMPRSS6_8 GGGCAGGTGGGCAGGCAGGGTGGGG -9.6 18 -93
TMPRSS6_9 GGGCACCTGGGAGGGAGGAGCGGG 16 -19.8 15 -94
TMPRSS6_10 GGGAAGAGAGGGAGGGGGAGGG 7 -86 9 -441
TMPRSS6_11 GGGATGGGCAGGGAGAGGAGGGATGCGCGGGCGGG 18 -13.0 8 97
TMPRSS6_12 GGGTGGATGGGTGGGTGGGTAGATGGGTGGG 5 -24 2 0.3
TMPRSS6_13 GGGACAGAGGGGATGGGGGCAGGG 13 -10.2 19 -12.0
TMPRSS6_14 GGGTCCTAGTGGGGAGCGGGTGGG 9 -11.7 14 97
TMPRSS6_15 GGGGTGGGGTGGGGTGGGGTGGGGTGGGG 14 -12.6 19 -14.5
TMPRSS6_16 GGGCTGGGTGTGGGCCTGGGTCCTCAGGGG 22 122 4 57
TMPRSS9 GGGGGGAGACATGGGAAGGGGCTGGG 14 -95 13 -13.1
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ZZ T, G4 TEEHEEHA O Bl L OVTFHE 50 bp ICE EN 5 b3 &Rk, 480 2 el L
72277 7 &E LTz (Figure 4-11), G4 JRKBLHIRT 50 bp LINICE £ & b o OEDFEE BN
138452, FUiA 146151 TH Y, HREIZZOENP LN LRI, ZOMRIT. SRIFSNCLE
G4 JERRBECA T D> b3 vV » FEISIDS TMPRSS2 (2R 5T, £ 07 uT 7 —¥ & a— R4 5EETFIC
BT, G4 DK LG OFRENT L 0 BAR FRBLZHIE L TO D ATREMEZ R LT D, 7 BRI T
TIFON LB TG AR L T T b IRBIII B L 5.2 20 28 G4 AT 2 B5 2 A3 2851
DOIFIZ C Vv FREFIFERNH DAL, ~T B & G4 OREE (LAY & THIET 5 Z &N TE
WL, BETORAEZAATEAZIZHT DI ENTED, H LWBE TR 152 N TX 2 Alfe

PEDSR S 472127,
. upstream 50 bases g downstream 50 bases
6 1 7 1
5 6
5 .
3 4 3
c c
o S 4
> >
o 3 4 o
o o 3
2 5 |
1 1.
0 10 20 30 40 50 0 10 20 30 40 50

Number of Cytosine Number of Cytosine

Figure 4-11 Frequency graphs of the number of cytosine bases 50 bases upstream or downstream from the putative

quadruplex sequences.
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4-4 FERERBRE

ABFFETIL, TMPRSS2 BB T D=0 Y 2MEIC T =0 U v FHE3 > b v U TR & BiBE L C
fFAETHZ LR AL, ZOFEKTIE, G4 T EVHETHERAA v F LTEY ., G4 BEREND
ZETEHENHESNDGZEEZWALMNIC L, ZOZEND, 20 G4ITHER L, Wiz 2ElT& 5 3EA
ZROFHT Z LI L 57T, RAS V7D Tt T ADEMALIZF 535 TMPRSS/ERG D% B % M| T
X BTAREMEN B B, TMPRSS2/ERG 1E, AR DFEAIT & - T TMPRSS2 Efn ¥ & ERG B fn T D Hs@Ee s 4y
DU S AL, FREA OBRICHREEDNE U519, TMPRSS2 &5\ TAFEAET HHaIC B 2 @A IE, G4 &
FRELH &0 & FWICAHEL TV D720, G4 DIZRUTHRFESR O TMPRSS2/ERG DAL FFEBUT b FIERIZH 5
LTWbEEZ BILD, TMPRSS2 BIAT D G4 24T DA 2 BI%E L. TMPRSS2 DRBLZMEIT 25 =
ERTENIE, AR V7 I VBHER &3 HE 2 DR TO NIRRT N TE D,

S BICAWIIEClX, TMPRSS2 BT D G4 TR ELS | DITHAFAET DL b U w FHEEAY, G4 ZTEAKL
TL7T7 =00 v FRENEDHT G-C HEMZIEH L. G4 E~T EUBEDSTRBEET 52 LI
£ o T G4 TERRIC K DGR A KT STV D AMREPEIC DWW TR 2 & AN T &E 7o, [AIRFIZ, TMPRSS2
BARTLSMZ S G4 TERRESIDOITEHZ Y S v )y FRERE b OBIRFRE<AFET D 2 E b LN
L7, 207, G4 RREH T EHAFIET 53 b U » F72258kI%, TMPRSS2 {51721 T < #fx 72
BA T BT G4 ORI B L 5 2, BEHRIEICEES L TO D RS D, ZNETIThITE2 G4 D
BF5EIE, G4 FERRBLFIDOAIZIEB L TWA B ORIEEAETH Tz, LNLARNREL, ARSI LD
12, G4 FERRERAN 2T Tl < Z ORI AFET 2 B O GR35 5 EEME IR TRV, ARIFFE
&> T G4 ITBET 2R TITEFEORSNB L TD TEET 2 BB H D Z L2 Rnd 52 &N T
T,
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WSE 7XZuiToVHEAERVE
RAS DEBI=FRIH|EHIEORESL

5-1 FF#H

RAS O L0 P D51 21K & LTe iR ADIRFEIEIX, — 200 2R E L TEDIEMZIHIT& T
b, ZOMOBBESIEEL L, EAIMMEZ 5T 2 RS2 WESNTEBY ., x0T &be
REICEVIBESDREZFEDO TODLONRBURTH D, TDD, THHDOREDO AT L L THRET D RAS 27
T AR & LT IBREE DRI D KD HAL TV U0, RAS (21X 7 X/ BERLH IRl L T2 = > D7 A ¥V 7
#4—2 KRAS, HRAS, NRAS 2F(ET 5, HTH KRAS & NRAS 1E, %< OBAFIZIBW T, ZDEMAL
WZBE5-9 2 Z E MBI TV DU, KBTI NRAS % 22— R % NRASmRNA Z{E1)55 1L 95 2 & T,
NRAS OFBLZMHIT 5 Z & 2 3A 7z, NRAS mRNA X, G4 2T HHE05% SUTR IZA LT 5002
G4 ZAER & LIAbBEMIE, WNAZR EDIRFIEE L THIEE LT W 31031 85 4 2Clk, TMPRSS2/ERG O
FHEECIBNT GAfERD T (YA F) DIRBBARN 2T T u—F ThoH I LaRmLiz, £Z T, NRAS
mRNA D3 EALT D G4 ITIRIINICHEG T 5 G4 U v ROBRBEAT o7, S HITARIFZE Tl JerEkREL b
STHIEZME G ) Y RERR Uz, SEZHEWEN G4 ) Y RE L THLEET 20 Thiud, KZk
RN AT IE T & 5 /1263 (PDT: Photodynamic therapy) % 43 T-EE(ORA~ L IS5 = L S ATRELS
725, PDT 1Z, YeHERHIZ EEALICHR D A /=0 BIz, XEEEINICRK T2 2 & CIhMERkERE
(ROS: Reactive oxygen species) % ¥4 SHW 5 2 & T, DS AMINLE SER T D IRF 1L TH 5004109, Kif5EC
B & 3 5 40 THERYT PDT AR C & AL, BEfFD PDT ICB T D 1EF LS A CH D Z &, ffitho
EWFIC O 2T COMWTE, EFMR~ORWERZR EOMELE LTHIF oD R8I DN TEBETE 5+
REMED IR S D,

5-2 EBREHE

5-2-1 AKHFH

DNA LURNA AU X7 LAF NE, RAKRRT IF A MECEVEMERL, $HI—r) v b
T LT, R L b D& 7~ T Ry FiRASH (Sigma-Aldrich) 38 L OMEIEE S A7 L4 A
T A &AL (Hokkaido System Science) L V(A L7z, ZHNHDOHTOREF, 4V IX7 VAT R
FRELK TR L. UV-1800 43 Y:)6EERT (Shimadzu) % FVNT 260 nm (238155 90°C TOWE ZHIE L.
% DNA £72(Z RNA AU X7 LA F FOFENMEARE ¢ (L-mol'-em™) 7> HHiH L 72 (Table5-1), ZnAPC
[Zinc (IT) phthalocyanine 3,4°,4” 4™ -tetrasulfonic acid, tetrasodium salt]/3: Frontier Scientific & ¥ i A L 7=, FeAPC

[Iron (IIT) phthalocyanine-4,4’,4”*,4°”-tetrasulfonic acid, monosodium salt, compound with oxygen, hydrate], NiAPC
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[Nickel (IT) phthalocyanine-tetrasulfonic acid tetrasodium salt], CuAPC [Copper (II) phthalocyanine-3,4°,4”,4"-
tetrasulfonic acid, tetrasodium salt] IZ Sigma-Aldrich & VA L7z, BEEIX, 9ww%h YA FNAFRALLT IR
(DMF) / H,O TR, IR 680 nm (281F 5 25°C TOWSEEZMEIE L, 15K 680 nm (2331 5 & /LW 4%
B (e=2.7x10° M em™) DO S B U7z, FREVAIKIZIL 50 mM 2-E /LR Y J =& VALK B (MES) (&
LT AV BFEHER) Z AV, e U U A (BT AV LAFOEMER) 2%, B (BT AL AT
M) F 3K FU A (BEL7A VLTI 2T pH 7.0 IZHEL, T/ T/ ~A T
DBIUN- 7EF LI AT A2 (NAC: N - acetyl cysteine) 1L, B L7 A /L AFEMENSHEA LS, &
Frxs 7 ==L T70ALtA L (HPF) 1, B EERASHNOBA L, FiN-Rs vV RXE/ / B—
FVHUA (sc-31, Santa Cruz Biotechnology) 38 X UL B-7 7 F >~ U XE / 7 v —F/LFUIK (A1978, Sigma-
Aldrich) Z —®R#EE LTHWE, TETSELFF L X —F HRP) fAH~ 7 2 1gG Hiik

(NXA931V, Amersham Pharmacia) % “KHi{k L L THU -,

Table 5-1 Sequences of oligonucleotides in this study

Oligonucleotide Sequence (5' = 3')

NRAS RNA GGGAGGGGCGGGUCUGGG
dsRNA AGUUCAAGGCGCCUUGAACU
VEGF RNA GGAGGAGGGGAGGAGGA

BCL2 RNA GGGGGCGGUGGGGUGGGAGCUGGGG
NRAS MT1 RNA GGGAGGAGGGGGAGGGAGGG
NRAS MT2 RNA GGGCGGUGGGGUGGGAGCUGGG
NRAS MT3 RNA GGAGGGCGGUCUGG

NRAS MT4 RNA GGGGAGGGGCGGGUCUGGGG
NRAS MT5 RNA UGGGAGGGGCGGGUCUGGGU
NRAS DNA GGGAGGGGCGGGTCTGGG

522 H@EMHERT FLVOREIE

M % (Circular Dichroism: CD)A X2 hVORIEL, 0.1 cm OYEEE DA TR /LA T 1-820 758
EF (JASCO) TfT7-72, 50 mM MES-LiOH (pH7.0) 3 X O 100 mM KCl 7> 6 72 DEEEHR T CTD, 20 uM 7
U7 LAT REREE 90°C T 53 L, 0.5°C/min T 25°C & TRSMMICHAIL 728, 25°C TA
~7 MVERE LT,
5-2-3 BRI A~Z RVEIE

WY A7 RV ORIE L HFEEA 1 em DA HEE L% VT UV-1800 43 )6 EH(Shimadzu) CfF - 7=,

50 mM MES-LiOH (pH 7.0) #3 X TY 100 mM KCI 7> 5 72 2 FEHERAR T C 0-20 uM @O RNA f77E FTO 2 uM D
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TEuTT = DRINARY b vz RERTICERENE 90°C T 5 /3fAI#A L, 0.5°C / min T 25°C £ T2
KMTHH L%, WEREE 0.5nm & L, 25°C T 550 nm A5 750 nm & CHIE L7,
5-2-4 fREEEROHEM

50 mM MES-LiOH (pH 7.0) 35 & T 100 mM KCl1 7> 5 72 DA H ¢, 2 uM ZnAPC, FeAPC, NiAPC, CuAPC
1Z%F LT 0-20 uM RNA F721% DNA % F L7ZBEOWIL A2 kL% 25°C T 550-750 nm CTHIE L7z,
BIEE, Al 90°C T 5 /3 MINE%, 0.5°C/ min T25°C £ TREMCHAIL, | om ONBEEEZHFT D
fHEE IV ERE 2 —F —TMSPC-8 (Shimadzu) (ZH56E L7240 66 EEFH UV-1800 (Shimadzu) % VT
Folzy BOHIVZRIN AR LoD 680 nm DWEIEEE (Abs 650)% RNA 35T DNA OE/LIEEIZS LT
> kL, Kaleida Graph (Synergy software) % T, 25°CIZBIT 5, 7 ¥ a7 = FEK (APC) &
RNA F72i% DNA 4V X7 LATF K OfffEER (Ky) #HH L, AV IAXI L AFFRETZrT
SUREROREAILER L1 ThHERET DL, EERERIIUTO LI TR N TE D,

Oligonucleotide + APC 2 Oligonucleotide — APC complex 1)

(ROFIRZBNT, AEEDOAY IX 7 AT FREICE T2 O L &K 680 nm (2851 2 WG
Abs 1%, (2) RTREND,

Abs = AAbs X [Oligonucleotide] / (K4 + [Oligonucleotide]) + Abs, ?2)

(2) RUITBWT, AAbs ISR DI KZE LR, Abso 134V TX 7 LA F RIEFE T COWNEETH 5,
Q) REHANTHEONLT =2 &2 =TT 4 v T 4 7 F 52 LT 25C IR DBEER (Ky) ZHHL
72
5-2-5 MERaEEE

American Type Culture Collection (ATCC) 7>HHEA L72 MCF-7 & MELEHEAAZ ., 10% 7 VBTG
(FBS, Sigma-Aldrich) B X 1%DR= U /A LT h=A VR (87 A 7V AFDEHER) 23 L
7= Dullbecco’s Modified Eagle Medium (DMEM, H/K#38) 1T 37°C, 5% CO, f7#7E F CHi& L7,

5-2-6 JERREER

RERE N TON RS CIX, 50 mM ¢ MES-LiOH (pH 7.0) 3 £ U 100 mM KCl > 5 72 2 FE i 1 C . ZnAPC,
FeAPC, NiAPC F72i% CuAPC (Zxf LT, B —27 FELHR Y 615 nm @ LED J¢ (PFBR-150RD-MN, 141.1 J
cm?, CCS) Z MRS L7z,

AR A N2 BRI B VLR Tk, Mg 5x10* em? CTHERE L, —Wits&L, 5% 10% FBS &

W 1% =2V /A M LT A ¥ IR Z U LT COs-independent medium (Gibco) &ZZ#tL ., ZnAPC
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F 7213 FeAPC THIZLEE L (37°C, 30 43 L <X 1 B¥ ) . 630 nm O ¥ — 7 3R 4495 LED Xt (TH-
160x120RD, 5.5 J em?, CCS) % R4 L 7=,
5-2-7 ROS DO

AR TOERIZBWVTIX, 50 mM MES-LiOH (pH 7.0) 3 X U8 100 mM KCI 725 72 2 5B @ T 2 pM
ZnAPC, FeAPC, NIiAPC F7zi% CuAPC (Zxt L ORI 217 - 72 BRICHEA 415 ROS % 10 uM HPF % VY
THH L7z, &30k 90°C 5 0IER L, 0.5°C/min T25°C £ CTRMITHAIL7=#. 03 cmx 0.3 cm
DAEFERNL ERE L b a—F — (8 S Uiz FP-8200 49t ERE (JASCO) & FVT, HPF D0
ZHE L7 (25°C, Ex=490 nm, Em=500-700 nm), I T ROS DREADKIIX, 35mm T AR~ AT
4 v =2 (Matsunami) b CRE#E L 72MMIZ 30 431 ZnAPC E 7213 FeAPC Z¥¥I1 L T, 30 43 10 uM HPF
ZUWAL, 60 /3 REHRE 247\ & D% M2 PBS THavg L, I SBEMET (LSM700, Zeiss) % AT 488
nm O L—W—%MBEJ25 2 LEiG 2577, 5O 5 HPF O%)EE58E % Image] (NIH) CTE&
L7,
5-2-8 EOLEAMKGE

HMZ 35 mm OH T AR N AT 4 v 2 (Matsunami) _ETHREE L, FKIREE 10 pM 12725 K 9 ZnAPC
ZUSINUTZ, ZnAPC OHIEN T Ot 2 HERUBEMEE (LSM700, Zeiss) % VW THitH L (Ex=488 nm, Em=
> 630 nm), R L7ZWi{413 Imagel % AV CTHEHT L 72,
5-2-9 EIHEARZ FARIE

HHARZ FAORPEE, 0.3 em x 0.3 cm DA FEE /L& VLT, FP-8200 2t L ER(JASCO) TIT
272, 50 mM MES-LiOH (pH 7.0) X U 100 mM KCl1 2> & 72 2 FEE 1 C 0 - 20 uM RNA {F7E FIZB1F % 2
UM ZnAPC DAY v JIERNCARENE 90°C TS5 o MME L, 0.5°C / min T 25°C £ TR0
WZHHAILIZ1%, BIE L7z (BEx =620 nm, Em = 650-750 nm),
5-2-10 ZnAPCIZ X324V X7 VAT RDOSAE

50 mM MES-LiOH (pH 7.0) 3 & T} 100 mM KCI 7> & 72 2 5B @ 2 uM ZnAPC £ 7213 FeAPC & 0.1 uM
RNA F721Z DNA OIEEW% 90°C T 5 43 IMEL L, 0.5°C / min T 25°C £ TRSMICHAI LTz, BEWE
HHE 0.1em OATE/VICE L, LRI EITo70, SLIRREZOWIRIZ, 1.5 5 & Stop solution (80 wt% 7
VA7 X R, 10mM Na, EDTA, 0.01% 7/b—F %2 8T ) ZEIMNUEE IS0 BHIZE WS VESVKENT
SRPRFL TV DEIS AR L7, 0.6pmol ® RNA F£7-13 DNA 2 & Teitk 2, 10% 6 L <13 15% 254k
RYTZVLTIRFL (TM JRFE) Z2HAVWT, 70°C CERIKENZ21T-7-, £Dt%, 7% SYBR®Gold

(Invitrogen) THefa L, #E ZF/L% Typhoon FLA-9500 (GE Healthcare) % f\ TR L7,
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IFRIE K OMRKIO St T T RNA A iRON % i+ 5 EBClX. 2 uM @ ZnAPC 35 L 000.1 uM
@ RNA DIRAY) % AR BRI 2 ARSI Lo, 20k, GRS N CRIGET 5 3B iRl
RCHME L, IR 0.1 cm DA/ L, BEAISM N CRISETT ) b DI, BERRE 7 V=
HAT 5 53 R—=Y L, RIRZER TS, BUEEIT ) LW ) #fEE 3 [0 IR 2 & TR OBE %
TV ATER LT REERIR A VT, T TR ST e — TRy 7 AR CHRE g LT A
WL, JEIRE 0.1 em DA /MK LTz, £k, 90°C TS5 EL L, 0.5°C / min T 25°C £ TR
PTHHAI L, SRR 21T 5 723062 (5-2-6) DHIETHRILAIT o7,

5-2-11 ZnAPC IZ X % DIG f&£#fi RNA D531

T7 72 E—% —® FitlZ NRASmRNA @ 5'UTR &K % 22— R4 2 B8 (NRAS F-RNA) % & 7-H 7z pUC57
NRAS F-RNA X7 # —7F5 23 REMHEH LTZ (GenScript), 77 A I RA&HIBRELSE EcoR V THINTL, 55
7= DNA Wifr & 1% 7 e —2 57 V& W TESKVKENC K 0 43BE: . NRAS mRNA @ S'UTR % 22— R4
% DNA % & el ' % GenElute™ Agarose Spin Columns (Sigma-Aldrich) %z H\\C7 H e —2A 7L bh L
7o, =X ) —NVILBIZ X > TR L7z, Z oK L7- DNA 2§78 & LT DIG RNA #Z#% ~ b (Roche
Biochemicals) % fv>T, DIG-11-UTG ¥ & U RNase [HEAI 4 B 1K NEA IR T T TI RNA R Y X 7 —8
12X 0 42°C, 1 R OB RIS 21T 072, ED%, 37°C, 15 57D DNase 1 /LB A 1TV, 7= /) —/1/ 7 1
OV AL & ) — VIRBEIC ) RNA 2R U7z, REHL L 72 RNA (T 1.5 £/ Stop solution (80 wt%
AL AT IR, 10 mM Nay EDTA, 0.01% 7—FF 2 L5 2) 2L, BAWE TM REEZET 5% &
U727 UNT I RIAERWT, 70°C TEXIKEIZ1T o 72, vkEItR. NRASF-RNA (Z5I5T 5% 260 Mk
DR REYYH L, Tris-EDTA (TE) FEEIRETIC NV EZIRIEL, 4°C T2 REMIEE 9 SHHZ LICkY
B RNA &4 Liztk, =% /7 — W ibBIc L 0 B L7z, 50 mM MES-LiOH (pH 7.0) 33 J T8 100 mM KCI
M5 7 DIEEATIZ 2 uM ZnAPC 3 KT8 0.1 pM NRAS F-RNA #EA L. 90°C T 5 4yn#Ed%. 0.5°C
min”! T 25°C £ TRONCHAI LT, D%, JHKE 0.lem OATEE/MTE L, HREH L7k, 15 fF&RD
Stop solution Z N %72, # D%, 0.6pmol O RNA Z & H T 534, TM [REXEZT 15% RV 77 VT
IR NAEANT 70°C TEKIKEIZ1TV, 7/ RNA % 4°C, 100mA T 1 Fff#], Hybond N+ membrane
(Amersham Biosciences) |ZHE5- L7=, % MD#%. 0.5xTBE (Tris-Borate-EDTA) (Zi& L. 3 43 UV RE 21T
H9ZLTRNAZ AT L RIZEE LTz, A7 L% Washing Buffer T4 L. Blocking Buffer ¢ 30 %>
M7 v v 7 %47\, $1 DIG-AP (12039672910, Roche Biochemicals) %z T, =L T 30 25fA > &% =
R— |k L7z, £Dth, A7 L% Washing Buffer THE#% L, Detection Buffer H1°C 30 43ffA > &% =X
— b L7=t%., (L35 HE Tdh 5 CDP-Star (Roche Biochemicals) %3 F L, X &7 /L2 (Fujifilm) (225

L. Bz -7,
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5-2-12 HFEMOHEM

10 uM NRAS RNA F 7213 NRAS DNA OFEE . FEFEIE T30 5 2 pM ZnAPC ¥ 72 1% FeAPC DGR
= Hh#% % photon counting unit (TDC unit, M12977-01, Hamamatsu Photonics) % 4 L 7= 8 &3y 7y Y6 &t
(Quantaurus-Tau, C11567, Hamamatsu Photonics) THIE L7z, #AFEMOBPEL, =HIE T 30 wt%?D DMF &
A, & D 50mM O MES-LiOH (pH7) 3 & T8 100 mM KCI 2> 5 72 B 5B ERE T TITV, )& - T curve-
fitting system (U11487-01, Hamamatsu Photonics) (Z & ¥ f#HT L 72,

Fy = Fo exp (_Tt) 3)
ZITC, Fld r=012B 2HOLHEE, « BEOLEM TH D,
5-2-13 EEHWES PCR

NucleoSpin RNA Plus kit (Takara Bio) % M THifw2> 5 Total RNA % [FIUY L, Prime Script™ 1st strand cDNA
Synthesis Kit (Takara Bio) &M T, 7’1 h 2 /LIZHE> T cDNA 2 Ak L7z, 45 54172 ¢cDNA %, Thunderbird
SYBR gPCR mix (Toyobo) & Step One Plus™ PCR system (Applied Biosystems) % T, & &AW HEE PCR

(RT-gPCR: Quantitative real time-PCR) %179 Z & TEfn O3 BLE AT L7z, PCR IXHAIZ 95°C T 1
53, Z D% 95°C T 158, 55°C T 1 HMIDIGEE 40 VA 7 WTo T, TNENOBIBFORBUL, LLF
DEFN DT T A ~— %M L T 417 572, human NRAS forward 5°- CAGAGGCAGTGGAGCTTGA -3°,
reverse 5’- GCTTTTCCCAACACCACCT -3°, human B2M forward 5’- GCATTCCTGAAGCTGACA -3°, reverse
5’- CGTGAGTAAACCTGAATCTTT -3°,
5214 UVxREVTOVT4VT

60 mm 7 o v i = CHEFR L7 fiE 2 MIRSYASAE /N » 7 7 — (50 mM Tris-HCl pH 7.4, 150 mM NaCl, 1%
TritonX-100, 1%SDS, 10 mM EDTA, 1 mM Na3;04, 10 mM NaF, protease inhibitor cocktail [Nacalai Tesque]) % H
WTHiR S 72, 20k, BERAPEZITV 15000 pm Tl L, BiEZ Ml 2 37t e Lz, Zh
 RTUNEEET R U ARY T2 VAT I RFIVESIKE (SDS-PAGE) TikiEhts, &1 /X7 &% PVDF
ATV ACERE L, 5% AF L 3I)L7 /TBS-T (Sigma-Aldrich) T30y ~7 v > 7 L, 4°C T—#, £
TR T 1A % 2 _— b Lictk, A7 L% TBS-T THEH L. HRP G _REUAZIRINL, 30
DA ¥ ax—1 L7, D%, HRP(LFFHEIEFRAZEE (Perkin Elmer) ZUSAIL, X7 4 /L A (Fujifilm)

ICmEET D2 LT Lo TRt LT,
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5-3 HREEBZE

5-3-1 G-quadruplex ZBH L L7z 7 ¥ v o7 = U HEEOR ERIRE
NRASmRNA @ 5°UTR TG4 2Bk T 5 Z L b TWHA
IR LAF R (NRAS RNA: GGGAGGGGCGGGUCUGGG)
0021 LA 28 WE LT 3RV on A X v % 0 ZHALERM
WfF &, B OIRRERIVIEE S 2059 S 22 R ifr &
nNoaEWE L ALAME LT, WODANKEEFT LT

LT = VBEA [T A=y s 72 uy T =2 (APC) ] &

#f L7 (Figure 5-1), APC 13/KIEIE T Trx & mAkDOREE CTHIE

L.DMF 7¢ & O BB CIXHE EARIE CHAET 5, APC I Figure 5-1 Chemical structure of anionic
phthalocyanine (APC).
The M at the center indicates a metal ion.

SRR (BRI R = 640 nm) & BARAK (680 nm) TH2%
WIN & — 27 & 6D &R DAL TN AN L G AR iE D
APC |3 G4 L DFEFEIZ L T fHlx D713 G4 LA T 2 Z LI K-> THEREAFHE S i1, TILA~Y
MRS 7 T2 ERMREEND, £ T, APC DIRIRARY MAERIET D2 EI2E D, APC £ X7
L AT ROREEBRIPEIC W THRET L7z,

APC & LT, FULIZHERAEINL L7Z ZnAPC, $K7SBINL L 72 FeAPC, = v 77 /VSBL L7 NiAPC, #i7)3
Bz L 7= CuAPC D> DALEW &Kt L7z, 50 mM MES-LiOH (pH 7.0)3 & T8 100 mM KCI §&fF T T, 2
UM D APC 2% L C 0-20 uM @D NRAS RNA Z i L 72 BE ORI A~ b V& RIE LTz, & Ot R, ZnAPC,
NiAPC, CuAPC DWRIX A7 kL id RNA OYREERIFAINC 640 nm L DL EARH RO v— 27 23 L | 680
nm FFITOHEEERB RO B — 27 BHIN L 7= (Figure 5-2a), ZDZ EnE, 215D APC (3 NRAS RNA & D
FEOIC L W BT 5 Z L RENTZ, — T, FeAPC 1% RNA ZIRM L THMWIL ALY MARZE(LL
otz loh, RNA EREA L7V Z E DR SN, FeAPC Tik, BUNL L7=8kA A2 DS TE 7 BN 1- &
FEET DR THIEST D Z LB FeAPC & G-quartet B0 n-n #HAAEAPE SN2 LiIcX Db
DIELEZHND, TNEND APC & NRAS RNA OFEABIFIMEZ ERILT 572012, NRAS RNA O
HERITHE D 680nm (2351 2WOEFEEDZE{b A RNA ORREICH LTF ry kL, 25°CIZ T 2MFHEER (Ka)
ZHRM L7z, (Figure 5-2 b, ¢) £ D#EHR, ZnAPC, NiAPC, CuAPC D4 APC & NRAS RNA O 25°C (23517
% KqfElX. ZnAPC 2% 3.1 uM, NiAPC 23 3.9 uM, CuAPC 73 2.4 M ERIFEETH D Z L3R E 7=, FeAPC
EHARAIEETH o7z, 2D &5 5, ZnAPC, NiAPC, CuAPC % NRAS RNA & [FIfEE OB A #H %
HT 5T EPRBE Tz, MIEPIZIE AR RNA (dsRNA) 7 LhDHZLw#BZDHE, dsRNA & APC
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DFERERERT DHERSH D, £ 2T, ZNTHD APC & dsRNA (AGUUCAAGGCGCCUUGAACU) Of
BEMRLIZE ZAH WTHRO APCIZBW T HUOLEDZEITIZ L A EBRE ST 22T APC 7% dsRNA
LA LW Z AR ENTZ(Fig.5-2¢), & BHIZ, ZnAPC [ TBFIE (100 uM) @ dsRNA f#7E FT% NRAS
RNA & D 25°CIZHITD Ka 28 43 uM &R STz, TOfEIE, dsRNA IEFFTE N ERETH Y | Mila o

X 91T dsRNA MNELIFET D L O BT EEICB VTS, G4 1T A2 IR TE 5 2 LR E

Nz, ZhHDZ Ens, ZnAPC X NRAS RNA 1Tk LTV @R 243 2 rlRElE S R Sz,
a 0.20
0.20 1 znapc 0.040 1 Feapc 0.15 1 niaPC 91 cuapc
0.15 4 0.030 1 0.15 A
3 0.10 {
g
£ 0.10 A 0.020 A 2 0.10 1
8
g 0.05 4
0.05 4 0.010 A1 0.05 A
0 r w0 r + T v 0 -
550 650 750 550 650 750 550 650 750 550 650 750
b Wavelength / nm
0141 ZnAPC 0141 FeAPC 0071 NiAPC 0141 CuAPC
0.12 0.12 0.06 0.12
2 0.10 0.10 0.05 0.10
_éo 0.08 0.08 0.04 0.08
g 0.06 0.06 0.03 0.06
0.04 0.04 0.02 0.04
0.02 0.02 0.01 0.02
0) Bty 0. 0 O— 0 dmo—p—————
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
[RNA]/ uM
(o
ZnAPC ZnAPC* FeAPC NiAPC CuAPC
Kq (uM) 3103 4.3 £0.04 N/A 3.9 £05 24£02

* In the presence of 100 yM dsRNA

Figure 5-2 ZnAPC, NiAPC and CuAPC bind to the NRAS RNA G-quadruplex.

(a) VIS absorbance spectra of 2 uM ZnAPC, FeAPC, NiAPC or CuAPC with 0, 0.5, 1, 2, 5, 10 or 20 uM NRAS RNA at 25°C.
The spectra with 0 and 20 pM NRAS RNA are highlighted in black and red, respectively. (b) Plots of AAbsorbance at 680 nm
(AAbssso =absorbance with NRAS RNA minus absorbance without NRAS RNA) of ZnAPC, FeAPC, NiAPC or CuAPC vs. the
concentration of NRAS RNA (red) or dsRNA (grey). The plots of AAbsorbance in the presence of 100 uM dsRNA are also given
with blue color for the ZnAPC (the left column, panel b). Error bars represent mean = SD; n = 3. (¢) Kq values of the APCs with
NRAS RNA at 25 °C.

NRAS RNA LG L. ROS DEAZIRPEWEE X Bivd ZnAPC I LT, fEASIMEZE S B
L7z, NRAS & [FRIBRIZ, G4 2k 2 2 L BFI BTV 5 VEGF & BCL2 @ mRNA KT G4 27 %
TENMBLNTWDE S E V712 1131 NRAS RNA % H W72 £ 5 & [ AKI1C. VEGF RNA

(GGAGGAGGGGAGGAGGA) & %\ %, BCL2RNA (GGGGGCGGUGGGGUGGGAGCUGGGG) % I L

7282 ZnAPC ORI AR "V OEALZRE L=, #§ F L7= RNA ORI LT 680 nm OWEGE %~
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Ty NTHIET25°CIZRITD Ke BRI L7 (Figure 5-3a,b,e), ZnAPC |Z VEGF RNA & BCL2 RNA @
EHLLORNA ZRMLEEGRAICEBNTH, bTDICRINASS AR 7 L TRY, BERMEAFHEE S
NTWeled, ELHDORNA bbb TN L/BETHZ ERB Iz, LNLARNRD 25°CIZEBIT5

KifE & 45 & . NRASRNA (255 K97 3.1 uM (257 L C VEGF RNA 7% 48.3 uM, BCL2RNA 78 35.6

a 25, 0.25 - b
VEGF RNA BCL2 RNA NRAS
0.20 0.20 A 0.12
g o g 010
5o l T 15 T £ o0s
§O 10 0.10 A é 0.06 BCL2
<
0.04
0.05 0.05
0.02 VEGF
0 r n 0 T 1 0
550 650 750 550 650 750 0 5 10 15 20
Wavelength / nm [RNA]/ uM
€ 2000 4 2000 - 2000 -
NRAS RNA VEGF RNA BCL2 RNA
m1500 E 1500 - 1500 -
o
c
3
21000 A 1000 1000
S
=]
% 500 - 500 | 500 -
0 - ~— 04 - 0 - =
650 700 750 650 700 750 650 700 750
Wavelength / nm
d 2000 0.14 2000 0.14 2000 0.14
NRAS RNA 0.12 VEGF RNA 0.12 BCL2 RNA 0.12
1500 010 1500 010 1500 010
Emoo 0'085; 8 1000 0.08 E 81000 0.08 E
P 0,06g . +— 0.06 g Y 4 — 0.06 g
500 —»o04 & 500 004 & 500 004 8
0.02 £, 002 "y [ 0.02
04— 0 09— 0 09— 0
s i s
0-001 01 1 10 100 0 00101 1 10 100 0 00101 1 10 100
[RNA]/ uM [RNA]/ uM [RNA]/ pM
e
NRAS RNA VEGF RNA BCL2 RNA
Ko nos  (UM) 31 %03 483 * 4.3 356 * 1.7
Kok (UM) 4.0 £ 0.1 312+ 12 286 + 0.5

Figure 5-3 ZnAPC does not bind VEGF RNA and BCL2 RNA.

(a) VIS absorbance spectra of 2 uM ZnAPC with 0, 0.5, 1, 2, 5, 10, or 20 uM VEGF RNA or BCL2 RNA at 25°C. The spectra
with 0 and 20 uM RNA are highlighted in black and red, respectively. (b) Plots of Aabsorbance at 680 nm (AAbssso = absorbance
with RNA minus absorbance without RNA) of ZnAPC in comparison with the concentration of NRAS RNA (red), VEGF RNA
(blue), or BCL2 RNA (green). NRAS RNA data were duplicated from Figure 5-2 for comparison. Continuous curves are the
results of curve-fitting to a theoretical equation, and the estimated Kq values are also shown. (c¢) Fluorescence spectra of 2 uM
ZnAPC with 0, 0.01, 0.02, 0.05,0.1,0.2,0.5, 1, 2, 5, 10, or 20 uM NRAS RNA, VEGF RNA, or BCL2 RNA at 25°C. The spectra
with 0 and 20 uM are highlighted in black and red, respectively. (d) Plots of Afluorescence intensity at 690 nm (AFeoo =
fluorescence intensity with RNA minus fluorescence intensity without RNA) of ZnAPC vs. the concentration of NRAS RNA,
VEGF RNA, or BCL2 RNA. Data on Aabsorbance at 680 nm shown as the Y2 axis are also illustrated to compare these data
with the changes in the Afluorescence intensity at 690 nm. Continuous curves denote results of curve-fitting to a theoretical
equation. (e) Kq values of ZnAPC with the RNAs evaluated from the titration results traced by Aabsorbance at 680 nm (K - abs)

and Afluorescence intensity at 590 nm (K- F).
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UM & 720 | ZnAPC OFEEBFIMEN NRASRNA LB LT, 105D 1 LAFIZARD 2 ERALNE o7,
ZnAPC & RNA & OFEGEFIMEZ ZnAPC DHOCRHEEZFIAT2 2 L T BITHER T2 2 & bk ATz, KE
T, ZEERRECHET 5 ZnAPC ITEEA H CIHEIC X 0 BEEICET T 523, AR H<> RNA &
DFEEI L > THER(E L7 ZnAPC 1, JER 690 nm (HFICHEEFET D Z L3 biuTnpsisl -z
D=, RNA ZHN L72BED ZnAPC 23383 28006 AT b EIET 2 Z L T, ZnAPC & RNA & DOiff
B BFMEZFIMEC& 5, NRASRNA, VEGFRNA, BCL2RNA % Z NN L7=BED ZnAPC DHEE A
7 MVERIE L, WINL7Z RNA OREE L SHEBEO T 7 v Nnb 25°CIZEBIT 5 Ke #H I L7z (Figure 5-
3¢,d,e)e WTID RNA 2RI L72HA THENFE TR LR, TOMEITRNA L > TRE< AL
720 20 uM @ RNA Z RN L 72 & & 690 nm (Z331F B0 K58 1T, NRAS 3 1687, VEGF 7% 818 . BCL2
73762 Td V. NRAS RNA Z i1 L7258 OEOCHRE DR A R bBE Th o7, HH L 25°C itk
% Kaftity, NRAS 728 4.0 M, VEGF 73 312uM, BCL2 23 28.6 .M TH D Z L b, #HAT DAL
TR EBFME ORI IC BV T H ., ZnAPC [LERAYIC NRAS RNA &HEET 5 Z &R STz, £
To. WAL ML OEEH DRI LT 25°C 12815 KafE (4.0 uM) TR EE O BRI LTz 25°C
RIS K GlpM) L TEE A RN L6, ZnAPC OERR(L & a0 EEmn AT
ML TWDZ EREni,

ZnAPC 73, NRAS RNA [ZBIRIICHEST 2 2 EAVRB SN2, ZOREGRIMEIC b 5K 122
WT S BITHET LT, GAIFEHDBLMMEIZ K-> T, NI LA T UoF AT LA Xy 7 2D =D1T55
452 LRy TE pNe — OELEPEDEV S, ZnAPC & OFEABRIMEICHE L 5.2 TW B ATetEn b
bo £ T, &AVARXT VAT BT 5 G4 DELAPEIZDOWT CD A7 MV EJIET 5 Z & TR
L7z 23T LA G4 D CD A7 FJUE, 260 nm IZIEDO E—7 | 240 nm ICAD B — 27 ZoRd, 7 oF 8

S LA GE D CD A7 ML, 295 nm ICIEDE—27 | 260 nm ICBEDE— 7 x4, I v 7 2T G4 D

NRAS RNA VEGF RNA BCL2 RNA
.10 10 10
263

5 263
s
= 5 5 5
(5]
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£
2 0 - 0 - 0
S 242 241 240
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200 250 300 350 200 250 300 350 200 250 300 350
Wavelength / nm

Figure 5-4 CD spectra of RNA oligonucleotides

CD spectra of 20 uM NRAS RNA, VEGF RNA, BCL2 RNA at 25°C. All the CD spectra show positive and negative peaks
around 260 nm and 240 nm, respectively, which are a signature of a parallel G-quadruplex. CD spectra of oligonucleotides were
measured for 20 uM oligonucleotide in the buffer consisting of 50 mM MES-LiOH (pH 7.0) and 100 mM KCI with a quartz cell
with 0.1 cm path length at 25°C. Before measurement, each sample was heated to 90 °C for 5 min and gently cooled to 25°C at
0.5°C min™".
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CD A7 bJViE, 295 nm & 260 nm ICIEDQ Y —7 Zxd, ZD X 97 CD AT bADENINDG, G4 H
EN OO AIME % R E T & 51191221, NRASRNA, VEGFRNA, BCL2RNA % &4 50 mM MES-LiOH
(pH 7.0)38 X V100 mM KCI & F T CD A7 bV EJIE LTz, TORE, £ To4Y IX7 LAF R
BT 260 nm [ZIEOE—7 [ 240 nm [IZEDE—7 %77 L7z (Figure 5-4), 2D Z &7 5, NRAS RNA,
VEGF RNA, BCL2 RNA i%, W b/3T7 LATOD G4 BT 5 Z E BRI, EDT®, ZnAPC D
FEABIRMEICIT G4 OHHFRM LIS O BRIV EE TH 5 et E 2 b,

% Z TIRIZ. NRASRNA, VEGFRNA, BCL2RNA OFfiFI% ¢ L2 LT, ERAEA LT 5O RNA
Fida VW CRRF 21T > 7= (Figure 5-5a), —2H X, NRASRNA Diif L7= 77 = Il & Hiik 3 5 /10—
TEML % VEGF RNA OFIFIHED b DI 2 7-FF] (NRAS MT1 RNA)TH 5, —-DOHIL, NRASRNA ®
Bi% o L— 7L A BCL2 RNA OFFIHED b DIZZ 2 7% (NRASMT2RNA) TdHh 5, =2 HIL.NRAS
RNA @ G4 DIEMICHEER T T = O E—2>FT 205 L, G-quartet 73 AR5 £ 9 ICE 2 7-ES
(NRAS MT3 RNA) CdH 5, PU-DH(EL, NRAS RNA OFFIOE AN 7 T = Z I L7 El5] (NRAS MT4
RNA)TH D, A2 HIE, NRASRNA OEFIDMREGIZ NRAS DEFIH K TH D U 240 L72kls1 (NRAS
MT5 RNA) Th 5, £, & RNA X7 LAF RO G4 O [AVEZFERT 5720, CD A2 hMLAHIE L
72o ZOFEF, NRASMT1, NRASMT2, NRASMT3, NRAS MT4, NRASMT5 D\ 0 RNA 7V =X
JVAFRH, 2600nm I IEOE =27 240nm IZRDE—27 ZmR L, RTLAMO G4 EBRLTND I &
MR ENTz (Figure 5-5b),

a

NRAS RNA: GGGAGGGGCGGGUCUGGG
NRAS MT1 RNA: GGGAGGAGGGGGAGGGAGGG
NRAS MT2 RNA: GGGCGGUGGGGUGGGAGCUGGG
NRAS MT3 RNA: GGAGGGCGGUCUGG
NRAS MT4 RNA: GGGGAGGGGCGGGUCUGGGG
NRAS MT5 RNA: UGGGAGGGGCGGGUCUGGGU

T

NRAS MT1 RNA 10 NRAS MT2 RNA 10 NRAS MT3 RNA 10 NRAS MT4 RNA 10 NRAS MT5 RNA

S

[6]1/10°mdeg M cm”
o (4]
; X
%
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Figure 5-5 CD spectra of NRAS MT RNA oligonucleotides

(a) Sequences of NRAS MT1~5 RNAs, as well as NRAS RNA. The mutation sites are indicated by the red letter. The guanine
stretches are highlighted in blue. See the main text for details of the sequence design. (b) CD spectra of NRAS MT1~5 RNA
oligonucleotides were measured for 20 uM oligonucleotide in the buffer consisting of 50 mM MES-LiOH (pH 7.0) and 100 mM
KCI with a quartz cell with 0.1 cm path length at 25°C. Before measurement, each sample was heated to 90 °C for 5 min and
gently cooled to 25°C at 0.5°C min™".
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TNTO RNA F UV IXT VAF RBANT LA G4 ZTERT D2 2 DR TEZ Db, 2Thbo
RNA 4V X7 LAF RIZkT 2% ZnAPC OFEGBFIMEE BT L7z, FEBUMMEOMIE. RNA AU IX
7 LAF R & ZnAPC ZiRA LTZBR0D ., ZnAPC DY A7 ML ZRIET 5 Z &I L V1T 72, ZDOFER,
A=Y — LI AL A AFU72 NRAS MT1 RNA, NRAS MT2 RNA [ZW 3408 RNA O EHINICES T
ZnAPC DEREROWIN ' — 27 2SN L7272, ZnAPC EFEAT 5 Z AR &7 (Figure 5-6a, b), L
MU D, 25°CIZHIT 5 Kild NRAS MT2 RNA (4.2 uM) X, NRASRNA (3.1 puM) EtRBETH-7=
23, NRAS MT1 RNA (9.2 uM) (I3 5 <M L7z (Figure 5-6¢)s ZDZ LD, G4 D/L—T (L OB
BliZ, ZnAPC & DFEAIZBG LTV A Z ENREBE X bTZ, S HIT, G-quartet 7S U725 K 9 ITEREA
L 72 NRASMT3RNA (48.0uM) Ti¥, NRASRNA &tt5 & 25°CIZBIT 5 Ky B 10fFLLERE <, 20
FEEBAMMENE LR T TR S Eeolz, DI LB, ZnAPC & RNA & DOFEEIZHWT G-
quartet DMBNIEFICEHE TH D Z LXRBI NIz, KIZ, RisIZ Y 7 &1 L7 NRAS MT5 RNA

(4.0 uM) & ZnAPC @ 25°C 1Z81F % Kqld NRAS RNA L REETH 7=, 77 = & L7= NRAS

MT4RNA (954 uM) (T30 FLLEICHER LTz, 2D Z EMnD, ZnAPC & DFEAITE VT G4 TEERECHINZ B

a
NRAS MT1 RNA NTRAS MT2 RNA NRAS MT3 RNA NRAS MT4 RNA NRAS MT5 RNA
0.25 0.25 0.25 0.25 0.25
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Figure 5-6 The binding affinity of ZnAPC for NRAS RNA mutants.

(a) VIS absorbance spectra of 2 uM ZnAPC with 0, 0.5, 1, 2, 5, 10, or 20 uM NRAS MT1 RNA, NRAS MT2 RNA, NRAS MT3
RNA, NRAS MT4 RNA, or NRAS MT5 RNA at 25°C. The spectra with 0 and 20 uM RNA are highlighted in black and red,
respectively. (b) Plots of Aabsorbance at 680 nm (AAbseso = absorbance with NRAS RNA minus absorbance without NRAS
RNA) of ZnAPC vs. the concentration of the RNAs. Error bars represent mean + SD; n = 3. Continuous curves are results of
curve-fitting to a theoretical equation to evaluate the K4 values of ZnAPC with the RNAs. (c) The calculated values in panel b at
25°C.
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BT ORSINIERICEE CH D L L HIT, G4 BKICED S 77 = O s O AR w13 v 7 v (U)
T#H 5 NRASRNA (2B T, L VEWVRNA TH ZnAPC AT D2 ENAETHD Z LR ENTE, &
NHEOZEEFEEDHDHE, ZnAPC & RNA OFEEIZIE G-quartet OAFNIERFICEETH Y, A—P—if
REDBEINZIBNT S, DT RN DESNEFIENR S D Z LB b e ole, £, G4 AR OB D
5 & S OmMALGDOMIMEFIATEN, b LUXY T (U) THLHLERSH Y . ZhbOFMFE2T Tz
72T ZnAPC L OFEEBIFIMENE LIRT T2 2 L3 bt leoiz, 20X 9 s 05z &

Y . ZnAPC IZIEH ITEVECFERIM:IC L 5 T NRAS RNA &fEA L TW A AR R E T,

5-3-2  ZnAPC %V 72 NRAS RNA D4R & & 37 EHBIHIH

TEB T = AR R A L. FEOKE O EZRITT 5 2 L CIHMEERHRTE (ROS) ZELET D,
ROS DFEAEDP IR FHNEFICB W CTEE TH 5720, APC & KRS L7 ROS DFEAIZ DOV T, ROS
BHERIETH D HPF 2 VTt L7z, HPF IX ROS & OIS L - THERESZ(L L, #E 515nm OEk
ERTDHLIICRDHTI0D, HMEERNET S 2 & TROS OFEAREZ T Z LA TE H03),

2 uM @ APC |2 10 uM @ HPF 0%, Yo% & L72% (0, 10, 30, 60, 90, 120 43) . HPF O taHIE L
72(25°C, Ex=490 nm, Em= 500-700 nm)  (Figure 5-7 a), JERURIFHENIC 6 LT & 515 nm D HPF OH{GIREE
vy kL7 (Figure 5-7b), < D#ER, ZnAPC & CuAPC [IEMREHZfE > T HPF OH#E AT hLAH
KLUTT=, ROS Z AT H 2 LRI NIz, 720> TH ZnAPC DENARY MWTBHE IR L7,

ROS DFEAZIHRI MO APC LR L TiRb BWZ &Aoo 7-, —F7 T, FeAPC & NIiAPC (2B L Tix

a b
800 1 znaPC 800 1 FeAPC 800 7 NiAPC 800 7 cuapc 800 1 —e— ZnAPC
700 { —e— CuAPC
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S 2500 { —e—FeAPC
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Figure 5-7 ZnAPC induces ROS production in test tubes.

(a) Fluorescence spectra of 10 uM HPF as a ROS indicator in the presence of 2 uM ZnAPC, FeAPC, NiAPC or CuAPC at 25°C.
Excitation wavelength was 490 nm. The spectra at irradiation time points 0 and 120 min are highlighted in black and red,
respectively. (b) The fluorescence intensity of 10 uM HPF at 515 nm during the photo-irradiation for 2 uM ZnAPC, FeAPC,
NiAPC or CuAPC at 25°C.

HPF O YA MVIZE LR 72<, ROS ZFEAE LW E0RE T,
WIZ, D ZnAPC PHIIENIZINT S, BREE TOSEBR & [AERIZHEMETIZ L > T ROS AT HZ &

NTEXLEONE I DBEIEIT o7, FTHIOIT, ZnAPC OFMFAN~DOBATIHE AL LT-, NRAS OIHE
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MEWNZ ERMBNTWS, A AHED MCF-7 #ifal?iz ZnAPC ZEIN L, ZnAPC @ & >t FE%
FIFH LT, MEENICED A ENTZ ZnAPC 23 S BRI K-> TBIZR L1z, TORE, ZnAPC 1355
WZHSINT 57200 THIIBPNICER D SAE L, HIIRENICRTET 5 Z L B 50 L 7o 72 (Figure 5-8),

ZnAPC

Figure 5-8 ZnAPC diffuses throughout the cytosol in the cells.
Distribution of ZnAPC in cells was evaluated by its autofluorescence (Ex.= 488 nm, Em=>630 nm). Cells were treated with
10 uM ZnAPC for 3 h. DIC image and fluorescence image of ZnAPC are shown. Scale bar, 20 um

ZnAPC DSHIEPNIZELD IAEN D Z & MR T E 7272, MBI TO ROS FEAREIZ-DVNT HPF & FW T
MR L7z, ZOfER, WBRE COEBRICEB W TZE ALY ROS DEA SR> 72 FeAPC 1, MIlENIZIS
WTHRIOFEIZ) DD 63, 12L& AL HPF OEEBHIIH S 119, ROS BEASNTHRWI LD
molz, —J5. ZnAPC Z N L2l 3 v Tl JERREHIC K> T HPF O EOGIREE NP (THE R L. ROS
EPEAT D 2 L R &7~ (Figure 5-9a), HPF DHEOLIRE & E BIDICHMNT L7- & 2 A, APC ZiFMET
SRS DT AT o Tl & Hei 5 & 0 HPF OH#OEHRELE FeAPC 28I L2l CIT L1 L3 & A LR
LR SIR o ToDIZHR L, ZnAPC AN L 7-HEfE T, 4.3 R LBEEICHML TWD Z Ldbmnoiz
(Figure 5-9b), ZhHDZ EMnD, BHERENTO ROS OFEA & [FAIERIZ, ZnAPC 13 MCF-7 ffaNIZ 3\ C

. NHREEEO IR ROS Z#FEATE D Z E PR &z,

Irradiation (-) Irradiation (+)
DIC

DIC
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ZnAPC
Relative Fluorescence of HPF
(2]

0 -
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\
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Figure 5-9 ZnAPC induces ROS production in cells.

(a) Evaluation of ROS levels by means of 10 uM HPF in MCF-7 cells treated with 10 uM ZnAPC or 10 uM FeAPC after photo-
irradiation for 1 h. DIC images of cells and fluorescent images of HPF are presented. Scale bar, 20 pm. (b) The mean fluorescence
intensity of HPF was quantified. Relative fluorescence intensities are shown, and each bar represents mean + SD for 10 images.
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AR TO ROS OFEAIL, MIIFEAFHES L Z LAMBILTVD 7D, ZnAPC DIRIN & SEIRE 23 o
HEAFRIZE 2 DB OW TR L, MIlaAEFRIZ, MU A7 —asBbREs RO CllEEITo 7=
125 FeAPC Z WSO L 72 M, IO 21T o TH & D XU T A —DR YV IARITR LT, 1T AL
A2 o7z, —J5. ZnAPC Z IR LT23561Cid, BSIN7E0 CIRZEA 2o 7o hy, RN & R &
ST, MEOIEEAENR N R TA—ZBYAATREY | AR L TV D Z &R SN (Figure
5-10), ‘EMIAEOEIG A B L= 2 A, v ha—LOMBOAMIEEE 100%E L= & &, APC FEH
NN SCRE 24T o 72 b DIE 123%, FeAPC Z IR LI AR LR 21T > 72 b DX 115%TH Y | O
FRH B FeAPC bl OHEFH A T2 2 L1372 o7z, —J5C, ZnAPC Z UM L 72 M B8V Cid, B
WEATH Z & THEGFRNI%E TR LTEY  1FEAEL2TOMIEAERL THDZ RSN, Zh
5 OFERIT, ZnAPC 23 EIRIFIEIC ROS ZPEAT 50 L [FIFFIC, MMEEZ R FHETH 2 L 2R LTV,

a b
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Figure 5-10 ZnAPC induces celldeath

(a) Cells pre-treated with 10 uM ZnAPC or 10 uM FeAPC for 1 h were incubated for 24 h after photo-irradiation for 2 h. Phase
contrast images of cells stained with Trypan Blue to identify dead cells are presented. Scale bar, 50 um. (b) The number of viable
cells was determined by Trypan Blue exclusion—based cell staining. The number of treated cells was normalized to that of

untreated cells. Each bar represents mean + SD; n = 3.

DNA % /7B L [ERRIZ, RNAIZROS IZ K o TSN D Z LB AmbTnHIR 22 ¢
WIZ, ZnAPC & SERREHIZ X 5 NRAS RNA DA RICOWTHiRF L7Z, APC & RNA ZiRA SE72 6 DI
I 21TV FVEKIKENC X > T RNA ORRORFELZ R L, TOREE. ZnAPC &IEEA L7 NRAS
RNA /L, SERRH IR A ZITHED LTz (Figure 5-11a), 7 /VERIKEIE D/ RIBEEN S, RNA
DFAT B 2 FEBANTMRHT L7 & 2 A ZnAPC [3EHRST 120 73121249 60%D NRAS RNA %730+ 2 Z L 73
~Eh7z (Figure5-11b), B2 Z LIZ, ZnAPC &H5A L7V dsRNA, VEGFRNA, BCL2RNA (23T
I, RNA O RICIZE LV EEERRONT, SfEINBnZ LR EnT: (Figure 5-11 a), E72, ROS
% FEE L7200 FeAPC, NiAPC, 72 b ONZHOTNICEAT % CuAPC (28 Th, NRAS RNA OFE(FRICA
{2372 < . RNA 23R L7722 LR ENT (Figure 5-11b), 26D L2725 ZnAPC i, E#ES L-

RNA OFHEIFRT D BRI T,
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Figure 5-11 ZnAPC decreases the amount of NRAS RNA.

(a) Denaturing polyacrylamide gel electrophoresis (10% gel) of 0.1 uM NRAS RNA, dsRNA, VEGF RNA or BCL2 RNA in the
presence of 2 uM ZnAPC, FeAPC, NiAPC or CuAPC after photo-irradiation for the indicated periods at 25°C. (b) Residual intact
RNA after photo-irradiation of NRAS RNA and dsRNA in the presence of APCs. Error bars represent mean + SD; n=3.

NRAS @ G4 TEREELFNIZ 3\ T, AR Y F 2L (U) Th 5 NRAS RNA (25T H ZnAPC & DA
DR TETHY . ZnAPC (L LV RV RNA IZBWTHHER b NS IND Z ERlif s b, £
Z T, NRAS5UTR O4&F (NRASF-RNA) %77 A3 K DNA ([CHAiAS (Figure 5-12 a) . fHIFREESE CTH)
WrL7=b ol LT, DIG Effi Si7z UTP % & TSN TG UG 21TV, DIG {Effi NRAS F-
RNA # &% L7-, DIG {&ffi L7= RNA % H\\ T ZnAPC OB %175 Z & T, ZnAPC IZX % RNA 4y
fRIPE S T2 THE L DO THIUE, BOSMEICESIKEN 1T 5 LFFEDR E D RNA 2330 & LTHA
%, DIG {&Hfi L7 NRAS F-RNA % VT, ZnAPC DHfEIGEIT o7& ZA, 2ETH 2 250 base {13
DRy RITERRE 24T 9 2 & T LTz (Figure 5-12b) , £72, ZnAPC D YEA3FRIC & > T NRAS F-RNA
OEW R DR SN2, ZnAPC [IHEDOEFTC RNA YW 2 alhett b5 2 bz (Figure 5-12
0o ZORERMND, ZnAPC 1T NRASRNA @ 5’UTR DERZHNiETE 5 2 & SRR S, NRASmRNA 4

RIS L TORRDBIE S N D WTREMEN R ST,
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Figure 5-12 ZnAPC decreases the amount of NRAS F-RNA labelled with DIG.

(a) The plasmid map of the pUC57 NRAS F-RNA vector containing sequence encoding the 5’ UTR of NRAS mRNA following
the T7-promoter. The sequence of 5 UTR in NRAS mRNA. The underlining indicates a G-quadruplex—forming sequence. (b)
0.1 uM NRAS F-RNA labelled with DIG in the presence of 2 uM ZnAPC before and after photo-irradiation for 120 min were
analyzed by electrophoresis in a 15% denaturing polyacrylamide gel. The RNA was detected with antibody against DIG. (c) A
long-exposure full image of the membrane shown in (b) for NRAS F-RNA. Black and white arrow heads indicate the full-length
and cleaved fragment of NRAS F-RNA, respectively.

Z 2T, MBANICZAFET % NRAS mRNA (495 ZnAPC DR & it L7z, HPF & W iGtEigE D
PEAE B % s U 72 EBR & [RRRIC . NRAS OFEBLEDZ\ELAS A K MCF-7 Ml & IV C. ZnAPC Z R HIIC
L, SEME ZAT 7%, RNA ZEL L, RT-gPCR (2 X > T NRASmRNA ORI REEZENT LT, £ Dk
F. ZnAPC OUMDIHZEFT 272 b DY 0.85 5, FeAPCIRMD A %1757 b DAY 0.96 {5 & . ZnAPC Z RN
T2 721F Tid NRASmRNA OFEBLRITIF & A ERBE G 2 0ipo e, KA 21T > 72 b DIZBE L T, APC
HERMOHDIE 1.0 f5, FeAPC ZHM L= DIF 096 5L, Zih NRAS mRNA OFEBLUTITIT & A L8
20T, —J T ZnAPC 2N L7 b DI TUE, JEE £21T 5 Z & T NRASmRNA DAY
35%i LT e (Figure5-13a), 2D Z & 725, ZnAPC |3 NRAS F-RNA & [AIEEIC NRASmRNA & 59
52 EAIRENTZ, WIT, T NRAS mRNA OFEHEDK T3 NRAS O X 2 /37 B B2 RIF BT OV
THE LTz, Z "7 BORBEIT, JlRE % 5 RFREE Lol o SRz R L Ty = 22 7
0y T 4 T Ko T AT 72, ZOFER. mRNA & [FERIZ APC RO A %17 72 b DIE ZnAPC,
FeAPC N2 091 5, 1.02 f5 & NRAS OFEBRITIT & A EZEILIT o7z, £z, R 27720 D

WL TH, APC JEAIND S DIT 0.92 f5, FeAPC Z ¥ L7 D% 0.83 fif &, NRAS OFEBLUTITIZ L A
ERBE 2 7207z, RHRIIZ, ZnAPC OIRINE KRS LV | NRAS OEDH 62%84 L7 (Figure
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5-13b). ZOFERIE, A UM FTO mRNA BHEOZ(LE —FH L TE Y, ZnAPC ITHIIENIZIH N T,
JERIHZ & > T NRAS mRNA NJERCT D G4 &R L, ZHUI o TH UV EDFRBEZIBITE LT &
RSN, NRAS V. MR 47080l % HlH 4~ 5 BB/ E T CTH D72, NRAS DX /37 BRI &
DAL T, MROHEFEZINEI L, ZnAPC 22 HEA IS ROS & ILFEICHINZ RS ETWDH LN Z
EVREZDND,
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Figure 5-13 ZnAPC decreases the amount of NRAS mRNA in MCF-7 cells.

Cells pre-treated with 10 uM ZnAPC or FeAPC together with 1 ug ml™" actinomycin D, which inhibits de novo mRNA synthesis,
for 1 h were photo-irradiated for 2 h. (a) The amount of NRAS mRNA was evaluated by real-time PCR. Each bar represents
mean + SD; n = 3. For statistical significance, an unpaired t-test was performed. ***p <0.0001. (b) The cells were incubated for
5 h after photo-irradiation. The cell extracts were subjected to immunoblot analysis with antibodies against NRAS; B-actin served
as a loading control. Blots of NRAS and B-actin were quantified, and the relative values of NRAS are shown.

5-3-3  ZnAPC O RNA X5 A J1 = X L DORA & £ D
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% Z T, ZnAPC 7% NRASmRNA 721 CT72< | NRAS {51 (NRASDNA) IZxfLCED L 9 eigBr 5.2
DO0ME LTZ, #1HIZ, NRAS DNA 23 ERET D G4 OEHELMIC DWW T, CD A7 FVIE THER L 7=,
Z OfER, NRASDNA 1L, 260nm (ZIEDE—2 | 240nm ([CEDE—27 Z77 L= (Figure 5-14a), D &
775, NRAS RNA L [ARRIC/NT LVRIOD G4 2T 5 Z L AVR Sz, RIZ, ZnAPC & NRAS DNA @
FEABURMEZ BETT 272512, NRASDNA %3 F L7-BED ZnAPC OWIEE 2 HIE LT, ZOfEE, NRAS
DNA DJREERAFIIIT ZnAPC @ 680 nm (2351 2 WG AMHE R L, ZnAPC 28 NRASDNA & DfEEIZ L - T
HEMRET 2 Z &3 bhoT (Figure 5-14 b), W1 L 7= DNA JEE & ZnAPC O E 680 nm (281} 2
FEoTay Mink 25°CIZRBIT S Kald 6.9 uM & it S 37 (Figure 5-14 ¢), Z OfElL. NRASRNA & @ 25°C
BT K GluM) LRIBETHD, BHENZ L 12 NRAS DNA f77E FC ZnAPC \Z R 21772 - T

%, ZnAPC X NRASDNA % 30%FREE L2voyfiE L7el - 7= (Figure 5-14d,e), NRAS RNA 735 60%F2E 4y i
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Sz Lt aw%E%25L (Figure5-11), ZnAPC 12 NRAS DNA % RNA ON43FEEE LR L7 - 12572
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Figure 5-14 ZnAPC slightly decreases the amount of NRAS DNA.

(a) CD spectra of NRAS DNA were measured for 20 uM oligonucleotide in the buffer consisting of 50 mM MES-LiOH (pH 7.0)
and 100 mM KCl with a quartz cell with 0.1 cm path length at 25°C. Before measurement, each sample was heated to 90 °C for
5 min and gently cooled to 25°C at 0.5°C min™". (b) VIS absorbance spectra of 2 uM ZnAPC with 0, 0.5, 1, 2, 5, 10 or 20 uM
NRAS DNA in the buffer consisting of 50 mM MES-LiOH (pH 7.0) and 100 mM KCI at 25°C. The spectra with 0 and 20 uM
NRAS DNA are highlighted in black and red, respectively. (c) Plots of AAbsorbance at 680 nm (AAbssso = absorbance with
NRAS DNA minus absorbance without NRAS DNA) of 2 uM ZnAPC with 0, 0.5, 1, 2, 5, 10 or 20 uM NRAS DNA at 25°C.
Continuous lines are curve-fitting results with a theoretical equation, and the estimated K4 of ZnAPC with NRAS DNA is also
indicated. (d) Electrophoresis of 0.1 uM NRAS DNA (in a 10% denaturing polyacrylamide gel) in the presence of 2 uM ZnAPC
after photo-irradiation for the indicated periods. (e) Residual intact DNA after the photo-cleavage. Error bars represent

mean=+SD; n=3

ZnAPC I%, #E 3 % NRASRNA |33 L7 b DD, #5E L7210 dsRNA X VEGF RNA, BCL2 RNA (Tt
LT, BB ZIT->THOM LR~ 72 (Figure 5-11), & 5(Z, NRAS DNA X NRAS RNA & [FIRREIC
ZnAPC LfEGT 2 H DD, KHRIIZ L 20 EIZ RNA & LT L Cnve, 20 Z L1E, ZnAPC 12
LRI VAF FORIRTIE, X7 VAT FLEOEWREEBAMEIZ T TR 22 it Frfk U Ry
ThHhoHEMEESND, DF Y, ZnAPC ITFEA LTV D RNA OAE NSRS B AN H 5 2 L VRS
7zo #G L72 RNA G4 OB %IRRT 5O Thiud, PDT 2B D3RO m ELRIWER ORISR S h
%, % Z T, KRIZ ZnAPC O RNA JEo iR EIC W CTIRET 21T o 72,

INETIZ, T VHMIED RNA OHRIZ, DNA L0 HERR <, ZOEEMN 2 ftoL Frd
HKIZhH D Z ENMESNTNDIBN, 2072 ZnAPC 1L, HRHIZ L > THREZ R L¥—% 2 IOk K
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FUHAEN U CEBENIC RNA ICHEB S5 2 L TRNA 24 LTV 5 ATHEMEN S 2 A7z, ZnAPC 13
Jtm A LT 572, NRASRNA DIFE T &IFAAHE FICIB T 280t FmaET 2 2 & T SR &7
TeBED TN X =B OV TR T 2 Z L3 TE %, ZnAPC [FHERIRIE T L3t &2 LRV 2o,
£, ZnAPC DHERILAFHE TE D RMFOMEE1T o7, T 1 b AR Cd D 2 A F LAV L
7 X F (DMF) % 30%{RA L7 ERHE C ZnAPC % {EfiF L7-B50 ZnAPC ORI AT ML ERIE LT &
A, OV T ZnAPC ITHEER L L THET 2 Z LAV RS (Figure5-15a), RIZ, FEEIRIRD
7%, 30%DMF f#{£ F, NRASRNA f#£ . 30% DMF+NRAS RNA 77{£ . NRAS DNA f£/£ T, 30% DMF
+NRAS DNA f#7E FIZHF D ZnAPC DHONE AT MV EBIE Uiz, & OSSR, BEEVEIR D 0 FZBR AT
TR B TOERETEAPBN S 7z (Figure 5-15b) . I, T HOFEMTFICBT 5, EhFEmERNET
% Z & T, ZnAPC DT FILX —BBIZ OV THERR L7 (Figure 5-15¢), T OfE R, SUSTAHLHI1Z NRAS RNA
ZE £ 720 30% DMF f£7E . NRAS RNA & 30% DMF f£7E . NRAS DNA & 30% DMF 1£7E Fi281H 5
ZnAPC DENFf (1) 13, H—OFEEBIEE 2 £ T EHAUC L > TENEI 2.97ns, 2.94ns, 2.94ns
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Figure 5-15 Energy transfer from ZnAPC to NRAS RNA is greater than that to NRAS DNA.

(a) VIS absorbance spectra of 2 uM ZnAPC in the buffer consisting of 50 mM MES-LiOH (pH 7.0) and 100 mM KCl at 25°C
in the absence or presence of 30 wt% DMF. The addition of 30 wt% DMF monomerises ZnAPC. (b) Fluorescence spectra of
2 uM ZnAPC under the following experimental conditions: in the absence of NRAS RNA in the buffer (right blue) and in the
buffer containing 30 wt% DMF (dark blue), in the presence of NRAS RNA in the buffer (red) and in a buffer containing 30 wt%
DMF (brown), in the presence of NRAS DNA in the buffer (light green), and in the buffer containing 30 wt% DMF (dark
green). (¢) Fluorescence decay of ZnAPC under the experimental conditions listed in b. Fluorescence decay in the buffer is not
shown because of the insufficient fluorescence intensity. All the experiments were conducted with 2 uM ZnAPC, 10 uM NRAS
RNA, and 10 uM NRAS DNA. (d) Fluorescence lifetime, 7, was evaluated with a theoretical equation of single or double

exponential decay for the fluorescence decay obtained in c.
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FEBBIEABER IS TIE E &9, CHEBEEEEEE OGNS e 1 (0350s) &1 (1.23ns),
1 (053ns) &1 (1.94ns) LFH &N (Figure 5-15d), 7 Z 0 7 = AN T, 1ns BLED 1
IRDEREE (S1) 226 HLERIRAE (S0) ~DEHUTKIRNT 2 2 L NHME SN TNHIHIB, 2728 DMF
D ZnAPC Dt (2.97ns) &, NRASRNA L #E& LTUW5 ZnAPC D 1, (1.23ns) 1&. JhfcikigDs b Rk
NOBEBITHIE L TWDH EBEZ HIRD, —J7 T, NRASRNA &fES LTV 5% ZnAPC OHEHM D 1 (0.35
ns) &£V 1ns X0 WKL, ZnAPC 7> 5 NRAS RNA ~EEEIT 2 WFFIEE T8 2 KB LTV
2 REMED R ST,

DDA G ZnAPC 12 & 2 RNA T 2 060 ffd, BRI 2L F—BENC L5 H O T, ROS
R T 5 FIREMERS RSN, £ 2C, RIGEIRT OBEF 72 b ORI SUGh D22k % 7 v
= CE L L TEVERE SR O FE AR A SE R HIHI L 72BREE T T NRAS RNA DS RAUE & fiat Uiz, & OfES.
ZnAPC IRV R D PEA SNRWEIE FICHE W TS, BERIAE T L RRRE DK 60%0 NRAS RNA % 43fiF
L7 (Figure5-16), Z D Z &1, ZnAPC @ RNA It 2 We53fEnS, ROS FEIKIFMICEITT DG TH B
TLa L@ LTV,
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Figure 5-16 ZnAPC cleaves NRAS RNA under both aerobic and anaerobic conditions upon photo-irradiation.
(a) Denaturing polyacrylamide gel electrophoresis of 0.1 uM NRAS RNA in a 10% gel in the presence of 2 uM ZnAPC with or
without photo-irradiation for 2 h under aerobic or anaerobic conditions. (b) Residual intact RNA after the photo-cleavage of

NRAS RNA. Each bar represents mean + SD; n = 3. For statistical significance, an unpaired t-test was performed. *p <0.01; **p
<0.001.

INETIZ, EREBXF VAT UAMIED RNA LD T B F o5& XL, BrAlE ORIGEL Y bik
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FTEHITHSB N-TEF N AT A (NAC) fF7E F CHIBEEBREZITV, ZnAPC O RNA (233 2 /iR
SO EHRR LT-, NAC OFF(E F ik, ROS BFEAIL7Z L LTH NAC 12 &V 3850 STk /) &)
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FF T 720, ZnAPC @ RNA (Zxtd 25 MRS ROS (2 X HE{LEUGIZ XV H#IT L TV 25AITIE.
NAC DRI Ko THfREIRRIfl S L B2 bivd, £3. HPF 2 VT NAC OFFE F EIEFIE T
\Z$1F % ROS DFEAEH R LTz, ZORER, NAC f71E FIZH\\ T HPF O BEE 120 L, NAC 1%
ROS 12 & 2BALIE 258 < $H95 Z & 237 - 7= (Figure 5-17 a), KIZ, NAC fF/E FIZBIT 5, ZnAPC
D RNA x5 WO SO 2 s LTz, 2 OfEF. NAC OAF(E FIZHV T H NRASRNA (ZBEF 2D L
T /= (Figure 5-17 b), FEfFERE RNA O\ RBELZER LI L 2 A, ZnAPC ILETAIOFEII b b
T RNA % S50%FRESET 5 Z & 2SR S U7z (Figure 5-17 ¢),  ZAUIE ROS 73 PEAL S U2 WA F T RNA
OYRIOS TR ORGSR L —E L TH Y ZnAPC 73, ROS FEEIFHIIC RNA 2045 Z L 3 K R sz,

Z ORBRENOFEFRIL, BITHI NAC DIRMZAT 72 - TN T H ZnAPC 1d NRAS mRNA % 53
TEHAREMEA R LTS, ZOFREMEZBRETT 2729012, NAC 774E F. FEAF(E T3 5 ZnAPC iR
72 5 NIRRT 21772 5 T2 BE DM N 0O ROS FEA S & bk L7z, Z OfER . NAC FEfF/E FCld ZnAPC i
& SERRENT & > THIREN T > HPF O30T OBAZE 72 R AR S 7223, NAC fF/E F Tl HPF O
JEHREE OB KA (SHIHl Sl (Figure 5-17d) . EERAT 21T/ 72 & 2 A, NAC JE(FAE T ClX HPF O
HOEHREEDS 3.0 BN L TV 22, NAC fFE T T 1.8 Tz 5Tz (Figure5-17 e), NAC 1%
FEFIZRWT, Ml To ROS OEADBIIHI SN D Z & DR TE -2 &35, NAC 77/E FC ZnAPC @
IN72 5N B S 24T > 7= HIR D NRAS mRNA & NRAS DX LR 7B O¥RBE% RT-qPCR & 7 = A X
YT Ry T 4 I Ko THNT Uiz, EORER, ZnAPC IZYEMRHHZ L - T NAC BMOAEIZE b 57,
NRAS mRNA DI % 20%FEEERD S8, NRAS # 2 /37 B ORI % 50%RERD S&7- (Figure 5-17
fg). EHICHERZ LT, KRS 24 R OMITOAEFREZRPE LI L 2 A, NAC OFEIZRD S
TN 10%LL FE T T Lz (Figure 5-17 h) o EMEEOEWAR MG & Tk, Eookle LCmed
DY NEFF v DEAEFET D Z L TIREBFE OB 2815 L QO S b AAET 2057 38 5
2o ZNETFAPEARIZ L D ROS HEFUEZT T < L DS AT ISR O IRET 72 £ ROS D3 PEA S 7R
WE D REBESRM TICBOTHAEBNTHETH D Z ENMBNTNDIP, e, BARRICHERSND
JEHEREHTIX, ROS DFEAIL Lo THAMMEZJER S & 572, ROS BEA SNV K D RBREE N Tk
VDM C X 20090, 2, PDT Ol FRGPA 2 S RHO TN 12 77 L T2 B 7 SIS BRES 5 B &
2o TWND, — T, ABFFETHZ ZnAPC 1TRERE TOFBRITI T, RPN ERICHRS NIRRT
T NRAS RNA #5595 Z L e LCTH Y . NAC OIRINC X 0 EIoIRIEDS MR S -l ) ¢
. ROS DFEAIHEIFHINC NRAS DFB AN L, MIAOMMZIfl+5 2 EhWbntieote, Zih
DFERG . ZnAPC (X ROS HEHUME A G L7253 A M SCIEEE A 00 23 AR ik L C b i Rh SR & 4l
THH LVEZEWE & U CRHIHTE B HetEss Sz,
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Figure 5-17 NAC does not inhibit downregulation of NRAS expression by ZnAPC.

(a) Fluorescence spectra of 10 uM HPF in the presence of 10 mM NAC with 2 uM ZnAPC after photo-irradiation were acquired
at 25°C. Fluorescence intensities of HPF at 515 nm after photo-irradiation (0-120 min) are shown. (b, ¢) Cells pre-treated with
10 uM HPF together with 10 mM NAC for 30 min were treated with 10 uM ZnAPC for 30 min and subsequently photo-irradiated
for 1 h. (b) DIC images of cells and fluorescent images of HPF. Scale bar, 20 pm. The mean fluorescence intensity of HPF was
quantified. (c) Relative fluorescence intensities are shown, and each bar represents mean = SD of 10 images. (d) Electrophoresis
(in a 10% denaturing polyacrylamide gel) of 0.1 uM NRAS RNA in the presence of 2 uM ZnAPC with or without 10 mM NAC,
followed by photo-irradiation for 2 h. (¢) Residual intact RNA after the photo-cleavage of NRAS RNA. Each bar represents
mean + SD; n=3. (f, g) Cells pre-treated with 10 uM ZnAPC together with 1 pg ml— 1 actinomycin D and 10 mM NAC for 1 h
were photo-irradiated for 2 h. (f) The amount of NRAS mRNA was evaluated by real-time PCR. Each bar represents
mean + SD; n=3. (g) The cells were incubated for 5 h after photo-irradiation. The cell extracts were subjected to immunoblot
analysis with antibodies against NRAS; B-actin served as a loading control. Blots of NRAS and B-actin were quantified, and the
relative values of NRAS are shown. (h) Cells pre-treated with 10 pM ZnAPC together with 10 mM NAC for 1 h were incubated
for 24 h after photo-irradiation for 2 h. The number of viable cells was determined by Trypan Blue exclusion-based cell staining.
The number of treated cells was normalized to that of untreated cells. Each bar represents mean+ SD; n=3. For statistical
significance, an unpaired t-test was performed. *p<0.01; **p<0.001; ***p<0.0001; ****p<0.00001; NS not
significant, p > 0.05
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5-4 femm & BE

NRASmRNA % AE/) & U743 FAER9R PDT 4 AlhE & 92 A & LT, ZnAPC % [FE L 72, ZnAPC IZ
& 5 NRASmRNA DA RIZIFIEE N L EE 2 < (Figure 5-16,17) . AL MEIR IR L CHRBIE 408
BLIEBAMIIE, BEA R LRIRED S DRZNZ L E2EERD L ZnAPC % W TR S20E 13 0E K
DIEFRIE & TR E W TIRE RN TE 5, BF, 77X r T = AbaWid, BAMIICEIEI LT
WHIREE Y R LRI B L7 2 — BN @O, FEEERER WY, L L b, g~
U A& AW EREER NS v 7 ADREMRICIES L7z ZnAPC X, BEREIALICEE L CLE D Z &0
Mo TWD (F—FKEH), AL, ZnAPC BNET DT = A LMD ANVEEN, DF A=y 772 Ry
BLEELRLTVWEDTHLEEZTWD, 74027 =V FHEERE RO SEE T, TE, &
A FERFLBIBITINL LTKEENED 7 2 v o7 = URFERICHUA 25 & ST IR700 &0 5 JEHAl (T
{R-IR700 #l &) DOBHFERED LTV D, IR700 (%, 23 AMIHLCrRFEBl - miEtEZR g Lo 2 o7 B
T D PR E MY D 2 & EBERNEA T LSS Z LTI LT A — 5T ZnAPC 1%
NRAS mRNA G4 ZE) & LTV D728, MIRAN~DE AN b NI~ DR A Re 2 AR L 21T 378 672
W, A ADORENWZ NI EREEMIMTHZ T L TWRWEE X bivd, Lieh> T, ZnAPC
DISHIZIZT = A 2R 5 2 & T G4 L ORFEBMmMEZ & < MER L7z B¢, JEgERitE2m L
L2LDTELXRY NV TRTINI =V AT LAORBRNETHD, 7¥aL T =R E AWz, &
XX VT LLT, 7HrY T =0 CMkMbE O <R L URSEBE LR LS STV AL H
BUB Atk Z DX D BN G BEIC LR S, ZnAPC 75 NRASmRNA #HEH) & T& 5 A1H LoD,
TESHARREE RS2 L& 2 D TELX v U T 2T 5 Z & T, RAS ZAE) & Lo AR
MO FRIELE VI BH LB ARKIEORNL N AIGEIZ 725 & MFfFE LD (Figure 5-18) 401,

@ Directly degradation of

@ Administration of ZnAPC NRAS mRNA by ZnAPC

by intravenous injection (@ Accumulation of ZnAPC

% In cancer cells
' ||» _—
f':
A

Tumor .
(@ lIrradiating the (‘\% -
cancer tissue with =

near-infrared light ®  Induction of cancer cell death
Figure 5-18 Schematic illustration of molecular targeted photodynamic therapy for cancer using ZnAPC.
(D ZnAPC is administered to the body by intravenously injection. @) ZnAPC accumulates in cancer cells and then it is
selectively binds to G-quadruplex in NRAS mRNA. (3 Irradiating the cancer tissue with near-infrared light. @ ZnAPC directly
degrades NRAS mRNA and generates ROS. & ZnAPC induces cancer cell death even under hypoxic condition.
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6-1 W&

RAS ¥ 7T VRIR I, %< ORAMBE TIEFIISIEHEE L TH Y | BNADFERLEMIITIES BE LT
WHZEMNDH RAS V7 T VREE EAE & LTe iR ARIRIIIRD THE TH L EEZ LN TVND, RN ThH,
RAS ¥ 7 FMZEBNTAT & LTHRET 2 RAS 73 I 20 FARIEII @ W AER A I S h T & 72,
L7, RAS # /87813, AR FER IZ N2 “Undruggable” /2 # L /7 B ThH Y . RIZITHN 255 THE
BISEITIT & A EBIFE SN TR, RAS &7 T VRIKICED 2 2 DM 53 2180y & L7240 FAERIEE S %
SBRFE SN TEIn, VI I VRROBEMINERERY, —2oO0FEERE LTH, BIOREEOTENE
{biZ & o THEAIMME A EET 2708, BEPMEL 2> T0D, EFETIE, SFIERIBAFCT T
(I ZALA G DTz, ZRIPFARIEMTONTBY | BAFEIZ L > ULEWIRERT Z LB bhoTE
TWb, FDH, BAEEHRT D721, RAS 0 T LUV RAS & 7 /VIRBEIZ IS 1T 2 Hiio 7o 1R HEAZ )
LR D1 DEE & 3 TIEMSEORB N DB TH DH, T TR TIL, RAS 7 /VREEOF T2 715K
KERMGEAR > T ORE & RAS 73 T2 1R & Lo Bl FAERSE DR L BHig & LTea T, LFD L)
RENRE BN,

1. SAGET RAS 2MEMEAL L, pS3 OKIB L7-HEORE - 5B IS 5 7 A U ART ¢ 7 OFEAUCIL, NF-
KB ARFGLTNWAZEEHALMNI L, T har RUTIZHEEL TWAD NF«B IE, p38 MAPK DiftE
BILOREOHIEICREb->TRBY ., ZTHITX Y HrA2/Omi OIFMEEZIHEIT S Z & T B-actin OYIWTZ4]
Hil LTV D TREMEDS R ST, FE o, TEMRIC K W EEPICREAT L7z NF-xB Id, OB sFORHEE N L
T, B-actin DEIWHNHICE G LT D AIREMDSVR ST, ZODRRBIENRIE S 723, WThicisn
TH RAS ¥ 7 VRS OTEMAGIT AL 5 MO A3 A BEMEIKIZ ) T, NF«B 36 L OV ORERYER IR 103 8T
T 72 D3 PAABRIREER 531 £ 72 D ATREMEIC DWW CORT 2 E R TE 7,

2. TMPRSS2 AR T-DOT 7 V2 2R T END G4 X, IFEHET LI LE2MLMNIC L, 20 G4
ZAEH & L72 G4 U T RIX, TMPRSS2 DG HET 5 Z LN TE 57217 TR<, RAS V7LD
T CHINZ MRS A DIEMAIC w5 DA & 737 B TMPRSS2/ERG (23BN T b [RIERICIE G 2 fHE 5 2
LIS D, TMPRSS2 B CIHARESND G4 ZHEE L7z G4 U v Rid, AR ¥ 7L LEHA
LT DT TMPRSS2/ERG DFSEL AT & D ARetEN H 572D, AR & 7 F AV HERIEGME S
B LR AICB D CHIBREN I/ CTE D, £2. G4 OIFHIAAET DY by v Uy Tk,

G4 TERRELS & ~T B2 TERR T 5 2 & Ty G4 DJERK. 72 b NS Z T L DG DL E RN 5 2 i

T5Z L EB BT LTz, TMPRSS2 AL LM b, 2 < OBIST D G4 TERBLAI DRI, & Fiv
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Vo FREEEDFAET D22 EHHALNILTEY, ~T EU#E L G4 OREMZEEA & ChliEd 2
ZEMTEIE, B LOEGFREGENEOMSLIZER D b LV WRERSE L,

3. JEHUEAITH 5 ZnAPC 7% NRAS mRNA THK S5 G4 IZIBIRIYITHT S L. SEHREHIZ L > TNRAS ©
FEHLME], 72 b ONSHISEZ2 7895 2 & 252 L, ZnAPC O NRASmRNA O YW IX R
WLEIR N | RIERREE L o> TV DT A ADORKERIEEC, FNE T4 ORBIT L - TRIGK
L 72 o TVBEHEDEVAARE, THE TITOI TV DIREICR T 2 T 2 15 L7223 A MG
W26 LT b W2 IR 5 FTREMEDN B 5, ZnAPC DIEFERMEZ W L, ZnAPC &AMV D
ZEBNTENIE RAS 3 FHAEH & LT 0 TRERTL O SRR S35 &\ D 3T LS ATRFRIE D fENTIZ D

2B LivZevy (Figure 6-1),

PAED X D ICARBIFETIE, A DIRKICHD CTEE A RAS ¥ 7 /URRIRICE] U CHriic 2 15FIER 7 1
ERREL, V7T N1 OB FREEBOMINIEI LTz, =512, TNETHEL SN TEZRASD
FEBLZ il C & 55y FAERIEE DA & 72 DAL B OIRRIZ B R LTz, AWMFZEORERIE. NATRFICEHT
DHHRRI & 2 X B ORRIZT T <. Z /37 H % 73— F 9% DNA X° RNA O G4 ZH- 7R3 S 7]
RBTHDLIIELERLTND, TSI VELNIHT RIS L, BIBEOENRCES U T ¢ — &Pk
T5HZ LT, B LW ATRBRIEDHSIIC SR D L SN S (Figure 6-1),

lamellipodia == | Cell invasion

r

Target gene :® [ﬁ"‘A o
| TMPRSS2/ERG |—

__________________ oN

Figure 6-1 Proposal of novel mechanism of RAS-driven cell invasion and its control methods.

(D NF-kB suppresses p53-induced inhibition of lamellipodia formation. (2) Expression of the TMPRSS2 gene regulated by a
switch between G-quadruplex and hairpin structure formation. (3) ZnAPC, a phthalocyanine derivative, may be a novel drug
for treating cancer suppressing the expression of NRAS by targeting its mRNA G-quadruplex.
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62 AHREOEE
RAS ¥ 7 F N DT 72 AT i OS2 B R Lo ABIZE TR, B L WGBS I BLHIRR RO, e 2 0h
STEHHREEE S VT 4 — R EERBT LI LN TEI, £ CAMITIL, RAS 7T LRl LV bIA
HRBLA D D AIIETH S N RISV Tl 2.

TUDITFAFEITRE L2 G4 LT EUREEROREE A A~ FIZ L D BIEFHRBUHIEIZ OV TIRR 2,
DNA ®° RNA D77 =2V v FHl? G4 BT 2 2 & THERCHRRZ ST 2 Z SITA< MbiTn
% (Figure 6-2a), ABIIETITZAUIMZ T, G4 TBRELHIOITLHAFAET DY M v ) » FHA, G4 %
BT 27T =00 v FRHEIEE DR a b

—[ Guanine rich region } { Cytosine rich region }—[ Guanine rich region J

T G-C HEXMZEKRL, G4 &~TE

OFF —=—> ON - OFF
HERE D5y NI K - TG4 TERK pob - |1
Z £ EINHI % I R A I
(=hB iﬂ%ﬁ D%J}ﬂ% 7%1&156 s 5 Figure 6-2 Model of transcriptional control of the cytosine-rich region

LERLE (Figure 6-2b), near the G4 formation region.

G4 TZRHEERLSNIE, & b7 DZEBWT 150 T il Ed D L EbhTEY, 7rE—4— 5-UTR,
Ty—A TR Y2 B AR L OME S LTV B 2 & S STV A IISI, GA TERHEERLS |
WFCFAET DY v U FrefEikid, TMPRSS? s T OH72 6T, G4 EHEERS & A+ 5Ha D
a7 7 —BEar ETbRABENE, 20, e T —EBEa— FTHEE RO, X0 IR
REET O G4 FHEERIFIOIFHIBN T, ¥ b U v FRBERAIEE L T D ATREES FE, EEE

. ZOMOBARTFO—FE LT, EEMNTEREIICEIL TEY, IhNyAx—v U 7851 L LT
HENSHID GAPDH B TI2IX, =7 Vv 1 =7 V0 2 DDA v kv USROS G4 TR E R
FIBFAELTRY . 2D _LF 50bp FIZiX 20 O Y b B EEN T2 (Figure 6-3a), & 512, m-fold®!

WXL DWET RN, G4 12T TRIAT EAEE B 2 WTREM S 6 5 & & e T& 72 (Figure 6-3

b)), ZDFERNES . GAPDH OELFREICE VT, G4 &~T VU EEDERNEIL B O M 21T
a b AAAAA
GAPDH §5ele
_> Te
+1 +81 +263 +446

—  Exon1 H Exon2 I—

+90 +166
5

m«qﬂ 4
< 88 _131383812821088838

GGGAGGGACTCCCAAGAAACACGACTCGEEEEGGGACGTEECCETCTTTCCGECGTAGGGAGTGGGGAAGTTACGGGGE

AG®5=-17.7 kcal/mol

Figure 6-3 Schematic diagram showing the location of the GC-rich region in the GAPDH gene.
(a) The guanine and cytosine stretches are highlighted in blue and green, respectively. (b) Possible structures and its

thermodynamic stability at 25°C. These structures were predicted using m-fold.
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STWDAMRRMENRE 2 b iz, $£72. GAPDH R 1721 Tl <, ACTB Bi5 172 E12B W TH G4 TURHE
ERFINE S AFIET D T PR TE 2, DD, G4 TERHEERS EHIAFIET 53 by v ) v F 724
81X, GAPDHX° ACTB £\ N5 TenD AX— VU TR T L IEEIND K 5 72, @R AR L TV D8 5T
BT, G4 DR AZBLET 5 2 & TRIZFREOHENIEE L LT\ 2 et E x i,

G4 1. DNA OBEROHE,, =Y =T 4 7 A RNA DR & W o7z, EMOEMBIRIZE > TEE
B E O Z ERIBENTWAA, TOEMIT G4 FBRESIOIEHICHFEL THD Y kY v FHH
BIZ Ko THH STV A RN H D, ZIVE TITOILTE 2 G4 DIFFEIE. G4 TERRBLFI DA ITIER L
TVLHDORFEAETH-T=, L L, AFEICE - T G4BT 258 TIE. G4 TERRERSN 21T T <
EHFOBRFNCBE L THBETIMLEMENH DL LR TDHIENTE L, 2O EiE, G4 Zl-o7o{bhH
MOHBIEHT, ~T S A S TLAMIC Lo TH, fix OBEBETREOHIEHNRETH L Z L &R
L TEY, FefBEn s LT AARARTHL LV D,

WIT, F 4 FETIRE LTz TMPRSS2 AR TR S D G4 2RI L LT2 G4 U > R3, BISZIRA A DD
IO HIR BT, a4 LA (SARS-CoV-2) DIRYLIIHICIERIC D72 5 ATREE R 8 5 = & %3k
%, TMPRSS2 X RAS &L T 2 EMT ~DRH 721 TR A 7z oA L AR SARS-CoV-2 Dk
YICHERZ VNI ETHDL I ERMBILTWS (Figure 6-3 a) 152156

TMPRSS2 G 11E, =7 V213 Tl 7u®—4 —fEElTH G4 W T 5, ZD TMPRSS2 D71
= K CIER S D G4 ITHEAT DAL, TMPRSS2 DB EMEI L, A > 7NV P A U1 )L
ADREGEIMHT 2 Z ERPAENTINTVDIT, 510, WERZ Yy NRTFT T 7EAX Y MR EDT 1

SARS-CoV-2
SARS-CoV-2
<M
iy
B i b y ¥
,7/ Y !‘\, Membrane #/ 1 \l
5 ooy Virus & fusion ! genom% I
! ‘genome i i /* .
s A A Unfused G4 ligand
,i;_._-, activation \ o .&

TMPRSS2

Infection ytoplasm e
TMPRSS2 mRNA_ _———— cytoplasm e
- - . e
- \ ~ . py
[4 S ERES nucleus (| nucleus

Figure 6-3 Model of a novel therapeutic method for COVID-19 using a G4 ligand.

(a) COVID-19 is caused by the SARS-CoV-2 virus. In the process of infection of infecting human cells with the virus,
TMPRSS?2 is required to activate the viral spike protein following its binding to the ACE2 receptor in human cells. (b) The G4
ligand, which selectively stabilizes G4 in the TMPRSS2 gene, inhibits TMPRSS2 expression. Therefore, the G4 ligand has
potential as a therapeutic agent for COVID-19.
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7 7 —EBREAIE VT TMPRSS2 OIGEZ i L 72 M0 TlE, SARS-CoV-2 DELENSHEICMHI D 2
EMHE SN TWHISIO, Z(D7sh TMPRSS2 AR T TR S D G4 ZFERI L L2 G4 U > R v
T, TMPRSS2 O3B A M5 Z L3 TE AL, SARS-CoV-2 DK A T & % AlREMEA & 5, mRNA
T 27 F k. SARS-CoV-2 D A/SA 7 2 2737 D mRNA ZAENIZELY iAZx, (KN T SARS-CoV-2 DA

AT BRI EEFRRSEDZ ETHIRS T Mgz L72@E 258 L, SARS-CoV-2 (Zx3 B & 1

N

G795, LU S, SARS-CoV-2 [ZT VA HRRA I 7 m Uik & ol BRIEMICER B Ao Tokkix 72
RN HE L THY | BRI mRNA U7 FUBREIC L 5 PRIIRME T T2 2 N RERMEL 2> T
W2, —J T, TMPRSS2 BIn{ CIERSILD G4 RN E L2 G4 VY v Rid, 1EEDE X 7]
T& 5 TMPRSS2 DFHLZPIHIT 5720, mRNA U 7 T L (TBIORE - 12 &L o> TE R E 5T SARS-
CoV-2 DG E [ AlREMEN 5 (Figure 6-3b), T D728, TMPRSS2 BIA T TR IILD G4 ZHE L L

72 G4 U B ROBFEM, SARS-CoV-2 DEZEN D DRI D78 D03t LivZevy (Figure 6-4) 127160
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