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3% AFsel o9 AE AL AR ASE BRAAT B,
A< GnRH FAFAISQ! leuprolide acetate(LA)2} H|1S}SlS o, LA
A Al o]ste] GnRH &4 & 38t¢] A2 A5Q Gag-Z& ERI7F
=

ZFsk HbH GV1001 A X[ of] fste] FAFAQl 59 AY AEQl Gas-
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ojF o]A F } Bdo]A LNCaP AEXF F%o FHur}

Aasigleon FF Ul NMEATIANE mtAY] FE& AEFTA w9
A7 AZEAT GAE o] FE AAR] MMP2, MMP99] F¢ U
=5 H@71sk 243 Gv1ool Ao ¢)& MMP2, MMP9<]

ol AAlE = As Ak AE Aol GViool

o

A2 o3 LNCaPZ}t PC-3 MEF F2o] A %o H, Transwell-A] 2E
ol5s H7} Ao HE LNCaPZ PC3-AEF o]sTol #Aadt
YESH LNCaP¥ PC-3 A X5 o] AEAZIANE = a37F 3253l
GV10019] AMEAZIAPE  F% &3+ GnRH G840 oJEH o=
dzE AT}, o]H3 Gv1o01e] SdME  LE-GnRH FEA 9

o
4HH9 AL oA Ed A NN BEHEA A A9

AFPAL o]F o] = wvpg-2 wdoA GVINolS F% W MMP2,
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GV1001& QI3F d2metobal H7dAba o] Sl 2the)(hTERT)O A
Fref gt 1670 obw| =ik flefol=olt}. theFe a1E Fe] 90% ©]/do]
AA ] EWIE
gda2uelolA s L3t
g 2w gtolAo] o3
AekE et GV10012] HF-S hTERTE <1A|&}= 2] CD4+, CD8+ T

Asl e g zAe we  Z7hE

Ho

_,d
gl

O™ (Kim et al, 1994), GV1001S 57

K

o W Yosy] T Yok WaowA

Al ok e whes HATHKyte, 2009). H AFEES HED
hl

v 1F el Gvioo1e] FFol WY WS ek,

ja}

hgol  dojid ghAbelA AEV|REe]l  FTFeiEe]l Had w\p

Ath(Bernhardt et al., 2006). 3 FHold bHgS nigow g
oftel HIAAMEAL  FHINSCLC), SAFIH Fe dFs ddo=

FotAmA T A Ade]

-

o

¥]a1 lth(Bernhardt et al., 2006;
Brunsvig et al., 2006; Brunsvig et al., 2011; Kyte et al., 2011). ZZ&J1} o}2]7}4]

A3zl ek GVv10019 A HA & &I olE wislskeE 71Xl

AP FANAN 7P &0l =2 dFolH, v el

Sell ok AbdEo] 7 =S hEel sholth(Siegel et al, 2011).

AP Mg aont =R o ARAAAE PN A8 o
goststay Sol AgHEd FHol Asta del APE} Ee

@4Eol) 14408 EEE 8¥o WE e Wgom ne

A
Al

oWy @A AR8¥vti(Akaza, 2011; Cornford et al., 2017). &4



AgAgS dubdel A5 a® 5 12-1871Y oldle] °Hgd3ir) mEA
W RgE e wE dolwm Qldtoe]  AMEoC] A
o} TH(Chi et al., 2009; Devlin and Mudryj, 2009; Harris et al., 2009; Lassi and
Dawson, 2010). g3zt el A5 AL 7] 9-307E = #5
#HolA 7l P ThKirby et al, 2011). wehA] ol dgad<tel digh A=
defol Hast HAZMA A vk A5 ofAl7E 53 AA ot

A 2e s222d 24 Ass 98 AHEHE 13 8
e oW dAe A 7P 2 9%s viAe ARl zEs

A=s GEATE ot (Mottet et al., 2011). AHMALS] A
EAQ s EES] HAERHEY 2Ho] Bl Hrh 1 FollA]
gonadotropin-releasing hormone(GnRH) F+AFA &= A oA A]dsHE--

e AN Fe] wgAe oA ANAdAY Ham

b
T

wug oA e

(Millar et al., 2004; Naor and Huhtaniemi, 2013). GnRH7} A]ZJ3}4-ol 4]
HEHW, HeleA A A 222 Axe] fwdel 2dE GnRH

LA e Astste] A P4 F = (luteinizing hormone, LH) 2 o]
A= Z 22 (follicle-stimulating hormone, FSH)2] #H| S =718} (Schally et
i A2 7 719

transmembrane-spanning =W ¢S X G- A3 AlxX xWH

ot

al., 1971). GnRH &A1& AX F-yHF F3xo 9

=87 (G-protein-coupled cell surface receptors, GPCR) ©]t}. t}& GPCRE I}
T7RAIE, GnRH &A= gt=e Adfste] ske] oYket G-



[e)
EERER

e

Azt Al71a AlE Y2 25 E AEsti(Hawes et al., 1993;
Stanislaus et al., 1998). 3} A A= & A3 A+ GnRH
A7 402 Gag-THH A AFsta, dlEh] &S ZHA H o

2o Ak Hl

o =X

H| £ =713t Grosse et al., 2000; Hille et al., 1994;

M

f

Voliotis et al., 2018). WF 2, GnRH F=&Ao A3t g|7t=o 2l3] Gai-
Gl do] Ajtste] &4 HUS W GnRH wH 7|5 2 T2 FH

]

N

olr

o] AA|Ho] o] S tH(Krsmanovic et al., 2003).
GV10019] ##-4 71ds ©oet7] e fAetel=e Fx &+

AAeEaL, 1 A3 fepol=e] ot MA d¥-7F GnRHSF GnRH

2
il

FAFAIQ] leuprolide acetate(LA, GnRH Z}-8-A) 9 cetrorelix acetate(CA,
GnRH A&t THH= AL gk ol2ldk A#dE Ed=
GV1001°] GnRH F&Ael tigt A5 dd s zbeA dgstar
skttt

LAY GnRHOIA &3t 107] ofn|x=ake] SNelol=o]n, GnRHY
6ol gk Gly? 10¥e 91X Gly ol=AiHS 242 D
ethylamide®= 2| & ejojr}. o2k ofmiil A2k wiio] LAE
W<1d GnRHET GnRH F&A 0l theh Agsol 50 i o4 o,
t}2 GnRH FAFAIQD triptorelin®?}  goserelin 2}2} 50 #l], 100 ®j7}
=TH(Schally et al., 1971; Schally et al., 2017). GnRH HE}o|=+= AE
Q] F-o A T E-&) & A (proteolytic enzymes)ol] 23] A= ™ (Cleverly and
Wu, 2010; Peter et al., 1996; Yang et al., 1998), GnRH o}7|%=AF A& F Trp’-
Ser*¢} Tyr’-Gly® ¢ ZAdte] dus&= o= d#A Qti(Lasdun et al.,

1989; Peter et al., 1996). <17} GnRH F&A o] that Melrdo] =&



GnRHI19} @2 F&A gk dedo] & GnRH2+= GnRH19| Tyr’,
Leu’, Argto] Z+Z} HisS, Trp’, Tyr*2 Xgkd dejo]n, o] Tyr’, Leu/,
Arg®o] F8A AeAgo FA FSH= residuesP S V| SHTH(Lu et al.,
2005). - AFelA = GV10019] ofw:4l A E¥ GnRH rARA S
S W, F&A A9 #HASIE residues

Foete ol 8&A 2ASE oS 5 AeA HrkstaAt skl
7 TEA(AR)T H| 22 & 2~ B & (testosterone) 3}

U] 5] = 2 H| A~ E 2~ B £ (dihydrotestosterone, DHT)ol|l ]3] A=A ol A
sl = EAEE2E 8 A o]t (Chua and Bristow, 2016). A HX <t

ARg 9 2P 2PoR ARY AEL JAAIE Fotmz

=

kA Eo] AFEE =], Hx%4 22 flutamide, bicalutamide, nilutamide 2} 72
kAl E0] ATH(Crawford et al., 2018). ©]F enzalutamide®} 72 <FA|E©]
MEeo] 7|Ee] Fot=ml g AYFAE F5e uid dijlew

AN E AL JARE o] AHAS Azl AN A IS5 wE

o] A|(splice variants), 3) AR
&AM o(point mutation) L2]3L 4) FFAIZE|FO|= 4-8F|(GR)2
e 50| 2 ThH(Boudadi and Antonarakis, 2016).

AurH oz k== FEA(AR), oAE=ZA FEA(ER), 18al
IRA2HE  FEA(PR), ZFIAIEEIC=  FEA (GRS TS
2ERolE FE&AES = 93 homodimers ¥ /d3e] DN

welol Agaiul, BA fAAe] NS FA9T AHRoE S8}

>
)
olo
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kS %4 3kl (Agoulnik and Weigel, 2009; Heemers and Tindall, 2007). AR 2]
AAL B34S zdsles BERISAHAE dIZEAHOE steroid receptor
coactivator-1(SRC-1), TIF2, P3007} dow, A=A 7MxE 9 =&

o}A €l Sh(histone acetyl-) =  WE 3K(methyl-) transferase A=

Jpu

Z 8T (Chakravarti et al., 1996; Gregory et al., 2001; Lonergan and Tindall,
2011). WA HFA|AFS] silencing mediator of retinoid and thyroid
hormone receptors(SMRT)Y nuclear receptor corepressor(NCoR)< E}7
2e] ZZHE O histone deacetylase &S FHFOZH {7}

AALS A FUHLI et al., 2000). ©]#] 3 H=

BN
>~l
_>‘i
1o
18
i)
rlo
o
o
9
i
o

24 As AARte =z vt Db AsddEs S8k Aol

Bz F-o] A5AH EPOR TR AAHL Yt dE
5], transcription intermediary factor 2(TIF2)®} #-2 ARS| H X%
bicalutamideo] w3t AIA S FHsha, TIF2E IL-69F 2 A5

Rbg-sho] g dE = Aol Halso] Slth(Feng et al., 2009).

)
o
fil

NKX3.12h 2e @de ARe Bl alAbelr] wAldl ARel <Jdt
Z2, FF HAS gAEtE Aoz 2# A 9 TH(Lei et al., 2006).

NKX3.1= A Ay Ix=z dedq e, dudsdtel 3



P Fogk 9IS I3t homeodomain T o] Th(Wang et al,
2009). NKX3.1-2> Qt=271 2&d o) =dxw gdstE AR¢] EF
Az Agste] JANE 308w Androgen receptor binding site(ARBS)
of AR¥} A Agste] Ay oF A= A woste FAAE2
HAALS -3 CHTan et al, 2012). NKX3.1°] A&%¥ LNCaP A PA et

ALFE AE 447 Agage YEAoze el adm AR

=

ol Al ko] Ad7do] =3 ¥ tH(Magee et al., 2003; Zhang et al., 2008).

Hippo pathwayw A2 AZo|A FIFAA o224 Fo3 4TS
et Hippo pathways Al ¥ 2], MEA7IAVE, S7]AE 2D A4
o] WS 24d3sty] wiitol hippo pathway T4 &AaEC] Wolu; oA

= A7 FAHS FE3TH(Daietal., 2017; Mo et al., 2014; Pan, 2010; Zhao

et al., 2008). Hippo pathway2] -4 &4l MSTI1/2, SAV, LATS1/2+ Q1A+3}

Ho] HAF Q1zFl YAPLIS QI4bs) Al7]ar, <14ks) ® YAPI> Al EZZA

A5 o] fu)F e sl Z3) ¥t} Hippo pathway <} hippo pathway©l] 2] 3l
ZAE = A IRl YAP/TAZE v 22 49 Alzdd o) =4
= Aol ¥rsA Atk

1) Rho-GTPase-Actin A2 =243 2 EFAAAFY &9

(mechanitransduction)(Dupont et al., 2011)
2) "R Yo]E 7 Z(Mevalonate pathway)e} #-2 213 OjAl A=
(Enzo et al., 2015; Sorrentino et al., 2014)

3) Wnt/p-catenin F 2 & =7] ME F¥ A5 (Azzolin et al.,

E-2 hippo pathwayES =43}l YAP19] 3 Y29 o]5S %



gt} Hippo pathway®] H]G7G2Q1 =42 Q18 S7Fe HAF Q1AF YAPI

S F W Eoi7 vhkd dudA fAAE] #dE S 3 r(Janse

gt ¢F Hol& Fxst= 4l Az FEMow Fe A5l P Ha
ATt AEANA YAP1O] 9] ME A reprogramming, = 7] A3}
(stemness), 3] 7+ A $H(epithelial-mesenchymal transition, EMT), “12] 3l &
M| EEAF7}ALE (anti-apoptosis) Yt #HHE FAAES] o] HXHETE A
o] &4 <lth(Janse van Rensburg and Yang, 2016; Ling et al., 2017; Pan, 2010;
Sun et al., 2016; Yu et al., 2018; Zanconato et al., 2016). =3+ YAP1-> SHAIE7}
kgl oFmol ek XIS d5ete dojgittal BaE o] tk(Hsu
et al., 2016; Lee et al., 2016; Lee et al., 2015; Zanconato et al., 2016). YAP12] 7]
s Adfstals W, ¢Fel Mol A AetAe ek wIzHde] 3

E¥ = o] A AT (Hsu et al., 2016). &4 Hippo pathways =48}

o

= 49 AFE FHEa YAPIS 2As Xad aiE £Z3 U7
]_

9% ATk Bastth ¥ ATE B ARS BEBHAA YAPIY o
2 F9a YAPIS] oAlsh ARS] B43te] whE she] fAA 2@
aE Qe APAS Aol oA 71de BTendt stk YAPIS Q4

A sk el a s EA Skl w)
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GV10019] 75 AL 1 713dS et dyidehe] o st=



I ATAE L Py

II-1. A|¢F 2 A&

GnRHR, AR, NKX3.1 &+ Santa Cruz Biotechnology (Santa Cruz, CA,
USA)oll A 943t Poly(ADP-ribose) polymerase(PARP) 1, cleaved
PARP(cl-PARP1), cleaved caspase3(cl-casp3), Bcl-2, p-AR, YAP/TAZ, p-YAP
A= Cell Signaling (Beverly, MA, USA)oll A -1 3}Sl T}, B-actin &A=
Sigma-Aldrich  (St. Louis, MO, USA)°l|lA T w|3}$ltl.  Horseradish
peroxidase(HRP)-conjugated donkey anti-rabbit and anti-mouse IgGs+ Cell
Signaling ©. 2 5-¥ TYskslt. GV1001 FElo]=2}  fluorescein
isothiocyanate(FITC)-Z2 3 GV1001-> GemVax & KAEL (Seongnam, Kyeonggi-
do, South Korea)©] &3 @lt}. Leuprolide acetate(LA)2} cetrorelix acetate(CA),
R10A, RI2A mutant ) E}O]=+F Anygen (Gwangju, South Korea)ol 4]

PR

I1-2. A W

LNCaP (Rt=271 84 &4 17k PCa AEF) T PC3 (k=7
TE&A =74 PCa AEF), N87 (IZF A1 AlE=F) AES 10 % 4 Efo}
3% (Hyclone, Logan, UT, USA) % 1 % #HYA-/~EFEulo]Al (100
U/ml, Hyclone) & 3¥%3F= RPMI-1640 HIA|E o] &3fo] wjgatSiTh
HEK293 A2+ 10 % Eio}l & ¥ (Hyclone) 2 1 %

AYAdd/~EZEnto] Al (100 U/ml)< %= Dulbecco 's modified Eagle 's

©
o



Hj 2 (DMEM)ol Al s &ttt 2E Hje
oA A EH AT

O

Z71L8 37 CToA 5 % CO,

11-3. 2e-+&A A3 H7t

HEK293 A3 100 mm? plateo] A vlF= A5, AlE =T olHE
AR3Fe] 500 pl A7k PBSCllA] &8t AE2E 25G Hhsol 10 ¥
E3}217] 3, 100 mM KCI, 5 mM MgCl,, 50 mM Tris-HCI (pH 7.2), 1 mM EGTA
of dulEsl gt AeAE Frote dHdst dFfor dES; A F
720 goll Al 5 B3F A4 2 sk BES 10,000 goll A A4 Eelsba,
Feds 100,000 g oA 1 AZFEF = A4 2] (Optima-XE100,
Beckman Coulter, Inc., Fullerton, CA, USA) &}Sith. M9 88 731
AS 10 mM Tris-HCl (pH 7.2), 250 mM I 222~ 1 mM EGTA %
il g a AAlE Fote A AlE Sedo® AAEAZH
TEDG W3 0.3 ml (10 mM Tris-HCI, ph 7.6, 1.5 mM EDTA, 1 mM Dithiothreitol,
10% glycerol)oll A 4 TollA 1 AIZF&<H FITC-Z3 GV1001 (03 % 3
mM)¥ Egsiit. e T 8 H=E B Sls, EdES
Al# $FZ 9 (50 mM Tris base, pH 8.0)2.2 3 3] Al 3}Qlth. FITC-A 3
GV1001 RS MNZE dFdor e HP=AH7]  (Berthold

Technologies, Bad Wildbad, Germany)& A}-&38}o] 4135}t
11-4. 2Eelopu|d-H| ¥l A3F H7} (Streptavidin-Biotin binding

assay)
Z AL lysate (300 ug/ml)E 4 nmol] B] L E-A3 GV10012 4 TollA 8
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AZFERE wiFstel Adel=E @wketAl S HAZT 150 pld

2~ Eslglolr] ] A3} H]=(Invitrogen, Carlsbad, CA, USA)E 2 % A& 83

adyvle] ¥shyEl PBSE 15 ¥3F E2F 3 & vewlAg Gviool

Fe Az gz A sttt ve”R-AS Gvioole]l §l=

HE ERESE 24 zFes A&
9

=
ZESIgotr o ®l 534 A3 @uids SDS 29 ksl 10

>

=

B3 boilingdle] §%A]7]31 GnRHR 928l 28tgS 21933t

II-5. FITC-¥X] GV1001< o] &% AX U $x H7}

LNCaP A X5 24A7F5QE 8-3H 2] &)= (Lab-Tek, Nunc, Rochester,
NY, USA)olA wj<kslaitt. 10 uM FITC-Z2$ GV1001 HEO| =2 ujok
Hj=lo] Z7Fskar 16 AIRF &< wl A TE PBS® 23] AlH G F, AEE
AleoA 20 5 4 %-dE EE Y= DAHAAL. MEE

DAPIZ 1 &<t dAste] & A[ztstslgitt. PBSE Al FH e $, AW

EHS At FxHdA7 7 (Carl Zeiss, Oberkochen, Germany)l =

1-6. Al U Z5 AF

v Lo A vl P LNCaP % HEK293 A|¥+= e 294 (PSS; 140
mM NaCl, 5 mM KCI, 5 mM NaHCO3;, 1.8 mM CaCl,, 1.4 mM MgCl,, 1.2 mM
NaH,PO,, 11.5 mM =F3 92 183 10 mM HEPES, pH 7.4)o] X3t 1
uM fura-2/AM 7 1 % & dF 4RI A 1 AF Sk wigstsith

AW E£HLS du|d 2= o)Al superfusion B 2Ll 2 ml/mine]
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&L 2 PSSE A HH O 2 superfusion AT EE AL 33 T oA
THE QY. AXE= S Fluor 40X (N.A. 1.30, oil) objective lens”} “&2+%
Nikon Eclipse Ti-U inverted microscope (Nikon, Tokyo, Japan), Evolve 512 electron
multiplying charge coupled device(EMCCD) 7}9l 2} (Photometrics, Tucson, AZ,
USA)E o] &35} #F9E At} Fura-29] AF£% excitation, emission 3}
Z+7} 340/380, 535 nm ©]U}. ©|H]X]i= Meta Imaging System (Molecular

Devices, West Chester, PA, USA)E ©| &3} Aozl & A5t}

I1I-7. 81X FZA &4 (Reporter gene assay)

LNCaP A3 (1X10° cells/well)S 48-well plateo] Al wiF g <, cAMP-
response element(CRE) Y-+ androgen-response element(ARE)E  3-dh
SAFeold PEE Zervez g1 £y Azt 93 =9

AEE 24 A FF Skl =FA7IAL, FA oA 2l EE &

X o

m U
ox
tlo

Al2~¥l  (Promega, Madison, WI, USA)E A}&3lo] X2 HH

SAsklth A Gell=ol ] fireflySt hRenilla FA] 3 kol &4

o

2

luminometer (LB960, Berthold Technologies, Bad Wildbad, Germany)E ©]-&3}
SAstqleh. Ad FAIHoAl €42 phRL-SV  (hRenilla)
A Hetobal vl g o] Akt

11-8. B¥3}5t3 E4 (Immunoblot analysis)
M BElEdA B TFe WA E sodium  dodecylsulfate-
polyacrylamide A #7]%-5*H(SDS-PAGE)S.2 &2|3 <+ nitrocellulose

membrane®]] T A S HoO|A| T 5 % X Mo 1 AIZF WEEA|Z

12



< 12 A= 9 AFHY. 2 $ 22k A2 HRP-conjugated 1gGE 1

Al ZF WEEA] 7] 31 ECL chemiluminescence system (GE Healthcare) S A}-83}¢]

I1-9. cDNAS] Realtime RT-PCR

TRIzolS AF&3le] ME W XA oA FE3F F RNA(1 pg)oll A cDNAE
AATh PCRE th&o AE A primerES AHE3te] W= ATt human
MMP2 (sense: 5’-ATAACCTGGATGCCGTCGT-3’, antisense: 5’-
AGGCACCCTTGAAGAAGTAGC-3), human MMP9 (sense: 5’-
GAACCAATCTCACCGACAGG-3’, antisense: 5’-

GCCACCCGAGTGTAACCATA-3’), human GnRHR (sense: 5-

TTGCCTTTTTAAACCCATGC-3’, antisense: 5-
AACATGCTCCAACATTTGTG-3), human AR (sense: 5’-
AGGATGCTCTACTTCGCCCC-3/, antisense: 5'-
ACTGGCTGTACATCCGGGAC-3"), human PSA (sense: 5'-
ACCAGAGGAGTTCTTGACCCCAAA-3, antisense: 5'-

CCCCAGAATCACCCGAGCAG-3"), human NKX3.1 (sense: 5'-
GCCGCACGAGCAGCCAGAGACA-3/, antisense: 5'-
TTCAGGGCCGGCAAAGAGGAGTG-3'), human CTGF  (sense:  5'-
CAAGGGCCTCTTCTGTGACT-3’, antisense: 5'-
ACGTGCACTGGTACTTGCAG-3"). MMP2 ¢} MMP9 mRNA <<= B-actin
(sense: 5’-GATGAGATTGGCATGGCTTT-3’, antisense: 5°-

GTCACCTTCACCGTTCCAGT-3’) mRNA FF #ko.2 H 3}l GnRHR,

13 :



AR, PSA, NKX3.1, CTGF mRNA <+ glyceraldehyde-3-phosphate
dehydrogenase (GAPDH, sense: 5’-AAGGCTGAGAACGGGAAG-3’, antisense:
5’-GCCCCACTTGATTTTGGA-3’) mRNA #Co2 R 43} Th SYBR green
real-time PCR &% & MiniOpticon real-time PCR A Al2~H (Bio-Rad

laboratories Inc., Hercules, CA, USA)= A}-8-3lo] =835} t)

11-10. 2 X< (Transfection)

1) GnRHR I}¥d stable cell line 7-F: 6-well plate®] 70 % A%
Hj k¥l HEK293 A|3Z9l Lipofectamine 2000 (Invitrogen, Carlsbad, CA,
USA)S  o]&3lo]  AxALe]  A|Alo] Wl pecDNA3I(+) 2
pcDNA3.1(+)-GnRHR 9 EE E=AFA T Geneticin-A &4 ZF2UES
G418 (800 pg/ml, Thermo Fisher Scientific, Waltham, MA, USA) *] ]} <]
Ad st

2) siRNA(Small interfering RNA) ©]-83%F Knock-down =2 5
W<2lA GnRHR &S UAJH O = knock-down A|7]7] $13, LNCaP
M3l 75 nmol/l GnRHR siRNA (catalog nos: SASI HS02 00302488, Sigma-
Aldrich, St. Louis, MO, USA) =& H|AEA &4 2T S =2 control
siRNA (catalog nos: SI001, Sigma-Aldrich, St. Louis, MO, USA)EZ
Lipofectamine 20005 ©]-&3}] =J A Ft}.

3) CRISPR-cas9 A|Z2=¥lS ©]&3% Knock-out =¥ 5 uWiglA
GnRHR, AR % YAP1 T35 knock-out A17]7] $]&l, LNCaP AL
U6-GnRHR/CMV-cas9-RFP (HS0000014744), U6-AR/CMV-cas9-RFP

(HS0000000952), U6-YAP1/CMV-cas9-RFP (HS0000121498) Z&}2=1]=

14



(Sigma-Aldrich, St. Louis, MO, USA) ¥ &4 tl&w o= ZEhaun| =9
backbone WS 7}XA|i= EF2FAV|EZ=E  Lipofectamine 20002 ©]-8-3}4]
AXE Y2 =95 GnRHR, AR ¥ YAP1S knock-out A]Z! stable
cell A|2HS 9l38 Al transfection ¥ A|3Z 5 RFP &S BD Aria FACS

o =
ok =,

R

M

cell sorter (BD Bioscience, San Jose, CA, USA)E ©]-83}¢]
single cell S 96-well plateol] 7 vl &3} t}.

4) Retrovirus A|=ElS o]83F YAPSSA I EE = 6-well
plate®] 70 % A% WlYE LNCaP A3 AmphoPhoenix retrovirus
91717 M Eo] MSCV-YAPSSAES k=%i3te] & virus sup(culture
supernatants)= 14 4 &<t Wl 2 3] FFAAIZTE Virus sup =Y 72
AZF & Aol H o™, 0.45-uM microfunnel filter (Paul life sciences, Port
Washington, NY, USA)E ©o]&3ste] HEF T -70 Col EF3}

Attt

II-11. Al 2 E44

H

1) MTT A EAW: LNCaP, PC-3 A|EXFE 1X103 cells/wellZ 96-
well plate®l] 4] ¥ %3+ ¥ 2 mg/ml 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT)E Yol 4 At &<k HF-GA| AT v gFA &
H 2] 31, dimethylsulfoxide (DMSO)E 0.2 ml/well® 2] MTT formazan=
L3t & 540 nme] 3= A ELISA microplate reader (Tecan, Research
Triangle Park, NC, USA)Z ¥ +EE 5433

2) IncuCyte ZOOM live-cell &4 A]2=El: control siRNA % GnRHR

SiRNA =% LNCaP AXFTE 1X10° cells/wellZ 96-well platel] A

15



HjFst & 24 7bs3st AlXE 5 IncuCyte label-free A T3
¥ (confluency) &ilg]5S ©]-83}= IncuCyte ZOOM live-cell A|2=El

(Essen BioScience, Ann Arbor, MI, USA)S 53l A3t

11-12. §4ZHSGHAYE (Chromatin immunoprecipitation assays)

LNCaP A3l 24 A7+ &<k GV1001 (10 uM)Z} LA (100 nM), DHT (100
nM) x| & IELHIN=Z FMAI cross-linking A TF. EZ-ChIP
assay kit (Upstate Biotechnology, Lake Placid, NY, USA)& A}-8-3lo] A|&%
Ao wel 42833t} Real-time PCRS PSA, NKX3.1, CTGF9]
A ZREEH AR 2% F9E Edele Zofo|mE ARRSIGIAL
I A4de v 2t} PSA (sense: 5'-GCTAGCACTTGCTGTTCTGC-3',

antisense: 5-GGGATCAGGGAGTCTCACAA-3'), NKX3.1 (sense: 5'-

CCGAGCCAGAAAGGCACTTG-3/, antisense: 5'-
CTTAGGGGTTTGGGGAAGCC-3"), CTGF (sense: 5'-
TGTGCCAGCTTTTTCAGACG-3', antisense: 5'-

TGAGCTGAATGGAGTCCTACACA-3').

I1-13. A9 A|E9] o]FA A

1) H&KE AAR: Al oleA 42 E7Evlc|lE =

st

24-well transwell unit (Corning Coster, Cambridge, MA)S A}-8-5}¢]

1
H

K1
o
ot

83 TE 1X10° cells/ml 559 LNCaP, PC-3 A% 2 &4
LNCaP HM3ZFE type I Ze}(Collaborative Research, Lexington,

K)oz =g olgirt Z¥® A7) transwell plate?] Al

16
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AL
a
o
28
=
=2

47 A H, dvd (60 HiE)owm wEste] AE e SHER

2 YA =gk LNCaP AXEFE 60 ul A transwell plate (Essen
BioScience, Ann Arbor, MI, USA)2] Ao $XA|7]aL ks A X] <}
7 24 AIZE EREF wjsiith SR o] E ek AR = IncuCyte

ZOOM live-cell 24 A|2~®lS o] &3lo] F A3t}

11-14. A9 X7 (Immunoprecipitation)

AR¥} YAP1 % NKX3.19 23S ##Es7] s ME &sE9

>,
o~
rE
olo
>
)
)
ot
(o,
ot
—_>‘4—"4
iy,
ot
—_&4
il
(2
_] )
i)
@
o
0
o
=
o
w
o
=
!
1

I1-15. Caspase-3/7 &4 H7}
AzALe] A AHO| Wl IncuCyte ZOOM live-cell 2] A]~ElO 2
caspase-3/7 &S H 718}t LNCaP, PC-3 A|3EE 96-well plate (3103

cells/well)oll 3 F3}aL, GV1001 (0.1-10 uM), 100nM LA 2 100 nM CAZ

kel

$ om B Al 96 AT Fe st 4%

apoptosis A 2F (IncuCyte, Car No 4440, Essen BioScience, 5 pM)= & A] ]|

17 -



Hj o] 7Sl et AIEZE IncuCyte ZOOM live-cell =41 Al =&l
HaL 37 CTolA 5%CO, &7l v 4 A7E vith A708E3I T

II-16. &+ A% v W] 22 (Xenograft nude mouse model)

5% 4% BALB/c-nude "}$-2: (Raon Bio Inc., Seoul, South Korea)l
1X10°LNCaP A ¥EZ X35 0.1 mlPBSE ¥t HF a3l F o]
FoHow AgS W (>150 mmd), PFAE FAYR 5 OFoR
Ui S A ETH(PBS), GV1001 (0.1, 1, 10 mgkg/¥) T+ LA (0.1
mgkg/¥)S 3t FAF kGt 14 A 3 ke~ E dFdd oW
RUE® star F¢e Holet UHIE  calipers® =3l T

g 2 (Holxylolxyelx0.52)8 AR&ate] AXtEGlth RE

l?‘j’]e | X
B H4YS NH 5% A AR me FPson B A7E
Agdstn 58 49 2 AN S vk,

I1-17. TUNEL #2]%] (Terminal deoxynucleotidyl transferase dUTP

nick end labeling assay)

TUNEL 412 ApopTaq Peroxidase in situ apoptosis detection kit (Chemicon,

Temecula, CA, USA)E ©o|&sto] shebdl 4] AHolA A xAS
A Ao we e E A A WSS 3,3-diaminobenzidine 0.2 A] Z}3}
gk %, methylgreen @S o]&3ste] 3 dix HdAS Gl
TUNELZ %A ¥ AxXe & 99 3 FF 999 #His=
Azt HAh A =29 FTF =4dA F 10719

1=}
w
2459t HlolE TUNEL B4 99je) e g mawglch



I1-18. U Y %27 3}slH A (Immunohistochemistry)

1) A A stsks A dx% HA|E 10 % neutral buffered formalin®ll
arzgste] Az st Ful 2248 4 pm AR WSt} SEfo] =
FES FAS AL Ki-67 FAE HSAIA FAEHAT

2) FFAAE: 4%t 25 S =2 AAHF AEE 0.3 % Triton X-
10022 peameabilzation A]7]3L AR, YAP1, p-YAP1 A =2 HH-SA|ZT
Fluorescein—conjugated anti-rabbit IgG2} Alexa Fluor 568 % 488—conjugated
anti-mouse IgG (1:500, Invitrogen, Carlsbad, CA)E 22} A =2 WESA|A 3
4] 3+ 3 hoechst 33342 NucBlue® Live ReadyProbes TM Reagent (Invitrogen,

Carlsbad, CA, USA)7} 234 Sd=d& Wil 7An 9oz dasslrh

I-19. 7}-$-2 F HAEXHE JAF

6% <% BALB/c-nude v}~ (Jung Ang Lab Animal Inc., Seoul, South
Korea)oll GV1001 (10 mg/kg/¥) T SAWZT (PBS)E 7¢U3F vl 3tFA
Stk AP BADAIREE olgste] dslguFAA R Fof &
4A1ZE, whA Ry o] B AAZE Soll st 4 Wl HAERHE
=+ testosterone ELISA kitE A}83}o] &3t} (Enzo Life Sciences,

Farmingdale, NY, USA).
120, 9133 do) Bh9-2 We =
5% 4% BALB/c-nude "}-$-2: (Raon Bio Inc., Seoul, South Korea)2]

H] Ao 1x105 LNCaP A EE ¥ 33+= 0.1 ml PBSE AZ 39t} 3
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I1-21. A&
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. <€ 2%

1) GV1001¢] AFAY JA &9 9 8 79
1-1. GV1001# GnRH T& FAHAIES HAEo|= 72 £4 (structural
superposition)
GV10019] A4 71dE ®ety] ffs fEkel=e) g B4

AAsR 3, 1 A7 GV10019] obveAal M d¥-7 GnRH9F GnRH

filo

-AFAIQ] leuprolide acetate (LA, GnRHR Z}-8-A]) % cetrorelix acetate (CA,
GnRHR d#&Aet $HH= AS I8 (Fig. 1A, B). °o] Ad
GiRH ML Sedsh Afers A Aade dde wew

Aow oFHAa, 2l

H
0%,
off

2

approaches)®ll A3t Q1P GnRH F8A Fx2E& 53 Ay
GV1001°] GnRH F&Alo] ZFst= EAo] e ZHow FEAFct
(Fig. 2A-D). GV1001¢] GnRH +&A ZA3ts= H7Ist7] fste] GV1001-
FITC E3}AI9F GV1001-H| ¥l H3FAE 3H/dstil, GnRH +8&A #&d
HEK293 A XF5 %313t (Fig. 1C). GnRH 48 ¥33d HEK293
Az AxeES EEste] GVI001-FITCS AlxE 9 A3 wes
olatdty.  GVIOOI-FITC ¥% ol&How Axut3e] &g o]l
7 ek s #EE 5 ATt (Fig. 1D). Streptaviding  ©]-§-3}¢
GV1001-H]1 Q& EgtAe} Ag3t GnRH =84 ¥4+d HEK293 A|¥ W
Sl A S-S HAA 7] A, GVI1001-0] 2 ¥l E3HA e} AgE GnRH 4837}

EAqeE AL AU T (Fig 1E). ©]213 Ay= GV1001°] GnRH



....A.... Tentative core residues

NH,
H

\
oy

GV1001
(16-mer)

pGlu-Ala-Arg-Pro-Ala-Leu-Leu-Thr-Ser-Arg-Leu-Arg-Phe-lle-Pro-Lys

vs

L HN
{ —NH,
) —N
\ - W
HO_ | © O HN—~{ o] =NH,

r ( 0 HN-< N

» YN -~/ N2 on
@ NS \ Wl HN~( =\

0 HN—4 HO _" ¢
—NH — — \ H )
= 29 ) QN
no W4 Y/ o Vo= iy
—NH HN— O N )
{ o
— Y
o \J
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NH,

{
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HO. /] o0 O HN -

-k >

B aves
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1
pcDNA3.1 GnRHR B @ 2.0
=="k¢
s
2 e
T 805
€2
PCcDNA3.1 GnRHR
pcDNA3.1  GnRHR
GV1001 (4 nmol) + - + - Input
GV1001-Biotin (4 nmol) - + - + pcDNA3.1 GnRHR
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":N)-NH
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o 1
HNK 10 O HN- 40
X 3
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o< Y )—) oo;j
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NH HN-
> HN,
GnRH O 43?
(10-mer)

pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2

Leuprolide
(GnRH agonist)

pGlu-His-Trp-Ser-Tyr-D-Leu-Leu-Arg-Pro-NHCH2CH3

1600 *
1 HEK293-pcDNA3. 1
I HEK293-GnRHR

Fluorescence intensity (a.u.)

0
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Figure 1. Binding of GV1001 to GnRHR. (A) Peptide structures of GV1001 and
GnRH. Red-colored residues are overlapped with GnRH. (B) Peptide superposition
analysis showing structural comparison between GV1001 and GnRH analogues,
leuprolide acetate (LA) and cetrorelix acetate (CA). (C) Western blot analyses of
GnRHR in HEK293-pcDNA3.1(+) and HEK293-GnRHR cells. Data represent
means + SD, *P<(.05 versus pcDNA3.1(+)-transfected control. (D) Fluorescence
intensity was quantified to measure FITC-labeled GV1001 binding to membrane
fraction from GnRHR-overexpressing or mock-transfected HEK293 cells. Data
represent means = SD (n=3, *P<0.05 versus pcDNA3.1(+)-transfected control. (E)
Streptavidin-biotin binding assays were performed to confirm the direct interaction

between GV1001 and GnRHR.
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Figure 2. Docking studies of GV1001 to GnRHR. (A) Overall architecture of the
first hGnRHR homology model from Bovine Rhodopsin and GV1001 bound ECL
of hGnRHR. Atoms of GV1001 are shown as spheres. (B) Residues of hGnRHR
within 5 A of GV1001 in the first hGnRHR homology model (Left) GV1001: yellow
stick, green dashed lines: hydrogen bond interaction, pink dashed lines: hydrophobic
interaction. (Right) Molecular surface of hGnRHR: gray solid, GV1001: ball & stick
with colors assigned by Kyte-Doolittle hydrophobic scale, yellow dashed lines:
hydrogen bond interaction. (C) (Left) Superimposed structures of the second
hGnRHR homology model and APJR-AMG3054-bound Human Apelin Receptor
(PDB:5VBL) form a hydrogen-bond network with conserved amino acids, (Right)
Overall architecture of the second hGnRHR homology model and GV1001 bound
ECL of hGnRHR. Atoms of GV1001 are shown as spheres. (D) Residues of
hGnRHR within 5 A of GV1001 in the second hGnRHR homology model (Left).

Molecular surface of hGnRHR(Right).
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1-2. GV1001°] ¢]3 GnRH <&A 3¢ A% AL H7}

GV1001¥} GnRH 484 Z3 & GnRH 484 399 G-umze

5

o

Ao Aol Egsly] =4 Lol Al Gag-wrH A & fFEEE
AMEA ZEF T Gos-@H A 98] f =% cAMP-response
element(CRE)7} ¥ &% Z2WE AL AP 47 GnRH
A LA LA Aol 93] LNCaP AHAL MEF] AE
2 Fo] Z7bstdth (Fig. 3A). L#t GV1001 A X0 & AlFEW
& % F7F= vedY (Fig. 3A). GnRH =84 ¥49+d HEK293
AEF] AXW Zg 52 LA AF 93] aA S8 GV1001
7 FrevekAl &9dth  (Fig. 3B). GV1001¥} GnRH
T8A ZAgtol LA AAell oJg Mz Zg 57 7t TS mA=
%] gFelalr] $18] LNCaP A|EFo)lA GnRH &4 ZA3A CA%
GV1001S 7+7} LA9F & AAs3Th LA A Xdl 93] F7hgh Az
Zg F50] CA ARl 93] A=A, GV1001 A2 o3&l 2o sH)
A H A} (Fig. 3C). ©o] AIEL GVI001°] LAt FAZ OS2 GnRH
FEAE AR LA Aol 9 Goag-HHA FE-AEXU TE FE
S7Fet AE3hs yEbdth LA AA el o8 Gos-TH A o5 fe¥=
P &4 F7P7F BEE A Frlskelth 22y, GnRH =84 dpEd
HEK293 A EFolA LA A X|o] 98] CRE #¥E AL #ZHA
2FSATE (Fig. 3D). ®EWell, GV1001e] Ao o3 2lxzE Ao &
olEH o7 FUlete S #ASATE (Fig. 3E). GV1001e] A Aol <] 3]
Ly FxE 4ol GnRH FE&A0 ¢JEA A dolH i1zt GnRH
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(Fig. 3F). ti&a" AlzeA LA W& A+ GVI100l-f+%= CRE 2|3ZFH
44s JASAT (Fig. 3G). L2iYt GnRH 84 siRNAZF =€
HEK293 A|EFo]4 GV1001 A Aol &3k 2]2y /o] 3] #zHA
kth (Fig. 3G). GnRH F8&AE 4FsHA Ev cAMP A4 AQ
forskolin® A Aol ola] F7Hel 2] EE A LA A Aol oa] A=A
kTt (Fig. 3G). GV10013} GnRH 4=&#|7Fe] =7 A]E o] 4 (Fig. 2A-D)
AE vfPe® GVI00I-GnRH &A1 ZHghe]l 4] ofuxito=
o ¥ ol %A Argl0, Argl2)®] mutant HEFO]=E A5 Gas-
Ao o]s] FE%E cAMP 21 % 7F GV1001-GnRH Z §Hol] 2] &4 Q1]
Shelstial &Fgitk. LNCaP AlEF9F GnRH &4 %3 HEK293
5ol A mutant PEFO]=E A X]E}S Wl cAMP A& = A

_T_
FEE A ek} (Fig. 3H, I). ©]#3 Z3}+= GV1001©] GnRH &)<}t
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Figure 3. Selective activation of Gas-cAMP pathway by GV1001. (A, B)
Intracellular calcium increase by GV1001 or LA. (A) LNCaP cells were incubated
with LA (10 and 100 nM) or GV1001 (0.1-10 uM) for 60 min. Data represent means
+ SD (n=12-29, *P<0.05, **P<0.01 versus vehicle-treated control). (B) HEK293-
pcDNA3.1(+) and HEK293-GnRHR cells were incubated with LA (100 nM) or
GV1001 (0.01-10 uM) for 60 min. (C) GV1001-mediated functional antagonism on
intracellular calcium increase by LA. LNCap cells were exposed to 100 nM LA for
60 min in the presence or absence of GV1001 (0.1-10 uM) or 100 nM CA. Effects
of LA (D) and GV1001 (E) on CRE-luciferase activity in HEK293-pcDNA3.1(+)
and HEK293-GnRHR cells. HEK293-pcDNA3.1(+) and HEK293-GnRHR cells
were transiently transfected with CRE-luciferase plasmid (1 pg/ml) and the cells
were exposed to LA (0.1-100 nM) or GV1001 (0.01-10 uM) for 24 h. Data represent
means + SD (n=4, **P<(.01 versus vehicle-treated control). (F) Silencing of GanRHR
by siRNA. (G) LA-mediated functional antagonism on GV1001-induced increase in
CRE-luciferase activity. (H, I) Argl10- and Argl2-dependent activation of Gas/cAMP
pathway by GV1001. LNCaP cells (H) or HEK293-pcDNA3.1(+) and HEK293-
GnRHR cells (I) were exposed to 10 uM GV 1001 or Argl0-, Argl2- and both of

them-substituted GV1001 peptides (10 uM) for 24 h.
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1-3. GV1001°]] 93k AGPA T4 oA a3}
Agatol A EE = el GnRH 2 GnRH A= W34
FTEX B Az WHFE GnRH F&Ao Aste] sSAIAT2RE

(luteinizing hormone, LH) ¥ ¢ }= T =2& (follicle-stimulating hormone,

FSH)9| wH|E FXIgta, AyHox QYA HoA AHEOE S 29
HH|E =3 K(Clayton, 1988). 1#]1} GnRH FAMAIE  HHE 3o

Folspl H¥ GnRH +849] 2heo] Ao, o= g A
HAEXEE 21 a7 dyddeh oAl avte] 7dez 2 deA
A THConn and Crowley, 1994). %-2l:= GV1001°] 719 GnRH -AHA <}

SAAAR HEeA EEE B Az 93 nAex Brsni,

Y

GV1001 (10 mg/kg, "1 Fol, 1]} FAL 797F Fo])S BALB/c wH-20]]
Fog & dF HAEXHE $XE A3 Fo] & 4r]7to]
BAHRsAE W, GVI001S FAg 1F9 % HEEXHE A=
pizstel vkl oF 23w SRSkl (Fig. 4A). U 7R

GV1001& Fo3t 79 dF HEEXRHE FX& giz2dd by

3]

ol
»t

A3 srold AUt (Fig 4A). HF, 797 v GVI001S Fold
vhe-22 aFe] Ao 2% FAZE dhzel wske] felstAl Aastalnt

(Fig. 4B). °l218t A¥= GV10019] WHE Folrl ¥ali] S2& 2l
Alz=glo] s FH AN HEEsHE 218 AT A
ojm ghot.

GV10019] GnRH F&Ao] wldt 7]%50] AFM ZFo JgFS
H XA 7betaixl LNCaP AEFE o] 83te] mlg-2 o]F o)A

AgS APsAArE GV1001e] FoI(10 mgkg, "HY Fol, I3t FAL
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Figure 4. In vivo anti-cancer effect of GV1001. (A) Testosterone level in the serum
of vehicle or GV1001 (10 mg/kg)-injected BALB/c mice was measured by ELISA.
Data represent means + SD (n=10, *P<0.05, **P<0.01 versus vehicle-treated control
group). (B) Whole mounts of seminal vesicles collected from BALB/c mice after 7
days treatment of either vehicle or GV1001 (10 mg/kg). Quantitative analysis of
seminal vesicle weights (% body weight) was presented as mean = SD (n=10,
*P<0.05 versus vehicle-treated control group). (C) Tumor growth of LNCaP cells-
implanted xenografts. Upper panel, representative images of tumor-bearing mice
injected with vehicle, GV1001 (10 mg/kg) or LA (0.1 mg/kg) on 14 days after
treatments; Lower panel, time-dependent changes in tumor volume and body weight.
Data represent means + SD (n=5, *P<0.05 versus vehicle-treated control group). (D)
TUNEL assay of the xenograft tumor sections from the mice treated with vehicle,
GV1001 (10 mg/kg) or LA (0.1 mg/kg). (E) Ki-67 immunohistochemical staining
of the xenograft tumor sections. (F) mRNA levels of MMP2 and MMP9. RT-qPCR
was performed in xenograft tumor tissues. (G) Expression levels of GnRHR in
LNCaP, PC-3 cells and N87 cells. (H) Tumor growth of N87 cells-implanted
xenografts. 30 mg/kg GV1001 showed no inhibitory effect on N87-tumor growth.

Data represent means + SD (n=6, **P<(.01 versus vehicle-treated control group).
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1-4. GV10012] APAYL AE 23} o|F% oA &3}
GnRH FAHES e Foj= A WolA  AJAeh-= 3t4=A)-

AR Ho @RS doA ANAAY HiEsHE 2

Ll

ATAdel wh=w veFek ShAl A AlEEte] WEE GnRH 5847t

Ao r Ax Ads 242 5 dva AAEd. BA 9 A

FSLaL,  GVI001-FITCO &3 ddo] A=z
A EA A BZE AT} (Fig. 5A). LNCaP A EF2] A F2o] GV10013}
LA Aol oaf F% o]&Hor Ao (Fig 5B, C), ol&1d =2
J &¥= GnRH F-8A A3 LNCaP M EFoAE A=A ekttt
(Fig. 5D). 4AxE2 olFs T/l T e A7z Heols:
ZAA71tE, GV1001 A X0l 2|3k LNCaP A EF o] 55 W3lE #3237

A3, transwell 23S Al 3FTE GV1001 * X]+= LNCaP A3 2] collagen

2 AES AEsA JAstF o LA A Xo] 93 JFe B A
9k 9Lt} (Fig. SE, F). AR-A A H A MEF<Q] LNCaP, AR-24 AP
AT PC3 BF AlEdo|A GnRH F&A12 Tdsta gl7] wiol

(Fig. 5G), PC3 AxF9 S} olss APS st Gvi1ool
A x]e 9&l PC-3 M2 FAlo] AAIE AL (Fig. SH), transwell 23 o] A]
ool A= As AAsSIAT (Fig. 5I). ol A= GV10019]

AEere]l GnRH F8A1¢k Z2dste] Axd W=z HAFE 5 glow,
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Figure 5. Effects of GV1001 on cell proliferation and migration in PCa cells. (A)
Penetration of GV1001 in LNCaP cells. LNCaP cells were treated with 10 uM FITC-
labeled GV1001. (B, C) Effects of GV1001 (B) and LA (C) on cell proliferation of
LNCaP cells. Data represent means £ SD (n=6, *P<0.05, **P<0.01 versus vehicle-
treated control). (D) GnRHR-mediated inhibition of LNCaP cell proliferation by
GV1001. Cell proliferation was determined by IncuCyte ZOOM live-cell analysis
system. (E, F) Effects of GV1001 (E) and LA (F) on cell migration. Data represent
means = SD (n=12, **P<0.01 versus vehicle-treated control). (G) Expression levels
of GnRHR and AR in both AR-positive LNCaP cells and AR-negative PC-3 cells.
Data represent means + SD from three independent experiments. *P<0.05 versus
LNCaP cells. (H) Effect of GV1001 on cell proliferation of PC-3 cells. (I) Effect of

GV1001 on cell migration of PC-3 cells.
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1-5.GV1001°] o§ A ETA/AE FE &3
GV1001o] 98 AE 22 A anrt AEZA7IAFE oA Efol

7108 =R #EstuA MEATIAIE FE @49 caspase-3/7 24

ol
N
o
il

Al &5 TF LNCaP Al X2 GV1001S A X3} & W, caspase-3/7

il

Aol Fw EH o FIHEATh (Fig 6A). ¥ GnRH FAHAI9)
LAS} CASt &
Z717F B A #ZH A0 (Fig. 6B). LNCaP Al X0l A A EA}7FAME o

A FolA WSS W GV1001< caspase-3/7 &4 9]

EE= gz W3S western blot #A1S 3] 918491, GV1001

2o o A EZAZFARFE S] X3 Q] PARP13} caspase-32] T Arto]
#ZE A} (Fig. 6C). =3 nEZ=2o} W AEZA7AME oA whuldel

Bel-29] W&ol GV1001 A Ao 98] #asts= AL gelaqlth (Fig 60C).

ot=g2A 84 S48 AHPAY AEFSA PC3 AENAHE GV100]
2 2] o]k M| EA}7FAL TAdsHA FEEAJAT (Fig. 6D, E).
GV10019] 9l& HF=¥E dHAS AEF AEA7IAE a7 Al EWY

9WEE GnRH 845 Z4#3d=A #H7Fslaal GnRH =84 23

()
Jo
Fri
fol
&
)

LNCaP A|EFoA GV1001 #X| T caspase-3/7 AL AHFeA1

GnRH 8A siRNA7} =%l LNCaP A|EZF| A caspase-3/7 &4
77 BEAE A ZFdtk (Fig. 6F). °]oA, Gvioole] AA ul LNCaP
MM HdHE GnRH F-&A|o] #83h=%] Al@3staLAl CRISPR/Cas9
Al 2=®lE o] &3t GnRH G847} AP E LNCaP A EFE T-=3k3itt
(Fig. 6G). 2= LNCaP A3 ¢ GnRH &4 HF LNCaP AEXFE
Z2h = w2 o] F o] d § GVI001(10 mgkg, MY Fo, I3

FAL 2 Folg Foakds uw, tlERT LNCaP T4 A7)
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ol AE Egste] E uwl, GVI001E HAYPHM AFEe] I

GnRH 8418 miAstel AZA MRS &

k1
ol
K
=,
=]
o|X
1>
I
i
o
o

AuHom A £ o, A WAH YA ] gt

Y-S AT 5 A= AlF GnRH FAMAIYS AAE =

40



LNCaP

~
&
)
s
ae
c2 8
22 6
; & 4
Vehicle GV1001 0.1 uM GV1001 1 pM GV1001 10 uM i g
GV1001 (UM) - 01 1 10
5
~
i e g G 4
A g [Re)
i @ =
RN SO %g3
; =
;E 2
BRI LRI Eo
Vehicle GV1001 0.1 uM CA0.1puM LA 0.1 M & 0
g &s
GV1001 (M) - 01 03 1 3 10 g, .
PARP1—|—.—.-._....-| 588
@ g2 3
c O a5
CFPARP] = | == = == = = &= | 8 o=,
| Bi
B-actin = | s— R
st
¥ B0
GV1001 (UM) - 0103 1 3 10
= 8 = 1.2
GV1001 (M) - 0.1 03 1 3 10 T_T % E T~ 10
I—l 528 6 §EE
cl-casp3 = - - -‘”*' Eég- _E§$ 0.8
= o
Bol-2 = [ e e o = == =] S04 4 Sag 00
sl 095 0.4
) EEG 2 B
B-actin —l | = Lé 8= 02
& 0 & 0.0

GV1001 (uM) - 0103 1 3 10 GV1001 (uM) - 0103 1 3 10

41



PC-3 2
& _25
6o
g8
2210
5%os
Vehicle GV10010.1pM  GV1001 1M GV1001 10 uM 2
GV1001 (uM) - 04 1 10
GV1001 (uM) - 01 03 1 3 10 %6§ 25
pARp1—|_._._._—— | S‘gg 2.0
229 45
CHPARPT = [ o e wow s woe | 525 -
=n 1.0
P"aCtin>|——-—--| gsﬂ:
5 o5
@ =
X 300

GV1001 (uM) - 0103 1 3 10

1 Control siRNA
EEl GnRHR siRNA

ok

Relative caspase-3/7
activity (Ratio)
o N A O

- GVv1001

I
5
c
Q
o
<
Z
x
K
o
T
[
[=4
9]

Vehicle

1.2
1.0
0.8
0.6
0.4 ol
0.2
0.0

Control  GnRHR
sgR/Cas9sgR/Cas9

Control  GnRHR
sgR/Cas9 sgR/Cas9

ratio to control

Relative densitometirc
(GnRHR/B-actin)

% ~@- Control sgR/Cas9 - Vehicle
[ ~@- Control sgR/Cas9 - GV1001 10 mg/kg
4 25007 9~ GnRHR sgR/Cas9 - Vehicle
> GnRHR sgR/Cas9 - GV1001 10 mg/kg
° T 2000 I
= £
8 ® 1500
£
2 2
8 > 1000
= S
14 £
3 2 500
14
© 0
s 0 2 4 6 8 10 12 14(day)

Vehicle GV1001

42 2




Figure 6. GnRHR-dependent apoptosis induction by GV1001. (A)
Concentration-dependent effect of GV1001 on caspase-3/7 activity in LNCaP cells.
LNCaP cells were exposed to GV1001 (0.1, 1, and 10 uM) for 72 h and caspase-3/7
activity was determined by IncuCyte zoom system. Data represent means + SD (n=6,
**¥p<(0.01 versus vehicle-treated control). (B) Comparison of apoptosis activity in
GV1001-, CA- and LA-treated LNCaP cells. (C) Determination of apoptosis marker
proteins in LNCaP cells. LNCaP cells were incubated with or without GV1001 (0.1-
10 uM) for 72 h. (D) Concentration-dependent effect of GV1001 on caspase-3/7
activity in PC-3 cells. (E) Determination of cl-PARP1 in PC-3 cells. (F) Effect of
GnRHR siRNA on caspase-3/7 activity. Control siRNA or GnRHR siRNA-
transfected LNCaP cells were exposed to 10 uM GV 1001 for 72 h and caspase-3/7
activity was determined by IncuCyte ZOOM system. (G) Protein levels of GnRHR
in LNCaP-Control sgR/Cas9 and LNCaP-GnRHR sgR/Cas9 cells. Data represent
means = SD (n=4, *P<0.05 versus LNCaP-Control sgR/Cas9 cells). (H) Tumor
growth of LNCaP-Control sgR/Cas9- or LNCaP-GnRHR sgR/Cas9-implanted
xenografts. Left panel, representative images of tumor-bearing mice injected with or
without GV1001 (10 mg/kg) for 13 days; Right panel, time-dependent changes in
tumor volume. Data represent means = SD (n=5, **P<0.01 versus vehicle-treated

control group).
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Figure 7. Effects of GV1001 on PCa-tumor metastasis. (A) Effects of CA, LA
and GV1001 on CRE-luciferase activity in HEK293-pcDNA3.1(+) and HEK293-
GnRHR cells. The cells were exposed to CA (100 nM), LA (100 nM) or GV1001
(10 uM) for 24 h. Data represent means + SD (n=6, ***P<0.005 versus vehicle-
treated control). (B) mRNA levels of MMP2. RT-qPCR was performed in LNCaP
cells with LA (100 nM) or GV1001 (10 uM) for 24h. (C) Determination of MMP2,
MMP9 proteins in LNCaP cells. LNCaP cells were incubated with or without
GV1001 (0.1-10 uM) or LA (1-100 nM) for 24 h. (D) Determination of EMT-
related proteins in LNCaP cells. LNCaP cells were incubated with or without
GV1001 (0.1-10 uM) for 24 h. (E) Effect of GV1001 or LA on LNCaP spheroid
formation. LNCaP cells were seeded in 96-well ULA plate and treated with LA
(100 nM) or GV1001 (10 uM) for 96 hr. Data represent means + SD (n=4, *P<0.05
versus vehicle-treated control). (F-H) Spleen-liver metastasis of LNCaP cells-
implanted xenografts. After injection, the mice were divided into 3 groups (n=7-10)
and treated with vehicle (PBS, daily, s.c.), GV1001 (10 mg/kg, daily, s.c.) or LA
(0.1 mg/kg, daily, s.c.). Data represent means = SD (n=7-10, **P<(.01 versus
vehicle-treated control). (F) Representative pictures of the metastatic liver tumors
from each group are shown. (G) Statistical analysis of the incidence of liver
metastatic colonization. (H) Histological staining of the metastasized-liver section

(H&E staining).
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Figure 8. Regulation of AR in PCa migration model in vitro. (A) Gene expression
of AR in therapy-induced developmental reprogrammed-PCa cells (n=3) as
compared to parental PCa cell lines (GSE66852). Data were shown as box and
whisker plot. Box, interquartile range (IQR); whiskers, 5-95 percentiles; and
horizontal line within box, median. (B) AR-mediated inhibition of LNCaP cell
migration with the treatment of DHT (2 nM). Migratory cell numbers were
determined by IncuCyte ZOOM live-cell analysis system. Data represent means +
SD (***P<0.005 versus vehicle-treated control, #P<0.05 versus flutamide-treated
group). (C) Silencing of AR by CRISPR-cas9-gRNA. Expression of AR was
determined by immunoblottings. (D) AR silencing-induced increase of LNCaP cell

migration.
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Figure 9. Activation of AR by GV1001 in PCa cells. (A) Confocal images of AR
in LNCaP cells treated with DHT (100 nM) or GV1001 (10 uM) for 24 h. (B)
Immunoblottings of AR phosphorylation in LNCaP cells treated with DHT (100 nM)
or GV1001 (10 puM) in a time-dependent manner. (C) Immunoblottings of AR
expression and AR phosphorylation in LNCaP cells treated with GV1001 (0.1-10
uM). (D) Effects of GV1001 on ARE-luciferase activity in LNCaP cells. LNCaP
cells were transiently transfected with ARE-luciferase plasmid (1 pg/ml) and the
cells were exposed to DHT (100 nM) or GV1001 (0.01-10 uM) for 24 h. Data
represent means = SD (n=6, **P<0.01 versus vehicle-treated control). (E) GV1001-
mediated functional additive increase on DHT-induced increase in ARE-luciferase
activity (n=8). (F) Immunoblottings of AR expression and AR phosphorylation in
LNCaP cells treated with GnRH (0.1-10 uM) or LA (1-100 nM). (G) AR-mediated

inhibition of LNCaP cell migration by GV1001 (10 uM).
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Figure 10. Gas-cAMP pathway-dependent activation of AR by GV1001. (A)
Immunoblottings of AR expression and AR phosphorylation in LNCaP cells treated
with GV1001 (10 uM) and calcium chelator BAPTA/AM (10 uM), soluble adenylyl
cyclase inhibitor KH7 (5 puM), Gai inhibitor pertussis toxin (PTX, 100 ng/ml),
transmembrane adenylyl cyclase inhibitor SQ22536 (10 uM). (B) Inhibitory effect
of KH7 on GV1001-induced ARE-luciferase activity in LNCaP cells. LNCaP cells
were transiently transfected with ARE-luciferase plasmid (1 pg/ml) and the cells
were exposed to KH7 (5 uM) and GV1001 (10 uM) for 24 h. Data represent means
+ SD (n=5, ***P<0.005 versus vehicle-treated control, ###P<0.005 versus GV1001-
treated group). (C) Immunoblottings of AR expression and AR phosphorylation in
LNCaP cells treated with forskolin, a cAMP activator (0.1-10 uM). Data represent
means = SD (n=3, *P<0.05 versus vehicle-treated control. (D) Inhibitory effect of
KH?7 on forskolin-induced AR expression and AR phosphorylation in LNCaP cells.
(E) Inhibitory effect of KH7 on forskolin-induced ARE-luciferase activity in LNCaP
cells. (F, G) Regulation of DHT-induced AR activation by Gaq activator, LA (100
nM). (F) Inhibitory effect of LA on DHT-induced AR phosphorylation in LNCaP
cells. (G) Inhibitory effect of LA on DHT-induced ARE-reporter activity in LNCaP

cells.
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Figure 11. Inactivation of YAP1 and AR-coregulator switch by GV1001. (A, B)
Gene expressions of AR coregulators increased or decreased by prostate cancer
metastatic process. YAP1(A) and NKX3.1(B) expressions in primary prostate tumor
tissues, metastatic prostate tumor tissues or normal prostate tissues of prostate cancer
patients (n=164)(GSE6919). Data were shown as box and whisker plot. Box,
interquartile range (IQR); whiskers, 5-95 percentiles; and horizontal line within box,
median. (C) IP and immunoblottings of AR and YAP1 proteins in LNCaP cells
treated with GV1001 (10 uM) for 24 h. (D) YAP and TAZ proteins in cytoplasmic
and nuclear fractions obtained from LNCaP cells that treated with GV1001 (10 uM)
for 24 h. (E) Immunoblottings of NKX3.1 in LNCaP cells treated with GV1001 (0.1-
10 uM) or LA (1-100 nM). (F) Induction of ubiquitination by GV1001. LNCaP cell
lysates were immunoprecipitated with YAP1 antibody and analyzed by
immunoblottings with anti-Ub antibody to capture polyubiquitinated YAPI.
(G)Inhibitory effect of KT5720 (upper) and KH7 (lower) on GV1001-induced YAP1
phosphorylation in LNCaP cells. (H) Co-immunofluorescence (co-IF) analysis of
YAP1 and phospho-YAP1 proteins in LNCaP cells that were treated with GV1001
(10 uM) for 4 h. Alexa Fluor 568 stained YAP1 (red), Alexa Fluor 488 stained
phospho-YAP1 (green) and DAPI stained cell nuclei (blue). Magnification: 60X.
Micrographs are the representation of multiple confocal images. (I) mRNA levels of
AR and YAPI target gene. RT-qPCR was performed in LNCaP cells treated with
DHT (100 nM) or GV1001 (10 uM) for 24 h. (J) ChIP-qPCR analysis in LNCaP
cells of AR recruitment to PSA, CTGF, NKX3.1 promoter after treatment of DHT

(100 nM), GV1001 (10 uM) or LA (100 nM).
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Figure 12. Effects of YAP1 regulation on PCa in vitro migration and in vivo
progression. (A) Silencing of YAP1 by CRISPR-cas9-gRNA. Expression of YAPI
was determined by immunoblottings. (B) Inhibition of LNCaP cell migration by
YAPI knock-out. (C) Mutation verification of YAP1 with T7E1 digestion assay. In
CRISPR-cas9-Ctrl transfected LNCaP cells, control band was positively detected. In
CRISPR-cas9-YAP1 transfected YAP1 KO LNCaP cells (YAP1 #7), heteroduplex
mutant DNA were detected. (D) LNcaP-WT and LNCaP-YAP1 KO cells were
transiently transfected with YAP/TAZ-responsive promoter-luciferase plasmid (1
ug/ml) and the cells were incubated with or without serum (10% FBS) for 24 h. Data
represent means = SD (n=4, **P<0.01 versus LNCaP-WT). (E) YAP1-mediated
LNCaP cell migration. Migratory cell numbers were determined by IncuCyte ZOOM
live-cell analysis system. Data represent means + SD (*P<0.05, **P<0.01 versus
vehicle-treated control). (F) Effect of GV1001 on LNCaP cell migration via YAPI.
(G) Gas/cAMP pathway-mediated inhibition of LNCaP cell migration. (H) Effect of
GV1001 on LNCaP cell migration via Gas/cAMP pathway. (I) Tumor growth of
LNCaP-WT and LNCaP-YAP KO cells-implanted xenografts. Time-dependent
changes in tumor volume. Data represent means + SD (n=4, *P<0.05 versus LNCaP-
WT group). (J) Constitutive active form of YAP1. In MSCV-YAPSSA transfected
LNCaP cells, Myc and CTGF were highly upregulated. (K) YAP1-upregulation
increases LNCaP cell migration. Migratory cell numbers were determined by
IncuCyte ZOOM live-cell analysis system. Data represent means + SD (*P<0.05,

**P<0.01 versus vehicle-treated control).

67 4



R
i

IV.

KeR
T

APt FAolA Tsk= o 5 S AbgEe] 7HA
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AgErks ga AR ael AWHoeks A R FAHe A=
opAle] el Wad Awelth AWM AR ARt e
a3t

sl 1 T FAENA 1AHHor Py S UE A
Mo 2 AL-8%TH(Akaza, 2011; Cornford et al., 2017). Z# 1} Fo
el Hdel& sytele oAb mEr e,

dgxcto= Qg Aol =5 Ydo] HTH(Chi et al., 2009; Devlin

9
[
2

and Mudryj, 2009; Harris et al., 2009; Lassi and Dawson, 2010).

GnRH &A= dHAY 278 To3 B7le®, GnRH A &5
Qb Fofstd AGEE-H sk Al A A Ee] GnRH =84 B AbE
doA A M| HAEXAHE 4|7 A th(Jacobi and Wenderoth,
1982). GnRH &A= GPCRY dFo=, AHx 9oFo =}
Aagrste]  shele]  G-EiES A3 AL AE JR AsE
s tl(Hawes et al., 1993; Stanislaus et al., 1998). 3} X A=
T2 AEAAM AT o] o|EXHC® GnRH F8A7F 8kl

449 Gawde @45 dosm FA s W s=E R

Mo

71eS A3 Aol 7 Eo] ATtHGrosse et al., 2000; Hille et al., 1994;
Voliotis et al., 2018). ©]&]g A4 GnRH F&A7F A2 tE& A=9

Ja 77 the mNE fEd7 94, G GuAade ww



=
(PC-3, LNCaP) A= @& == Aol &Rlxo] 9dtk(Bono et al., 2002;
Borroni et al., 2000; Kakar et al., 1994; Kang et al., 2003). ©]£} 7ro] <AL
HHE GnRH 7841 HAlEe] el A4 7lodsta 3lom, GnRH
FARAI SOl kg G-t A S Aoz A o] A
oAl &E zteve Aol Hawo]l vk &g Ul QKHEC-1A,
Ishikawa) % A 9KHEFO-21, EFO-27) A%l w3 ¥ GnRH F-&A7}
GnRH fAHAISE  Z2geels w, 399 Goi-Tids sk

3% (Grundker et al., 2001; Imai et al., 1997; Imai et al., 1996; White et al., 2008)

2 2 4E F% A1ZE D (mitogenic signal transduction)(Emons et al., 1998)°]]
AAasE zte= Aol HEHASH, AYPHdd MEFT (JEG-3, DUI14S,

PC-3, LNCaP)°l4] GnRH A7} Goi-©+¥ldSs @43 A]A

AN EZA7IAIE S FE3HE Ao] B2 5 2 thAngelucci et al., 2004; Kraus et al.,

2004; Kraus et al., 2006; Limonta et al., 1999; Maudsley et al., 2004). H=3}
el wiNkgA AL AEFA DUMSE o] &F olF o]
=R GnRH FAHANE FE vhe2e Fosigle o

Bl oA AS wASl, AA WA APHel uEnA

T2E WA E TS aE FrHE o2 S tH(Dondi et al., 1998).
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WoodAqteq &gk wialel Gvioo1el AgAtel didk &gk #g-9
A 71dS "aekr] ffes fEel=e] 2 A4S AAleela, 1
A3 GV1001¢] ofH|=Ait 4D 457} GnRHF GnRH ZHE-AIQl LA 2
GnRH A&A¢ cAst FHE= e <lsh3lth. GnRH el ==
A 3E 2] Frof| A ohul 73] G A~ (proteolytic enzymes)©]| o] 3f
A= =t|(Cleverly and Wu, 2010; Peter et al., 1996; Yang et al., 1998), Trp-
Ser*¢} Tyr’-Gly® ¢ ZAdo] dus+ o= d#A Sti(Lasdun et al.,
1989; Peter et al., 1996). B3k, Gly®e] *|3k2 fEfo]=9] 272 ML S
FojFaL, A% A¥eS F7HAZIM, WARA 7 AE(metabolic
clearance) s RF+ 7154 5A4¢] 7] Wi, GnRH FAHE A S
Al o] ofmxAbe] X3S 7HF @Wo] A]XEghri(Sealfon et al., 1997). C-
terminal®] o & o}w}o] = (ethylamide)l] ©]3+ glycine-amide X3+ & A]
GnRH F&A¢te] AsS U wole so=z d# A Qlti(Sealfon et
al., 1997). GnRHRe®l| gt 2]7t= A ejdol e st= Tyr’, Leu’, Arg®(Lu et
al., 2005), 53] Leu= GnRH FAFAo|A A 8=#] F=T) Leu’, Argde
GV1001°l4 LA 3 CASt THHE residuecl = EFFE o] A7 wjZol,

GV1001°] GnRH &Aool thst 73k Aeigd s 714 Aoz o FHU

olgldt 232 EWE GVI001©] GnRH FAMAI$ 7Zo] GnRH F-8&-#)9
AaeEd ged ¢ deA Fddslen, Hx=2 GVIe01©]l GnRH
70 -



GnRH

e
|

t}. T3k GV1001

p—

=

ZE 2] ko™, Gos-cAMP A

747

=
<)

bl W, M= AAEow

S

9k £ GVI01T LAS HE& HA

s

s

GV10013} LA7} 22 GnRH FE£A=

1
1

dl, °]

Hio]A GnRH

71E

.

N

o
K

)

v} 210 ™ (Krsmanovic et al., 2003),

s

A A

ot}

]

[e)

]

o

qoz W

4

_o/]

B

oj

B

tel 50w o]

S

GnRH¢} H] A

el
e Aom dyA slen, b

1
1

ot} AA= LA
Aa3s

7
o}

T AR g

GnRH AHIE
Z zfo]lE R QITti(Schally et al., 1971;

=
_

ol

Fsol

a3

J

5. O
4= F

]

S

Are)

-
a

Schally et al., 2017).

A4 © 2 GnRH A&

= )
o =

1ol 41 GV1001

Ws 99

#(luteinizing hormone, LH) %] <A

MEAE SNE 5

ko3

o

7+2 ¥ TH(Eckstein and Haas, 2014).

A3 A

o
T

= grEAHE $X

Yol

2ol

FrAFA 2F
2= ATHPCT application PCT/KR2014/005508). ©] 2

GnRH

& st

=3k

A

§_]__

AN Bt

ol
ol

GV1001%] GnRH

71



GV1001°] GnRH frARAleE o] Agddtel g F¢ ae&
7P =R Brketaak shsith INCaP dHAY AEFE FEukg-2d
o)A g o]F o4 TEEIE Foll GV10019] ARk Aol It
Fo maxE Hrksklth GV10019] Fol= LA Fofoh o] dd
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YAP1 #7443t xHo] #oxo] leom Az, Ax HAIAS
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VI. Abstract

Anti-prostate cancer effect of GV1001, a novel

GnRHR ligand

Ji Won Kim
Adpvisor: Prof. Keon Wook Kang

GV1001, a 16-amino acid fragment of the human telomerase reverse transcriptase
catalytic subunit ("nTERT), has been developed as an injectable formulation of cancer
vaccine. Here, we revealed for the first time that GV1001 is a novel ligand for
gonadotropin-releasing hormone receptor (GnNRHR). Binding of GV1001 to GnRHR
stimulated the Gas-coupled cAMP signaling pathway and antagonized Gag-coupled
Ca?" release by leuprolide acetate (LA), a GnRHR agonist. We then tested whether
GV1001 has an inhibitory effect on tumor growth of LNCaP cells, androgen
receptor—positive human prostate cancer (PCa) cells. GV1001 significantly inhibited
tumor growth and induced apoptosis in LNCaP-implanted xenografts. Interestingly,

MRNA expression of matrix metalloproteinase2 and matrix metalloproteinase9 was
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suppressed by GV1001, but not by LA. Moreover, GV1001 inhithited the
proliferaion and migration of PCa cells and induced GnRHR-dependent apoptosis.

Inhibition of androgen receptor (AR) activity or androgen deficiency is known to
cause resistance of prostate cancer to anti-androgen agents. GV1001 treatment
increased both cAMP/PKA-dependent AR phosphorylation and androgen-response
element (ARE)-mediated transcriptional activity in LNCaP cells. The enhanced AR
activation by GV1001 suppressed the cell migration ability of LNCaP cells.
Although AR activity is generally considered as a major mediator of PCa growth,
interaction of AR with specific coregulators can determine the fate of PCa
progression such as metastasis and chemoresistance. Among diverse AR
coregulators, Gene Expression Ominibus (GEO) analyses showed that YAP1 was
identified as a key gene for metastasis of prostate cancer. CAMP/PKA-dependent
Ser-127 phosphorylation and the subsequent ubiquitination of YAP1 were enhanced
by GV1001 in LNCaP cells. Moreover, GV1001-induced YAP1 degradation
inhibited its binding to AR and consequently suppressed the expression of
downstream target genes of YAPL. Inhibitory effect of cell migration by GVV1001
was completely reversed by overexpression of YAP5SA, constitutive active form of

YAPL. Spleen-liver metastasis mouse model confirmed that liver metastasis of PCa
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cells implanted in spleen was significantly inhibited by GV1001 injection. Taken
together, our data reveal that GV1001 is a novel ligand of GnRHR and shows anti-

cancer efficacy in PCa.

Keywords: prostate cancer, \TERT, GV 1001, androgen receptor, coregulators, hippo

pathway, YAP1, NKX3.1, proliferation, migration, cancer metastasis
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