Turun yliopisto
University of Turku

ROLE OF FIBROBLAST GROWTH
FACTORS AND THEIR RECEPTORS IN
PROSTATE CANCER

Lan Yu

TURUN YLIOPISTON JULKAISUJA - ANNALES UNIVERSITATIS TURKUENSIS

Sarja - ser. D osa - tom. 1234 | Medica - Odontologica | Turku 2016



University of Turku

Faculty of Medicine

Institute of Biomedicine

Department of Cell Biology and Anatomy

Turku Doctoral Programme of Molecular Medicine (TuDMM)

Supervised by

Professor Pirkko Harkénen, M.D, Ph.D
Department of Cell Biology and Anatomy
Institute of Biomedicine

University of Turku

Turku, Finland

Reviewed by

Taija af Hallstrém, Ph.D, docent Mika Matikainen, M.D, Ph.D, docent
Senior researcher, Institute of Molecular Chief, Department of Urology
Medicine in Finland (FIMM) Helsinki University Hospital
University of Helsinki Helsinki, Finland

Helsinki, Finland

Opponent

Professor Jan-Erik Damber, M.D, Ph.D
Head, Department of Urology
University of Gothenburg
Gothenburg, Sweden

Cover picture: Lan Yu/Mervi Toriseva

The originality of this thesis has been checked in accordance with the University of Turku quality
assurance system using the Turnitin OriginalityCheck service.

ISBN 978-951-29-6511-3 (PRINT)
ISBN 978-951-29-6512-0 (PDF)

ISSN 0355-9483 (Print)

ISSN 2343-3213 (Online)
Painosalama Oy - Turku, Finland 2016



To my family



Abstract

/IDQ <X

52/( 2) ),%52%/$67 *52:7+ )$&7256 $1' 7+(,5 5(&(37256
35267$7( &$1&(5

'"HSDUWPHQW RI &HOO %LRORJ\ DQG $QBWRYMH U\XQLW LRVXTA
JLQODQG 7XUNX 'RFWRUDO 3URJUDPPH RI OROHFXODU OH

ABSTRACT

3URVWDWH FDQFHU 3&D LV WKH PR WW GARRMIRMH @PQ@ X WI
WKH GHYHORSHG FRXQWULHV 5DGLWDOHSW R MWD\ HIRW R
SDWLHQWY ZLWK ORFDOL]JHG RU O FRRDHOW K® YDIEHGH W XIRF
53 3&D LV D KHWHWH JBRHRKX Y VG U W B KIDADMRHG/ EV PPIQDV D
UHFHSWRU $5 HVD\DUJES (K DUOHIEHS WRRWREEODVW JURZWK ID
DQG WKHLU UHFHSWRUV )*)5V Q) WKLV \DWXGG)*)B/K IZ AR O
LQYHVWLIJDWHG LQ 3&D 3UHYLRXVE\WLW XSALRIW HEDWLHY K X100
ZKHUHDV )*) KDV EHHQ VKRZQ WR LQ'GQXFBQZEDP* )50 WUBIQ)
SRRUO\ XQGHUVWRRE) PRBE HYY IDIPWEIHVO\UHV SHFW

7UDQVJHQLF PRXVH PRGHOV ZHUH XVH® DVRWLLOQWHWWM IG]
IDFLOLWDWH )*) LQGXFHG SURVWDWH WIXFPRRIOLUHRHWN L0
ZHUH XVHG WR VWXG\ WKH H[SUHVV LR @&DDIVWNCH W& FR U HY X
FRUUHODWHG WR FRUUHVSRQGLQJ SDWLHQW GDWD 7KH
)*)5/ ZHUH FKDUDFWHUL]HG XVLQJ HJB HPWRIPHMOWDO LQ YL

7KH UHVXOWV VKRZ WKDW GHILFLHQFG RWR5KD Y K LWk Pk
VXSSUHVVLQJ FDSDFLW\ VHHPHG DWRLRQI @ XMWQGE HGHS R W KIH
LQGXFHG SURVWDWH WXPRULJHQHVLVUKSDDHGVHYVS BHWWKI
)*) LQ 3&D 7KH OHYHO RI F\IWRSODVRLFKH)3&DDELR¥KRF
UHFXUUHQFH %&5 ICHRRHDWIQDWHGGER Z®% YOIEMXHWR DF
LQGHSHQGHQW SURJQRVWLF ELRPDUMNHWYYVLRWY 3RID) 9B W L M
PRVW UHFHQWO\ LGHQWLILHG )*)5 RUWFLFONVRGHQXNDMHG)
ZDV DVVRFLDWHG ZLWK KLJK *OHD VR RFRRHL VGIGZ DLV VOB
FHOO PHPEUDQH )*)5/ 6LOHQFLQJ RID)*WURQY GG H FRJ
JURZWK UDWH RI WKHVH FHOOV D YSHIWQRPHDWWV VZLY IKQX&B
VKRZHG WKDW )*)5/ LV DEOH WR PR G XD WH QUXG®ILYY) SDW!
7KH QH[W JHQHUDWLRQ VHTXHQFLQJ 10HQHAHSH B&P id QAW\D
UHYHDOHG FDQGLGDWHYV IRU )*)5/ WDUJHW JHQHYV

,Q VXPPDU\ WKHVH VWXGLHV SURYLGB OQLHZ GDWBR ZDQV
QRUPDO DQG PDOLJQDQW SURVWDWH DX \JX)E/HDW Q RRH
SURJQRVWLF PDUNHUV IRU 3&D SDWLHQWV

_H\ZRUGY )*) )*)5/ (5 BWRWWDQFHU SURJQRVWLF PD!I
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6ROXELRORJLD MD DQDWRPLD %LROIINHWLHWHHQ OD
PROHNWOLOIINHWLHWHHQ WRKWRULRKMHOPD 7X'00

TIIVISTELMA

3URVWDWDV\|SI RQ \OHLVLQ PLHVW HX LSVD/ DROOLVIVD X 5@HSC
SURVWDWHNWRPLD 53 RQ WHKRND D KRLHWVRPLX RW R L LN
KRLWRRQ PXWWD VLOWL PXXWDPLOI®N HHRQV L DR DD D WD -
KHWHURJHHQLQHQ NDVYDLQ MRQND R@KMWI WIBN HWMQ H
DQGURJHHQHVWWHRSWR QL WEN HI5WRIELWD ILEUREODVWLND!
)*) VHNI QLLGHQ UHVHSWRULW )*)BV V/DVWH OYYILW/|HEWN IMLM Q
MD )*) MRLGHQ WLHGHWIIQ LQGXVRLYDQ KLURV WDIWNDN \ K
WXQQHWXW )*) )*)5 UHLWLQ PROHNWOLWW*BURWIVDWBON\
NDVYXQ VIIWHO\WQ WXWNLPDOOD NPLAQILNRINWHSIQLWY Y HL

7\|[VVI WXWNLWWLLQ JHHQLPXXQQH®WXHMHMRAKQNDLRROVH
WRLPLYDQ WXXPRULVXSSUHVVRULQD VRXRDOW PD\D\QY BIMRN WA
MD )*)5/ Q LOPHQW\WPILSWR MDD WDLM M/NL WYV DV PR @/N X G R V
DYXOOD MD WXORNVLD YHUUDWWLLQ WDV\WDDY QL ELRORLC
RPLQDLVXXNVLD MDVMDIYNWMWMNRYQMFR MIDHO Y VWHR [RDOOL

7XORNVHW RVRLWWDYDW HWWI (50 QQ\ W WL O DI WM B PILYV @ |
LOQDNWLYRLWXPLQHQ SRLVWRJHHQLYV WOV VD) HLD OLVPGIC
MRXGXWWDQXW WXXPRUHLWWHQ P XRGERNWDXORCLMAMXIX G N X W
(5EQ WXXPRULVXSSUHVVRULDNWLLYLVXK®EB®RYV DHULX\NWMH
DQDO\WRLPLQHQ RVRLWWL HWWI )*)VI RQULONMIVEIW WL W
VIWRSODVPLQHQ )*) WDVR OLLWW\LQS ER RWORPILF\DOI Q) KX
% &5 MRND WRGHWRMLQ QHWHHH BI&KP MWD YXHREE B H WAKR/IWPH HEBO® M
LWVHQILVHQI V\|YIQ XXVLXWXPLVWD HQLQQD/ W B)6D QRO UR\]
OLVIIQW\Q\W SURVWDWDV\|[YIVVI PRYWWX®RWOBNELER QU
NRUNHDDQ *OHDVRQ OXRNNDDQ MD BSQWDIHHQDDWLBENWI
NXQ WDDV VROXND®YR/OM@H PVILM®@ L WAKYHDHIR WLOBQL Q Y
)*)5/ Q LQDNWLYRLWXPLQHQ 3& 0z S URNNND/DNW |SHWRAO QL
WXXPRULNDVYXXQ DWWPLVLVVI KLLULVVI 3URVWDWDV\[S
HWWI )*)5/ S\VW\\ VIIWHOHPIIQ )*)  MRLQVY LY HLMWWWHMIV I
VHNYHQVRLQWLNRNHLWWHQ SHUX\VOPHIQOWWPLWWQQLVWHW

<KWHHQYHWRQD YRL WRGHWD WIPIQRWXWN LD X NMHQV MO
PHUNLW\NVHVWI| SURVWDWDV\|YIQ NDQOXVWD MBWHW H ®)H |
)*)5/ Q PIIULWWIPLVWI YRLGDDQ WXOHY DUWXRGEWDHV \
SURVWDWDV\|SISRWLODLWWHQ H @ QOWWWHHNWAR P LNDID ¢ DV W H \

$YDLQVDQDW*) )*)5/ (5 DBWBVWSI HQQXVWHHOOLQHQ
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7KLY WKHVLV LV EDVHG RQ WKH IRGE&RXZUWID U R LH.L
LQ WKH WH[W E\ WKH 5RPDQ QXPHUDOV , ,,,

, (OR_7 <X/ 9DOYH ¢IONNEBD63 'HILFLHQF\ R
SURVWDWH WXPRULWUDMM QIOF )PLEH (QC
&DQFHU
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UHFXUUHQFH DIBWHFWRAA\FDOWSURDVWFHU

,,, <X | 7RULVHYD 0 (ULFNVRQ $ B6HLNNXOD -
%RVWU|P 3 OLUWWL 7 $ODQHQ . .DOODMR
+IUN|QHQ 3 ,QFUHDWHO/)RG/LW[BWYRFDDMWH C
FDQFHU SURJUHVVLRQ ODQOXVFULSW

7KH RULIJLQDO SXEOLFDWLRQV KDYHLRKHRI WWHH
FRS\ ULJKW KROGHUYV



Introduction

1 INTRODUCTION

3URVWDWH FDQFHU 3&D LV WKH PRVW WRKRMPR:
VHFRQG OHDGLQJ PDXWHIGRG HFDW R HLUB R Q \§ UG M
ORVW SURVWDWH FDQFHU SDWLHQWYG GUNHDR E
GXH WR WKH ZLGH XVH Rl SURVWDWHS DSHEEEID
SURVWDWHFWRP\R&3WRBGDISD ®LUHVE REDW. RQI \R
ORFDOL]HG RU ORFDOO\ DGYDQFHG V8RRV V6B WIHV
D FXUDWLYH WUHDWPHQW IRU PRV ®&URDAWLCHQN KT
EXW VWLOO LQ WKH IROORZ XS PRUH WKDQ :
36$ OHYHOV VXJJHVWUQRIOEQRFROPUABRUUHQFH
SDWLHQWY ZLWK LQFUHDVHG SRVWRSHUFDWLY |
UHFXUUHQFH %&5 VWIDMULHAURP RBWD RS HFQ FRF
GHDWK $OVR RI WKH SDWLHQWYV ZLWK QHZC
PHWDVWDWLF GLVHDVH ZLWK QR SRRY DBV WWH
FOLQLFDO SDUDPHWHUV VXFK DV WKH GXUHRVWE
*OHDVRQ VFRUH DWIBJED®KIRO RO EMMRRRIUDPV E
SDUDPHWHUV DUH XVHG WR SUHGLFMRZMKHI S D
EHFDXVH RI WKH KHWHURJHQHR XV FE®ODFDMHLLRLC
WKHVH SDUDPHW H UY ALH Q W WV R OZIDAMBAVERAK MUKHHI RSl
QRYHO ELRPDUNHUV IRU UHFXUUHQFH RI 3&D D
SDWLHQW FRXQVHOLQJ DQG DGMXY D QI UWKHWL
XQGHUVWDQGLQJ RI KWPD ® HAK\QA B PAD BNGK BR D L .
SURJUHVVLRQ DW WKH PROHFXODUY&BYWOULWM
WKHUDSLHV IRU WKH GLVHDVH

$V D KRUPRQH UHDDWRHE F\D Q DU H D WBRE] MRV ED
LQYROYHG LQ UHJXHOBDWKPR®E LR H GHNRMAWDRY & L\D X F
DQGURJHQ UHFHSWRQ WHFBOW RHY W®HRHPW G QG
$5 SOD\ D FULWLFDO UROH LQ SURW WWROQV HD & HHHX
LQ 3&D LQLWLDWLRQ DQG SURJUHVWBDRE® %DUIH
(5. LV FRQVLGHUHG WR EH DQ RQFR BHQICA. | B BWW
LQIODPPDWLRQ DQGJRDW (53 QDM \E HZHKM SY R SRW B G
DQWL FDUFLQRJHQLDB QG URQMSLR 5Q/IRW PFDOMMPPU \
5LVEULGJHU &KDQJ 3ULQV /IND® BQGD
GHFUHDVHG GLIIHWHK®GWLD® LFRH® GFHER) SIUHS\RAU DWY
(5 NQRFNRXW % (5.2 PLFH



Introduction

7KH ILEUREODVW JURZWK IDFWRUV 130 DIDQA® M
SDWKZD\V GULYH FUXFLDO ELRORJLHFWDIO/ SEURKA
KHDOLQJ DQG FHOO SUROLIHUDWLRQ VXUYLYD(
)*)V DQG )*)5V SOD\ FULWLFDO UROHV LQ FDQFF
3&D HOHYDWHG H[SUHVVLRQ RI )*) )*) )*)
)*) DQG )*) DV ZHOO DV )*)5 DQG )*)5 KDY
&URQDXHU HW DO *URVH 'LFNVR®@DQJ HWJ
DO )*) DV D PLWRJHQLF JURZWIRMVWYDWHR
WXPRULJHQHVLV D Q/GD3ER® DR H RPIHHQ BIVW D\OLV 7 >
9DOWD HW DO (OR HW DO W XV HX IHQG LR
WKDW )*) DQG )*)5/ DUH DOVR DOWHUH® Q®& W}

UHVSHFWLYHO\ 06.&& &DQFHU &HOM®R HW &|
DO 8QWLO QRZ WKHUH DUH QR)NBIXEGIQHV F
SURVWDWH FDQFHU DQG JHQHUDOO\ RQO\ D IHZ
FDQFHU

)*) DOVR NQRZQ DV )+) EHORQJV WR D )*)
ILEUREODVW JURZWKVIDB WK B WK\R P RO)BA RX/K/ HSK DI
WKH KLIJKHVW OHYW®WE8PWKROTGHDYR XV $Q D\
)*) ZLWK FDQFHUV KDV QRW EHHQ VWXIBLHG P
OHYHO LV REVHUYHGO\RESKS IURIBMU PAHUVHID\DW D V|
DGHQRFDUFLQRPD FRPSDUHG WR S U KPIDHI® MWOP/R}
OHYHO RI )*) H[SUHVVLRQ KDV EHHQ SIRRQG \
SURJQRVLV RI SDQFUHDWLF DQG FHUYRRDG IF BIQV
DO

)*)5/ LV WKH PRVW UHFHQWO\ GLVFRYHUMG W H
DEOH WR ELQG )*)V EXW FDQQRW VLJRDWKYDD V
EHFDXVH RI ODFNL®FHROKWDRQ DNOU BDYMQMH7 KH Q
IXQFWLRQ DQG H[SUHVVLRQ RI )*)5/ LQLPWOQJC
)*)5/ VKRZV DEHUUDR®@ RMBUHNYLW®P RD W LARQGWK
6FKLOG 7UXHE ZKHUHDV LW GILY SEODD G G3H
FDQFHU ODUWLQR HW DO +RZHYHU LQFL
IRXQG LQ HVRSKDJHDO VTXDPRXV FHO/Q WDYHQY
UHODWHG WR SRR EDUBLYRRIMN @WIHR W P | K ARG
PHWDVWDVLV 7VXFKL\D HW DO 6KLPDGD HV

,Q WKLV WKHVLV ZRUN WKH H[SUHY"LRDQIQG
)*)5/ LQ KXPDQ 3&D ZHUH LQYHVWLIPWHBGQ®BLRO
)*)5/ ZHUH VW X G Lik\&/0oZLG3Gtr& RWKHULPHQWYV 7KH



Introduction

(5 LQ )*) ELQGXFHG SURVWDWH W XPRR\LVHUHA
)*) E WUDQVJHQLF DQG (5 NQRFNRXW PLFH



Review of the literature

2 REVIEW OF THE LITERATURE

2.1 Prostate cancer

,Q KXPDQ WKH SURVWDWH LV D EUDQFKHG GXFV
EODGGHU DQG VXUURXQGYV WKH X UHWHWWHDV B \&
WR VHPLQDO IOXLG 3URVWDWH FD@FHHWG FOm FIH
LQ PHQ ZRUOGZLGH $GYDQFHG DJH FEIPUQVKL)
IDFWRUV RI 3&D 3&D LV D YHU\ KHWHURQBQBRX
IRU D ORQJ WLPH EXW ZKLFK FDQ DD R]HG KBDF
DFWLYH VXUYHLOOWDRWH FWRELFB® KHIRD S)\DGLVD A
HIWHUQDO EHDP RUDEEWUKHWERSA\WDWH BADEH ¥ \R P
RSWLRQV $QGURJHQ GHSULYDWLRQ LW KSHUURD\SW D$
FDQFHU RU DV QHRDYTMMXY D/QWH D\Y BH Q &/DIWR REL (
WKHUDS\ LQ KLJK ULVN ORFDOL]HG RID\WRHDQW §
SURJUHVVHG WR FDVWUDWLRQ U H VAR/MPIRQWK IS U B
ZLWK GRFHWD[HO RU QHZ DQGURJHQ SDWKZEC
HQ]DOXWDPLGH DUH XVHG 'DPEHU $XV

2.1.1 Epidemiology and etiology of prostate cancer

3URVWDWH FDQFHEFRYG ®RENOPOR PR DPIHO L Q QPO
DQG WKH LQFLGB QFHKRQAR HWHDYLEED DRFRXQW
IR U RI GLDJQRVHG FDQFHU LQ PHQ ZLWK DQ
ZRUOGZLGHO\ &KHQ HW DO ,QV(RU RS &I
FDVHV DQG GHDWKYV L@®QG ZHUHUHWVSHWRDL YHD D

'HVWHUQ (XURSH VKRZHG WKH KIFHHDWE Q
PRUWDOLW\ DQG JHUOD\3R I D@PRV\
WDNHV XS RQH WKLUG RI DOO FDQFHUV GLDJQR"
GHDWK DOWKRXJK WKH PRUWDOLW\ KDYH GHF
(QJKROP HW DO (QJKROP HW DCHQLQJ RUR
36$ HDUO\ GHWHFWLR QVD B BWPHEQY W TROAGK I R HWH
UHGXFHG PRUWDOLW)\ 7KH KLJK LQBPLGMQRHOR U3
GXH WR D ZLGH DGRSWLRQ RI SUR Q\® DWKXHE WHTEH.
ELRSVLHV )HUOD\ HW DO

7KH IDFWRUV WKDW FDXVH 3&D DUHWRRIW ZHOFD
DV LQFUHDVLQJ DJH IDPLO\ KLVWRUWG HXQQNL IHW
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*U|QEHUJ +HLGHQUHLFK HW DO HQW\$ DR
GLDJQRVHG DIWHU WKH DJH RI  \HOWMG DSDGNOH ¢
DUH \RXQJHU WKDQUJ \HDU WV K HU QMR WHRGE HL & K|
3&D LV DW OHDVW GRXEOHG LI RGHVIHDVW GHOU

DO 7KH VXJSHQWWG XQBK VXVEBHSWIPRPLDAOLLWH
DV +3& +3& +3& 3&D3 &$3% +3&; 51%6(/ O0€
&$3=% %5&$ %UDWW '"HPLFKHOLV WEKWDOQ I

JHQHWLF UHJLRQV DBAGEMH@NLG6HDQMWKILYEG LQ
DVVRFLDWLRQ VWXGLHV VKRZLQJ ZLDBMHJADGMH
(HOHV HW DO ORUHRYHU U HFHHIPW MYHX BR ¢
QXPEHU YDULDWLRQ LV DOVR DVVREWDQ@HG HUW
%RWK LQFLGHQFH DQG PRUWDD GWMYVBHEW B
ORZ LQ $VLD )HUOD\ HW DO K HOG DUA G/ INWI IDFEQ\
$5 LQ WKH ILUVW SODFH FKUROQLFKRUWBDRSVRVU
WKH PRVW GLVFXVVHG IDFWRUV WXOW 'HUGD 8 DD
HW DO 'LDNRYIBIM @HOQ OINHOI HU DRQHRY
UDGLDWLRQ VPRNLQJ GLHW ZHLBKEW BQ ® ISGNWHL
3&D &X]LFN HW DO 'LVFDFFLDWL RON
6KDOOLNHU HW DO 3DWHO 6WHSKHQVRQ

2.1.2 Histopathology of prostate cancer

+LVWRORJLFDOOFRWER VHRRWDAHQIGW DQG VWU
FRQVWLWXWHG E\ PXPDQ DFcH 6 S ¥V WIKG®AREDOWR HX,
VWURPD FRPSULVHV VPRRWK PXVFOM ILEMWY DRY
FDSLOODULHVURKSH® QVRHDFLQDU D G R Q RVAUDLUEKIW
WR WKH YDVW PDMRULW\ RI 3&D DK G W B D W FQRQF
FDUFLQRPD VTEHEPRRXYXDPERXY ABUPD@FESDRNVD
KDYH WZR FHOOF@DXPWOD U V WRLOHOIVE IQ L W DIQ/GKIHRG
GHSHQGHQW DQG OLPLWHG LQ S U RRK. IFMHLDQMLIRLX
SUROLIHUDWLRQ FDSDFLW\ DQG LV GRBULISHH EH(
DUH GLVSHUVHG LQ WKH EDVDO ODLN®WUPHSLWK
QHRSODVLD +*3,1 OHVLRQV DUH SHUFHLYHG DV
RI +*3,1 DUH FURZIBWDRYHSORPLODOD HIS U WKLH/DOH PWZ
SDWWHUQV WXIWLQJ PLFURSDSLIO®DIXFTHLEAL
SURPLQHQW QXFOHROL DQG GLVUXSHHG EDVDO
3URVWDWLF DGHQRHADDOLFRBDDRIW RDMHKG LIUF
VSHFLILF IHDWXUHV VXFK DV IRDR\FLORP® FOXF
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DGHQRFDUFLQRPD FROORLG PXFLQRXNVWIDRUF
DGHQRFDUFLQRPD 7KH DUFKLWHFWQXGWY RI BMDE NI
WR EDFN RU IXVEOGWW WA RUQRLWKURHK I \BVHRNDZAR-!
IHDWXUHV VKRZ HQODUJHG SURPLMHRN¥ K RFEBDV
FHOO OD\HU LV DRFWBRIUWDLFWRFEBRD )LIXUH

Normal gland HGPIN Adenocarcinoma

Luminal epithelia

f Basal cells
Neuroendocrine cells

JLIXUBURVWDWH FDQF HUQGRHWPHDRIS 8 H\@ MVH IQLRFP W
DGHQRFDUFLQRPD

2.1.3 Pathologic parameters and biomarkers of prostate cancer

3&D LV D KHWHURJHQHRXV PDOLJQGRFHNDWH B W
FDQ DOVR EH DJJUHVVLYH 3&D FRXOG EH FRQW
DQG UDGLFDO WUHBRWPRRWR Z LWKG S X0\RNIRMDVD/E HA
RFFXUV LQ XS WR RI RSHUDWHG IBBWRHW R
LGHQWLI\LQJ SDW RH ¢F\U V Q0.\W DKOL BKU IRV M\DV R R © DAA
IRU SDWLHQW FRXQVHOLQJ DQG IRDWPBAWWLQ.
FOLQLF VRPH SDUDPHWHUV DUH EWIVM XXAK DV
FOLQLFDO DQG SDWKRORJLFDO 710 FCRDALMALL YD
VXUJLFDO PDUJLQ 360 *OHDVRQ VFRUHQH& UDS
LQYDVLRQ 31, YDVDPXQGEDWXBRD VYRQXLHIV H% D\
SDUDPHWHUV VHN HWHMH®D AHR/GAHICRO K ¥ E H G DEN LYRDQM.
SUHGLFW RXWFRPH RI 3&D SDWLHQW) D {MHHHIO 53U
6FDUGLQR 3DUWLQ HW DO  DUGW HSK BQVR
+RZHYHU WKHVH PRGHOV DUH QRW SHUIHFW G
QDWXUH RI 3&D DRGLVERILLW D@D WRQMQR. €D Q/ILRWD |
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GLITHUHQW VWXG\ SRSXODWLRQV RX®IGNLRURI
WKH SUHGLFWWYRHVIRPFHXHDPWHQW

2.1.3.1 TNM system

7KH 710 VA\VWHP H[WHQW RI WKH SULPWURQVRPI
UHJLRQDO O\PSK QRGH PHWDVWDVLVLM FDWHJR
LV XVHG IRU FODVVLI\LQJ WKH DQRR®RRILIFFDIDY HIL
FODVVLILFDWLRQ S710 LV EDVHG RQ/ SWH PHOUV
IURP UDGLFDO SURVWDWHFWRP\ ZKQOR7WXHLFO L
EDVHG RQ WKH SUOWNHDAWNRHYWOGOMMWDB Q® HIJL
WUDQVUHFWDO XOWUDVRQRJUDSK\ 7)1865,RU PD
TDEOH

DEOH3IDWKRORJLFDO 710 FODVVLILFDWLRQ 6
JOHPLQJ &KHQJ HW DO

S
1R HYLGHQFH RI WXPRU

,QDSSDUHQW WXPRU QHL!
SDOSDEOH QRU YLVLEOH

7XPRU FRQILQHG LQ SURVWDWH
7XPRU H[WHQW EUHDNV WKURXJK WKH St

7XPRU LQYDGHVY WR DGMDFHQW RUJDQV
VXFK DV UHFWXP OHYDWRU PXVFOH DQG

; SHILRQDO O\PSKORWOMLR LV QRW REVHUY
SHILRQDO O\RWIDWVWRDBWVILFE LV QRW REVHUY
,QFUHDVLQJ GWDWHN RIRPBHMWIDLWRQDO O\PS
1R GLVWDQW PHWDVWDVLV

‘LVWDQW PHWDVWDVLV LV REVHGHYG DW
E ERQH F RWKHU ZLWK RU ZLWKRXW ER

O |O |k |k |k
[
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2.1.3.2 Surgical margin

6XUJLFDO PDUJLQ LV GHILQHG DV pWXPRU H[W]
SURVWDWHFWRP\ VSHFLPHQ ZKLFK WK MWUDIDR
E +RZHYHU WKH HEMUSUHAD/PHORWEGHWHUP L
SURVWDWH LV QRW D GLVVRFLDWLYH RUJDQ EX\
WKH SURVWDWH LV QRW DOZD\V H[BEVHXGHI[DKW
SURJQRVWLF YDOXH RI WKH VXUJLFKFHMU PO WM RGHK
,Q JHQHUDO SRVLMDY K 6WX UM KBHAH BB W R QPN B
WKH RXWFRPH $GDPLV O9DUNDUDNLYVY H RI+RZ
DSSOLFDWLRQ RI 360 WR SUHGLFWFREW URYMHDA
(VWKDP HW DO LQGLFDWHG WKDW DBRW FR XRG % &
ZKLOH 9LV HW DO VXSSRUW D FRQVHUYDWLYH
DVVRFLDWHG ZLWK %&5 (DVWKDP HWHDQZDVW 9
ORUHRYHU WKH VLWH QXPEHU GRHGHDW B C
VXJIJHVWHG WR EH FRQVLGHUHG DV ULVN IDFWRL

2.1.3.3 Gleason score

7KH VWURQJHVW SUHGLFWRU IRU 3&M0 ILW G X UH)
*OHDVRQ SDWWHUQV IURP ZHOB QG\LL DHAUHH® i L
RQ WKH DUFKLWHFWXUDO IHDWXUH\DBH TRV MIXH
DV ORZ JUDGH SDWWHUQV ZKLOH HWYPH BB GLF]
SURVWDWHFWRP\ VSHFLPHQ LV HYDOXBRRHEG D QX
JUDGHV E\ WKH SHUFHQWDJH RI FDQFB W PLOO
FRPSRQHQW RI KLJK JUDGH SDWWHBQLPW REDBC
VHFRQGDU\ JUDGHV 7KH *6 LV WKH VXPWRIUQU
QXPEHUV LI WKHUH DUH RQO\ WZR SDOMWRMHEG YV
GLDJQRVHG DV 3&D QRZDGD\V DQG M GN 8 BWWI
FRXOG EH LIJQRUHG LI LWV DUHD LV)RW\HDREDO
LI ZH FRXQW WXPRU DUHD DV DQG *@®HIBVRQ
*OHDVRQ SDWWHUQ UHSUHVHQWY VHRE DW *BVK

. D WHUWLDU\ JUDGH SDW W HUWQ D UV V8D WW
QXPEHU DQG WHUWLDU\ JUDGH SWWHWWXYR RQ
SULPDU\ DQG VHFR QEDIUA BIDMKW Bl URR ROPSIEWWRIIU
DOWHUQDWLYHO\ (SVWHLQ HW DO D (SVWI
PHWKRGV DUH VWLOO XQGHU GHEDWHDVIRAF XVV
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VKRXOG EH FDOOHG FDQFHU DW DO&DWWROVR R
&XUUHQWO\ WKH QHZ JUDGLQJ V\VWSHIR EDWWGL R

KDV EHHQ DFFHSWHG E\ WKH "RUOG KHRD OW
JUDGLQJ VA\VWHP FRQVLVWY RI ILYRUNGK IV RXEL
*6 JUDGH GGURXS JUDGH JURXS D@®G

JUDGH JURXS OPWVRVR (SVWHLQ

2.1.3.4 Serum biomarkers

3URVWDWH VSHFLILFOBRWILDIGIQH G 685 8 9WN G B VG
. LV RQH RI WKH PRVW ZLGHO\ X\LIQG DBGXF
PRQLWRULQJ WKHRILVH¥DRVGRIURDOBGYRERS LN P\LIQ
SODVPD E\ SURVWDWH HSLWKHOLDO FHROOWVG 7K
FDXVHG E\ OHDNDJH RI 36$% IURP W XPRQ GKHDDV
VWUXFWXUHV LQ 3&D DV ZHOO DV EW B W\W LGID\CH |
S8OPHUW HW DO $ FXW RIl YD®SR\WRHG QVPD
LQGLFDWRU IRU RXQU WK B H VRIRERLGDNW. S UR VW D W H
WXPRU PD\ SUHVHQW HYHQ LI VHUXPQ36%DIO/OOH \
-XQJ 'LOW 7KRPS\DRXQ FOLQLFPD® DD ESUBWR
FXW RIl YDOXHV DUH XVHG IRU 36$ HJY DQXPW LRQ
FRQVLGHUHG DV D KLJK ULVN IDFWRW HSR 3B\ F |
6HYHUDO SURQWBBBMV RWRGHWHFHWH® XBE0 EX)
WKH EHQHILWYV DUWH O/ WLIOHD (KRRWH B @HED/Q GRR P L
VFUHHQLQJ IRU 3URVWDWH &DQFHU \WB6DBW 3IB\$
EDVHG VFUHHQLQJ UHGXFHV WKH UDWH ® | WHHL
GHFUHDVH UHPDLQWJXIH QR OLOFRDZA WS ZW WARH L VHID[W
6FKU|GHU HW DO 3RXQG HW DLAVK VX EXW/DIC
RYHUGLDJQRVLYV 6WXG\ IURP 3URVVWIWB/&XQJ
E\ PHQ VXJJHVWV WKDW WKHUHS$LB QR VO J
VFUHHQLQJ DH) GURVSIVODFDWY R| | RKGDBRIA RSH HW
ORUHRYHU VHYHUDO VWXGLHV KIDW HY G HFS
YDOXHV FRXDG VO GMHEHNGHRYWS B B G NFASIL B W 99&5
BWHSKHQVRQ HW DO %HVLEBRRW PR
36$ GRXEOLQJ WLPH DUH DOVR VWXGURGQRYGV V
IDFWRUV &URRN 2W\OGH UM N&RKDID NHQ
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$OWRIJHWKHU 36% LV VWLOO DQ DEBWHBKDP B WK
WKH ELRFKHPLFDO SURJUHVVLRQ %&%5%$ YQGKHD
PD\ QRW DOZzZD\V EH FRQVLVWHQW ZWWI FOLQLFI

2.1.3.5 Molecular biomarkers

&OLQLFDOO\ EDVHG SDUDPHWHUV G BV MR BHG GL
WKH RXWFRPH RI 3&D SDWLHQWYV DIWG W KB QE X
HVWLPDWLQJ WKH SURJQRVLV RI L@ RIL YLREOKHDRX S
ELRPDUNHUV LV D SURPLVLQJ DSSURDHK WWRLRY
PDUNHUV ([WHQVHYRMROWREGQBY RHMWKDQLVPV RI
SURYLGHG VHYHUDO VXJJHVWLRQV FRALCBRWE BV
VXFK DV QRQ FRGLQJ 51% 3&$% DSRSWRVEVFOHC
UHODWHG S FHOXDVOWD® DBEKGKMHEQQUH\WRNLQF
DQJLRJHQHVLY UHODWHG 9(*) 5 IDPLO\ DQG

7%) JRSHUJROR =DIIDURQL 0 L DD 8 RIW HXQWLL IV
JHQHWLF PDUNHUV 703566 (5* IXVLRQ\VHQH DSE
RI 3&D FDVHV DQG ZDV VXJJHVWHGVW R IE% &B5H DXV
WKH VWDWXV KDV QRW EHHQ SURYR® HGR\ WQ HN
ELRPDUNHUV VXFK DV '1$ K\SR DQG KQSRU PFH
PLFUR51$V KLVWRQH PRGLILFDWLRQ FDQHEQ KNV V
ZRXOG DOVR SURYLGHRIQRVEPDWARQGRN ORUD

&RS\ QXPEHU YD U L DIHQR-QW LAV FDEEB BFP DFX BWHLLQ
SHULSKHUD EORRW YXPQRA FIHIFXWY PW\LKRDNRDO B ISQ R &
SDWLHQWY %RVWHPNKRXDIO WKH PROUNFKODH |
VKRZQ HYLGHQFH IRU SURJQRVWLF YD@XHY)DQG
KDYH LQFUHDVHG WKH SUHGLFWLYH DFFXUD
VWDQGDUGL]DWLRQ RI WKH PHWKRG\D DI ® HDTG.
EHIRUH FOLQLFDO DSSOLFDWLRQ

2.2 Androgen receptor and prostate cancer

$QGURJHQ VLJQDOLQJ SOD\V DQ LPSRUWDQW
GHYHORSPHQW DV DHRGO HDQWL. Q VKRR GBWMEPWH DQG

$QGURJHQ UHFHSWRU EHORQJV WR @FQHDU
WHUPLQDO WUDQVDFW LDY DI LRA GRED IGRP BLQ ¢
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WHUPLQDO OLJDQG ELQGLQJ GRPDLQ DBV V HD@G |
DO 17' FRQWDLQV DQ DFWLY DVKDR\Q DR KWL
OLJDQG LQGHSHQGHQW WUDQVFUL W WRIEGDDWD F%
DQG UHJXODWHYV WIUIDINE GHEWMIQREH Q@ D\ 7KH L
GLK\GURWHVWRVWHURQH '+7 DQG /BU RMHIBN R V'
DQG LQGXFH LWV WXRQHDQGWW R BV BRRALHJ WEIH X
H[SUHVVLRQ /DPRQW57DRPSOIOQFDWLROLRQ D A E
$5 PXWDWLRQV DOVR SOD\ FHQW U D@ URWED QX BR

9LVDNRUSL 5 HG HEG W/CB\O VAHHY M D X DY GIWEVH HE®G
UHSRUWHG WR SOD\ D UROH LQ 3&D BWURJUHVV
$59V VKDUH WKH VLPLODU 17' DQG '%' W VOIDXRNDV/ (
/%' 'HKP HW DO DGKDQJ HWXGLHVS$ALWK HF
H[SUHVVLRQ GHPRQDWH DDME WV MIRW U MEIORAD R/ IH WK
JHQHV OLNH 36$ DQG 703566 ZKLFK DUH UHJ
VLIQDOLQJ LQ WKH DEVHQFH RI DQGHRJIKSOWYV 6
FRXOG DOVR LQGXFH QXFOHDU WUDQV®RADWERE
UHSRUWHG WKDW L QREU$SDINH G VH FRUWHNANERDE G Z
%&5 =KDQJ HW D&DQ $QBIRQDUDNLYV

$W OHDVW NQRZQ $5 VSOLFH YDUQD®W WUV DRADX
ODXJKDQ $QWRQDUDNLYV $5 9 $50LEW RC
YDULDQWYV RI ZKLBKDWWDYVWWULSWLEA QR SHQ\G HRQ
DQWLDQGURJHQV *RARHMWUD @5 9 LV IDHSIUHRIHHG
DQG LV OLNHO\ WR KDYH DQ DFXWiHDWMR SRIQW HD

2.3 Estrogen receptor and prostate cancer

2.3.1 Estrogen receptor in normal prostate

(VWURJHQV EHORQJ WR VH[ VWHURL@ KRUPRQ|
HVWUDGLRO ( DQG HVWULRO ( RQYRUWHBVIW
WHVWRVWHURQH E\ DURPDWDVH HIQ DBH SH S HHWLV
WKH DGUHQDO JO CBUGRW WIDOAEHH Y W\@ BVRKKK)EW E R Q V-

GLUHFWO\ ELQGLQJ WR HVWURJHQQWHBMIWR
UHJXODWLQJ DQGURIHQSRWXBODWXWV X \I KLL\W D
%RQNKRII %HUJHV ,Q DGGLWLBQRWWDWR J
LQFUHDVLQJ SURODFWLQ 35/ +IUN|QHIY DINGHO
OLJDQG ELQGLQJ GRPDLQV (5. DQG (5 VKDUH
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KRPRORJ\ UHVIHFWIOHOOHIMERIHQ HW Z HW HKUH
GLVVLPLODU VWUXFWXUHYV LQ 1 WHWH Q\DRO WRKUH
GLITHUHQW EHKDYLRU GHVSLWH IBIDQYXEI @1 WKR W
DIILQLWLHYVY . XLSHU HW DO WQJ ORWIIP G GV & UNR
FHOOV DQG (5 LV PDLQO\ H[SUHVVHGQ® LKH@XW
JLIHPHU S5HPEHUJHU WRONKHRW DO H Wb RON

2.3.2 Estrogen receptor in prostate cancer

BWXGLHV RQ HVWURJHQ UHFHSWR UVRVXDUHYV R/OW
LQ 3&D (5. LV FRQVWL RFRGHW RF EIHD DWRHIV ZKH 6 K
SUROLIHUDWLRQ LQIODPPDWLRQ D QIZVPD® DI@OWD K
FDUFLQRJHQLF SUR DSRSWRWLF DQG IDMEWL GJIH
&KDQJ 3ULQV /H D Y(5H W @RF N RRWQ PWF H
GHYHORS SURVW MWIR\F\I BB R Q HD DAVEPRCHN V W KIHRU |
PLFH ODFNLQJ (5 GHYHORS SURVWHJ K FDPORG H\
VLPLODUO\ WR ZLOGW\SH PLFH 5LFNG®OHNJ DV
VXJIJHVWHG WKDW (5 LV UHWDLQHGWILE R QB EKE
DEVHQW RU GHFUHDVRIG+E®, 1D DSUR SIRIGFR[GPHQW :
SHPEHUJHU %RQONKRKHQRW\BKHH RI (5 NQRFNR:
PLFH SURGXFHG LQ GLIIHUHQW ODER X DIHR/UWL MAK
ODFNLQJ RI (5 LPSDLUHG YHQWUDOLRQ RV/Q®D
LQFUHDVHG SUROLHMUD®WLRQ ;RDRREKLVDH ®W K H
UHIHU WKDW LQDFWLYDWLRQ RI (50 L®RKW QRSO C
'XSRQW HW DO ,Q DGGLWLRQ LBOIWRDI
PHVHQFK\PDO WUDQXDWWRQ FHIO® W RAAMR SRIRPH
&KULVWRSRXORV .RXWVLOLHULYV

2.4 Fibroblast growth factors and their receptors

JLEUREODVW JURZWK IDFWRUV DQG SWEKWIUX RJ HRF
ELRORJLFDO IXQFWLRQV E\ DFWLYDWLQJ WKH )*
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2.4.1 FGFs

7KH ILEUREODVW JURZWK IDFWRU KWHHDPYBF WM
DQG IRXU LQWUDFHOOXODU SRO\SHSWHGHWRIR.
VXEIDPLOLHV 7DEOH )*)V DUH HDSON \D\CHIG VDLOU
7KH\ VHUYH LPSRUWDQW UROHV LQ HYHILRSPOH@V
DQG ZRXQG KHDOLQJ 'LVRUGHUV RI )HYWHSUW R
SOD\ DQ LPSRUWDQW UROH LQ GLIITHUHQW W\SH\

7R GDWH )*)V KDYH EHHQ LGHQWLILHG LQ E
DPLQR DFLG KRWKEBRG@LIZHWHKQW PRWRFXOD
N'D 2UQLW] ,WRK

7KH ILEUREODVW JURZWK IDFWRUYV
1 WHUPLQDO VLJQDNE FRHBMWLGE KV D DWK I X-HXGPR *SROM
(5 *ROJL SDWKZDXEIRRL®) VYQFOXGLQ®Y) )*) )*)
KDV D QRQ FOHDYH®\BRIRGK REHLEFP VY B DXRHQ WH HILH
VHFUHWLRQ OL\DNH HW DO 2KWDBKL BQGD (
)*) GR QRW KDYH D VHFUHWRU\ VLJ®WM & HER XK
(5 *ROJL SDWKZD\ +RZHYHU WKH\ KDD/A-H EDHHX LIE
WKH H[WUDFHOOXODU HQYLURQPHQ\WWUHRWIHD BYV
E\'. GLHG LQMXUHG FHOOV $ UHFHQW V@ XG\
XQFRQYHQWLRQDO VHFUHWLRQ SDWKZDGHDKNFI
BWHULQJHU 0+OOHU 1LFNHO IIRNH %)*) DQG
VXEIDPLO\ GR QRW \EWIDIW) DQ \VHH Kb BWRHIMH L WEG U
)*) DQG )*) WKHUH LV QR HYLGHQF OV HRRIBEW K H

7KH )*)V DUHRWKHGHURGH OV ).\D WRDEH D DK

6FKRRUOHPPHU *ROGIDUE

7KH QXFOHDU ORFDOL]DWLRQ RI )*) DQIGQ)*)

VHYHUDO VWXGLHV $QWRLQH HW @ HW D$U QD X
7KH UROH RI QXFOHDUO\ ORFDOL]HGKIP*Y VEHWQ\
VXJIJHVWHG WR EH LQYROYHG LQ '1$ \B\GFMIOKDV L
SUROLIHUDW®ARKKD: LHHW D O 1XFOHDU WUDC
GHPRQVWUDWHG WR SURPRWH FDQFHU FHOO LQ

7KH H[SUHVVLRQ SDWWHUQ RI )*)V YDULHV Il
KLJKO\ UHVWULFWHG WR D VSHFLILF FHOO W\SH
H[HFXWH ELRORJLFDO IXQFWLRQV LQ D VSDWLD
)*)V . VXVWDLQ FHOO SUROLIHUDWLRIGF LRH ®8 \WW 3
KDYH GLYHUVH UHVSRQVHV WR )*)V PRXVH[D PFHXI
F\FOH DUUHVW DQG LQGXFH GLIITHUBMQWARDWLRQC
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RVWHREODVWY DEWQNOWQRRQHIOQGY)WR LQFUHD'
LPPDWXUH RVWHRHEBON@YW LZKWAIUR® VOGODWD HW D
LV LQGXFHG LQ SUIOPHGE RNKDHRE BW VWDV D O

9DO

7TDEOH7KH )*) VXEIDPLOEHY @AL@QG@ MIHFLILFLWLH

FWRU

)*)5 F

ORGLILHG IURP 2UQLW] ,WRK
6XEIDPLO\ ) GHFUHWLRQ &R ID
)*) )*) D)*)] 3DUDFULQH | H5DULQ
VXEIDR)O\ E)*) +HSDUDQ*)5 F F |
VXOIDWHF E
)*) ED) SURWHRJOSPQ F |
VXEIDRDO\ )*) +63* F
)*) )*) )*)S E ! E
VXEIDRDO\ .*) )*)5 E
)™)
)*)
)*) )*) )*)5 F U
VXEIDPR DO\ F! FIIE
)*)
)*) )*) )*)5 F ! F
VXEIDPR DO\ F E !
)*)
)*) )*) (QGRFULQH .ORWKR
VXEIDRDO\ )*
)*) )*) ,QWUOFULQH 1
VXEIDPR DO\
)™)
)*)
)*) DQG )*) DUH RUWKRODWRWKEUDWMHY LRQG V

URGHQWY DQG )*YWHE IRKDMWKHHW UYHHV SHFW LY HO\

2.4.2 FGF receptors

7KH )*) UHFHSWRU

'DQJ

1D FULHOR HESPACRRUIQ WA UIR VL @HD Gl L Q
SOD\ LPSRUWDQW HROHDQ® ICRPRIREWPD VLY R
$FFXPXODWLQJ HYLGHQFH VKRIYYWW K
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H[SUHVVLRQ RI )*)5V DUH LQYROYHGR IL © DIQZFLHAIM
VXFK DV EODGGHIQBPRG FXRWVWDWHIRVH

2.4.2.1 Structure

7KH FDQRQLFDO )*)5 IDPLO\ FRQVLVWYV RI IRXU |
FRPSULVHG RI DQ RPAQDFBOWX@IDOH SBYW WU
VHIPHQWDWLRQ DQUG @ORP DL@W UDKFHH OLGQDWDD F H C
HQFRPSDVVHV D GRENQQJNESWRW WL Q RBULGMH DNQL® [T
& WHUPLQDO WDLO )LEWRPQDVW JUBIWRK IDENHR
)*)5/ DOVR WHUPHG DV )*)5 LV WKH*ABVW |
IDPLO\ PHPEHU DQG WU KPW XWIDRQ CFIRURSIR GHKGIW
LQWUDFHOOXODU G\RFHD IMQ UZRVM_LFGXHOBDLIFNIY\DHD S D U W

7KH H{IWUDFHOOXODU GRPDLQ RI )*)5REXOARP S
OLNH GRPDLQV ,J ODQMG D,0L'QHU HIFLG ERE 'EHV
' ., DQG DFLG ER[ DUH VXSSRVHG WR,DB®GDV,DQ
DUH WKH )*) ELQGLQJ VLWHV -RUJH@ODLVD (
$OWHUQDWLYH VSBUPVMDHVLYY ZR,,|. URI® UPYKQBRH
GHWHUPLQH WKH VSHFLILFLW\ RI ELQGLQJ WrF
6FKOHVVLQJHU ([SUHVVLRQ RI| MMKHLW ZZR W}
)*)5 ,,,E UHVWULFWHG WR WKH HS HVKHIFIVCH G L\§
PHVHQFK\PDO OLQHDJHV 2UQLW] HWQORFF XUV |
FDVH RI )*)5 EXW QRW )*)5 DQG )*)5/

,Q PRXVH GLVUXSWLRQ RI )*)5 DQG )*F5 OH
OHWKDOLW\ DQG GLVUXSWLRQ RI )*)DUONRBD UW
ID[ 6FKOHVVLQJHU ORXVH ZLWKXW)YKBEWD
GLVRUGHUHG FKR® HWHBROHPBHIFLGRRIDNVK HV LV

2.4.2.2 The FGF/FGFR signaling pathways

&DQRQLFDOO\ )*)V DFWLYDWH )*)5 VLRQBQRQJ

UHFHSWRUV WRJHWXIHDW BL SIWKR MHHSROIIBAD D\R V P B BV3*R
RI WHUQDU\ FRPSOHLHMV)RI5)ERKEKSHY WD IVQROKRI
WKH LQWUDFHOOXODU W\URVLQHLJNQDROWAUDQY &)
FDVFDGHV 7KH )*)5 VXEVWUDWH . )R&J.)*)BV D

NLQDVH ELQGV WR WKH MX[WDPH P EWRPPH QU K LD
SKRVSKRW\URVLQH ERQGE LFRIQ VAN ANV XORRY HONS $F W
SKRVSKRU\ODWHYV )56 . DQG PDNHVGIDBWRUYSURW
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VXFK DV JURZWK IP¥@®® $ WRW HB® R U* W V FORL® W5
ELQGLQJ SURWHLQ *)59OFWLYDRQL RQ WHKLH) 6B S W
UHFUXLWYV 626 DQG DFWLYDWHV WKHVEEHE 0B3D V|
PLWRJHQ DFWLY DHV NG JRUDFOAL B U G N BEEADR ZRWEK [
RI WKH GRZQVWUHDP VLJQDQWQH I$DNNEIIVH TQXQ
UHJXODWHG SURWHLQ NLQDVHV (5. OVE UBPRWXL
*$% DQG DFWLYDWH KRHKIDRVLWISKRYSND@RQH $
SDWKZD\ 7KH LQWUDFHOOXODU SKRVSHKBWHURYV |
GRFNLQJ VLWHV IRU 6+ 6FU KRPROROLSDGRPDLQ
7KH SKRVSKRU\ODWHG 3WeR KBG UR@GV H)* 3 BK L F K
LQWUDFHOOXODU FD®@F LDXPWILR QLVY BYDS &R W H G HF!
$FWLYDWHG )*)5V DSKRULQDBWER G HORMD@NRQH R U
67$7 67$7 DQ@G PTRQJ ZLWK DFWLYDWLRQ RI W
JHQHV )LIXUH

7KH DFWLYDWHG GRZQVWUHDP FDVFDGH7RI 0$3
SDWKZD\V UHJXODWHV JHQH WUDQNBH QW IDRAL
VXUYLYDO DQG PLIJUDWLRQ VHTXHQWLDOO\

FGFR1-4 FGFRL1(FGFRS)

Heparin

i

[ INK | | ERK1/2 | | p38 |

JLIXUH$ VLPSOLILHG PRGHO IRU WKH )*) )*)5
ORGLILHG IURPMERDIJH@OHQ

6HYHUDO IDFWRUV KDYH EHHQ GRFXP & WRKWW
635< IDPLO\ ZKLFKRKBV BREY LVRV DIRE DBWVRIUYF
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57.V 635< VSHFLILFDOO\ LQKLELWYV )*) LR\GXFH
FRPSHWLQJ ZLWK )*5 . ELQGLQJ WR *5% 626 FRPSO|

7KLVVH 7KLVVH &%/ DQ ( XELTXLWLQ XE
)56 . DQG LQGXFHV HQGRF\WRVLV DQG )*)5V GH.
“HDQ HW DO 6() VLPLODU H[PEHNDVILR G UNRRV

DQG UHJXODWHG E\ )*)V 7VDQJ HW ®OUHJIJXOBW
)*)5 VLJQDOLQJ E\ ELQGLQJ WR DFWLYDWHG 0(. |
SKRVSKRU\ODWHG (5. IURRPBRH[0O(DOQHS WNWHUHIF
QXFOHDU WUDQVORFDWLRQ RI DFWLY3BDWNGD(5.
QHJDWLYH IHHGEDFN IDFWRU WKDW L @KLELW\
GHSKRVSKRU\ODWLQJ 0$.3 UHVLGXHV 0l$3HW DO
FDVFDGH E\ GHSKRVSKRU\ODWLQJ (5. [LRVS5LFF
LQLWLDOO\ GHVFULEHG DV D GHFRYDWHFHBRVRY H
UHFHSWRUV DQG MNKH)BIRUHQD W MMIQ Y6DWH L Q EH U
IHYHUWKHOHVYV VXEVHTXHQW VWXGLWR BBPRQ
RWKHU IXQFWLRQRQWK DDKB VUR GHI RR\) I DBW URLGOXF
LQ WKH FKDSWHU

%HVLGHV WKH VLIQDOLQJ SDWKZD\ R*WUDOIR®
WR F\WRSODVP DQG WKHQ WUDQV O RFDMHP VR HD\
DO D 7KH UROH RI )*)5V LQ Q WRMDHLY D\R BIRWIL
)*)5 LQWR QXFOHL PD\ LQIOXHQFH WILHRO®D DXLGI HFt
PRYHPHQW 6WDFKRZLDN ODKHU 6WDFKRZLDN
&ROHPDQ HW DO E

2.4.2.3 FGFs and FGFRs in the prostate

,Q WKH SURVWDWH DQGURJHQV DQG FK\PDSO VL.
HSLWKHOLDO LQWHUDFWLRQ DQG WKHUHIRUH
GHYHORSPHQW KRPHRVWDVLY DV ZHOO DV WXP

BWXGLHV ZLWK KXPDQ QRUPDO SW RN ®IDDOH D/
VWURPDO FHOOV VKRZ WKDW )*) P51$QRHYPD Ol
SURVWDWH ,Q DGGLWLRQ )*) LV PVNQG) HSES WK
,WWPDQ ODQVXNKDQL )*) KDV BHRHU\RK/RAZI]
VWURPDO FHOOV EXW WR D OHVYRSLAXHAMQ W, WAR |

D )*) LV WKH PDMRU )*)V SURGXFHIGV LQ
H[FOXVLYHO\ H[SUHVVHG LQ WKH VWADERD$GWR/ P
2]JHQ ,WWPDQQ )*) LV H[SUHVVHG DW D
SURVWDWH FRPSDUHG WR )*) B5RSLT&HW) HW DC
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VKRZ WKH DELOLW\ WR DFW DV D SDUREWIKQRI
SURVWDWLF HSLWKWH®URPDPH 6B OEKK\DNMRAD Q  C
7KRPVRQ &XQKD <DQ HW DO 0 PWHR Y+
GHPRQVWUDWHG WR UHJXODWH SURW WIKXW® R VGG \
&XQKD 6XJLPXUD HW DO $QGURJIKQN VK
WKH P51$ H[SUHVVLRQ RI )*) DQG )*)OLEWWQW K|
W KiMivo D @@itro VWXGLHY 7KRPVRQ &XQKD <DC
DO )*) LV H[SUHWWHHOG HQF SURW® O W LOFQ B \WA
H[SUHVVLRQ OHYHO LV HTXDO WR )*) EXW PXFK
$GGR 2]HQ ,WWPDQQ *LUL 5RSLTXHWFK, W\
KDV KLJK DIILQLW\ WR )*)5 ,,,F LV DVFPPRURUS
HSLWKHOLXP WKDQ )*) DQG IRU VWURPOHWFHO
,\WWPDQQ D 1HYHUWKHOHVV D KDWXGY)ZLLWK
PDLQO\ VHF WHBWWEHORW & DFM Q OV FXIHGOO & MRH F W I
)*)5 -LQ HW DO

)*)5 LV H[SUHVVHG DW WKH KLJKHVWR®WKYHC
HSLWKHOLXP DQG VW,URPD@XH\UF 518\ V H PILRX,
OHYHO )*)5 LV HI[SRM\DWHEG LV) W UB VW VRIQL DKL
WKDQ )*)5 )*)5 ,,,E LV PDLQO\ IRXQG ,LF HYLW
ORFDOL]JHG LQ VWURPD ,WWPDQ 0 IQW ZNKKXQW
UXOH WKDW )*)5V LQ HSLWKHOLD DSH HVFWIGY DWW
VHFUHWHG IURP VWURPD 7KHUHIRDWHWKEH )*)5
LV H[SUHVVHG LQ HSLWKHOLD EXW QRW R Q HV\
H[FOXVLYHO\ LQ EDVDO HSLWKHOLD*EXW ,QRWVL
WKH SUHGRPLQDQWKLVRWRD® +DPDJXFEQ HYSOHV\
SUHVHQW LQ QRUPHDLIO$SGRY V2DIH |, 1) WIPOUHQ

2.4.2.4 FGFs and FGFRs in prostate cancer

JLEUREODVW JURZWK IDFWRUV DQGLWKR DL HG FI
EURDG VSHFWUXP FROXBA@QFWERQY SWROLIHUDWL
ZRXQG KHDOLQJ 7KHUHIRUH G\VUHJXOMNHNCHG
)*) )*)5 SDWKZD\V KDYH EHHQ GRFXPHQYWRG MRG
SURJUHVVLRQ RI GLITHUHQW W\SHV RI FDQFHUYV

'LUHFWLRQDO DQG UHFLSURFDO LQWB B DR\ QR\
IRU SURVWDWH KRPHRVWDVLV 7KH DEHUUDQ
)*) )*)5V LQ HSLWKHOLD DQG RU VWURPDWRR V
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PRUSKRJHQHWLF GLVRUGHUV DQG FDUFURRBHQ|
'LENVRQ

)*) LV D SRWHQW PLWRJHQ DQG D X QELYGI® WDRO
DOO WKH UHFHSWRUV LQGHSHQGHQW R2 (DVOHVDH K\
DO )*) LV H[SUHVVHG DW D YRUDWOHRZ \DWP
ODQVXNKDQL E X W WV IK®IF K [FSI\HH/GMLRYQRP R RWU & UD
LV DVVRFLDWHG ZLWK WKH *6 'RUNLQ HW DO

,QFUHDVHG )*) LQ 3&D WLVVXHV LV GHPRQVWU
, & DQG RI QRWH WKH RYHUH[SUHVVHG )*) L\
HOQGRWKHOLDO FHOOV LQ 3&D *LUL RS5\RSBLTIX&DV
SDWLHQWY KDYH LQFUHDVHG )*) LEHWWHHXRG&LER
WKDW )*) PD\ DFW DV D SDUDFULQH PW & RW HHH
GHPRQVWUDWHG WKDW HOHYDWHG SYRSOBW IDR
SROQDV]HN HW DO

%RWK )*) DQG )*) KDYH EHHQ VKRZQ WR S
SUROLIHUDWLRQ 6&KPUBRYWWO*) IOLP QDFYRWR I
WKXV FRQWULEXWLQJ WR WXPRU DQJL RBWIXQGELHW
ZLWK KXPDQ 3&D FHOO OLQHV VKRZ WIX\DW/D)W) FL §
FHOO OLQHV 3& DQG '8 DOWKRXDK 10N DY RDVER
HW DO U& H R/ QIDX H

)*) VKRZV ZHDN LPPXQH VWDLQLQJ LQWWKOHVHL
EXW LV PDUNHG O \EIDYMBUWHBN 8 G W QQuHWE, F DQFH 8 U
SRSLTXHW HW DO E

)*) LV EDUHO\ GHWHFWDEOH LQ QRSUPDWO/ SRR \L
3&4D KDV EHHQ GHPRQVWUDWHG LQ VHYHUDO VW
E ,QFUHDVHG )*) LV DOVR DVVRMBWHGOZL\
VWDJH 'RUNLQ HW DO E "HW D QOW & HL ® WIJIRWAK

)*) EHORQJV WR WHIWW)DQBXEREPG EH LQNXF+H
DOVR KDV D VLPLODU H[SUHVVLRQ SDWMHUQ
2YHUH[SUHVVHG )*) LQ ORFDOL]HG 3REWMIRFP EH
DQG D ULVN W&DPHWBY VHDW DD 3

)*) DQG )*) ZKLFK IXQFWLRQ OLNHVHRQERFU
LQYROYHG LQ 3&D SURJUHVVLRQ
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2YHUH[SUHVVLRQ RI )*)5 LQ SURVWDRRU®XP F
GLITHUHQWLDWHG 3&D *LUL S5RSLTXEOM )*V8WPD
L)*)5 SURVWDWH PRXVH PRGHO LQGLFDWHG
SURJUHVVLRQ E\ LQEGWR-QBHVHQEWWHILDWUDQ\

$FHYHGR HW DO $ VWXG\ E\ $O0PVIVRIRIHV
VXJIJHVWV WKDW )*)5 LV DVVRFLDWHGQDILWHK WF
FDVWUDWH UHVLWWPQWURDPI B3RO 2QH PF

VKRZV WKDW )*)5 LV DQ HVVHQWLDOPHVFBARUDNR
<DQJ HW DO K QRWLQIZRWKDW )*)*))*)*))*) )
DQG )*) ZKLFK DOO DUH LQFUHDVH6 LQK2&D
VWURQJO\ VXSSRUWYV WKH SLYRWDO UROHV RI )

,Q FRQWUDVW WR )*)5 WKH H[SUHVVLBE DQ!
FRQIOLFWLQJ LQ GRIIIGWDHDN WWKKHE LMW X GLHV V

VZLWFK RI )*)5 ,,,E WR )*)5 ,,,F LV DNVRERQW
.ZDEL $GGR HW DO 6DKDGHYDQRH®W W®&DW
RYHUH[SUHVVHG )*)5 ,,,E LQ 3&D FHOMLROQQF
<DVXPRWR HW DO 7KH UROH RY HA)®/ LU D WBHK
IXUWKHU

6R IDU WKH UROH RI )*)5 LQ 3&D LW XGQNIGIRIZHD |
LQ )*)5 H[SUHVVLRQ EHWZHHQ EHQLJQHBUROQWL
7KH UROH RI PXWDWLRQDO DFWVYBVW LERQVRW
VWXGLHV DUH OLPLWHG DQG FRQIGHFWMQDO.RXI|

)*)5 H[SUHVVLRQ LV UHSRUWHG WR\WHBOHYDW
*RZDUGKDQ HW DO 21 QRWH W)6H IPQR \3&DG L
LV FRPPRQ SRO\PRUSKLVP RI )*)5 LQ DW DPLC
$UJ SRO\PRUSKLVP LV SUHVHQW LQ PRN@ 3
LQGLFDWHG WR LQYROYHG LQ 3&D LQLWLDWLRC
L\ WWPDQOQ :DQJ HW DO
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Glandular epithelia Stroma

FGF2
FGF9
FGF2 FGF7
Nofmal FGFR1 FGF10
prostate FGFR2 IIIb
FGFR3 FGFR3
FGFR2 Illc

JLIXUH[SUHVVLRQ RI WKH PHPEHUV RI WKH )
HSLWKHOLDO DQG VWURPDO FHOOW GG MEREHPWDR)
DQG VWURPDO FHOOV LQ 3&D ORZHU SDQHO

2.4.3 The FGF8 subfamily with an emphasis on FGF8b

7KH )*) VXSHUIDPLO\ FRQVLVWV RI )*) B*) D
H[SUHVVHG LQ WKH HSLWKHOLDO WHS VWK ®MLDG
PHVHQFK\PDO FRPPXQLFDWLRQ

2.4.3.1 The structure and biological functions

)*) LV RULJLQDOOWKGHRWGEURIG Q G HS P RISUHQ W
WXPRU 6& FHOO OLQH 7DQDND HW DOXPDOQ )
FKURPRVRPH T DQG KDV VL[ H[RQVDWDWHRQ |
VSOLFHV Rl HIRQ JHQHUDWH IRXU @ LDIHEJ HHQ WD Q
| *HPHO HW DO DQG HLJKW L\DRHRWPWO LQ P
7KH )*) LVRIRUPV PDLQO\ GLIIHU LQLNVRLRBPW HL
DQG E DUH KLIJKOWPRRQVHIUYHIG 6XQ)*) E LV LGH
KXPDQ DQG PRXVH *KRY)X HWIDIODQGURJHQ LQG
IDFWRU $,*) DQG DFWV E\ ELQGL®J WRWLLW B VW H\
VLIQDOLQJ SDWKZD\V VXFK DV 5DV 0$3\. &I, . $.7
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