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MaveAfivio Oupohoyiko Suvedpio 23-27 OkTwBpiou, Aepecodg, Kunpoc,

17. A. ZapaBivog, 1. Adunpou, I. MnouAaAdcg, A. BoAdvng, A. AeAakdc, AA. SnavTidog: MeAETn TG
YOVIDIOKNG €KPPACNG TOU KAPKiVOU TNG oupodoxou KUOTNG HE Tn Xpron microarrays, avaiuong
GEO, gPCR, kai avoooioToxnueiac. 20° MaveAArvio Oupoloyikod Suvedpio 23-27 OkTwpBpiou 2010,
Nepeoodc, Kunpoc,.

18. I. MnouAaAdg, A. ZapaBivog, I.Kapuwtng, A. Aehakac, AA. ¥navridog: Evepyonoinon Twv
oykoyovidiwv RAS oTo oupoBnAiakd kapkivwpa. 20° MaveArvio Oupoloyikd Zuvédplo 23-27
OkTwPpiou 2010, Aepeaadc, Kunpoc.

Avakoiv@oeig o Tonikd ouvedpia

1. I. MnouAaAdg, . AackaAonoulog, M. Toguniooe®, M. Meta&apn, N. Xovdpog: EEwOowWATIKA
NBoTpigia oe akTivodianepatolg AiBoug Tou oupnthpa. 11° Maykpnmio IaTpikd Zuvédpio 1-
3/11/2002, Xavia.

2. E. MaupopavwAdkng, I. MnouAaAdg, 1. KapuwTng, I. Xaipérng, . AaokaAonouhog, A. AeAAKAG:
MNoéoo ennpedletal n oTUTIKA ASIToupyia and Tn QAPUAKEUTIKR aywyn yid TNV aQvTIMETWMNION TG
kalonBoug uneptpoiag Tou npootdTtn (KYM ). 11° Maykprmo Iatpikd Zuvédpio 1-3/11/2002,
Xavia.

3. L KapuwTng, ©.Tpiavra@uAiiou, N.Toéuniooe®, I. MnouAaAdc, I.XaipéTng, M. Aveldivng: SoBapég
EMINAOKEC PETA anoO €vOOKUOTIKEC eyXUoelc BCG yia Tnv avTIHET®MION EMIQAVEIAKWY OYKWV TNG
oupodoxou kuotne. 11°MaykprTio IaTpikod Suvedpio 1-3/11/2002, Xavia.

4. . Totymooep, 1. Tpitou, M. Nopikoc, I. MnoulAaAdg, I. Xaipetng, ©. Tpiavraguihou, M.
Avelivnc: Alagopikrn didyvwon O TuxXaia aveUPIOKOUEVEG HIKPEG VEQPIKEG MATEG, KUGTIKA
HOpQWUATA WE aidoppayika aToixeia r / kal anoTitavewoelc. 11°Maykprmio IaTtpikd Suvédpio 1-
3/11/2002, Xavia.

5. E. Maupopavwhakng, I. MnouAdAdg, N. Xovdpog, M. Nopikdg, ®.Zo@pac: XEIPOUPYIKEG KAKWOEIC
ouponoinNTikoU OUuoTAMATOG: N euneipia piac dietiac. 12° MaykpnTio IaTpikd Zuvédpio 28-
31/10/2004, Ay. NikoAaoc.

6. M. Nopikog, I. Aaokahdnoulog, N. Xovdpog, E. Maupopavwidakng, I. Xaipetng, I. MnouAaldg, T.
AyyveNiddkng, ®. Jo@pdg: PIgKR VEPPEKTOWN: MPOYVWOTIKOI napdyovTeqomnv  ekdnAwan
METEYXEIPNTIKNG NpwTeivoupiag n/kal Xpoviag veppikng avendpkeiac. 12° MaykpnTio IaTpikod
>uvedpio 28-31/10/2004, Ay. Nikdhaog.

ZuyypagIiko £pyo

MeTa@paon Twv CUVTOH®V KATEUBUVTRPIOV odnyiov TnG EAU yia Tnv avdpiki oTeipoTnTa,
OTUTIK] JuoAsiToupyia KAl AVTIHETONION TV AoipwEemv  ToUu  avdpikou
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OUPONOIOYEVVNTIKOU CUCTAHATOG Ta £Tn 2004 kai 2005, ol onoieg ekdoBnkav and Tnv OupoloyIkn
KAvikn Tou MavenioTnuiou Kpntnc.

MéAoG ENIOTNHOVIK®V ETAIPEINOV
1. TakTiko pérog TNG EAANVIKG Oupoloyikng ETaipeiag anod To 2005
2. Mehoc Tng European Association of Urology ano to 2002

3. Méhog Tng Endourological Society ané To 2005

EKIMAIAEYTIKO EPIO

OuIAigg

- BiBAioypa@ikr evnuépwon TNG €NICTNHOVIKAG ouvedpiag pe Bépa «Oewpieg AIBoyEveEONG» TNG
EAAnvikAG Oupoloyikng Etaipeiag (17/3/2004).

- MeTeknaIdeuTIKO PABNUA PE BEPa «ZUyXPOovN AVTIHETONION TNG VEQPOAIBiaong» ThG 'Evmong
OupoAdywv Meipaia (23/01/2007).

Zuvedpia- Zepivapia

1) 20% ABnvaikec OupoAoyikég HuEpeg 12-14 Mdiou 2000, ABriva

2) 10° NaykpnTio IaTpikd Suvedpio 9-12 NogpBpiou 2000, PEBupvo

3) 21% ABnvaikég Ouporoyikég Hugpec 30 MapTiou-1 Anpihiou 2001,A8rva

4) XVIIth EAU Congress, February 23-26, 2002 NEC, Birmingham, United Kingdom

5) European School of Urology Course “Advanced course on prostate cancer-new perspectives”
XVIIth. EAU Congress, Birmingham, United Kihgdom 26 February 2002.

6) 22% ABnvaikég Oupoloyikég Huépeg 29-31 MapTtiou 2002, ABriva

7) KAIvikd ppovTioThpio KévTpou Ze€oualikng kal Avanapaywyikng Yyeiac A.M.0.: O aoBevic pe
OTUTIKN SUCAEITOUPYIa : OTPATNYIKEG ENIKOIVwViag kal Bepaneiag 24-26 Mdiou 2002, HpdakAeio

8) MeTanTuxiako Zepivapio Avopoloyiac “Andrology days in Chania 2002” 9 Iouviou 2002, Xavia

9) 16° MaveAAfivio Oupoloyikd Suvedpio 25-29 ZenTepppiou 2002, KahapdTa

10) 11° MaykpnTio IaTpiko Zuvedpio 1-3 NoepBpiou 2002, Xavia

11) XVIIIth EAU Congress March 12-15, 2003 IFEMA, Madrid, Spain.

12) XVIIIth ESPU Congress March 12-15, 2003 IFEMA, Madrid, Spain.

13)  23% ABnvaikég Oupohoyikeg HuEpeg 29-30 MapTiou 2003, ABrva

14) Iatpikn ETaipeia Xaviwv: O eEeNEeIC 0TV avTIHETONION TNG OTUTIKNAG duoAeiToupyiac 2 Iouhiou
2003, Xavia

15) 8th Mediterranean Congress of Urology September 11-14,2003 Crete, Greece

16) International Continence Society 33%° Annual Meeting October 5-9 2003, Florence

17) 8" World Congress on Advances in Oncology and 6™ International Symposium on Molecular
Medicine October 16-18, 2003 Crete, Greece

18)  4° Avdpohoyikd Zuvedpio 24-24 Tavouapiou 2004, Matpa

19)  24° ABnvaikég Oupohoyikeg HuEpeg 24-25 AnpiAiou 2004, ABrva
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20)
21)
22)
23)
24)
25)
26)

27)
28)
29)
30)

31)
32)

33)
34)

35)
36)
37)

38)

39)
40)
41)

42)
43)
44)

45)

46)
47)
48)
49)
50)

51)

17° NaveAArvio Oupoloyikd Zuvédpio 23-26 Touviou 2004, AAeEavdpounoAn

12° MaykpriTio IaTpikd Zuvédplo 28-31 OkTwRpiou 2004, Ay. NIKOAAoG

18™ Congress European Society for Urological Research November 4-6 2004, Athens, Greece
25% ABnvaikég Oupoloyikég Huépeg 8-10 Anpidiou 2005, ABrva

16™ Video Urology World Congress June 23-25, 2005, Athens

9" Symposium Greek-German Association June 29-July 3, 2005, Athens

3rd Course European Urology Residents Education Programme September 5-10, 2005, Prague,
Czech Republic

Oupohoyikd Zupndaio Aryaiou “AkpaTteia oUpwv” 8-11 ZenTtepuBpiou 2005, HpakAsio

26% ABnvaikég Oupoloyikég HuEpeg 5-7 Maiou 2006, ABrva

1% Athenian EuroAmerican Congress of Urology June 15-18, 2006, Athens

MeTeKNAIOEUTIKO  OEpIvapioTURaTog  Oupoduvapiknig, Neupooupoloyiag,  FuvaikoAOYIKNAG
Oupohoyiac (ONOIO) tnc EOE, 1°° ABnvaikou Eupw-ApepikavikoUu Suvedpiou Oupohoyiag, 15
Touviou 2006, ABrva

18° MaveAArvio Oupoloyiko Suvedpio 27 SenTepBpiou-1 OkTwPpiou 2006, POdOC

11" World Congress on Advances in Oncology and 9™ International Symposium on Molecular
Medicine October 12-16, 2006 Crete, Greece

13° MaykpnTio IaTpikd Zuvédpio 9-12 NeopBpiou 2006, HpakAeio

MeTeknaIideUTIK)  €MIOTNUOVIKA nuepida, 401 Tevikd ZTpamiwTikO NOOCOKOMEIo ABnVoV:
«Kapkivoc dpxewc: ZUyxpova dedopeva aTn diayvwon Kal avrigeTonion», 27 Iavouapiou 2007,
ABrva

1° Oupoloyiko Zupnoaio Kevrpikng EANadag 9-11 deBpouapiou 2007, Adpioa

22™ EAU Congress 21-24 March 2007, Berlin, Germany

European School of Urology Course “ Testosterone deficiency and men’ s health” 22" EAU
Congress 21-24 March 2007, Berlin, Germany

European School of Urology Course “Update in neurourology ” 22" EAU Congress 21-24 March
2007, Berlin, Germany

27% ABnvaikég OupoAoyikég HuEpeg 28-29 AnpiAiou 2007, ABnva

33° NaveArvio Iatpikd Suvédpio 2-5 Maiou 2007, ABrjva

2" MaveMnvia EmoTnuovikn Zuvavrnon Tunuatog OupoyevvnTikrc OykoAoyiag Tng EOE 7-10
Touviou 2007, Kahapndka

2"Y ESU Masterclass on Medical Oncology for Urologists 29June — 1July 2007, Barcelona, Spain
Innovations & EBM in Urology 4-7 October 2007, Athens, Greece

Hands on Training Workshop in ‘Laparoscopy’ during Innovations & EBM in Urology Congress 4-
7 October 2007, Athens, Greece

12 World Congress on Advances in Oncology and 10" International Symposium on Molecular
Medicine October 11-13, 2007 Crete, Greece

28 ABnvaikég Oupoloyikeg Huépeg 10-11 Maiou 2008, Arva

34° MaveAlnvio IaTpikd Zuvedpio 20-24 Maiou 2008, ABriva

Challenges in Laparoscopy & Robotics 5-7 June 2008, Rome, Italy

19° MaveAArvio Oupoloyiko Zuvedpio 1-5 OkTwRpiou 2008, XaAKISIKN

Eniotnuovikn Zuvavtnon TunuaTtog Evdooupoloyiac-Aanapookonikng X/P OupoAoyiac Tng
E.O.E, 19° MaveAArvio Oupoloyiko Suvedpiol-5 OkTwPpiou 2008, Xahkidikr), EAAada.
Eniotnuovikn Zuvavtnon Tunuatog Avdpoloyiac—Ynoyoviuotntag tng E.O.E, 19° MaveAAfvio
Oupoloyiko Zuvédpio 1-5 OkTwPpiou 2008 XaAkidikr), EAAGda.
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52)  EmoTnuovikny Zuvavrnon Tunpatog OupoyevvnTikng Oykohoyiag Tng E.O.E, 19° MavelArvio
Oupoloyiko Zuvédpio 1-5 OkTwRpiou 2008, XaAkidikr), EAAGda.

53) EmoTtnuovikn Zuvavtnon Tunuatog Oupoduvapikng-Neupooupoloyiag &  TuvaikoAoyikng
Oupohoyiac Tnc E.O.E 19° MaveAlArnvio Oupohoyikd Zuvédpio 1-5 OkTwPpiou 2008, Xalkidikr),
EAAGQa.

54) European School of Urology Course “Laparoscopic radical prostatectomy and management of
hypospadia and urethral strictures” 19" Hellenic Urological Association 1-5 October 2008,
Chalkidiki, Greece.

55) 13th World Congress on Advances in Oncology and 11th International Symposium on Molecular
Medicine, 9-11 October 2008, Hersonissos, Grete, Greece.

56) 14° NMaykprTio IaTpikd Suvédpio 26/10-1/11/2008, TewpyioUnoAn, KpAn.

57) 2" NaveAAnvia Enmiotnuovikn Zuvavrnon TunRdaTtog Avdpoloyiag Tng EOE 7 ®deBpouapiou 2009,
KaAaBpuTa.

58) 2" AiBviic Oupohoyikn ZuvavTnon Kevrpikng ENGdag 14-15 deBpouapiou 2009, Adapioa.

59)  29% ABnvaikég Oupoloyikéc Huépeg 9-10 Maiou 2009, Abrva.

60) 12" Symposium Greek-German Urological Association 24-28 June 2009, Kos, Greece.

61) 16™ European Symposium on Urogenital Radiology: Urogenital manifestations of systemic
diseases 10-13 September 2009 Athens, Greece.

62)  2°0Oupohoyikd Zupndaoio Alyaiou 1-4/10/09 HpakAeio KpATng

63) 3" EmioTnuovikn uvavtnon Tunuatog Oupoduvapikrg, NeupooupoAoyiac kal MuvaikoAoyikng
Oupohoyiag(ONOIO) Tng EOE 8-10 OkTwppiou 2009, KUAAfvN.

64) 14th World Congress on Advances in Oncology and 12th International Symposium on Molecular
Medicine, 15-17 October 2009, Loutraki, Greece.

65)  7° Makedovikd Oupohoyikd Zupnooio 5-8 Noepppiou 2009, Oscoalovikn

66) 7" ®Bivonwpivr) Oupoloyikn uvavrtnon 14-15 NoguBpiou 2009, Iwavviva

67) 3 World Congress on Controversies in Urology 25-28 February 2010, Athens, Greece

68) 30 ABnvaikéc Oupoloyikec HuEpeg 8-9 Maiou 2010, ABrva.

69) 15th World Congress on Advances in Oncology and 13th International Symposium on Molecular
Medicine, 7-9 October 2010, Loutraki, Greece.

70) 6™ European Congress of Anrology 29/9-1/10 2010 Athens, Greece

71) 9o MaveAAnvio AvdpoAoyikd Zuvedpio 2 OkTwBpiou 2010, ABrva.

72)  20° NaveAArvio Oupohoyikd Zuvedpio 23-27 OkTwBpiou 2010, Aepeaaog, Kunpoc.

73) European School of Urology Course “Percutaneous nephrolithotripsy and partial nephrectomy”,
20" Hellenic Urological Association 24 October 2010, Limassol,Cyprus.

74) 15° MaykpnTio IaTpiko Suvédpio 29-310kTwPpiou 2010, Xavia.

75) Excellence in Oncology 18-20 November 2010 Athens, Grece.

76)  31% ABnvaikéc OupoloyikEG Huépeg 6-8 Maiou 2011, ABrva.

Zéveg MA\wooeg
ITahika, AyyAIkd.

Fvaoeig YnoAoyioTemv
AsiToupylikd oUotnua MS DOS, Windows, Word, Excel, Power Point, Internet Explorer, SPSS for
Windows.
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EYXAPIZTIEZ

H napouoa didakTopikn 81aTpIRr oXeBIA0TNKE kal eknovAdnke oTo Epyactnpio KAIVIKNAG
Iohoyiag Tng IaTpikng ZxoAng Tou MavenioTnuiou Kpntng, kata To Xpovikd diactnua 2007-
2011.

Me TNV oAOKANPWGON AUTAG TNG ENICTNHOVIKAG Npoonddeiac aiobavopal Tnv avaykn va
EKPPACW TNV EUYVWHOOUVN HOU O O00UC Pe Borndnoav oTnv eniTeuén autol Tou OTOXOU.
MpwTIOTWG, €uxapioTw Beppd Tov eniBAénovTa Kabnyntn pou K. A.A. ZnavTido TOOO YId TIC
EMIOTNUOVIKEG YVWOEIC KAl EUNEIPIEC MOU HOU METEdWOE OCO yid TNV EUNIOTOOUVN, TO
adIGAsInTo evOlaQEéPoV Kal TNV NOAUTIUN kaBodriynon nou pou napeixe kad’ oAn Tn didpkeia
TNG eknNovnong Tng dIaTpIRNG Hou.

Eniong Ta undAoina pEAN TnG TpiheAoOUS emiTponig, Tov KabnynTn k. ®. Zogpad yia Tnv
evlappuvon, TIG NOAUTIHEG CUMBOUAEG Kal MPOTPOMEG TOU and Ta Xpovia Tng €I0IKEUOTG HouU
kabwg kai Tov Enik. KaBnyntn K. A. ZageiponouAo yia Tnv dpioTn ouvepyaacia Tou.

Akoun, Tov Av. Kabnynt, A/vti Tng OupoAoyikng KAvikng Tou I.N. “AckAnnigio”
BoUAag k. A. AeAaka yia Tnv €gnioTooUvn, GUKNAPACTAGCN Kal UrNoaTnpIEN Tou and Tnv apxn
NG €101IKOTNTAG Hou.

Id1aiTepeC euxapioTiec ekppalw otov Av. Kabnyntn k. . ZoupBivo yia To evdlapépov
TOU Kai Tn Bon6eia nou pou NpOopePs, ONOTE NTAV Avaykaio Kabwe kai oTa unoAoina HEAN
NG enTapeAolg emTponng Kabnyntn k. . Zapwvn, Av. KaénynTtég k.k. A. Toatodkn kai X.
ToaTtodavn yia TNV NpoBupia Toug va GUUKETAoYoUV aTnv a&loAdynon Tng napouaoag diaTpInG.

Eniong, oToug AIdAkTopeG k. A. Zapaivo kai k. M. KavéAou yia Tnv apioTn ouvepyacia
kal @IAia Toug kaBwg kal og 0Aa Ta undAoina PeAn Tou epyaocTtnpiou KAIvikng IoAoyiac.

TEAOG, EUXAPIOTW TNV OIKOYEVEIQ HOU YIa TNV APEPIOTN aydnn Kal UnooTnpIEN o€ KAde

Hou npoonadeia.

Iwavvng MnouhaAdg

HpdkAeio 2011
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NEPIAHWH

MeTaMda&eig oTa pEAN TNG oikoyevelag Twv yovidiwv RAS aveupiokovtal o peyaho
apibuo avepwnivwv veonAaopdtwv. O1 nepIooOTEPEG and auTEG aPOPOUV  ONMUEIAKEG
METaAGEEI oTa kwdikovia 12, 13 f} 61 nou PeTaTpénouv Ta yovidia RAS o€ oykoyovidia.
Mpdogpara evepyeic ETAAGEEIG Tou yovidiou BRAF, evog onuavTikoU diapecgoAapnTr) TnG 0dou
RAS/RAF/MEK/ERK, nepiypagnkav o€ dlIaQopoug OyKoug GUMNEPIAaPBavopevwy kakontoug
MEAQVWHATOG, NAXEOG eVTEPOU Kal BnAwdoug kapkivou Bupeoeidouc. H auxvoTepn HETAAAAEN
nou agopa To €&ovio 15 (V600E) kabwc kal didapopec AAeG ota €Eovia 11 kai 15 odnyouv o€
I0100UCTATIKF EVEPYOMOINGN TNG OYKONPWTEIVNG BRAF.

2TV napoloa MeAETN JlepeuviONKE n ouxvoTNTa KAl n MNPOYyVWOTIKA a&ia Twv
ONMEIaKWV METAAGEEWV TwV YyovIdiwv TG olkoyevelag RAS os dTtopa pe Kapkivo oupodoxou
KUoTNG. Aciypata and oupoBnhiakd kapkivo kai @uaoiohoylikd oupobnidio 30 aoBevwv
MeAeTnONkav pe TIC MEBOdouc PCR/RFLP (aAucidwTr avTidpaon noAupepaonc/avaiuon
NMOAUHOPQIOHOU  HEYEBOUG nepiopIoTIKwWY Bpauocudtwy) kai Direct Sequencing (Gpeon
aMnAoUxion) yia Tnv napouadia petalaywv Twv yovidiwv RAS ota kwdikovia 12 kar 13.
EninAéov, pe Tnv Texvikn real time RT-PCR (avtioTpogn peTaypapn-aAucidwTrh avTidpaon
NOAUMEPADNG OE NPYMATIKO XPOVO) WEAETNONKE TO €ninedo EKPPAONG TwWV oykoyovidiwv RAS
oTo €ninedo Tou MRNA oTov oupoBnAIaKd Kapkivo Kal OUYKPIONKE WE Ta avTioTolxa €nineda
€K(PPAONG OTO MAPAKEINEVO (PUOIONOYIKO 0upoBnAio. 3To OeUTEPO OKENOG TNG napoloag
d1aTpIBNG dlepeuvABNKE N ouxvOTNTA TWV ONUEIaKWV HETAAAGEEwV Tou yovidiou BRAF oTa
deciydata veonAaopaTikoU Kal  (QuUGOIoAOYyIkOU oupoBnAiou Twv napandvw acBevowv. H
METAAAEN V600E peletiBnke pe Tn peEBodo PCR/RFLP kar ta €€ovia 11, 14 kar 15
OUMNEPINAMUBAVOUEVWY TWV ONUEIWV ouUVAVTNONG IVTpoviwv/e€ovinv unoBAnBnkav os aueon
ahAnAouxion.

MeTaAAa&eic Tou oykoyovidiou H-RAS aveupebnkav og 9 aoBeveic (30%). AUo anod Toug
9 aoBeveig gixav dINBNTIKA vOoo (22%) kai ol undAoinol 7 (77%) enmi@aveiakn. Mia anod Tig
METaAAGEEIG nTav opoluyn (11%) kal o unohoineg (89%) eTepdluyes. Ze kaveva Oeiypa dev
avixveuTnkav PeTala&eic Twv oykoyovidiwv K kai N-RAS (aypiou TUnou). Ynepékppaaon o€
éva TOUAAXIOTOV HENOGC TNC olkoyevelag RAS napatnpndnke oto 77% Twv OElYHATWV HE

oupoBnAIakOd kapkivo o€ oUyKPION e Ta Napakeideva @uaololoyika deiypaTta. Ta uwnAoTepa
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MeTaypagika enineda napatnpnénkav orta K kar N-RAS oykoyovidia (50%) evw povo 27% Twv
KAPKIVIKQWV 10TQV €0€IEav  unepEkPpacn Tou Yyovidiou H-RAS GOuUyYKpIVOUEVOI HE TOUG
avTioToIXouG (uUOIOAOYIKOUC. Aev dIanmoTwOnKe OTATIOTIKA ONUAVTIK OUOXETION METAEU
METAMGEEWY KAl UNEPEKPPAONG TwV  oykoyovidiwv RAS  kal  kAIVIkonaBoAoyikwv
XAaPAKTNPIOTIKWV TwV OYKwV. AUo deiypaTa Epepav dUO BIAPOPETIKEG HETAAAEEIC oTo €EOVIO
15 ToUu yovidiou BRAF. Eva Oeiyua €pepe Tnv MeTAAAa&n V600E (voukAeoTidikr) aAAayn
T1799A) kal To GAo Tn peTaAAagn V600L (voukAeoTidikny alhayn G1798T). To npwTo deiypa
nTav otadiou pTla kai grade II evw TO OeUTepo oTadiou pT2b kai grade III. Kapupia
MeTaAayn dev aveupebnke ota €€ovia 11, 14 kar 15 kabwg kal oTa onueia ouvavTnong
IVTPOViwV/€E0ViwV TwV UNoAoinwv delyHaTwy.

Ta anoTeAéopatd pag unoypaupifouv Tnv onuacia Tng evepyonoinong, OlaPéoou
METaAGEEwV 0To kwdIKOVIO 12, Tou oykoyovidiou H-RAS aTov kapkivo TnG oupodoxou KUGTNG.
Eniong, napExouv anodei&eig 0TI n unepEkPPacn kal Twv TPIWV yovidiwv RAS eival €va koivo
YEYOVOG OTO oupoBnAiakd kapkivo nou oxeTieTal PE Tnv avanTuén Tng vooou. TéEAoC,
anodelkvueTal OTI N CUMMETOX Twv BRAF peTalaywv €ival acuvidng oTov Kapkivo Tng

oupodOXOoU KUOTNG.
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ABSTRACT

Bladder cancer is the fifth most common malignancy in men in Western society. We
determined RAS codon 12 and 13 point mutations and evaluated mRNA expression levels in
transitional cell carcinoma cases. Mutational activation of the MAP kinase pathway is
frequently found in many types of cancer. Recently, activating mutations in the BRAF gene, an
important activator of this pathway, have been described in several tumor types including
melanoma, colorectal and papillary thyroid cancer. The most frequent mutation in exon 15
(V600E) as well as several other mutations within exons 11 and 15 result in constitutive
activation of the oncoprotein.

Samples from 30 human bladder cancers and 30 normal tissues were analyzed by
polymerase chain reaction/restriction fragment length polymorphism and direct sequencing to
determine the occurrence of mutations in codons 12 and 13 of RAS family genes. Moreover,
we used real-time reverse transcriptase-polymerase chain reaction to evaluate the expression
profile of RAS genes in bladder cancer specimens compared to that in adjacent normal
tissues. Furthermore, we investigated BRAF mutations in 30 human bladder tumors and their
adjacent normal tissues. The V600E mutation was screened by PCR/RFLP and exons 11, 14
and 15 of BRAFincluding intron-exon boundaries were sequenced.

Overall H-RAS mutations in codon 12 were observed in 9 tumor samples (30%). Two
of the 9 patients (22%) had invasive bladder cancer and 7 (77%) had noninvasive bladder
cancer. One H-RAS mutation (11%) was homozygous and the remaining 89% were
heterozygous. All samples were WT for K and N-RAS oncogenes. Moreover, 23 of 30 samples
(77%) showed over expression in at least 1 RAS family gene compared to adjacent normal
tissue. K and N-RAS had the highest levels of over expression in bladder cancer specimens
(50%), whereas 27% of transitional cell carcinomas demonstrated H-RAS over expression
relative to paired normal tissues. We detected two tumor specimens bearing two different
mutations, both of which were found in exon 15. One sample showed the T1799A (V600E)
and the other the G1798T (V600L) mutation. The first specimen was stage pT1la and grade II,
whereas the second was stage pT2b and grade III. No mutations within the coding region of

exons 11, 14, 15 and the intron-exon junctions for the remaining samples were found.
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Our results underline the importance of H-RAS activation in human bladder cancer by
codon 12 mutations. Moreover, they provide evidence that increased expression of all 3 RAS
genes is a common event in bladder cancer that is associated with disease development.
Furthermore, our results suggest that involvement of BRAF mutations in the development of

transitional cell carcinoma of the bladder is infrequent.
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KE®AAAIO 1

Kapkivog oupodoxou KUOTNG

1.1. Eicaywyn

O Kapkivog TN¢ oupodoxou KUOTNG €ival 0 4° nio ouxvog Kapkivoc oToug
avopeg (7%) kar o 11°° oTig yuvaikeg (2.4%), anotehwvTtag Tnv 9" aitia BavaTou
and kapkivo (3%) otoug avdpeg oTig H.M.A. To 2010 ekTipaTal oTig H.M.A, 0TI Ba
dlayvwoBouv 70.530 veol aobeveic evw Ba onueiwbouv 14.680 BavaTtol anod Tn
vooo autn (Jacobs, Lee at al. 2010; Jemal, Siegel et al. 2010). AnavTartal o€
uwnAd nogooTo otnv A.Eupwnn, Aiyunto kai B.Apepikry kabw¢ kal o€ dinAdaoia
ouxXVOTNTa OTOUG AvOpeC TNG AEUKNG QUANG an’ OTI TnG paupng (Parkin, Bray et
al. 2005). H avaloyia avdpwv/yuvaikov HETAEU Twv nacxovtwv eivar 3/1. H
MEaN nAIkia epeaviong eival Ta 72 €Tn 0TOUG AVOPEG Kal 74 OTIG YUVAIKESG, UNOPEI

OMwG va napouoiacBei o onoladnnotTe nAikia (Horner, Ries et al. 2009).

1.2. AimioAoyia

H avanTtuén Tou oxeTileTalr pe O1GPOPOUC NAPAYOVTEG KIvOUVOU, av Kdl
noAAoi agBeveic dev €xouv eugavn €kBeon oe kapkivoyova (Golijanin, Kakiashvili
et al. 2006). O1 duo NANPWCG eniIBEBaIWPEVOI NAPAYOVTEG €ival TO KANVIOKA Kal n
enayyeApaTikn €kBeon oe XnWika kapkivoyova (McCahy, Harris et al. 1997;
Brennan, Bogillot et al. 2000). To kanviopa gival o 1I0XUPOTEPOC NapdayovTag Kai
eublveTal yia 1o 50% Twv avdpwv kal 35% Twv yuvaikwv acbevav (Colombel,
Soloway et al. 2008; Zeegers, Tan et al. 2000). O1 kanvioTEG dIATPEXOUV OUO £WG
TECOEPIC (POPEC MEYAAUTEPO KivOUVO avanTuéng KApKIVOUATOC anod TOUC Hn
kanvioTeg (Kirkali, Chan et al. 2005), o d¢ kivOuvoc au&aveTal Pe Tnv €vraon Kai
Tn didpkela Tou kanviopaTtog (Silverman, Devesa et al. 2006). MoAovOTI dev EXel
avayvwplotei n unevbuvn yia TNV avantuén TOU Kapkivou oucgia oToug
KanvioTéG, €v TOUTOIC KAPKIVOYEVETIKN OpdAcn @aivetral OTI aokoUV Kupiwg ol
apwUaTikeG apiveg (4-apivodipaivuAn), ol eAelBepeg pilec o&uyovou Kal
nepIooOTEPEC anod 60 ouaiec nou nepiExovTal oTov kanvo (Hirao, Kim et al. 2009;
Leppert, Shvarts et al. 2006). H enayysApaTikr €KBeon 0 ApWMATIKEC aAMiveg (2-

va@BuAapivn, 4-apivodi@aivuin, Bevqdivn) Nou aveupioKovTar ATIc vamaTicse
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avihivng kar Biopnxavika xnuika (Vineis and Pirastu 1997; Delclos and Lerner
2008) kabw¢ kal o€ ApwHATIKOUC NOAUKUKAIKOUG udpoyovavBpakeg (Boffetta,
Jourenkova et al. 1997) cival o 3eUTEPOG 10XUPOTEPOG NApAYovVTaAC Kal eUBUVETal
yla To 5-20% Twv acBevwv pe oupoBnAiako kapkivo (Kogevinas, T’ Mannetje et
al. 2003). Au&nuévo kivOuvo ouvenwg dIATPEXOUV Ol EPYATEG TWV BIOPNXAVIOV
neTpehaiou, €AACTIKWV, OEPUATOC, XNMIKWV, Bagwv, aloupiviou kal XaAuPBa
(Golka, Wiese et al. 2004). AAN\ol aiTioloyikoi napayovteg nepiAapBavouv TIg
Xpoviec oupoAolpwEelc  (Schistosoma haematobium, kabetipeg, AiBiaon
oupodoxou kUoTnc) (Kantor, Hartge et al. 1984; Shokeir 2004), Tnv akTivoBoAia
TnG nuéhou (Kaldor, Day et al. 1995; Boorjian, Cowan et al. 2007), Tnv
kataxpnon avaiynTikwv (@aivaketivn) (Pasin, Josephson et. al. 2008; Piper,
Tonascia et al. 1985) Tn xopnynon kukAogwao@apidong (Cannon, Linke et al.
1995) ka1 Ta uwnAd enineda apoevikou oTo nooipo vepo (Chiou Hy, Chiou St et
al. 2001). ATopa nou NPOCAAUBAVOUV HE TIC TPOPEC HIKPEC MOCOTNTEC (PPOUTWY,
Aaxavikwv, Birapivov (A, Bg, C kal E ) €xouv augnuévo kivduvo avanTugng Tng
vooou (Steinmaus, Nufiez et al. 2000; Lamm, Riggs et al. 1994) evw n
KaTavaAwon Kage kal TEXVNTWV YAUKAVTIK@WV anaitTei eniNAEoV TEKUnpPiwon Tou
KapKIVOYEVETIKOU Tou¢ poAou (Murta-Nascimento, Schmitz-Drager et al. 2007).
EninpooB&Twg dev unapyxouv €mONUIOAOYIKEG anodeieic KANPOVOUIKOTNTAG TNG
vooou (Golijanin, Kakiashvili et al. 2006).

1.3. Mopiakn BioAoyia

O1 ouyxpovec BewpieC TNG KApPKIVOyEveEONG unooTnpilouv OTI O Kapkivog
anoTeAEl KAWVIKN €NEKTACN €VOC I HEPIKWV APXEYOVWV KAPKIVIKOV KUTTAPWV OTA
npooBailiopeva oOpyava (Jordan, Guzman et al. 2006; Davidson and Cheng
2006). H dnuioupyia oupoBnAiakoU kapkivou e€ival pia noAueninedn diadikacia
nou nepIANaPBAvel YeVETIKEG aAAayéC O popiaka povondTia, uneuBuva yia Tn
dlaTApNoN TNG KUTTApiknGg opoldoTtaong (Hanahan and Weinberg 2000). Oi
KUPIWTEPEC YEVETIKEG AANAYEG a@OpPOUV TNV EVEPYONOINON OYKOYyoVvIdiwv Kal Tnv
anevepyonoinon  OyKoKATaoTAATIKWV — yovidiwv. H  emigaveiakny  popon
xapaktnpileTal ano petalAageic Twv H-RAS kai FGFR3 (fibroblast growth factor
receptor 3) yovidiwv evw n dINBNTIKA Hop®n anod anaAsiyeic ota yovidia p53 kal
RB. H anwAeia etepoluywTiac (LOH) oTo XpwHOOwHa 9 aveupiokeTal Kal oTiG dUo
Hop@EG ( Wu X-R 2005; Pollard, Smith et al. 2010).
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1.3.1. Evepyonoinon oykoyovidimv

Ta npwTo-oykoyovidla €ival @uaoloAoyika yovidla nou kwdikonolouv pia
oclpd  nNpPOIOVTWV Nou  KAAUMTOUV €va €upU  @ACHA TNG KUTTAPIKNG
0paocTnpIOTNTAC. 2Ta NpoidvTa auTd nepiAapBavovral au&nTikoi NApAyovTeC Kal
unodoxeic Toug, nPwTeivec-01aBIBACTEG €EWTEPIKWY  ONUATWY, MNUPNVIKEG
npwTeivec nou pubuifouv Tn petaypapry Tou DNA k.An.. H anoppuBuion Toug
ano dlepyaciec, ONWG onuelakn METAAAAEN, yovidiakn evioxuon, avakataTaén
DNA, £x€l oav anoTéAECNa Tn WETATPONN TOUG OE €VEPYA oykoyovidia, Ta onoia
napeppaivouv  OTOUG (PUOIOAOYIKOUG HNXAvIoHoUG €AEyxou TNng avanTtuéng
(Spandidos, Sourvinos et al. 2002; Spandidos 2007).

3TOV KApKivo TNG oupodOXou KUOoTNG €xel MEAETNOeEi n evepyonoinon
d1apoOpwv oykoyovidiwv, onwg Ta c-myc, c-erbB2, H-RAS kAn. To oykoyovidio c-
myc (xpwpoowpa 8g24) npodyel TNV KUTTAPIKN Olaipeon aAAd avaoTEANAEl Tnv
KUTTapikn Olagoponoinon, MeE anoTéAeopa Tn  dnuioupyia peyalou apibuou
adiagoponoinTwv KUTTApwv, 10I1AiTEPA €UAAWTWV OTNV €MidPAcn OYKOyOVWV
napayovtwv (Evan and Littlewood 1993). Auénuévn €kppacn Tou c-myc EXEl
OUOXETIOTEI PE uWNnAOTEPO 0TAdIO Kal BaBuod kakondelag kabwg kal augnuévn
nieavoTnTa unoTponnc kair diNénTikNG €EEANIENG Tou Kapkivou Tng oupodoxou
kUoTng (Masters, Vesey et al. 1988; Zaharieva, Simon et al. 2005).

To oykoyovidio c-erbB2 (xpwpoowpa 17g21) kwdikonolei Yia npwTeivn We
OUMNEPIPOPA UNOJOXEA UNVUMATWV au&nong, nou napouaialel dopikn opoloTnTa
ME TOv Unodoxea Tou emdeppikoUu auénTikoU napayovra (EGF-r) (Yamamoto
Ikawa et al. 1986). To c-erbB2 unepekppdaleTal oTov KApKivo TnG oupodoxou
kUOTNG, nIBavwg Xwpic yovidlakn evioxuon kal oXeTi(eTal We vOOO uwnAou
otadiou kal grade, peiwpévn enifiwon acBevwv kal napoucia AEPQAdEVIKWV
MeTaoTaoswv. EninAéov, anoTeAei ave€apTnTo NPOoyvwoTIKO napdayovra €IdIKNG
yla Tn vooo eniBiwonc. (Coogan, Estrada et al. 2004; Sato, Moriyama et al.
1992; Kruger, Weitsch et al. 2002).

1.3.2. Evepyonoinon oykoyovidiou H-RAS

H olkoyevela Twv oykoyovidiwv RAS (H-, K- kai N-RAS) diadpapaTiel
ouUoIaoTIKO pOAO OTNV €U@Avion oupoBnAiakou kapkivou. Kal Ta Tpia PEAN TNG
kwdikonoloUv pia npwTeivn (p21) pe dpaoTtnpioTnTa GTPAong, nou BpiokeTal

OTNV E0WTEPIKA NAEUPA TNG KUTTAPIKNG MEUBPAVNG KAl CUMMETEXEI OTN METAYWYN
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onuaTtwv otov nupnva (Zachos and Spandidos 1997; Malumbres and Barbacid
2003). H evepyonoinon Tou oykoyovidiou H-RAS vyivetal Kupi®g  HEOW
METAANGEEwWY, oI onoiec nepiAauBavouv Tnv avTiKATACTACN €VOC VOUKAgoTIdiou,
ouvnlwe ota kwdikovia 12 i 61 (Barbacid 1987), odnywvTag aTn ouvOeon piag
evepyonoinuévng p21 npwTeivng kal o ouvexn MeTapiBacn HNVUPATWV Yid
KUTTapikn avénon.

Av kal TO npwTo napadeiyda MeTaAAaypevou oykoyovidiou RAS
napouciaoTnKe OTNV avlpwnivn KAPKIVIK KUTTAPIKA O&Iipd TNG oupodoxou
kUoTewg T24 (Reddy, Reynolds et al. 1982) €xovtag upia unokataoctacn G oe T
(Gly o Val) otn deuTtepn B€on Tou kwdikoviou 12 Tou H-RAS (0TO XpwHOOWUA
11p15.1), unapxouv anokAivouoeC ava@opec 00OV apopd Tn ouxvoTnTd TWV
MeTaANG&ewv Tou H-RAS oTov kapkivo Tng oupodoxou KUOTNG. ZUYKEKPIPEVA,
unapyxouv HeAETeG onou onuelwdnkav 10% (Fujita, Yoshida et al. 1984), 17%
(Visvanathan, Pocock et al. 1988), 36% (Czerniak, Deitch et al. 1990), 67%
(Halliasos et al. 1992) n 76% petaAAa&eic (Burchill et al, 1991). QoTtdoo o€ pia
NoAU eKTETAMEVN MEAETN 152 kapkivikwv dslypatwv ol Knowles kai Williamson
(Knowles and Williamson 1993) avegepav evepyonoinuéva H-RAS oykoyovidia
HOVO 0g 6% TwV NEPINTWOEWY, OMNOU O Kavéva and auta Oev napartnpnonke
unokaTtdaotaon Gly oe Val oto kwdikdvio 12. Eniong undpxel avagopd un
avixyveuong peTaAla&ewv oTta kwdikovia 12, 13 ) 61 Tou H-RAS og ouvoAika 55
acBeveic pe oupoBnhiakouc oykoug (Oldergy, Daehlin et al. 1998; Oxford and
Theodorescu 2003). O1 anokAigeIG auTEG NPOPAvVWG oPeiAovTal OTIG OIAPOPETIKEG
HMEBOBOUC Nou Xpnoiponoindnkav yia Tov npoadiopiouo Twv H-RAS peTalAG&ewy.

AN\OC unxaviopog evepyonoinong Tou H-RAS oykoyovidiou agopd Tn
METAypa@Ikn evepyonoinon Tou, nou odnyei o auénuéva enineda Tng p21 oTo
kuTTaponAaopa. O1 Viola kar ouv. (Viola, Fromowitz et al. 1985) PBpnkav
auénuévn €kppaon TnG p21 oto kapkivwpa in situ (CIS) kar o€ OyKoucg NTWXNAG
diagoponoinong aAa ox1  otnv  unepnAacia 1 OoTouG OYKOUG  KAANG
dlagoponoinong. O1 Miao kal ouv. (Miao, Wang et al. 1991) anedei&av 611 n p21
eKPPAdleTal HOVO 0€ KApPKIVIKOUG I0TOUG KAl TO NOCOOTO £KPPACNG TNG NPWTEIVNG
OXeTileTal Pe naBoAoyikKEC napapeTpouc. EIBIKOTEpA uwnAd nooooTd TNG
napatnpendnkav o€ Oykouc xapnAoU oTadiou kal KaAnc diagoponoinong evw
avTiBeTa xaunAd nooooTd onuelwOnkav o€ OykouG uywnAoU oTadiou kal NTWXNAG
diapoponoinong. Eniong napatnpndnke OTI n BvnTOTNTA €€QITIAC UNOTPOMNNG TOU
Kapkivou oe p21 BeTikoUC aoBeveic NTav POAIC 9% o€ avTidlaoToAn pe 67%
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ekeivwv nou NTav p21 apvntikoi. O1 Vageli kar ouv. (Vageli, Kiaris et al. 1996)
akopn avépepav avénon ~40% oTa PeTaypagika enineda ékppaong Tng H-RAS
npwTeivnG. Ta anoTeAéopaTa auTd, av Kalr avTikpouoOdeva, unoypappifouv Tnv
onuacia Twv PeTAMA&swv / unepek@pacnc Tou oykoyovidiou H-RAS  oTnv

EQQavion oupoBnAiakoU Kapkivou.

1.3.3. Evepyonoinon oykoyovidiou FGFR3 (fibroblast growth factor receptor 3)

O FGFR3 (xpwpoowpa 4pl16.3) avnkel o€ Mia TeETpAPeAnn opada
MEMBPAVIKWV UNOBOXEWV TUPOOivnG Kivaons. MeTala&eic Tou avixvelubnkav o€
nooooTo 60-70% Twv acBevwv e xapnAou grade BnAwpatwdelg oykoug (Rieger-
Christ, Mourtzinos et al. 2003; van Rhijn, Lurkin et al. 2001). & npdogaTn
NPOONTIKN MEAETN 772 aobevwv Me enipavelakoUc Oykoug ol Hernandez kai ouv.
(Hernandez, Ldépez-Knowles et al. 2006) avépepav OTI ol PETAAMAEEIC Tou
yovidiou autoUu  oxeTilovTal KupiwG ME XaunAoU oTadiou-grade Oykoug Kai
AlyOTEPO pE uywnAou grade T; oykoug. Or Tomlinson kal ouv. (Tomlinson, Baldo
et al. 2007) anédei€av OTI n auénuévn €kppacn Tou ouvdoualeTal ME TIG
METAAAGEEIC TOu, ONWC akoun OTI €ival onuavTika Mo ouxvh OTOuG XaunAouU
grade pn dInGnTIKOUC Kapkivouc. O1 peTaA\a&eic Tou FGFR3 oTta €€6via 7, 10 kal
15 npokaloUv 13100UCTATIKN €vepyonoinon Tng dpacTnpldTNTAG KIvaong Tou
unodox£a, o0 OMnoiocC PE Tn OEIpA TOU EVEPYOMOIEI TO povonaTi Twv MAPK kivaowy,
€va povonaTti nou polpaletal e TNV olkoyévela Twv yovidiwv RAS (Knowles M
2007). Xe peAeETn 98 oupoBnAiakwv kapkivwv kal 31 KapKIVIKWV KUTTAPIKWV
OcIpwV 0UpodOXOoU KUOoTNnG ol Jebar kai ouv. (Jebar, Hurst et al. 2005)
napatnpnoav OTI ol peTaAAG&eic Twv FGFR3 kar RAS yovidiwv anokAeiovral
apoiBaia, unodeikvuovTac mbavn Bioloyikn 1coduvapia. Eniong o aA\n PeAETN
81 npwToeupavi{OPeEVWV 0oUpoBNAIaKWV OYKWV aveUpEBNKE 10XUPR OXEON
avapeoa oTi¢ JeTaAAageic Tou FGFR3 kal Toug xaunAou oTadiou-grade Oykoug
EVW Ol PETAAAAEEIC Tou p53 agopoloav amokAEIOTIKG uywnAou oTadiou-grade
oykouc (Bakkar, Wallerand et al. 2003).

1.3.4. Evepyonoinon oykokataoTaATikoU yovidiou p53

To p53 oykokaTaoTaATIkO yovidlo (Xpwpoowua 17p13.1) kwdikonolei pia

nupnNVvIKn (PWOQONPWTEIVR, N Onoia anoTeAEl KEVTPIKO OUCTATIKO HIAg OEIpdc
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KUTTApPIKWV AEITOUPYIOV ONWE n pUBJIoN Tou KUTTapikoU KUKAOU, n anontTwaon, n
ayyeloyeveon, n ouvBeon kar emdiopdbwon Tou DNA (Vogelstein, Lane et al.
2000). MeTaAAG€eic Tou p53 OXeTI(OVTAl PE YEVETIKEC ANAAEIPEC OTO XPWHOOWHA
17p, €101 WOTE VEONAACHATA MOU €XOUV XAoel €va aAAnAopop@o ekppalouv To
MeTaANaypévo p53-aAAnAdpop@o kai €xouv Xdoel Tov €Aeyxo noAAanAaciacpou
Toug (Cordon-Cardo, Dalbagni et al. 1994). ZTov kapkivo TnG oupodOXou KUGTNG
napavonuaTikeG Kupiwg METAAMAEEIC aveupiokovTal o€ nooooTd >40% Twv
oINONTIKWV OYKwv Kal ouvdualovral e €EENIEN TnC vOOou Kal NTWXOTEPN
eniBinwon acBevwv (Sidransky, Von Eschenbach et al. 1991; Fujimoto, Yamada et
al. 1992; George, Datar et al. 2007). O1 peTaA\a&eig Tou p53 odnyolv og au&non
Tou Xpovou nuIZwAC TNC MPWTEIVAC, N onoia cucowpeUsETal OTOV MUPRAvVA Kal
pnopei va avixveubei avoooioToxnuika (Esrig, Spruck 3rd et al. 1993). O1 Goebell
kal ouv. (Goebell, Groshen et al. 2010) avéAuoav 26 peAeTeC ano 38 kEvTpa Kal
Bprikav OTI n au&énuévn €kPpacn Tou p53 OxeTileTal OTeVA PE OYKOUC uywnAou
oTadiou kai grade kai Ye eEENIEN TG vooou o T1 kai dindnTikoUg OYKOUG.

1.3.5. Evepyonoinon oykokataoTaATikoU yovidiou Rb

To yovidio Tou peTivoBAacTwpaTtog (Rb) BpiokeTal oto Xpwuoowua 13q14.2
Kal KwOIKOMOIEI hia MupnVIKA QWoPONPWTEIVN-pUBUICTN TOU KUTTAPIKOU KUKAOU. H
NPpWTEIVN aQUTR €ivalr ouvdedspévn OTO PETAypa®ikd napayovra E,F, o onoiog
avacTeNAel Tn peTaypa®n Tou DNA, ugioTtatar d€ KUKAIK aAAayn oTn
(PWO@OPUAIWON TNG avaloya HE Tn  @AON TOUu  KUTTApPIKOU  KUKAou
(ano@wao@opuAinon oTIC paocelc Go kal Gl-pwopopuliwon OTIC QAceIG S kal M)
(Mitra, Birkhahn et al. 2007). AnaleiQpec kar peTaAAG&eic Tou yovidiou Rb
EMNITPENOUV TNV EUKOAOTEPN €i0000 TOU KUTTAPOU OTN ¢Acn S, emiTeivovTac Tov
KUTTapikd noAAanAaciacpo (Cairns, Proctor et al. 1991). MetaAAa&eic Tou
napatnpndnkav TOOO Ot €NIPAVEIAKOUG 000 Kal dINdnTIKoUg OyKoug oupodoyxou
kUoTng (Miyamoto, Shuin et al. 1995). O1 Cote et al. (Cote, Dunn et al. 1998)
anedei&av Pe avoooioToxnuikn MEBOBO, OTI N UWnAn €k@pacn Tou yovidiou N n
anouadia auTng oxeTileTal Pe O0INONTIKOUC OYKOUC KAaknG npoyvwong. H uwnAn
EKQpaon €ival anoTeAeopa 10100UCTATIKAG UNEPPWOAPOPUAiwaNG TNG Rb npwTeivng
AOyw  anwAeiac €kppacng Tou  pl6 0OykokAaTaoTAATIKOU yovidiou Kal /i
unepékppaong Tng kukAivng D1 (Chatterjee, George et al. 2004). Z& Oykoug
otadiou T1 avwpaAn €kepaocn Tou p53 n Tou yovidiou RB 1 kar Twv dUo
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ouvduaoTnke pe auénuévn mbavoTnTa eEENIENG TN vooou (Grossman, Liebert et
al. 1998).

1.3.6. AOINEG YEVETIKEG AAAAYEG

H anwAeia etepoluywTiac (LOH) T000 0TO Bpaxl 000 kal OTO HAKPU
OKEAOC TOU XPWHOOWMATOG 9 anoTeAel TNV MIO KOIVA YEVETIKA aAAoiwon oTov
KApKivo TnG oupodOXou KUOTNG Kal agopd nepioootepo and 50% Twv
veonAaopatwv aveEapTATwe otadiou kal Babuou kakonbeiag (Tsai, Nichols et al.
1990; Cairns, Shaw et al. 1993). H xapToypd®ion Tou XpWHOOWHATOG 9
anokAaAuywe OTI oI NEPIOXEC Mou napouaialouv ouxva analoiPeC nepiAapupavouv
Ta pl4, pl5, pl6 oykokataoTaATikd yovidia (Orlow, Lacombe et al. 1995;
Berggreen, Kumar et al. 2003), 1o yovidio Tou ouvdpouou Gorlin (Aboulkassim,
LaRue et al. 2003; McGarvey, Maruta et al. 1998), To DBC1 (Deleted in bladder
cancer 1) yovidio (Habuchi, Luscombe et al. 1998) kai To TSC1 (Tuberous
sclerosis 1) yovidio (Pymar, Platt et al. 2008). Ta vyovidia pl4 kai pl6
anoTeAoUV €AEYKTEC - KAEIDIG TOU KUTTApPIkoU kKUKAou, mou puBpifouv apvnTika
TO NpwTo Tn AsIToupyia Tou p53 yovidiou evw To OeUTEPO TOU Yovidiou Rb
(Mitra, Datar et al. 2006).

AN\EC YeEVETIKEC aMNQYEC MOU avayvwpioTnkav ¢ ONUAvTIKEG OTnV
avanTuén Tou Kapkivou Tng oupodoxou KUGTNG €ival Ol XPWHOOWHIKEC AnAAEIPEC
oTI¢ B¢oeic 10q, 11p, 13q, 17p kar 18qg. AnwAcia eTepoluywTiac (LOH) oTo
XpwHOoWHa 11p aveupednke o ~40% Twv oupoBNAIaKWV OYKWV, OJWC Eival nio
ouxvn o uywnAoUu oTtadiou kal grade oykoucg (Shaw and Knowles 1995; Tsai,
Nichols et al. 1990). 210 xpwuoowpa 10q nou nepihapBaver To PTEN yovidio, To
onoio puBuilel To govonaTi TNG WoPaTIOUAIVOOITOANG 3 - kKivaong (PI3-Kinase),
anwAeia €TepolUywTIAC ONUEIWONKE 0€ NooooTO 24%-45% Twv dINONTIKWV
oykwv (Cappellen, Gil Diez de Medina et al. 1997; Aveyard, Skilleter et al. 1999;
Kagan, Liu et al. 1998). AnaAcipr oTn XpWHOOWHIKNA nepioxn 18q napartnpnénke
oe 35% Twv dINOnTIKWV kapkivwv (Brewster, Gingell et al. 1994). AnwAsia
eTepoluywTiac (LOH) oTta Xpwpoowuata 17p kar 13q o6nou Bpiokovtal Ta
yovidla p53 kai RB aveupebnke oe nooooTtd 60% kai 56% avTioToixa Twv
upnAou oTadiou kal grade oykwv (Olumi, Tsai et al. 1990; Presti, Reuther et al.
1991; Cairns, Proctor et al. 1991).
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To pikpodopupopikd DNA eival enavalappavopevec aAAnAouxieg piac €wg
néevre BAcswv oTo avlpwnivo yovodiwpa, ol onoieg diapepouv and avlpwno o€
avlpwno, OPWG €eneidr] kAnpovopouvTal €ival idleg o€ OAa Ta KUTTAPA TOU
avlpwnou. XTa KAPKIVIKG KUTTapa epgavifovral napallayec o€ MoAAEC ano
auTéG TIC aAAnhouyxiec (av&non n Mdeiwon Tou apiBpou Toucg). To @aivopevo
ovopadletal aotabeia pikpodopu@opikou DNA (Microsatellite Instability, MSI) kal
npokaAeitar and Tnv aduvapia Tou emdlopBwTIKOU MnxaviopoU (BAGBn Twv
METAAAGKTIK@WV Yyovidiwv MHL1, MSH2, PMS1, PMS2 MSH3 kai MSH6) va
dlopBwaoel Ta AaBn nou cupBaivouv kaTtda Tnv avtiypapn Tou DNA. Mia EexwpioTn
Hop®r aoTdbelac  ep@avileTal O €MINEYMEVEC  TPIVOUKAEOTIOIKEC  Kal
TETPAVOUKAEOTIDIKEC enavaAnyeic kalr ovouyaletar EMAST (Elevated Microsatellite
Instability at Selected Tetranucleotide Repeats) (Catto, Meuth et al. 2004).

O1 Gonzalez-Zulueta kai ouv. (Gonzalez-Zulueta, Ruppert et al. 1993) o¢
MEAETN  TOug oTOV 0oupoBnAlakd Kapkivo avépepav  aoTdbela  Tou
HiIkpodopupopikou DNA oTo 3% Twv Oykwv, ol onoiol ATav OAol xapnAou
otadiou. O1 Mao et al. (Mao, Lee et al. 1994) onueiwoav akoun uwnAoTePN
ouxvoTnTta, 28%. O1 Catto kal ouv. (Catto, Xinarianos et al. 2003) napaTtnpnoav
XauNAG nocooTO MIKPOOOPUPOPIKNG aoTABEIAC OTIC HOVO-Kal OIVOUKAEOTIOIKEG
eENavaAneIg kar uynAod NocooTO OTIC TETPAVOUKAEOTIOIKEG enavainyelc. Eniong
aVTIKPOUOMEVA €ival Ta ANOTEAEOHATA TWV HEAETWV nou €gTalouv Tn ouxvoTnTa
TNG MIKPOOOPUPOPIKAG aoTABEIAC PE TIC NABOAOYIKEC MAPAPETPOUC TWV OYKWV
(Catto, Meuth et al. 2004). Oi Ahrendt kair ouv. (Ahrendt, Decker et al. 2000)
avEQEPAV OUOXETION avapeoa otnv EMAST kai TiI¢ peTaAAa&eic Tou p53 yovidiou.
TeEAoG n aoTdbela Tou MIKPodOPUPOPIKOU DNA €eKTIMNONKE WG NPOYVWOTIKOG
OEiKTNG Kal aveupednKe va oOXeTileTal pe OykouC uwnAoU oTtadiou kal grade
(Vaish, Mandhani et al. 2005).

1.4. MaBoAoyikn avaTopIki

H nAsioyngia Twv OYykwv TNG oupoddxou KUOTNG e€ival MPeTaBaTikou
enbnAiou  (>90%) kal  akohouBoUv  nAakwdouc eniBnAiou  (<5%),
adevokapkivwpa (<1%) kal PIKpokUuTTapiko kapkivwpa (0.5%-0.7%). e auTtoug
Ba npénel va npooTeBOUV 01 PIKTEC HOPPEC KABWC eniong kal pyia ogipd onaviwv
oYKWV emBnAiaknc (AaxvwTo adevwpa, KapKIVoeIdeic Oykol, MeAGvQ,
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KApKIVOOApKwHa) kai un npoéAeuonc (paloxpwuokUTwHa, NpwTonadéc Aeppwua,

Aglopuocdpkwpa) (Amin MB 2009).

1.4.1. Kapkivog perapartikoU emOnAiou (transitional cell carcinoma, TCC)

O kapkivog PeTaBartikou eniBnAiou Tng oupoddxou KUOTNG aAvanTUCOETal
Olapuécou OUO EexwploTwv aANd &v  PEPEl  aAANAOKAAUNTOPEVWV NPOTUNWV
avantuéng, 1o OBnAwWdeg kal pn OnAwdec. Mepinou 80% Twv KAPKIVOUATWV
anotehoUvTal anod Eenm@aveiakes eEWPUTIKEG BnAwpaTtwdelg eEepyacieg nou
npoépyovTal and unepnAacia Tou oupoBnAiou. AuTtoi o1 xapnAoU grade Oykol
unoTponialouv aA\a ondvia dinBolv TO TOiIXWHA TNG 0ouUpPodOXOU KUGTNG N
heBioTavTal. O1 undhoinol 15-20% avTinpoownsuouv uwnAoU grade, oupnayn, KN
ONAwPaT®WON KAPKIVOPATA nNou eugavifovral o€ aoBeveic Xwpic 10TOPIKO
OnAwpaTwdoug Oykou kdl npogEpxovTal and Aavbavouoa uywnlou grade evdo-
emdnAiakn veonAacia. O1 Oykol auToi €mBeTIKG 0INBoUV TNV oupodoxo KUOTN Kal
€XOUV PeyaAn Taon va divouv anopakpUOPEVEG METAOTAOEIC. H aAAnAokaAuyn Twv
OUo npoTUNwv avantuéng aneikovileTar otnv €EENIEN Twv xapnAou grade
ENIPAVEIOKWY  OYKWV Ot uywnAoU grade dinONnTIkoUG Kkapkivoug. Tng €&EAIENG
QUTAG, mponyeital n avanTtuén kapkivwpaTog in situ evrdg Tng BnAwpaTwdoug
BAGBNGC 1| Ot napakeigevn neploxn kal anavtatal oe 10-15% Twv acBevwv pe
IOTOPIKO XaunAoU grade enigpaveiakd BnAwpaTtwdn oyko (Spiess and Czerniak
2006).

IoroAoyixog BaBuog kakorjBsiacg (Grade) rou TCC

Z0pewva pe Tnv 1973 WHO Ta&ivounon katatacoeTal o€ Tpeic Baduoug
IoTOAOYIKNG kakonBeilac (grade) :a) kaAng B) METPpIAG kal y) NATWXAG
diapoponoinong. To 2004 n WHO kar n ISUP (International Society of Urological
Pathology) Onpocicucav pia véa Ta&ivounon nou nepidapBaver  €idika
KUTTApoAOYIKA Kal apXITekTovika kpitnpla. H vea Ta§ivopnon nepiAappavel To
BnAwdec oupoBnAiako vednAaopa xapnAng kakondeiag (PUNLMP) kal To xapunAng
Kal uwnAng kakonBeiac BnAwdec oupobnAiakd kapkivwpa ( Epstein, Amin et al.
1998; Sauter, Algaba et al. 2004).
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Ta&§ivopnon WHO 1973 ka1 2004

1973 WHO grading

OupoBnAiako BnAwpua

Grade I:  KaAwg diapoponoinuéevo
Grade II:  MeTpiwg diapponoinuévo
Grade III: MTwxda diapoponoINUEVO

2004 WHO grading

OupoBnAiako BnAwpa

OnAwdeg oupobnAiakd veonAaoua XaunAng kakonBesiac (PUNLMP)
XaunAnc kakonBesiag OnAwdec oupoBNAIaKO KapKivwua

YwnAng kakonfeiag OnAwdeg oupodnAIako kapkivwua

Tia

s o Turmm irrvmhe=
pehie ar
abcdorinal walls

Eikova 1.1. >tadionoinon kapkivou oupododxou KUOTNG
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1.5. ZTadionoinon

To TNM (Tumor-Nodes-Metastases) €ival To N0 EUPEWG XpNOILONOIOUHEVO
ouoTnua. (Sobin and Wittekind 2002). O 6pog enipaveiakdg EXEl avTiKaTaoTabei
onuepa and Tov 0po wn puodinénTikoc kal nepINaPPBAvel : a) dykoug nou dev
0inBouv népav Tou BAevvoyovou (Ta kair CIS ) B) oykoug nou dinBolv ToO XoOpIo (Ty)
(Eikova 1.1).

Tx: O OykogG dgv Pnopei va ekTIPNOEI

To: Aev unapxel evdeiEn npwtonaboug oykou

Ta: OnAwdeg kapkivwpa nou dev dinbei nEpav Tou BAevvoyovou
Tis: Kapkivwpa in situ

Ti1: O oykoc 0inBei To xopio (lamina propria)

T1a: O oykoc dev dInbei Tnv unoBAevvoyovia Puikn oTiRada

Tib: O oykoc dinBei Tnv unoBAsvvoyodvia puikn oTiBada

Tic: O oykog dInBei népa anod Tnv unoBAevvoyovia Juikn oTiBada
T2a: O oykog dInBei Tov eNINOARG MUIKO XITwva (E0W AMIOU)

T2b: O oOykog dInBei Tov ev Tw BABel puikd XITwva (EEw NUIoU)
T3: O OYKOC ENEKTEIVETAI OTO MEPIKUATIKO Ainog

T3a: Mikpookonikn dInénan

T3B: Makpookonikr dineénon (eEwkuaoTikn pala)

T4: O oykoc dinbei €iTe kaAnolo and Ta napakeigeva oOpyava (T4a:

nNpooTATN, UNTPA, KOANO), €iTE TO NUEAIKO N KOIAIOKO Toixwua (T4b)

NXx: Enixwpiol Aeppadéveg dev pnopoulv va ekTipnbolv

NO: Agv undpyel HETAOTAON OTOUG ENIXWPIOUG AEUPADEVEG

N1: MeTdoTaon o’ €va Aepgpadéva PEYIOTNG DIAUETPOU <2 ¢cm

N2: MeTdoTaon ¢’ €va Aepgadéva PEYIoTNG OIauETpoU >2, aAAd <5 cm,

N METAOTACEIC 0 NOANOUG AEPPADEVEG KAVEVAG €K TWV OMoiwv OV

EXEl OIAUETPO >5 cm

N3: MeTdoTaon o’ €va Aeppadeva PEYIoTNG dIaUETPOU >5 cm
Mx: H Unap&n anopakpuopéVwY HETAOTACEWY OEV UMOPEI va eKTIPNOEI
MO: Aev unApXouV anoPaKPUOHEVEG HETAOTACEIC
M1: YnAapxouv anoPaKpUOHEVEC HETAOTAOEIG
11
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1.6. Aiayvwon
1.6.1. KAIvikn €ikova

O kapkivo¢ Tn¢ oupododxou KUOTNG diaylyvwOKETal Tuxaia i €€aitiag Twv
OUUNTWUATWV. TO OUXVOTEPO OUUNTWHA KWE TO omnoio eugavileTar €ivar n
avwduvn aigatoupia, n onoia  MNopei va €ivalr €iTe PAKPOOKONIKN EITeE
MIKpOOKOMIKA Kal napaTtnpeital oto 85% Twv acBevwv. ZUPNTOPATA NANPWONG
(epebIOTIKA), ONWC OUXVOUPIa, VUKTOUpPIa 1 €MITAKTIKA oUpnon €ival ouxvoTepa
o€ Kapkivwua in situ r 8InONTIKG OyKo. ZNavioTePEC eKONAWOEIC nepIAapPBavouy
OUUNTOHATA anoppa&nc Tou avwTEPOU ouponoinTikoU, Ta onoia oxeTi(ovTal HE

npoxwpnuévo oTadio TG vooou.

1.6.2. EpyaoTnpiakog EAeyXoG

H diepelivnon Tou BacileTal oTOV ANEIKOVIOTIKO EAEYXO TOU OUPOMOINTIKOU
ouoTAuaTo¢ (unepnxoypdenua, evOoo@PAEBIa 1 afovikp oupoypagia o€
enINeypévoug aoBeveig), Tnv kuoTeookomion  (anAn-@wToduvaikn), TNV
KUTTApoAoyikn €EETaon oUpwv kai Tn AQwn Bioyinv oupoddxou KUOTNG Kal
npooTaTikngG oupnBpag (Babjuk, Oosterlinck et al. 2008).

1.7. KAivikn NMopeia-NMpoyvmoTikoi NapayovTeg

O1 npwTogp@avi{opevol Oykol TnG oupoddxou KUOTNG €ival €NQAveIakoi
(pTa, pTy, pTis) 0€ N00OOTO 75-85%, OPWG napa Tnv evOOOKOMIKN agaipeon Kal
€vOOKUOTIKN aywyn unoTtponialouv o€ nocooTo 30-80% evw o nocooTd 1-45%
e€ehicovTal og dINONTIKOUG evTog 5 eTwv and Tn diayvwon (Babjuk, Oosterlinck
et al. 2008; Sylvester, van der Meijden et al. 2006). 70% Twv €NQAVEIAKWV
OoyKwV eival otadiou pTa, 20% ecival pT; kai 10% pTis (Kirkali, Chan et al. 2005).
H rmiBavoTnTa unoTponng kai €EEAIENG TNC vOoou Wnopei va unoloyloTel ano
Toug nivakec Tng EORTC (European Organisation for Research and Treatment of
Cancer), nou oTtnpiovTal o€ €€ KAIVIKEG kal NaBoAoyoavaTouIKEG NAPAPETPOUG :
noAAanAOTNTa OYKou, MEYEBOC, OuXVOTNTA UMOTPOMNNAG, OTADIO, I0TOAOYIKOG
Babuoc kakonbeiac (grade) kai ouvunapén CIS (Sylvester, van der Meijden et
al. 2006).

12
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1.8. Ogpanecia

H OioupnBpikn ekToun (TURBT) anoTeAei Tnv apxikn avTIHETNION
0noIoudNAMNOTE OYKOU TNG oUpodOXoU KUOTNG. AOBEVEIG e eMPAvVEIaKO VEONAACHA
HETA Tn dioupnBpIKn apaipeon Tou Oykou unoBAAlovTal o€ evOOKUGTIKI £yXuon
€VOC xnueloBepaneuTikoU napayovTta (Mitomycin, epirubicin, doxorubicin) kal oTn
OUVEXeld avaloya ME Tov kivOuvo unoTponng kalr €EENIENG Tng vooou, E€iTe
EVTAOOOVTAl O€ NPOYPANHA CUCTNHATIKNG napakoAoudnong €ite unoBailovTal o€
EMNIKOUPIKN €VOOKUOTIKN aywyn. MapakoAouBnon evdeikvuTal g€ OYKOUG OTOUG
onoiou¢ o Kivduvog unoTponng kal dINdnTIkAG €EENIENG OewpeiTal MIKPOG.
AvTiOeTa og aobeveic evOiduedou KIVOUVOU XOpnyeiTal €NIKOUPIKA €VOOKUOTIKN
xnueloBepaneia didpkeiag 6-12 pnvaov 1 avooobepaneia (BCG) To AilydTeEpO €VOC
€TOUG evw Ot aoBeveic uwnAou KIVOUVOU XOpnyeiTal €niKoupikn €VOOKUGTIKNA
avoooBepaneia (BCG) TouAdyxioTov yia €va £ToG. AoBeveic pe enipavelakoug
OYKouC noAU uwnAou kivoUvou €EENIENG TNG vOoou Pnopouv va unoBAnBolv ot
pIQIkn kuoTekToun (Babjuk, Oosterlinck et al. 2008). AcBeveig pe dinBNTIKOUG
OyKoug e€ival unown@lol yia piJikl KUOTEKTOUR N akTivoBepaneia. EmAeypevol
aoBeveic pe 0INONTIKA vooo pnopoUv va unoBAnBolv oe cuvduacpevn Bepancia
dlatnpnong TnGg KUOTNG HE  XnueloBepaneia, dloupnBpikny  €KTOWR  Kal
akTivoBepaneia. Tonikd €KTETAPEVOI 1 aveyxeipntol Oykol Wdnopoluv va
avTIJETWNIOTOUV apyXIkd HE CUOTNUATIKN XNuUeEloBepansia o€ pia npoondabeia
Meiwong TNG veonAaouaTtiknG Mpalag kalr oTn OUvéEXEld ME akTivoBepansia n
XEIPOUPYIKN €néPBaocn avaloya HeE Tnv avtanokpion. TeEAog, aobeveic ue
METAOTATIKA vOoOo avTipeTwniovral pe XnueloBepaneia (Stenzl, Cowan et al.
2009).
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KE®AAAIO 2

Fovidia RAS

2.1. Aopun yovidiwv RAS

>ToVv GvOpwno Kal Ta TPWKTIKA TA QVTINPOOWNEUTIKA PEAN TNG OIKOYEVEIAC
RAS cival: To c-H-RAS1 (11p15.1-p15.5), To c-K-RAS2 (12p12.1-pter) kai To N-
RAS (1p22-p32). Ta dUo npwTta £xouv avaAloya yovidia o€ peTpoiolc (v-H-RAS
kal v-K-RAS) evw undapyouv kal Ta avTioToixa KuTTapika weudoyovidia (H-RAS2
kal K-RAS1) pe dopnn mRNA nou €xel unooTel wpigavon oTo yovidiwpa Twv
EUKAPUWTIKWV KUTTApwV. To N-RAS Bpeébnke o KUTTAPA VEUPOBAACTWHATOC WG
oyKoyovidlo PJeTaoxnuaTiogoU kal napouciale opoAoyia pe Ta aAAa yovidia RAS
(Barbacid 1987; Spandidos and Lang 1989; Lowy and Willumsen 1993). To
yovidio H-RAS anoteAcital and 5 €€ovia, To K-RAS and 6 evw 10 N-RAS anod 7
€€ovia. To npwTto €€ovio oTo 5’ Akpo (€€Ovio-1 n @) kal Twv TPIWV YovIdiwv
HeTaypa@eTal aAAa dev petappaletal. Ta endpeva 4 kwdikonoloUv Hia NpwTEivN
(p21) poplakoU Bapouc 21 kDa. Kabe €Edvio kal aTa Tpia yovidia KwIIKOMOIEN TO
avTioTolxo THAMA TnG npwTeivng. To yovidio K-RAS 81aBeTel dU0 evaAAakTIKA
e€ovia, IVa kai IVb, Ta onoia kwdikonoioUv OU0 I00HOPPES TNG NPWTEIVNG p21
(McGrath, Capon et al. 1983; Shimizu, Birnbaum et al. 1983). Ta enineda
napaywyng Tng K-RAS A eival apeAnTéa (20 @opég xapunAoTepa) o olykpion HE
NG K-RAS B oTa @uaioloyika kUTTapa. H npwTeivn p21 kai Twv Tpiwv yovidinv
anoteAeital ano 189 apivoééa, ektoc ano tnv K-RAS B nou anoteAeital and 188
apivo&ea, eneidn To e€wvio IVb £xel eva AlyoTepo kwdikovio (McGrath, Capon et
al. 1983; Shimizu, Birnbaum et al. 1983; Spandidos and Lang 1989; Lowy and
Willumsen 1993)

H uwnAn opoloyia nou undpxel avapeoa ota PEAN TNG oikoyévelag RAS
oQeiAeETAl OTN OUVTNENTIKOTNTA Nou XapakTnpilel TIC KwdIKEC neploxeg (Barbacid
1987; Valencia, Chardin et al. 1991). O1 pun KWOIKEC KAl Ol YEITOVIKEG NEPIOXES
Twv g€oviwv napouaialouv NOAUHOP@ICHO WNKOUG, HE AMOTEAECHA TO GUVOAIKO
MEyeBOG Tou yovidiou va dlapépel onuavTika. 'ETol To H-RAS ekTeiveTal o€ pia
YEVWUIKN nepioxn nepinou 4.5 kb, To N-RAS o€ 7 kb nepinou evw To K-RAS
kaTalapBavel nepinou 40 kb (Spandidos and Lang 1989; Lowy and Willumsen
1993) (Eikova 2.1). Kai Ta Tpia RAS yovidia gépouv unokivnTec. nAouaiouc o€
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VOUKAEOTIOIKEC aAAnAouyiec GC evw Asinouv ol XapakTnploTIKEC neploxéc TATA.
AuTEG 01 1I010TNTEG €ival XapakTnpIoTIKEG yia housekeeping yovidia kabwg kai yia
aMa npwTto-oykoyovidia. O1 NePICOOTEPEG BECEIC METAYPAPIKNG EVEPYOMOINONG
evronifovral o€ pia nepioxn 40bp oto 5 akpo Tou €€oviou -1, av kal o akpIPng
apiBuos Twv BEcewv kKabwe kal Ta onueia Evapénc Tng HETaypa®nc diapEpouv
ano avagopd oe avagopd (Spandidos and Riggio 1986; Spandidos and Lang
1989; Nagase, Ueno et al. 1990; Lowy and Willumsen 1993). To &&ovio-1
anoteAeital anod 125-150 bp. ‘Eva Tunua 350 Bacswv, To onoio nepiAapypavel To
€€ovio-1, napouoidlel uwnAr odoAoyia avapeoa oTa yovidla TwV TPWKTIKWV Kal
Tou avBpwnou. Av To HPRKOG Tou €€oviou Bswpnbei 150 bp, TOTE n opoAloyia
eKTEiVETAl nepinou 175 bp npog To 5 dkpo Tou €€oviou kal nepinou 25 bp npog

To 3’ akpo Tou e€oviou-1.

In oy

= 11—

- ¥

L2l RN

L

pkl

a1l 1 r mn v ¥ia

T e
3

Lhand 4.3kb mRENA

v

P21
[F 1 m o va IVh

[ | 11 | E. ;
Kerail 4

A0 and 5.5 Kb mENA

v

Eikova 2.1. Aopn Twv yovidiwv H-RAS1, N-RAS kai K-RAS2 Tou avBpwnou
(Spandidos and Anderson 1989).
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AANnAouxie¢c népav Tou 5’ akpou auTAC TNG OMOAOYNG NEPIOXAG, Oev
(aiveTal va OUPMPETEXOUV OTnV evepyoTnTa Tou unokivnTh (Nagase, Ueno et al.
1990; Honkawa, Masahashi et al. 1987; Hashimoto-Gotoh, Kikuno et al. 1988,
Lowy and Willumsen 1993;). 3Tn ouvTnpnTIiKi nepioxn Twv 175 bp, oTto 5’ akpo
Tou €€oviou-1, avayvwpilovTal eniong xapakTnpIoTIKEC ahAnAouxiec GC ol onoigg
gival avaykaieg yia Tn petaypagikn ekepaon (Nagase, Ueno et al. 1990;
Spandidos and Anderson 1989; Lowy and Willumsen 1993, Spandidos, Nichols et
al. 1988) (Eikova 2.2). Ynapxel akoun €va odoAoyo Tunpa 235 bp oTo deUTEpO
MICO TOU NPWTOU IVTpoviou, N EAAEIYn TOu onoiou OXeTICeTal PE MEIWON TNG

ekppaonc TnG p21 kata 3 pe 10 popeg (Lowy and Willumsen 1993).

O(EP rel NF-B
¥TR

Eikova 2.2. Angikovion TwV KuploTEpwY BEgewv pUBUIONG TNG PETAYPAPNG TOU
yovidiou H-ras. MeTafl Twv kwdikonolwv kal pn €€oviwv (pavupa kai Aeuka
KOUTIG avTioTolxa) onuelimvovTal ol BE0eliC NpOodEonG  HETAYPAPIKWOV
napayovtwv (Sp 1) oTov unoKIvNTr Kdl Ol PUBMIOTIKEG PETAYPAPIKEC MEPIOXEG
TWV IVTpOvViwv. 2Z€ auTéG npoodevovtal n npwTeivn p53, unodoxeig
vyAukokopTikoeldwv (GR) kal oloTpoyovikoi unodoxeic (ER). ZTnv nepioxn MIKPO-
dopu@opikol DNA (VTR) npocdeévetal o HETAYpapikog napaywv rel/NFk-B. H
nepioxn IDX anoteAei Béon patiopatog (splicing) Tou mRNA, kata To onoio dev
HeTa@paleTal To AsiIToupyikd 40 €€ovio. O pnxaviogoc auToc Melwvel Tn dpdaon

NG oykonpwTeivng p21.

Opoiwg, oto 3’ akpo avayvwpifovral aAAnAouxieg nou cupBdaAlouv oTnv
€k@paaon Tou yovidiou H-ras. Mia ano auTeg anoTeAeiTal and enavaAapBavoueveg
d1adoxIkEC aAAnAouyiec diagopeTikoU pnkoug (variable tandem repeats),

evroniCetal nepinou 1000 bp perd Tn 6¢on noAuadevuAiwonc kar &vel 6odaon
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evioxutny (Capon, Seeburg et al. 1983; Spandidos and Holmes 1987; Cohen,
Walter et al. 1987). H 4aA\n nepioxy anoTeAeital and &va ouvTnpPnUEVO
eVaAakTIKO €EOvio IDX, aTo IvTpovio peTa&u Twv €€oviwv 3 kal 4 (Eikova 2.2).
MeTaAAayec otn B€on ocuppagnc (splice donor site) autou Tou €€oviou Exouv
oav anoTéAeopa Tnv avuénon napaywyng Tng npwTeivng p21 katd 10 @opEg
(Cohen, Broz et al. 1989).

2.2. Aopn npwTteivv RAS

Onw¢ ava@épbnke Ta vyovidla RAS Twv 6nAaoTikwv Kwdikomnolouv
npwTeivec Me poplakd Bapog 21 kDa. H p21 anoteAeital ano 189 apivo&ea kal
eM@avilel TIC akOAOUBEG TPEIG NEPIOXEG: A) TNV KATAAUTIKR neploxn (apivo&ea 1-
164) nou napoucidlel peydAn opoloyia pETAEU TWV  NPWTEIVOV  MNou
kwdikonoloUuvTal and Ta Tpia avbpwniva yovidia RAS B) Tnv €Tepoyevi nepioxn
(apivo&€a 165-186) nou diapépel PETAEU Twv TPIWV NPWTEIVWY p21, €KTOG anod
Tnv Cys186 kal y) Tnv neploxn npocdeong oTn HeUBpavn (apivo&eéa 186-189)
(Barbacid 1987; Grand and Owen 1991; Lowy and Willumsen 1993). Zuykpion
TWV I0OHOPPWV TNG p21 kal Twv TpIwV avBpwnivwv yovidiwv RAS, deixvel OTI
unapxel uwnAn opoloyia ota npwTta 164 aupivo&ea (ta 86 apivoTeAikd apivo&éa
gival anoAuta oOpola evw Ta enopeva 78 apivo&Ea napoucialouv katd 79%
opoAoyia) (Valencia, Chardin et al. 1991; Lowy and Willumsen 1993). Ta
TeheuTaia 25 kapBo&uTeAika apivo&Ea anokAivouv onuavTika, ektog and Tnv Cys
oTn B¢on 186. AuTo unodnAwvel OTI N €ETEPOYEVAC NEPIOXN HETAEU TwV dIaPoOpwV
OMOAOYWV NpwTeivwv p21 mbavov oxeTileTal Ye dIaKPITEG AeIToupyieg. Av kal Ta
KapBoEUTEAIKA AMIVOEEQ TNG ETEPOYEVOUC MEPIOXNG EVOEXOHEVWC OUMMPETEXOUV
diapopeTika otn diadikacia npOCdEoNC TNC NPWTEIVAG OTN KUTTAPIKN WEPBPAvn,
KapIa AsIToupylkOTNTa Oev €xel avagepBei yia TO AMIVOTEAIKO AKPO AUTAG TNG
neploxnc. ‘EAAeIwn Twv kwdikoviwv 164-179 ge evepyonoinuéva RAS yovidia dev
EXEl KAMIG €nidpacn oTnV 1KAvOTNTA HETAOXNMUATIONOU TwVv KUTTApwV and Ta

yovidia autd (Grand and Owen 1991; Lowy and Willumsen 1993).

2.3. MeTa-HETAPPACTIKEG TPONONOINCEIG NPWTEIVOV Ras

H npwTeivn ras ouvTiBeTal 0TO KUTTAPONAACOHA WG NPo-p21 Kal €xel XpOVO
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nuIlwNG TouAdayioTov 24 wpec (Grand and Owen 1991). H npo-p21 unokeiTal o€
MIa O€Ipd PETA-PETAPPACTIKWV TPOMOMOINCEWV MOU £XOUV 0AV AMNOTEAECHA TNV
npoodeon TNG OTNV E€0WTEPIKN NAEUPA TNG KUTTAPONAAOUATIKNG MEMBPAVNG
(Grand and Owen 1991; Ulsh and Shih 1984). Or aAAnAouxiec oTto kapPo&u-
TENIKO GKpO €ival avaykaieg yia Tn OEOPEUCN OTN KUTTAPIKA MEMPBPAvVN €Vl N
ouvtnpnuevn Cys186 anaiteiTar yia TNV EKQEPACN TWV HETA-HETAPPACTIKWV
01adikaciov. MeTaAAaypEVEC NpWTEIVEC Me aAAoIwOEIG O auTh Tn B&on eival
ENATTWHATIKEC WG NPOC TO HETACXNMATIONO KAl NAPAPEVOUV OTO KUTTAPONAAOHA.
H 1010TnTa peTaoxnuaTtiopoU pnopei va diacwbei, av To TUAPA Npdodeong oTn
HMEPBpavn avTikataoTabei otn Béon Tng Cysl86 pe éva al\o, onwc yia
napadeiyya n 0¢on puploTiNimong and To yovidio src (Lowy and Willumsen
1993). BloxnuIkeG avaiuoelig £dsi&av 0TI npwTa Tpononoleital n Cys186 and To
(papveauAo-1oonpevoeldeG (Npoiov BiooUvBeonc TNEG XoANOTEPOANG), OTN OUVEXEID
Ta Tpia KapPBo&uTeAIKA auIVOEEa NENTOVTAl NPWTEOAUTIKA VW TO KAPPBOEUTEAIKO
akpo TnG Cys186 pebBulinveTal Kal TEAIKA TA KUOTEIVIKA KATaAoina apioTepd Tng
(papveoUNIWPEVNG kuoTeivng (apivo&ea 180-185) naApimiAiowvovTal (Grand and
Owen 1991; Lowy and Willumsen 1993). To npoidov nou npokunTel napoucialel
auénuévn udpooBIKOTNTA KAl OUYYEVEId NPOCdEONC OTN KUTTAPIKA MWEWBPAvN

kabwg kal uwnAn Biohoyikn evepyotnTta (Downward 2003).

2.4. BIOXNHIKEG 1810TNTEG NPWTEIVOV RAS

O npwteiveg RAS €xouv OUo KUpIeG 1010TNTEG: @) TNV nNpOodeon
voukAeoTIdiou youavivng (GTP/GDP) kai B) Tnv udpoiucn Tou GTP (Eikova
2.3.) (Grand and Owen 1991; Bollag and McCormick 1991; Boguski and
McCormick 1993; Schweins, Geyer et al. 1995). OI npwTeiveg p21 npoadevouv
voukAeoTidla youavivng GTP, GDP, dGTP, ppGpp Kal dpKeTd pn (QUOIOAOYIKA
avaloya GTP kai GDP pe uwnAn ouyyévela. O1 Béosig npdadeong evronilovTal
oTa apivoéea 10-17 (npoodeon a- kal B- pwo@opikng opadacg), 57-60 (npocdeon
Y- QWOPOpPIKAG opadag otav npoodeveral GTP) kar 116-119 (npoécdeon Tou
dakTuAiou TNng youavivng) (Schweins, Geyer et al. 1995).

H udpoAuon Tng GTP-p21 dev e&aptartal poOvo and Tnv KATAAUTIKA
EVEPYOTNTA TNG npwTeivnG RAS aAA@ puBuioTikd poAo diadpaparilouv Kal
opIopévol KUTTapikoi napdyovteg (Bollag and McCormick 1991; Boguski and
McCormick 1993). O1 nio yvwoToi €ival ol npwteiveg GAP (GTPase activating
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protein) kai NF1 (neurofibromin). H GAP e&ivali £€vag KuTTaponAaopaTIKOC
napayovrag nou npoodéveral otn GTP-p21 kar emitaxuvel 5 @opeg Tnv
evepyotTnTa GTPAong Tng uaoiohoyikng p21. H NF1, nou €ival pia npwTeivn nou
OXETI(ETAl PE TN VEUPOIVWPATWON, €XEI MIA NEPIOXN Mou eugavilel ogoAoyia pe
Tnv GAP npwrteivn, Pe anotéheopa kai n NF1 va dpa emitaxuvovrac Tnv
udpoAuon Tng GTP-p21 (Adjei 2001).

AvTIKATAOTACEIG QMPIVOEEWV ONUAVTIKWV yia TNV aAAnAenidpaon pe Ta
VOUKAEOTIOIO youavivng, odnyoUv OTn napaywyn evepyonoinuévwyv p21
NPpWTEIVWYV, IKAVWV yia JeTaoxnuaTiopo (Seeburg, Colby et al. 1984; Der, Finkel
et al. 1986; Spandidos and Lang 1989). AvdAloya pe Tn 0€0n TnNG ONUEIAKAG
METAANGENG, N UN Pualoloyika au&énuévn déopeuaon Tou GTP gival To anoTéAeopa
TNG NTWONG TNG &vepyoTnTag Tng GTPAonc n/kar Tng auvu&nonc Tou pubpou
VOUKAEOTIOIKNG avTaAlaync (Grand and Owen 1991; Schweins, Geyer et al.
1995). Ta oykoyovidia RAS nou anavtwvTdl GUXVOTEPA OTOUC OYKOUG, (PEPOUV
ouvnOwc pia PeTaAAagén ota kwdikodvia 12, 13, 13 61 (Barbacid 1987; Spandidos
and Lang 1989; Bos 1989; Grand and Owen 1991). EKTOC and TIC NpwTEIVEG Nou
ouvTtehoUv oTnv udpodAuon Tng GTP-p21, undpxouv KUTTAPONAACHATIKOI
napayovTec nou oTabepornoloUv Tn HOpPnR TNG p21 nou QEpPel NPOCOEDEPEVO
GTP. XapakTnploTikO napdadsiypya ota OnAacTika anoTeAei To yovidio cdc25Mm
nou kwdikonolei Tnv npwteivn CDC25Mm, n onoia Ye Tn OEIpd TNC EVEPYOMOIEI
TNV anodéopeucn Tou GDP ano tnv GDP-p21, pe anoTéAeopa va Pével eAeUBepn
B¢on otnv p21 yia npéadeon Tou GTP. e avBpwniva KUTTApa £Xouv NePIypagei
TOUAGXIOTOV TPEIC OIKOYEVEIEC MPWTEIVWV Nou €uBUvovTal yia Tn pubuion Tng
avtalAayng Twv voukAeoTIdiwv. AuTEC anoTeAouvTal and Tic GRF, mSOS kair GDS
OIKOYEVEIEC NPWTEIVWV. Zexwpilouv Pe BAon TNV auivo&ikn Toug opoAoyia, Tn
KaTavour oTouc¢ O1agopouc TUMOUG KUTTAPWV Kal Tnv aAAnAenidpacn HE TIG
OI1aPOopPeC 100hopPEG TNG NpwTeivng (Bollag and McCormick 1991; Boguski and
McCormick 1993).
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The switch fusction of Ras
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Eikova 2.3. ZxnuaTikn napdacrtacn Tou diakonTn Asitoupyiac Tou RAS peTa&u
TNG GDP-ouvdedepévng-avevepyouc B€ong kal TnG GTP-ouvoedepevng-evepyoUc-
B¢onc. H evepyonoinon evioxUeTtal ano Tn dpdon Tou GEF, nou eival €101kOC
napayovrac avtaAAayng VvoukAeoTIdiwv youavivnGg kal au&avel To pubuo
anooguvdeong Tou RAS ano 1o GDP 1} avaoTtéAel Tnv GAP. H npwTteivn RAS
ouvaTal va emdpdcel o€ AAMEG MPWTEIVEC yia TN METAYWYN HNVUMATWV OTav
BpiokeTal oTnv evepyn Hop®n kai eival ouvdedepévn pe GTP. GEF = Guanine
nucleotide exchange factor (Wittinghofer 1998; Shinohara and Koyanagi 2002).

2.5. Ekppaon npwTeivwv RAS

Ta enineda €k@paong Tou yovidiou H-ras eival uynAa otnv emideppida Kai
OTOUG OKEAETIKOUC MUEG Kal XaunAd aTo nnap, n ékepaocn Tou K-ras gival upnAn
OTO NENTIKO oUCTNUA kal oTo BUPO adéva kal XaunAn otnv emdeppida kar Toug
OKEAETIKOUG HUEG evw Ta enineda Tou N-ras eivar uwnAd OTOUG OPXEIG KAl TO
BUpo adéva kal xapunAd oto fnap kair Toug veppouc (Furth, Aldrich et al. 1987;
Leon, Guerrero et al. 1987). Ta npoTuna €k@pPaAcng autd pac odnyoluv OTO
oupnépaocpa, OTI TOUAAXIOTOV €va and Ta Tpia MEAN TNG OIKOYEVEIAC ras
eKPpadleTal oe kABe KUTTAPIKO TUMO Kal OTI UNApXel €EEIDIKEUPEVN OCUMMETOXN

kaBe yovidiou oTn AsiToupyia Twv diapopwv TUNWV KUTTAapwv (Barbacid 1987;
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Furth, Aldrich et al. 1987; Leon, Guerrero et al. 1987; Spandidos and Anderson
1989).

2.6. Evepyonoinon yovidiov RAS

Ynepekppaon Twv yovidiwv RAS 1 peTaAAd&eig kwdikonolwv aAAnAouxiwv
TOUG OuvenayovTal avTioTolxa napaywyn Tng npwteivng p21 o€ unepPoAikeEG
noooTNTEG 1 OOMIKEG aANoIWOEIG nou oTabeponoiolv Tnv p21-GTP pop®n.
AuQOTEPOI 01 UNXaviouoi onuaivouv Tn PeTaTponn Twv RAS npwTo-oykoyovidiwv
o€ evepyonoinuéva oykoyovidla, Ta onoia npodyouv Tnv avTiypapn Kai
heTaypa®n Tou DNA kal ouvenw¢ Tnv €kppacn noAwv yovidiwv. Ta yeyovoTa
aQuTA OUVEIOQEPOUV OTN YEVETIKR anodlopydvwon TwV KUTTAPWV Kal OTnv
avanTtuén Tou KapkIvikoU @aivotunou. Ta evepyonoinuéva RAS yovidia
napouaialouv uwnAoTaTo €EaAAakTIkKO duvapiko in vitro (Spandidos, Frame et al.
1990). ANAG kal in vivo, OTOV KAPKiVvO TOU MAykpEATog Onou ol PETAAAGEEIC Twv
RAS anoTehoUv oTaBepd €Upnua, cupBaivouv o npwiyda oTadia r akoun kai o€
aA\OIWOEIG TOU OpyAvou Mou mnponyouvTal kal oXeTilovral NaboyeveTIKA WE TNV

avanTtu&n Tng veonAaoiag (Yanagisawa, Ohtake et al. 1993).

2.6.1. MeTtaAAa&eig yovidiov RAS

O1 peTaAAa&eig Twv yovidiwv RAS anavTwvTal o€ opiopéva kwdikdvia, Ta
12, 13 ka1 61. MBavi €€nynon yI' auTo €ival 0TI Ta KUTTAPA NOU UpioTavTal TIG
OUYKEKPIMEVEC alolwaoelg noAAanAacialovTal €niAeyopeva €vavTl AAAwv nou
néava @épouv HeTaANa&elc oe dlagopeTikeG Beoelg (Barbacid 1987;). Ol
peTal\aypeveg npwTeiveg RAS eite aotepolvtal dpaong GTPAong, €ite o€ auTEG N
anodéopeuon Tou GTP and tnv p21 kaBioTatal duoxepnc. H avTikaTtaoTaon n.x.
FAukivng and BaAivn oTo kwdikovio 12 Tou K-RAS, nou anoTeAei Tn ouxvoTepn
METAAAaEN oTa RAS, npokaAei dekanAdaocia eAATTwoN Tou pubuoUu udpoAuong GTP
Kal WG €K TOUTOU CUCCWPEUON TWV CUMNAEYUATWV p21-GTP (Satoh, Nakafuku et
al. 1992). O1 petral\a&eic Twv yovidiwv RAS avixvelovTtal €iTe pe Tn Bonbeia
noAupop@IouoU peyEBoug neploploTikWV BpauopaTtwyv (RFLP), €ite pe ouvduaopo
avaluong noAupop@Iiopou diapoppwonc Hovng €Aikac (SSCP) kar avaiuong
eTepodikhwvou DNA (heteroduplex), akoAouBoupevwyv and avaAuon aAAnAouxiag

DNA (sequencing). Me TIC TEXVIKEG AUTEC, METAANAEEIC TwV TPIOV YOVIdiwV
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nepIypapnkav oTouc neEPIooOTEPOUC Oykoug Tou avBpwnou (Mivakag 2.1). H
avelpeon onuelakwVv PETAAAEewv Tou kwdikoviou 12 Tou K-RAS o1o 90% Twv
adEVOKAPKIVWHATWY MAYKPEATOG AnoTEAEI Hia anod TIC I0XUPOTEPEG OUGCXETIOEIG
yoVIOIaKNC CUMHUETOXNAG OTov avBpwnivo kapkivo. O1 peTala&eic Twv K-RAS kal
H-RAS agopolv adevokapkivwpaTa kal eniBnAiaka veonAdouaTa avTioToixa eV
auTéc Tou N-RAS anavtwvTtal o€ aipatoloyikeg voooug (kiaris and Spandidos
1995). Xuxva aveupiokovTal oTov idl0 TUNO kapkivou HeETAAAGEEIC o€
neplocoTepa and €va yovidia Tng oikoyévelagc RAS (n.x. nnatog, Bupeocidouc
adéva). MetalAa&eic napatnpouvTal ouxvoTepa oto K-RAS ano 6T ota unodioina
yovidla Tn¢ oikoyévelag. H epunveia nnyalel and Tn Bswpnon Tou Kapkivou oav
UnNEPPETAAAAKTIKOU QaivoOTUNOU, OUVEMEId NOAAANA®V Hn €I0IKQOV PETAANAGEEWY
d1aonapTwy OTO YOoVIdiwHd. ZTATIOTIKA E€MNOMEVWG, TO MOAU peyaAUtepo K-RAS
u@ioTaTal ouxvoTEPa PETAANGEEIC.

>T0 adevokapkivwpa Tou nvelpova ol HeETaAAaEelic Tou  K-RAS
dnuioupyolvTal o npwiya oTadia, und Tnv £nidpacn TwWV KAPKIVOYOVWV TOU
TOolyapou kal oxetidovtal e ntwyn npoyvwon (Rodenhuis and Slebos 1992).
MeTaAAGEeIC uNOKATAOTACNG TOU OUVTNPNTIKOU apivoEEoc kuoTeivn oTn B€on 186
Tou kapPo&u-TeAikoU akpou TnG p21 ouvendayovTtal aduvapia PeETAoXnUATiopoU
TWV KUTTAPWV, apou dev ENITPENOUV OTNV NPWTEIVN va AABel TN AEITOUPYIKA TNG
B¢on. H napatrnpnon auTr anoTéAeos TO Evauopa npoondadeiag agionoinong Twv
yovidiwv RAS vyia yovidiakn Ospaneia, HEOwW avaoToAnG TNC HETA-PETAYPAPIKAG
@apveouAioong (Manne, Yan et al. 1995). O1 petaAAa&eig Tou K-RAS oTo naxu
EVTEPO OUMPaivouv apKeTd vwpic kata Tn Oladikacia €EENIENG Tou Oykou anod
adévwpa os kapkivwpa (Vogelstein, Fearon et al. 1988), npoo@épovTacg 1ol €va
OlayvwoTIKO PECO NPWIYNG aviXveuong TnG vOOoUu OTa KOnmpava Twv acBevwv
(Sidransky, Tokino et al. 1992).
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Tomog Neomiaaiieg oviduw Evpvityru
(o)
Meywpiatos k-rs, O
Oupodiogou kbotewg H-ras i)
Neppey Ay S
ABEVORUPKIVE (1 TYEOS K-ras i)
EVIEPOU
ASEvonoapriviapi K-ras 11
aveluove
AErTo EvIEpo H-ras 3l
Tpdymhoc urpas K-ras, H-ras 26, 10.5
Dobikes K-ras 30
Evdounmmo K-ras 47
OCeio Muehorewmg N-ras 30
Mg
Bupeosbig -l K- Neras 25
Meddovooy e IN-ras 20
Moty K-ras 12
Haooxuroopiko K-ras 12
Lropdyou 0=
Mushobuomlastikd N -rus 10

SUVOPOLLO

d1apoOpwV opydvwyv Tou avipwnou.

2.6.2. Ynepék@ppaon yovidiwv RAS

N augnuévn

npoodeon

OTIC TeAeuTaieg
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Mivakag 2.1. ZuxvoTnTa evepyonoinong Twv Yyovidiwv RAS 0€ Kapkivoug

Evepyonoinon Twv oykoyovidiwv RAS HECW UNEPEKPPATNG EXEI TEKUNPIWOEI
OTIG NEPIOOOTEPEG HOPPEG Kapkivou aTov avBpwno (Mivakag 2.2). H auénuévn
Ekppaon npokUNTel €neiTa and yovidlakn €MNEKTAON Kal napaywyn noAAwv
avTiypagwv Tou Yyovidiou oTo KUTTApo 1 and daAAOIWOEIC PUBMICTIKWV
aA\nAouxi®v Mou KATaAnyouv Ot anwAeid TnG METAypa@Ikng pudbuionc. Tn
OeUTEPN NEPINTWON OUYKATAAEYOVTAl HETATOMIOEIC NEPIOXWV AOYW €VAAAAKTIKOU

MATIOPATOC, EVOWPATWON 1TKWV AAANAOUXIWV OTIC PUBUIOTIKEC MNEPIOXEC TOU

n

UMNEPNAPAYWHEVOU HETAYPAPIKOU Napayovtad. To TEAIKO anoTeAsaua sivar n

°Forofessional

T



anpoo@opn napaywyn OOMIKA @UOIOAOYIKNG npwTeivng p21. To Paivouevo
avixveUetal eite oe eninedo mRNA, pe uBpidiopo kata Northern r cuvduaouo
avTioTpopnc HETAYPAPNC Kal aAuocidwTAG avTidpaonC ME NOAUPEPAON O
npaypartiko  xpovo (real-time RT-PCR), ¢&ite o0g €ninedo npwTeivng HE
avoooioTOXNMIKEG HEBOOOUC 1 UBPIdIoKO kKaTa Western.

E€aipeTikd evdlapépov napoucialel To Yeyovog OTI OTOV Kapkivo Tou
nveUgova Ta oykoyovidia RAS evepyonolouvTal MEOCW UNEPEKPPACNG OE
OIaPOPETIKO 10TOAOYIKO TUMo an' OTI pe peTaAAa&eig (Kurzrock, Gallick et al.
1986). H unepékppaon Tou RAS oTov nvelpova anoTeAEl OYIPO YEYOVOC, OF
avTiBeon He AAMNEC BE0EIC €vTOMIONG TOU KAPKivOU OMou oupBaivel npwiya
(keaAn-Tpaxnhog, oupodoxo¢ kuoTtn). H au&nuévn éEkepacn Tou H-RAS
OXETICETAl PE TA PETAYPAPIKA €Mineda TwV PUuBMICTIKWY aAAnAouxiwv Tou. AUTO
OuMBaivel Ye Tn p53 kal Toug UNodOXEIC YAUKOKOPTIKOEIOWY KAl OIOTPOYOVWV OE
OYKouC woBnkwv kail evdounTpiou (Zachos, Varras et al. 1996). H oUvdeon Tng
p53 HE TO pUBMIOTIKO TNG oOToixeio oTo yovidio H-RAS cuvendyeTar au&nuévn
Ek@paon Tooo TnG p21 600 kal TnG idlag TnG QuaoloAoyikng p53 (Zachos and
Spandidos 1998). XTov KapKivo TOU PAOTOU N UneEpPEKPPAcn Twv yovidiwv RAS
anoTeAei npwido oykoyeveTikd yeyovog (Miyakis, Sourvinos et al. 1998) kai n
avoooioTOXNMIKA €k@pacn TnG p21 oxeTiletar pe OdUOMEVR nopeia TnNG vooou
(Watson, Elton et al. 1991), oe avTiBeon MPe TNV €UVOIKN NpPOyvwONn O€
nepINTWOoeIG veupoBAaoTwpaToc (Tanaka, Slamon et al. 1991).
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Timog Orrcov Lovidwo YuyvoTyro

(%a)

Adepuyvog H-row | K-ras, M-ras 100
EvdouiTpo Fas 92
ALTTO EvTipD Py a5
MNevpo o Topn rors a0
CloBrsCg rirs T8
MAsuympies 1T-ras |, K-ras, N-ras 77
Cpodayog KieTT H-ras . K-ras. N-ras 73
[yt povie s s 72
Mootog Heras . Ke=ras. N-ras 67
Hmop Firs il
Crapaoesng ras 35

K o ay -t Ao Heras | Korms 54
OeFopico: H-ras 40
Lropoyog oy 35

Moyt Eveepo K-ras, Heras 31

Mivakag 2.2. Ynepek@paon Twv yovidinv RAS og kapkivoug diapopwv opyavwy

Tou avBpwnou.

2.7. 0d0i peTaywyng onuarog yovidiwv Ras

H nio ekTevwg HEAETNUEVN 000C METAYWYNG ONMATOC and Ta ras npog To
E0WTEPIKO TOU KUTTApPou, oXeTiCeTal pe Tn Raf-1, Tnv kivaon tng MAPK (mitogen
activating protein kinase kinase, 1 MAPKK, n MEK1) kal TIC NpwTEIVIKEG KIVATEG
nou evepyonoloUv Tn Witwon (MAPKs) [N aMwg €EWKUTTAPIEC KIVAOEG
pubuioTwv onuatog (extracellular signal-regulated kinases, 1 ERKs)] (Eikova
2.4). H Raf civar pia kivaon oegpivng/Opeovivng nou aAAnAenidpd €10Ika Kai
gvepyonolgiTal and Tov ouvdeopo p21-GTP. Mapapével acapnic o UNXaviopog e
Tov onoio n ras evepyonolei Tnv Raf-1. dwopopuliwon agepivng Tng MEK1 ano
Tnv Raf-1, odnyei o€ evepyonoinon AuTnG, NMou PE Tn O€Ipd TNG PWOPOPUAIWVEI
unoAgippaTa Tupoaivng kal Bpeovivng otnv MAPK kai Tnv evepyonoisi (Marshall
1994). MepipepikdTEPa TNG MAPK Bpioketal n p90 pipoowuikn S6 Kivaon
(p90s6k) kar diapopol nupnvikoi petaypagikoi napayovrteg (Elk-1, Etsl, kAn.)
(Zhang and Liu 2002). Mia aA\n 000G PETAYWYNG OAUATOG TWV ras, EUMNAEKEI TO
RalGDS (éva napayovta avrtaAAayng unelBuvo yia TNV evepynnninan Trmwv Ral
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GTPaowv), TNV @wo@aTiduAivooiToAn 3-kivaon (PI3K) kai mBava tnv p120GAP
(GTPase activating protein) (Ewen 2000). Andé Ta napandvw €ival onuavTiko va
OUYKPATAOOUUE OTI TaA ras, €KTOC TOU OTI €nnpedlouv TOV KUTTAPIKO KUKAO,
ennpealouv kai NOANEG AAAEC BIOAOYIKEC AEITOupyieC, ONWG Tn dlagoponoinon, TN

Hop@oAoyia TwvV KUTTApWV Kal TV anonTwan.

Ras Rac
GTP. > > hho
Raf PI3K v
v INK
v + SRF

MEK Akt

v

v v

po0rsk Elk-1

MAPKAP-k2 ATF-2
other transcription
other kinases factors

Eikova 2.4. Iynuartikn avanapdoTtaon HEPIKWV 0dwV METAywyng OnuaTog nou
gvepyonolouvTal and Tnv npwrteivn ras. O katappaktng Raf/MEK/MAPK kivaong
kKaTaAnyel TeAlka otn pUBUION TNG METAYPAPNG, NPOKAAWVTAG TN PWOPOPUAiwan
Kal GAAWV KIVaoWV NoU EUNAEKOVTAl OTOV EAeyXO TNG au&nong. O1 odoi diapeagou
Tou Rac kal Tou Rho odnyouv oTtnv evepyonoinon Tou JNK kal Tou au&nTikoU
napayovrta Tou opoU (SRF). H evepyonoinon Tng p70s6k cival eEapTtwpevn ano
™ PI3K.
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KE®AAAIO 3

Fovidio BRAF

3.1. Aopn yovidiou BRAF

To yovidio BRAF (v-RAF, murine sarcoma viral oncogene homologue B1)
anoTeAei €va NpwTo-0yKOYoVvidlo PE EVEPYOTNTA KIVAONC Ogpivng/Bpeovivng. Madi
Me Ta vyovidla A-RAF kai RAF-1 (f C-RAF) avnkel oOTnv OIKOYEVEID TWV
oykoyovidiwv RAF. To yovidio BRAF BpiokeTal oTn XpwHOoOwUIKA B€on 7934 kal
anoTteAeital and 18 €&ovia nou ekTeivovtal o pia neploxry 190284 bp. To
peTaypapopevo mRNA €xel unkog 2513bp. (Mercer and Pritchard 2003) (Eikova
3.1.). O1 npwTeivec RAF naiouv KevTpikoUC pOAOUGC OTO GUVTNPNHEVO HovondTi
RAS/RAF/MEK/ERK, GUMMETEXOVTAC OTN HETAPOPA MITOYOVWV ONUATWV ano TIC
Evepyonoinuevee npwteive¢ RAS diapéoou Twv kivacwv Tng MAPK/ERK1/2
(MEK1/2) oTic MAP kivaceg p42/p44 n ERK1/2, Ta Baocikd oTeAéxn auTou Tou
MoplakoU povonaTiou (Marshall 1994; Marais and Marshall 1996).

ATG
1 2

stop
3 4 5 1] 7 g o 10 11 12 13 14 15 1.6 17 13‘
199 102 264 1M 103 149 120 160 37 137 118 85 177 47 119 132 135 290

f 1

.|

T4353 15238 2 15613 B9 6399 930 5894 6TI3 4390 1327 3500 P02 22678 793 3856 9340 S041

Eikova 3.1. Aopn yovidiou BRAF. Ta €€bvia avTinpoownelovTal and KouTia, Me
TOUG apiBpoUc Twv €oviwv aTnV KOpUPN Kal Tov aplfud Twv (euyapinv BAcewv
OTO KATWTEPO onueio. Ta Ivrpovia -hge Tov apiBud Twv (euyapiwv BAccwv-
avTinpoownevovTal ano TI HaUupes aykUAEC. Ta BEAN napoucialouv Ta KWIKOvIa

evapéng kal AN&ng avrioToixa.
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3.2. Aopn npwTeivng BRAF

Kai o1 Tpeig npwTeiveg RAF poipalovTtal TpEIG uwnAd ouVTNPNHEVEG NEPIOXEG
(CR1, CR2 kai CR3), nou eykAciovtal and OIaPOpPETIKEG aAAnAouxiec nou
nolkiA\ouv katd noAU peTa&l Touc. >Tn Raf-1, n CR1 kaAunTel Ta apivo&ea 61-
194 kai nepiexel dUo dopeG nou deogpelouv To Ras-GTP. H Ras binding domain
(RBD) nepihapBaver Ta apivo&ea 51-131 (Scheffler, Waugh et al. 1994; Voijtek,
Hollenberg et al. 1993) evw n cysteine-rich domain (CRD) ekTeiveTar oTa
agivo&éa 139-184 (Mott, Carpenter et al. 1996). H CR2 kataAauppavel Ta
apivo&ea 254-269 Tng Raf-1 kai gival nAouoia o€ apivo&ea aepivng kai Bpeovivng,
MEPIKA and Ta onoia €ival puBHIOTIKEG NEPIOXEC PpwoPopUAiwonc. H CR3 kaAunTel
Ta apivo&€a 335-627 Tng Raf-1 kar nepiéxel Tnv neploxn Kivaong nou givai n nio
odoAoyn doun avdapeca oTig npwTeiveg Raf (Daum, Eisenmann-Tappe et al.
1993; Morrison and Cutler 1997).

O1 nNePIOXEC KIvaong XwpilovTal o€ auivoTeAIKA Kal kapBoEuTEAIKG akpa Kal
TO TUAMa nNpdadeong Tou ATP evtonileTal oTo pJegodiaoTnua Twv dUo akpwv. To
N-terminal akpo nepiExel TNV aykUAN YAukivng nou e€ival onpavTikn yia Tnv
TONOBETNON TWV PWOPOPIKWY o0Jadwv Tou ATP evw To C-terminal akpo nepIEXEl
TNV aAAnAouyxia avayvwpiong Tou unooTpwpaToc. ‘Eva onuavTtikd oTolxeio péoa
oc autd TO AKPO €ival TO THUAMA €Evepyomnoinong, TO OMoi0 OUVOEEl TIG
ouvTnpnueveg aAknhouxiec DFG kal APE kal naipvel pEPog oTtnv npoodeon evog
ATP. H pwo@opuAiwon Tng Bpeovivng 598 kai Tng oepivng 601 evTdg auThG TNG
neploxng nailer poAo kAeidi oTnv evepyonoinon Tng B-Raf (Johnson, Lowe et al.
1998).

Map' 6Aa autd n BRAF €xel apkeTeC DOMIKEG diapopec and TIGC AAeG duUo
npwTeiveg RAF (Eikova 3.2). ZTIG OUVTNPNHEVEG NEPIOXEG EXEI APKETEC OIAPOPES
oTa apivo&ea. EmnAéov, n peTaBAnTn nepioxn avapeca ota CR2 kai CR3
UNOKEITAl o€ EVAAAQKTIKO paTiopa Twv €€oviwv 8b kal 10a (Barnier, Papin et al.
1995). To evaAAaKkTIKO auTd MATIOWA MMOPEl va ennpedcel TNV 1KavoTnTad TNG
BRAF va evepyonolei Tnv MEK, kabwg €xel anodeixBei 0TI n napouadia Tou €Eoviou
10a oTto BRAF au€avel Tn ouyyévela kal Tn Bacikr evepyoTnTa KIVAoNG WG NPog
Tnv MEK evw n napouocia Tou £€oviou 8b £xel To avTiBeTo anoTtéheopa (Papin,
Denouel-Galy et al. 1998). Ta dUo €&ovia evtoniovTal oTn OUVOETIKN NEPIOXA
avapeca oTnV apIvOTEAIKR PUBMIOTIKA MEPIOXN Kal TN KATAAUTIKN neploxn Kal
pnopoUv va 0pouv w¢ KaboploTIKoi NApAyovTeC OTN METABACON anod TnVv evepyn

oTnv avevepyn Hop®n. Ta €€ovia 1 kal 2 sival napovrta oTi¢ BRAF nowTeivec ug
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TO pJeyaho, aAAa OxI o€ auTéc pe To WIkpO N terminal akpo (Barnier, Papin et al.
1995). Ta €&bvia auTta kwdikonolouv pia aiucida 115 apivo&Ewv, nAouoiwv o€
YAUKIVEC, n AgiIToupyia Twv onoiwv Jev €ival ONPEPA yvwoTh kal Ogv £XOUV
ogoAoyia pe aAAnlouxiec Twv A-RAF 1 RAF-1 (Stephens, Sithanandam et al.
1992).

Eikova 3.2. Aidypappa TnG npwteivng BRAF og kAipaka. O1 apiBpoi evrog Twv
MNAE KouTiwv unodesikvUouv Ta €EOvia and Ta onoia PeTaPpaleTal KABe PEPOCG
NG npwTeivng. Ta Tpia KOUTIA OTO €EOWTEPIKO aAVTINPOOWNEUOUV  TIG
OUVTNPNUEVEG NEPIOXEC TNG NPWTEIVNG Ke Ta yovidia A-RAF kai RAF-1 (CR1, CR2
kal CR3). Me npdcivo xpwpa avTinpoowneuovTal TPEIC DIAPOPETIKEG NEPIOKEG:
RBD (RAS binding domain), CRD (Cysteine-rich domain) kai KD (Kinase domain).
Me KOKKIVN YPaMMn unodelkvUETal Yia ouvTnpnpévn neploxn YAukivng [conserved
glycine motif (G-loop)] oTo €€0vio 11 kal pe pol ypappn unodeikvUETAl TO TUAKA
evepyonoinong [activation segment (AS)] evTog Tou €€oviou 15. Ta paupa BEAN
unodeikvUouv Ta KUpia onueia pwo@opuliwong Tng npwTteivne. C: kapBo&u-
TEAIKO akpo; N: Apivo-TeAIkO dkpo.

3.3. Ek@ppaon npwTteivng BRAF

H npwTteivn BRAF ekppaleTal o uynAd €nineda OTO VEUPIKO I0TO Kal
yI'auTtd To AOYO Ol NEPICOOTEPEC MEAETEC TNC €0TIAlOVTAlI OE KUTTAPIKEC OEIPEC
VEUPIKNAG NpoéAeuonc. EminAgov, n npwTeivn BRAF €ival avixveUoiun oToug OpXEIG
kal ato anAnva (Storm, Cleveland et al. 1990).

Mapa Ta noikiha enineda &k@pacng, To Yyovidlo BRAF pe d1aQopeTIKO
MATIOPa pnopei va napdyel Touhdxiotov 10 JIaQOPETIKEG ICOUOPPEG, Ol OMOIEC
ek@padovral noIKIAOTPONWG O€  JIAPOPETIKOUG 10TOUC  EVAAIKWY  MOVTIKWV

(Barnier, Papin et al. 1995). AuTég npokUNTOUV WECW OIAPOPETIKOU HATIOPATOG
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Twv €€ovinv 8b kal 10a kI enionc and Tnv napoucia dUo SlaPopeTIkwV N AKpwv
yia Tnv BRAF, 0dnywvTag o€ 1I00LOPPEG 01 onoieg noikiA\ouv o€ peyebog and 67
€wc 99 kDa. Aev eival capec eav auTda Ta dIAMOPETIKA AKpA NPOKUNTOUV ano TN
Xpnon OIaQOpPETIKWV UMOKIVNTWYV, and Tn Xpnon OIaQOPETIKWY EVAPKTAPIWV
onMEiwv METAPPAONG Kal TV idlwv unoKivnTwy, N and d1a@opeTIkO PATIoNd. To
€€ovio 8b avTinpoownevel pia osipa 36 voukAeoTIdiwv avaueoa ota €Eovia 8 kal
9 nou cival in frame pe TN kwdIk aAAnAouxia Tou BRAF. Ekdoxéc Tou BRAF
cDNA nou nepiéxel auto To €EOvIO evTonilovTal OTO KEVTPIKO VEUPIKO oUCTNUA,
oTn Kkapdid, OTIC WOBNKEC, OTOUC OpPXEIC Kal oTo onAnva. To €&ovio 10a
avTinpoownevel 102 voukAeoTidla avayeoa oTta €€ovia 9 kal 10 kal napouaialgl
Mia Mo auaTnpen €k@paacn, n onoia €ivai no uwnAn oTo VEUPIKO 10TO. OI EKOOXEC
TNG oUVTOUNG MOP®PNRG TNG BRAF dev ouoxeTifovral nNoTe Pe TNV napoucia Tou
€€oviou 10a (Barnier, Papin et al. 1995).

Evw n npwteivn BRAF eivar poAic avixveloiun o€ noAAoug 10Tolg, Ta
heTaypapa mRNA sival capwc napovra (Barnier, Papin et al. 1995). EvrouTolc,
N €w¢ Twpa euneipia €xel Oci€el OTI akOpa kal av n npwrteivn ek@paleTal o€
XaunAd enineda pnopei va €xel onuavTikn ikavotnta MEK kivaong. Znueio
avagopac anotelolv ol euPpuikoi IvoBAAoTeg novTikwv (MEFs). H npwTeivn
BRAF gival poAig avixvelolun o€ auTtd Ta KUTTapa evw 1600 n RAF-1 600 kai n A-
RAF ekppdalovtal o€ uynAd enineda. Map’ 6Aa autd, n BRAF €xel €va onuavTika
UPNAOTEPO €Ninedo BIOXNMIKAG dpaoTnpIOTNTAC and TIC AAAEC dUO NPWTEIVEC Kal
(aiveTalr va €ival 0 onuavTikOTEPOG napayovTag evepyonoinong Twv MEK/ERK
eneita ano Oléyepon ano auénTikoUg napayovTec (Huser, Luckett et al. 2001).
Avapopikd pe Ta peAavokUTTapa Kal To KAakonbeg peAdavwpa, Oev €ival yvwoTo
€av n BRAF sk@ppaletal o upnAd enineda o€ autd Ta KUTTApa n OxlI, KAl €niong
Nnold OUYKEKPIYEVN I00HOPPN TNG ekppaletal. Eivar yvwoTo Opwc OTI n B-RAF
gival evepyn ota pehavokuTTapa kai OTI €ival €vag onuavTikOG EVEPYOMOINTAG

Twv MEK/ERK oTa kUTTapa autd (Busca, Abbe et al. 2000).

3.4. MetaAAa&eig yovidiou BRAF

MeTa Tnv avakahuywn Twv yovidiwv RAF w¢ oykoyovidiwv oToug novTikoug
KAl 0Ta KOTOMOUAQ, Eyivav MoAAEC npoondabeiec yia va ouvdeBoUv ol eVePYEIC
METaAAGEeIC oTa yovidia Tou avBpwnou PE TNV expavion veonhaopdatwyv (Storm,
Brennscheidt et al. 1990). O1 npoonabeiec auTtéc BacioTnkav €ite og Southern
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blot avaAuon yia va evrtoniocouv avakatata&eic oto DNA Twv OyKwv, avaiuon
XPWHOOWMIKWV avadiaTa&ewy yia Tov evroniopo aAAnAikwv alAaywv kovTd oTo
yovidlo RAF-1 Tou avBpwnivou XpwpoowupaTtoc 3, &iTe neipaparta
HETAOXNMATIONOU TNE ogipac NIH3T3 xpnoipgonoliwvTac avepwnivo oykoyovo DNA
yla TOV EVTOMIOHO OYKOYOVWV HoppwVv Tou RAF-1 oTa deiypata Twv €Eepyacimv.
Kapia ano autég Tic npoondabeleg dev avixveuoe oTabepec avadiata&eic oto DNA
0TOUG idIoug TUNoUC kapkivwv. O1 Adyol yI'auTo €ival yvwoToi kal opeilovTal oTo
YEYOVOC OTI O TEXVIKEC AUTEG eV NTAV APKETA €UaioBNTEC yiIa va €vTOnioouv Wia
MOVO onuelakn MeTaAAayn kabwg eniong OTI oI NEPIOOOTEPEC MPOONABEIEG
kaTeuBUuvovTav npo¢ To yovidio RAF-1 napd npog To nio oykoyovo yovidio BRAF.
‘OpWC N Npoodog TEXVIKWV ONwG n aiAnlouxion (sequencing) npocepepe €va
NoAU nio duvapikd TPOMO €vTOMIOWOU HIKPWV aAAaywv oTa deiypata Oykwv Kal
autr) n OOUAEIG avayvwpioe E€VEPYEIC ONMUEIGKEG MeTaAAayec BRAF  oToug
avBpwnivouc oykoug (Rozycka, Collin et al. 2000).

O1 Davies et al. (Davies, Bignell et al. 2002) spapuooav sequencing yia va
oapwoouv 923 Oykoug Kal avayvwploav napavonuaTikeG PeETAaAAagelg (missense
mutations) oTo yovidlo BRAF oe nepinou 70% Twv avOpwnivwv Kakonbwv
HeAavwpaTwy kal o€ 15% Twv Kapkivwv naxeoc evrepou. H ouvapnacoTiki auTh
npoodo¢ anoTéAeds TNV NpwTn Popda nou ol npwTeive¢ RAF Eexwpioav ano Tig
RAS oOcov agopd Tnv avantuén kakonbwv Oykwv. MeTaAAA&eic evTonioTnkav
€Niong o€ XaunAod NooooTO Of YAOIWUATA, CAPK®WUATA, KAPKIiVOug nveupova,
woBnKwv, HacTou Kai ANAaTog.

OydovTta evvéa TIC €kaTO Twv BRAF petaAlaywv kwdikonolouv vyia
apIvo€ikec aAAayeC HEga oTo TURMA evepyonoinong (activation segment), To 92%
ano TIC onoiec €ival n peTal\a&n V600E (T-A aAlayn oTo voukAeoTidlo 1799). H
METAANGEN auTry nalaidTepa ovopaloTav T1796A BaoilOpevn OTN VOUKAEOTIOIKN
aMnAouxia NM_004333 Tou NCBI GenBank, To onoio eixe napaleipel €va
KwdIkOvio oTo €&bvio 1 Tou yovidiou. Me Tn véa &kdoon (NCBI GenBank
nucleotide sequence NT_007914) avayvwpiotnke n YeTaAagn V600E (T1799A).
H petaAlaypévn popen V600E éxel 12,5 @opéc peyaAlTepn OpaocTikOTNTA
Kivaong. AAMeC PeTAAAAyEC nou evTonioTnkav peEoa oTn OnAsid evepyonoinong
(activation loop) oe pikpdTEPN ouxvoTnTa €ival or V599D, L596V, L596R, G595R
kal F594L. 'EvTeka TIG €kaTO TwWV PETAAaywv evtonifovTal oTa apivo&ea yAukivng
Tou HoTiBou GXGXXG o1o G loop otnv ATP-binding nepioxn Tng S0OWNG Kivaaong,
ennpealovrac Ta apivo&éa G463, G465 kal G468 (Eikova 3.3). AAAEC
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METAAAQYEC Mou avayvwpioTnkav £€Ew and auTeC TIC NEPIOXEC eival ol: E585K,
R681Q, I1325T ka1 A727V.

Mia npOoQATN PEAETN EKTIUNOE TO XPOVO €UPAVIONG Twv BRAF peTaAAaywv
OTO KakonBec peAdavwpa kar £0i€e 0TI o1 V600E peTaAAayec aveupiokovTal 0TO
82% Twv NpwTonadwv PeAavVwPATwV Kal oTo 82% Twv onidwv (Pollock, Harper
et al. 2003). Ze pia AN PEAETN PE OYKOUG Naxeog evTEpou ol Rajagopalan et al.
(Rajagopalan, Bardelli et al. 2002) evtonioav BRAF petaAlayeg o 32/330 (10%)
OciypaTta. Eikool okTw and auta Ta 32 deiypaTta nepisixav Tnv petaAhayn V600E
KI €va aAAo nepieixe pia PMetaAAagn oto activation loop, oTo apivoéu K601E. Ol
unohoinec petalayéc apopouoav Tnv G463E nou undpxel peéoa oto G loop kai
duo aM\ec nou eival €Ew and autd, aAAa oe yeiTviaon pe 1o G loop ota R4611 kal
1462S. Ztn peAetn Twv Yuen et al. (Yuen, Davies et al. 2002) oi BRAF
METaAAayEC evTonioTnkav o€ 16/389 (4%) dsiypuaTa Kapkivou naxeoc eVvrTEpou, Ta
MIoG and Ta onoia nTav peTaAlayéc V600E. Mévre anod TIC PETAAAAYEG nTav
eniong pEoa oTo activation segment kar duo peéoa oTo G loop. e pia peAéTn 179
MN-HIKPOKUTTAPIKWV KapKivwyv Tou nveUupova ol BRAF petaAAG&eic evronioTnkav
o€ 5 aoBeveic (3%), and Toug onoioug POvVo evag nepieixe TNV V600E peTaAAaén
(Brose, Volpe et al. 2002). Eniong evronioTnkav pia petaAAayn oTo activation
segment oto L596R kai pia oto G loop oto G465V oe 2/127 (1.5%)
adevokapkivwpaTta Tou nveupova (Naoki, Chen et al. 2002). Kabwg n aAAnAouyia
Tou yovidiou BRAF diapaleTal oe OA0 kal NepioocoTeEpa OciyaTa kapkivou, €ivai
niéavo va avayvwpioTouv oTo HEAAov BRAF petaAAa€elc oe éva peyaAlTepo
apiBuo Kapkivwv.

AiyoTepo and 1% Twv e€epyaocinv pe BRAF peTaAAayéc €xouv TAUTOXPOVEG
RAS petalhayéc kal ano 1o 1% nou €xouv PeTAAAayeG kal oTta duo yovidia, ol
MeTaAAGEelc oTo BRAF cival oxedov anokAeioTikd un-V600E (Davies, Bignell et al.
2002; Rajagopalan, Bardelli et al. 2002; Yuen, Davies et al. 2002). Map’ OAa
auTd, ol Kapkivikoi Tunol pe BRAF peTaAAa&eic sivalr napoyoiol ge autoUg nou
QEpouv RAS peTal\ayéc kal 0TOUG OYKOUG NAXEOC EVTEPOU, AU@POTEPA Ta yovidia
gival yeTalaypeva o€ uwnAn ouxvoTNTa 0TouG idIoUG TUNOUG TWV NPo-Kakonbwv
BAaBwv pe avendpkela oTnv €nididpbwon Twv Aaveaopevwv (euywv BAoEwv Kal
oto idlo oTadio TnG MeTaBaong and adevwpa o€ kapkivwpa (Rajagopalan,
Bardelli et al. 2002; Yuen, Davies et al. 2002). Bdcsl autov TWV
anoTeAeopdTwy, NpoTadnke OTI Ta yovidia BRAF kai KRAS eival 100dUvapa wg
NpoG TIG OYKOYOVIKEG Toug Opdcelg (Davies, Bignell et al. 2002; Yuen, Davies et
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al. 2002). O oykoyovec RAS petaAAG&eic kar n BRAF V600E petaAAayn
npokaloUv Tn ouvexn evepyonoinon TnGg ERK WOAIG ekppacTolVv O€ IOTIKN
KuTTapokaAAiépyeia cDNAs, Ta onoia KwOIKOMOIOUV TIC HETAANAYHEVEG EKDOXEC.
AuTn n napatipnon anoTeAEce oToIxEio OTI Kal Ta dUO oykoyovidia cguvdEovTal,
MECW anopubuionG Tng evepyoTntac Tng ERK, pe Tnv avantuén avlpwnivwv
oykwv (Mercer and Pritchard 2003).

O1 Wan et al. (Wan, Garnett et al. 2004) Bpnkav OTI oXedOV OAEG ol
METAANQYHEVEG HopPEC TNG BRAF (>80%) evrtonilovTal €ite €vrog Tou P loop,
€iTe €vTOC Tou activation segment, péoa oto potiBo DGF n OinAa o€ auto
(Eikova 3.3). Katoniv Tagivounoav TIG HETAANAYHEVEC Mop®EC TnG BRAF o€
oMAdEC UWNANG, €vOIAUEONC 1N EAATTWHEVNC EVEPYOTNTAC, aAvdAoya HE TNV
IKAvOTNTa Toug va Oleysipouv in vitro Tnv evepyoTnTa kivaong tTng BRAF. H
opada uywnAng evepyoTnTac unepéPRaive Tnv evepyoTnTa TnG wild type BRAF 100
€w¢ 700 @opec, pe Tnv PeTaAlayn V600E va sivalr evepyonoinuévn kata 460
POopEC. H opada evdidueonc evepyoTnTac euPavile €w¢ 10-nAacia evepyoTnTad

EVW N ohAda eAATTWHEVNG EvEPYOTNTAG ATAV AlyOTEPO evepyr ano Tnv BRAF.

P-loop Activation

loop
| -— ¢G1R 0593 —
S «— 481 F534 — |
V E «— 453G G=— R
a64g L5% — VR
VE A+ 455G ASQ?

466G G_T:'JHH —> |
45TF---IIIU5E9 — E D K E

A E < 168G K6 — E
4891  (P-g501
470y R602

Eikova 3.3. Evepyonoinon Tng B-Raf péow petdAAa&énc. O1 B-Raf petaAAayéc
OuykevTpwvovTal oTto P loop kal To activation loop. O1 Bpoyxol auToi
alnAemdpoulv MEOW Miag  udpogoBng  emipdveiac  (MNAE  okKid)
oudnepIAaPBaAvopEVNG HIAC ONUAVTIKAG enagnc avageoa ota F467 kai V599
(nAéov F468 kar V600). YnodeikvuovTdl Ol EVEPYEIGC PWOPOPUANIWOEIG oTa T598
kal S601. O1 petaAAa&elic nou avaAubnkav and Toug Wan et al  siva
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KWOIKOMOINUEVEG HE XpwHaTa (KOKKIVO XAWNANG €vepyoTNTAG, MOPTOKAAI

evOIAPEONG evepyOTNTAG, NPACIVO UWNANG EVEPYOTNTAG).

To eknAnkTikKO ATAv OTI aUTH 1N MeEYAAn noikiNia o€ €evepyOTNTEC
MeETaAaypévwv poppwv BRAF kivaong Oev peTappaldtav oc  OlapOPETIKEC
evepyotTnTeg TNG ERK. O1 uwnAng kai evOIAGUEONG €veEPYOTNTAC METAAAAYMEVEG
Hop®Ec au&avav Tnv evepyoTnTa TnG ERK povo katd 2 €wg 4,6 Qopec. Mg Opwg
auTtd To Peyalo €UpoG Twv BRAF evepyoTATwV pubpileTal o€ €va TOOO WIKPO
eupoc evepyoTnTwv ERK; Mpopavwc n €&nynon PBpioketal oTnv  unapén
PUBUIOTIK@WV JI0dWV MOU €AEYXOUV Tn pon Tou onuaTtog and Tnv RAF npog TG
MEK kai ERK. Ynownoiec npwTeiveg eival o1 KSR (Kinase suppressor of Ras) kai
RKIP (Raf-1 Kinase Inhibitory Protein). To evdia@épov ATav OTI Tpeig and TIG
TECOEPIC ENATTWMEVNG €vEPYOTNTAC MeTaAaypevec BRAF kivaosc pnopoucav
eniong va snayouv Tnv gvepyonoinon TnG ERK (Eikova 3.3). O1 Wan et al. (Wan,
Garnett et al. 2004) €dci&av OTI auTd ogeileTal oTnv evepyonoinon Tng RAF-1
and TIG oxeTike BRAF npwteiveg. O1 uwnAng kar evdlaueong €vepyoTNTAG
MeETaAAaypEveg MHop@éC BRAF evepyonoioUoav eniong Tnv RAF-1, aAAa o€
avTiBeon Pe TIC XauNANG evepyoTnTac pMeTaAlaypevec BRAF dev Baoilovrav oTnv
RAF-1 yia Tn diyepon Tng ERK.

3.5. PUOuion TnG evepyoTnTag TnG RAF Kivaong
3.5.1. Z0vdeon pe Tnv Ras

H Ras aAAnAenidpd pe dUo NePIOXEC TOU apivoTeAkoU akpou Tng Raf-1: Tnv
RBD (Ras binding domain) kai Tnv CRD (cysteine-rich domain) (Brtva, Drugan et
al. 1995). H nmio 1oxupr aA\nAenidpaon €ival avapeoa otn Ras-GTP kal Tnv RBD
n onoia anodeixOnke 0TI dev eNApKei yia va evepyonoinoel Tnv Raf-1 kivaon aAAa
Opa JE TO va enayel TNV HETAPOPA TNG OTNV KUTTAPONAAOUATIKN MEPBPAvN, onou
evepyonolgital and Qwo@opuliwoelc (Chuang, Barnard et al. 1994; Stokoe,
Macdonald et al. 1994;).

H plUBuion Tng BRAF and tnv RAS éxel peheTnBei Aiyo oe oxéon HeE Tnv
RAF-1. Ta aA\nAenidpwvTta apivoéea oTto pegodidoTnua Twv RAS/RAF eival
navopoloTuna yia Ti¢c BRAF kar RAF-1, ol onoie¢ npoodevovTal €iocou kaAd pe
Tnv Ha-RAS in vitro (Ghosh and Bell 1994; Okada, Hu et al. 1999). To gAeUbepo
KUTTApONAAOMATIKNG MEPPBPpAvVNG oUPNAOKO Twv npwTeivwov BRAF kar 14-3-3
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pnopei va evepyonoinBei in vitro and Tnv avacuvdiaopévn RAS (Yamamori,
Kuroda et al. 1995). AuTo épxeTal o nAnpn avtibeon pe Tic RAF-1 kai A-RAF, ol
onoiec yia va evepyonoinfolv nNANpwWC anaitolv pwo@OPUAIWOEIC TEPIVNG Kal
TUPOCIVNG OTNV  KUTTAPONAQOMATIKA  MEWPpAvn kar  Osv  pnopolv  va
gvepyonoinBouv povo anod tTnv RAS in vitro (Marais, Light et al. 1997).

3.5.2. DwoPopulinon Kal evepyonoinon

Mpdo@aTa npoTabnke €va POVTEAO yia Tnv evepyonoinon Tng Raf-1 and
Toug Dhillon et al. (Dhillon, Meikle et al. 2002) To onoio OPwG dev PMopEi va
epappooTei NANPw oTn B-Raf kaBwg unapxouv onuavTikeC d1APoOpPEC 0TO TPOMO
pUBMIONG TOUC. 2Ta Mn Oleyeppéva KkuUTTapa, n B-Raf diatnpeitar oTo
KUTTapONAAopa w¢ oUpnAoko pe Tnv 14-3-3. 'Onwg kai pe Tnv Raf-1, cival
nieavo n 14-3-3 va npoodéveral pe Tnv B-Raf ota phospho-S364 kar phospho-
S728. e avTiBeon Opwc pe Tnv Raf-1, n B-Raf oTo kutTapdnAaocpa £xel avoixtn
dlapoppwaon e€aitiag Tng napouaiag Twv phospho-5445, D448 kabwg eniong Kal
niéavwv apivo&Ewv nou kwdikonolouvTal anod T1o €€ovio 10a. Katoniv d1Eyepong
kal dnuioupyiag Tou Ras-GTP, n B-raf npoodévetal otnv Ras kal peratonileTal
0oTn KUTTaponAdcopaTikn Pepppavn. Onwg kai otn Raf-1, n woeartaon PP2A
anopakpuvel Tn GwoPopIkn opada anod Tn S364. 3Tn CUVEXEIAd EVEPYEIG KIVAOEG
PWOPEOPUAI®VOUV Ta apivo&ea S601 kar T598 odnywvTac o€ NANpPn £vepyonoinon
TnG B-Raf. H anevepyonoinon Twv Raf-1 kai B-Raf npaypatonoisital peow
PWOPOPUAIWOEWY KAl anoPpwo@opUNIMOEWV e enakoAoudn npocdeon TnG 14-3-
3 (Eikova 3.4). H oepivn 445 cival ouvexwe pwo@opuliwpevn oTn B-Raf kal
auth N @wo@opuAiwon oe cuvduacpd e To aonapTiko ofU oTnv Beon 448
(100d0Uvapo Tn¢ Tupoaoivng 341 Tng Raf-1) nioTeveTal Nnw¢ cUPPBAAAEl oTNV UYPNAR
gvepyoTnTa kivaong Tng B-Raf, n onoia civar 15-20 @opég uwnAoTepn TG Raf-1
(Mason, Springer et al. 1999).
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Eikova 3.4. MovTeAo yia Tnv evepyonoinon Tng B-Raf

3.5.3. Evepyonoinon MEK1/2

O1 MEK1/2 cival Ta povadika anodekTd kabodika unooTpWHATA TWV TPIWV
npwteivwov Raf (Kolch W 2000;). O1 ERK1/2 gvepyonoioUvTal e PWOPOPUAINGON
MIaG Tupoaoivng kal piag Bpeovivng oto TEY poTifo Tou activation loop kal auTég
ol PWOPOPUNIWOEIC kaTaAuovTal and Ti¢ MEK1/2 (Dent, Haser et al. 1992). H
MEK1 evepyonoleital pe pwo@opulinon dUo kaTtahoinwv oepivng oTI¢ BEaelg 218
kar 222 Tou activation loop (Howe, Leevers et al. 1992; Yan and Templeton
1994; Papin, Eychene et al. 1995). O1 MEK1/2 nepiéxouv pia aAAnAouyia
nAolUaoia o€ NpoAiveg, n onoia BewpsiTal anapaiTnTn yia TNV avayvopion kai
evepyonoinon anod TIC npwteiveg Raf. H aAAnlouxia autr) dev ouvavtaral o€
aMeg MAPKKs kal ouvenwg anoTeAei pia €1dikn acn yia Tnv onuatodoTnon Twv
MEK1/2 ano Tic npwTeiveg Raf (Catling, Schaeffer et al. 1995).

'Eva onuavTikd OTOIXEIO NOU MPOEKUYWE anod TIC MEAETEC Eveyonoinong Twv
MEK/ERK ano Tic npwteiveg Raf, €ivar 0TI n B-Raf €xel pia noAU peyaAUTepn
IKAVOTNTA va EVEPYOMOIEI AUTEC TIG KABOJIKEG KIvaoceg and OTI ol AAAeg duo
npwteivec Raf. Autd oupBaivel o€ nMoAAOUC KUTTApPIKOUG Tunoug (IVOBAACTEC,
VEUpIKA KUTTapa Aep@okUTTapa), aveEdptnTa €dv n B-Raf ekppaleTal oc uwnAd
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enineda n ox1 (Jaiswal, Moodie et al. 1994; Eychene, Dusanter-Fourt et al.
1995). Eniong n B-Raf &xel peyaAlTepn ouyyevela yia To unooTpwuda Tng ano ol
ol GMeg 0duo npwteivec Raf. MOAIC  unepek@pacToUVv  OE  IOTIKA
KUTTAPOKAAAIEPYEIA KAl AVOOOKATAKPNUVIOTOUV Ol TPEIC npwTeivec Raf pynopouv
va QWOQPOPUAIWOOUV Kal va evepyonoinoouv Tnv MEK, opwg n B-Raf €xer 50
(POPEG PEYaAUTEPN IkavoTnTa evavTl Tng Raf-1 (Marais, Light et al. 1997).
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KE®AAAIO 4

ZKONOG TNG HEAETNG

Zkonog TnG napouoag MEAETNG NTAV N avixveuon Tng ouxvoTnTag Kal n
npoyvwoTikn aia Twv onuelakwv HPETAAAGEEWV Twv YoVISiwV TNG OIKOYEVEIAC
RAS o€ dTopa PE Kapkivo oupodoxou KUOoTNG. AciyyaTta and oupobnAiakd kapkivo
Kal @ualoAoyikd oupoBnAio 30 acBevav peAeTRBNKav We TIG peBddoug PCR/RFLP
(aAuo1dwTn avTidpacn noAupepaonG / availuon MNOAUHOPQIOHOU  HEYEBOUC
nepIOPIOTIKWV BpaucpdTtwv) kal DNA sequencing (aAAnAoUxion DNA) yia Tnv
napouacia peTaAG&ewv Twv yovidinv RAS oTa kwdikovia 12 kai 13.

EninAéov, pe Tnv TeExvikn real time RT-PCR (avTioTpogn peTaypapn -
aAucidwTr avTidpaon NOAUPEPAONG Of NPAyHATIKO XPOvo) MEAETABNKE TO
eninedo €k@paong Twv oykoyovidiwv RAS oT1o eninedo Tou mMRNA oTOV
oupoBnAlako kapkivo kal ouykpibnke pe Ta avTioTolxa e€nineda €k@pacng oTo
Napakeigyevo (uaioAoyikd oupoBbnAio.

TéEAog, OdlgpeuvhABnke n ouxvoTnNTa TwV ONMEIOKWY MPETAAAGEEWY TOUu
yovidiou BRAF ota dciyuata veoTTAaouaTiKoU Kal QuaioAoyikoU oupoBnAiou Twv
Tapatravw acBbevwyv. H petdAAa&n V600E peAethiBnke pe tn yéBodo PCR/RFLP
Kal Ta €goévia 11, 14 kai 15 cuptrepIAauBavouévwyY TwWV CnNUEiwWY ouvavTnong

Ivipoviwv/e€oviwv uttoBARBnKav oe aAAnAouxion DNA.
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KE®AAAIO 5

YAika kai M€6odol

5.1. AoO&veiG ka1 HAPTUPEG

Zeluyn OclyNaTtwv oupoBnAiakoU Kapkivou Kal NApAKEiNEVOU (PUOIOAOYIKOU
oupoBnAiou and 30 aobeveic pe nPwTOENPAVICOPEVOUC OYKOUG 0oupodOx0ou
kUoTNG nou unoBAnBnkav o€ dloupnBpikn agaipeon oto OupoAoyikd TUAKA Tou
.N. «AokAnnieio» BouAag, pMeAeTAONkav npoonTikd vyid Tnv napoucdia
pHeETaAGEewv Twv K-, H- kal N-RAS oykoyovidiwv HE Tn XpAon TwWV HOPIAK®V
Texvikwv PCR/RFLP kai DNA sequencing. OAol ol acBeveic ATav npoxwpnuevng
nAikiac (Méon nAikia £ SD=72.2+10.6 £1n). And Touc 30 aoBeveig, ol 26 (87%)
ATav e€vepyoi N Npwnv Kanviotec evw ol 19 (63%) eixav kanoio PBabuo
enayyeAnaTikng €kBeong o€ napdayovreg KkivOUVOU nou oxeTidovral HPE Tnv
avanTtu&n oupobnAiakou kapkivou (Mivakag 5.1).

OAhol o1 oOykol €&eTaocbnkav kar  Tafivoundnkav anod Tov idio
naboAoyoavatopo. H 1oToloyiky BaBpoAodynon npaypatonoindnke pe Tic 1973
WHO «kar 2004 WHO/ISUP (International Society of Urological Pathology)
Ta&ivounoeic (Lopez-Beltran and Montironi 2004). To oTadio Tou OYKOU
EKTIUNONKE pe TO oloTnua TnG 2002 American Joint Committee on Cancer
(Greene and Sobin 2008). H EniTponn AgovToAoyiag Tou MavenioTnyiou KpATtng
€ixe eykpivel Tnv napouoa PEAETN kal OAol oI aoBeveic gixav dWOel ypanTwe Tn
ouykaTtaBeon Touc. KpIThpia €i0aywync oTn HEAETN NTAV NPWTOEUPAVIOUEVOI
Oykol oupodoxou kUoTNnG kal n Odiabeoiydotnta DNA and veonAaopaTiko Kal
(PUOIOAOYIKO 10TO Yyia popiakn avaiuon. KpitApia anokAeiopoU anoTéAeocav
IOTOPIKO  nponyoUPevou  oupoBnAiakou  Oykou kal  XnueloBepaneiac n
akTIvoBepaneiag npiv Tn XEIPoupyikn apaipeon.

Ta deiypata oykwv Angenkav katda Tn SIApKEIa TNG XEIPOUPYIKNG €€aipeonc
TOUC €Vw Ol (Qualoloyikoi 10Toi pe wuxpn Plowia and 3 kupiw¢ B£ceic nou
nepIAaupBavav To onicBlo Toixwpa, To TPiywvo Kal TNV NAPAKEIPEVN TOU OYKOU
neploxn. TuAMaTa Twv €EAIPEBEVTWV  QUOIOAOYIKWV I0TWV OTAABNKav vyia
naboAoyoavaTopikn €€€Taon. Ta deiygaTa oTn OUVEXElId KaTaywuyxdnkav o€ uypod

4lwTo kai diatnpridnkav oTouc -80°C péxpl TNV anoudvwaon Tou DNA.
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Mivakag 5.1. KAivikonaBoAoyikad xapakTnpIoTIKG acOevv.

Ap1Budg
AcgBevav
ZUuvoAo” 30
®UAo
Avopec 27
Fuvaikeg 3
Méon HAikia 72.2 (44-86)
Kanviopa
Mn KanvioTég
Mpwnv KanvioTég 8
KanvioTég 18
EnayyeApaTiki
é¢k0eon”
Nai 19
‘Oxl 11
ZTadio
pTa 1
pT1 12
pTla 4
pT1b 1
pT2 2
pT2a 1
pT2b 5
pT2+in situ 3
pT3a 1
WHO 1973 grade
I 0
II 10
III 20
WHO/ISUP 2004
grade
XaunAd 8
YynAd 22

# 2uvohika 30 Ocsiypyata kapkivou oupodoxou kuoTng kai 30 napakeipyevou

QualoloyikoU oupoBnAiou. * e XNUIKEG OUTIEC, BAPEG, NETPEAAIO, KAN.

O1 aoBeveic pe em@aveiakn vooo  unoPBAnGnkav o€ neEPIODIKN
napakoAouBnon He KUOTEOOKOMNIKO EAEYXO Kal evOOKUOTIKN Bepaneia. O1 aobeveic
hHE OINONTIK vOoOo 0f PIJIKI) KUOTEOMPOOTATEKTOMN ME N XWPIC EMIKOUPIKN
XnueloBepaneia. & pECO XpOvo napakoAoubnonc 24+3 pnveg, 8 aoBeveic
(26.6%) napouciacav unoTponr. XToug acBeveic otadiou Ta/T1 n ouxvoTnTa
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unoTtponnc ATav 29.4% (5 anod Toug 17) oe oxéon pe 23% (3 oToug 13) Twv
aoBevav otadiou T2-T3. ZToug aobeveic Pe em@avelakn vooo grade II kar III n
nBavoTnTa npoddou nTav 11.1% kar 22.2% avTioToixa. OAEC 01 UNOTPOMEG

eniBeBaiwbnkav Pe Bloyia.

5.2. Anopovwon XpwHoowHIkoU DNA ano cupnayeic 10Toug

To DNA anopovwOnke cUPP®WVA HE YVwOTA NpwTOKoAAa anopdvwonc DNA
ano oupnayeic 10Touc. O 10TOC TEPAXIOTNKE Kal Opoyevonolndnke o€ dlGAupa
Auong (10mM EDTA, 10mM Tris pH 8.0, 150mM NaCl, 0.5% SDS). ZTn ouvéxela,
O OMOYEVOMOINUEVOC 10TOC MWETA TNV npooBnkn npwteivaong K oe TeAikn
OUYKEVTpWON nou @tavel Ta 100ug/ml, enwaletar oe Oeppokpacia 60°C.
AkolouBei n ekxUAMIon Twv VOUKAeikwv 0E&wv (DNA «kar RNA) ue
PaivoAn/xAwpo@opuio kai n anodounon Tou RNA pe RNdaon (100pg/ml) yia 1
wpa otoug 37°C. To DNA kartakpnuviletal pe npooBnkn HIgoU Oykou o&ikou
appwviou (A 1/20 dykou NaCl 5M) kai 2.5 oykwv anoAuTtng ailbavoAng. AKOAOUBEI
(puUyokévTpnon otoug 4°C oe 13.000rpm kal «EENAUPA» TOU KATAKPNUVIOHEVOU
DNA pe 70% aiBavoAn. Agou anopakpuvBei n aibavoin To DNA enavaiwpeital o€
ddH,0 ka1 diatnpeital oe Beppokpacia 4°C. H noooTnTa Tou DNA kabwc kai n
kabapoTnTa Tou unoAoyileTal ETA ano QWTOMETPNON oTa 260nm kail ota 280nm
(Sambrook, Fritsch et al. 1989).

5.3. AAuo1dwTN avTidpaon noAupepaong (PCR)

To 1985 o Mullis kal ol guvepydTeg Tou avenTu&av pia TeEXVIKN in vitro
noAAanAaciacpou Tou DNA (Saiki, Scharf et al. 1985). H pgBodog auTr nou €ivai
YVWOTH W¢ aAuoidwTr avTidpaon noAupepaonc (polymerase chain reaction, PCR)
EMTPENEl TNV EMNIAEKTIK NAPAYWYN HEYAAWV MOCOTATWV EVOC OUYKEKPIMEVOU
TuAMaToc DNA nou undpxel o€ €va OUVOETO HEIYHa VOUKAEIKWV OEEwV, KaTa Tn
Oldpkela piag anAng evfupikng avTidpaonc.

3TNV oucia n TEXVIKN auTr €KMETAAAEUETAI TOV NUICUVTNPNTIKO TPOMO
dinAaciacpou Tou DNA. Ze oguvduaopd pe Tnv avakaAuywn BeppoavOekTikwyv DNA
NOAUMEPACWY EMTPENEl TNV €UKOAN Kal ypnyopn napaywyn apiyov TUNHATWV
DNA o0& MeyAAeC nOOOTNTEC ME €AAXIOTO KOOTOC Kkal Xpovo. Ta PBacika

XapakTNPIoTIKA  yvwpiogata TG PCR  avTidpaong e€ival:  euaiobnoia,
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EMAEKTIKOTNTA Kkal TaxutnTa (Kawasaki and Erlich 1990; Wright and Wynford-
Thomas 1990; Arnheim and Erlich 1992; Larrick 1992).

>Ta napandavw 6a npénel va npooTebei To yeyovog Ot n PCR anaitei
eNAXIoTn noooTnTa apxikoU UAIkoU, n onoia duvnTIKA HMOpPEi va (TACEl OTO
eninedo Tou evog Popiou. To apxikd UAIkO DNA dev €ival anapaitnTo va £xel Tnv
UwnAnR kabapdTnTa Kal akepaioTNTa nou anaiToUvTal yia AAAEC TEXVIKEG EV® Ol
nnyéc nNpo€Aeuonc Tou duvavTal va noikidouv (vwnog 10TOC, owpaTika uypa,
dovigonoinuévol 1otoi kAn.) (Wright and Wynford-Thomas 1990; Wang, Kumar et
al. 1994). Movadikr npolnoBeon eival va undapyel TOUAAXIOTOV €va akeEPAIo

TuRua DNA, To onoio va sunepiéxel TNV NePIOXn nou avaldnTeital yia gvioxuon.

5.3.1. H Baoikn apxn Asitoupyiag Tng PCR

>Tn Baoikn TNG pop®pn n avtidpacn PCR eival pia xnuikn napa BioAoyikn
MEBODOC vyia Tn Onuioupyia noAAanAwv avTiypd@wv €vOG OUYKEKPIKEVOU
TuNMaTtog DNA o€ oxeon He AAAeG aAAnAouxieg VOUKAEIKWV 0EEwv, Ol OMoiEg
undapyouv oTo Meiypa Tng avTtidpaong (Saiki, Scharf et al. 1985; Arnheim and
Erlich 1992). MNa Tov noAAanAaciacpo evog TuAuato¢ DNA n cDNA peta and
avTtioTpopn MeTaypagn Miag ahlAnAouxiac RNA, anaiteital n yvwon Tng
VOUKAEOTIOIKNG aAAnAouxiag o€ MIkpry €KkTaon yUpw and TO TUAMA MOU AnoTEAEI
TO OTOXO Via evioxuon. H yvwon Tng aAAnlouxiac Twv VOUKAEOTIDIWV OTnVv
neploxn oOTOXO anoTeAei Tn PBdon yia To oXedlaopd kal kaTtaokeun U0
OUVOETIKWV OAIYOVOUKAEOTIOIKWV aAucidwv, Ol OMNoIEC XPNOIMEUOUV WG EKKIVNTEC
(primers) otnv avtidpaon noAupepiopou. To pnko¢ (ouvABwg 20-30 Baoceig) kai
n aAAnlouxia Twv ekKIvNTWV £€ao@alilel OTATIOTIKA OTI Ol EKKIVNTEC EXOUV
eAaxiotn mbavoTnTa uBpIdIoPoU PE AANEC NEPIOXEC TOU YOVISIWHUATOG, EKTOC ano
EKEIVEC MOU £XOUV KABOPIOTEI YUpw ano To emAeyuévo TUnua DNA.

H avTidpaon PCR ekTeheiTal pe Tnv enavaAnyn OepUIK®V KUKAWV Mou
anoteAoUvTal and auoTnpa eniAeypéva kal kabopiopéva oTadia. O kaBe KUKAOG
apxilel pe 1oxupn Bepuikn anodiata&én (95°C), n onoia kabiota To dikhwvo DNA
MOVOKAWVO. ZTn Ouvéxela akoAouBei €va oTadlio Pe XapnAoTepn Oepuokpacia
(50-65°C), kaTa TO Omnoio ol eKKIVNTEG UBpIdonoloUvVTal HE TIG CUMNANPWHATIKEG
TOUC NEPIOXEC OTOUG AVTIOTOIXOUG MHovoUC KAwvouc DNA. Kabe ekkivnTng
UBpPIOONOIEITAl YE TOV CUPNANPWHATIKO TOU KAWVO avTioToixa, £xovrag To 3'-OH

AKpPO TOU OTPAMKEVO TO €va NpPog To AANo. TeAIkd KABE €KKIVNTAG ENEKTEIVETAI PE
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NMOAUMEPIOUO KATA MWNAKOC Tou Tunuatoc DNA and pia OepupoavOekTiky DNA
noAupepdon o€ TeAikn Oepuokpacia 72°C. O1 kUKAOI TV TPIWV QACEWV
enavaAapavovTal apkeETEG POPEC HEXPI VA OUGOWPEUTEI IKAVOMOINTIKN NOCOTNTA
npoiovtwv PCR. To npoidv PCR nou napdyetar and pia eniTuxnuevn avridopaon,
anoTteAeitar €€’ olokAnpou and popia TuNUATwv DNA pe pRkog ico PE TO
aBpoIopa ToU PNAKOUG TwV OUO OAlYOVOUKAEOTISIWV Kal TO WAKOG TOU TUAMATOG
DNA 10 onoio napspBairieral peTa&l Twv BEcewv Twv dUO ekKIvNTWV. H emiTuyia

Tn¢G PCR avTidpaong eEaptartal and Ta akdbAouba oToixeia :

1. Txed1aopd KAaTAANAWV EKKIVATOV

H €dikdtnTa Tng PCR avTidpaonc w¢ npo¢ Tnv aAAnAouxia nou npokeiTal
va evioxuBei €€apTaTal and TOUG EKKIVNTEG. ZTATIOTIKA, €xel Bpebei 0TI dTav pia
alnlouyxia DNA ¢xel pnkog TouAaxioTov 20 bp, TOTe €ival povadiky OTO
YyovIOiwHa Kal KAaTd OUVEMEId yia va eniTeuxBei €1dikn evioxuon aAAnAouxiwv
NPENEI 01 EKKIVNTEG va €ival ToulayioTov 20-uepn. MpoTidouvTal EKKIVATEG Nou a)
EXOUV MEPIEKTIKOTNTA OE youavivn Kal KuTooivn napopola pe 1o TURWa DNA nou
Ba evioxuBei, B) dev €xouv onuavTikn dsuTepoTayr Ooun ouTe aAAnAsnikaAuyn
€10Ikd oTo 3'akpo, y) dev EXOUV €KTACEIG anO MOAUMOUPIVEG 1 NOAUMUPIKIBIVEG
kal ) To (eUyoG TWV eKKIVATWV Ogv ePPavilel CUPNANPWHATIKOTNTA Kal Ogv
oxnuarTiCel dipepny (primer dimers) Pe anoTEAeopa Tnv napaywyn Mn €10IKwv

NpoiOVTWV.

2. Ospuokpacia uBpidonoinonc ekkivnTwv(annealing temperature)

H Bepuokpacia uBpidiopou noikiAAel avaloya PeE TO PAKOC Kal Tn cuoTaon
TV €KKIVNTOV 0 Baoceig GC kal To €ido¢ Tou unooTpwpaTtog DNA. Qg 1davikn
Bepuokpacia uPppidiopgou Ta Bewpeital autrp nou To 50% Twv Mopiwv eival
anodIaTeTaypEVo. YWNAEC BEPUOKPATIES EMNITUYXAVOUV NEPIOOOTEPO EEEIDIKEUPEVO
UBpIdIOHO, XaunANg Opwc anodoonc. H emAoyn XapnAoTepnc Oeppokpaciag
au&aver Tnv andédoon oc BApoc TNC €I0IKOTNTAC, ME ANOTEAEOUA TOV KivOuvo

dnuioupyiac napanpoiovTwv Tng PCR.

3. JuykevTpwon deofupifovoukAeoTIdiwv(dNTPs) kai 1ovTwv Mg*™

Ta 16vra Mg*™™ eival yeTaAAIkOC cupgnapayovTag TnG Taq noAupepdong kai n
MEV nepiooela Toug Pnopei va odnynoel o€ avu&énon Tou Mn €10IKoU npoiovTog

AOyw au&nong Tng evepydTNTAg TNG NoAupepaong, n Oe eAAEIPn Toug odnyei o€
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HEIwPEVN anddoon npoiovtoG. Me dedopévo C(eUyoC €eKKIVATWY, OUVABWC N
Kavovikonoinon Twv ouvlnkwv o€ pia avtidpaon PCR, nepihapBavel neipduara
onou otadiaka peTaBaillovral ave€aptnta MPeETAEU TOUuC N Bepuokpacia

avadiataéng kai n ouyKEVTpwan 10vTwv Mg*™.

4. EmAoyn apiBuol KUKAWV

JuvnNBwe o PBEATIOTOC apiBuoOc KUKAwv eival 25-30 kal npoadiopileTal
neipapaTika pe Baon tnv kaAuTtepn duvatn anodoon npoiovToc PE TO AlYOTEPO
Mn €10IkO npoidv. MeTd and €vav apiBud kUkAwv n avTidpaon @Tavel O pia
oTaTikn ¢aon (plateau), katad Tnv onoia véa au&non Tou apiBPoOU TWV KUKAWV
dev odnysi o€ av&énon Tn¢ anodoonc. la TNV MOCOTIKOMOINGN TwV
anoteheopatwv TG PCR anapaitntn npolnoBeon e€ival va TepuaTtiosl n
avTidpaon evw akopa PBpiokeTal oTnv €kOETIKA TNG Qacn. Me Tov TPOMO AUTO
MMOPEi va yivel ypaupikn avTioToiXion TnG TEAIKNG noooTnNTAg npoidvTog oTnv
apxiki moooTNTA UMNOOTPWHATOC. ZUVABWG emiTeAoUVTAl  MPOKATAPKTIKA
neipapgata  pe  Ol1adOXIKEC apaIWOEIC apyikoU unooTpwuatog (dnuioupyia
npoOTUNNG KAPNUANG), woTe va Bpebolv o1 GUVONRKEC ekeiveg onou diaTtnpeiTal n
YPAUHIKN auTr oXEon. AKOpa nepIcooTePO a&loniaTn €ival n ouvevioxuon PE TNV
alnlouyia oTOx0 0TABepnC nNoodTNTAG UNOOTPWHATOC, OTO onoio oI BEoelg
avayvopiong Twv EKKIVATOV TauTilovTal PE aAUTEC TNG aAAnAouxiag-oToxou
(Siebert and Larrick 1992). Me Tov TpOMO QUTO EMITEAEITAI OUVAYWVIOHOG
avapeoa oTI¢ dUo aAAnAouxiec mou ouvevioxUovTal, onoTe n agbovia Twv
apxIkwv avtiypa@wv Tng aAAnAouxiag oTtoxou ekppaletal gav o AOYoG TnG wg

npog TNV €vraon Tn¢ {wvng nou avTioTOIXEI OTO oUVAYWVIOTH.

5. Napouadia eviIoXUT®V Kdl avaoTOAEWV

AvaoToleic pnopei va undapyouv eite ota Bioloyikd Ociypata €ite oTa
XNUIKG  avmidpaoTnpia. Mapddeiyya  avacoToAéwv  €ival Ta  1OVTIKG
enipavelodpacTika onwg To SDS. Ouoiec-evioXUTEG TNG avTidpaong anoTeAoUV To
@opuapidio (5%), noAuaiBavoyAukoAn (PEG) (5-15%) k.a.

H péon anodoon piag oeipdg kUkAwv PCR dUvaTal va nepiypagei Pge tnv
akolouBn e€iowon: N=n(1+e)¢, onou N cupBoAilel Tnv TeAIKl NoodTNTA TOU
npoiovToc, n GuPBOAIlel TNV ApXIK NOCOTNTA TOU UNOOTPWHATOC, € OUMPOAIlEl
TNV anddoon Tn¢ avtidpaonc kal ¢ oupPBoAilel Tov apiBud Twv KUKAwv PCR.

Eneidn Ta npoiovra kabe KUKAOU MpooTiBevTal oav undoTpwHA yid TOV ENOHEVO
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kKUKAO, N ouoowpeuon Tou npoiovTtog PCR yiveTal pe €kBeTIKO TpoOMo, onodTe
Mnopei va ekTiunBei kalr n anodoon TnG evioxuong. ‘OTav OUMwWG N CUYKEVTPWON
npoiovToc npooeyyioel TV 107 M, TOTE navel nAéov n napaywyr Kai n avridpaon
unaivel o @aon kopeopoU (Saiki, Scharf et al. 1985; Arnheim and Erlich 1992).
H xprion OeppoavBekTIK®V MNOAUPEPACWV KAl N KATAOKEUN BepHIK®V
kukhonoinTwv €dwoe Tn OuvaTtdéTnTa auTopdaTonoinong kal  Tautoxpovng

avanTu&ng noAAanAwv delyuaTwy o€ oUVTONO XPOVO Kal JE EAAXIOTO KOOTOC.

5.3.2. ZuvOnkeg avTidpaocswv PCR Kal EKKIVNTEG

Miod €wG 2 Hg Tou ekXUAiopaTtoc DNA and kaBe deiypa unoBAnnke o€
evfuuikn evioxuon o€ TeAikO Oyko 50 pl. H avTidpaon nepiAdupBave 5 pl
puBuIoTIKOU diaAUpaToc TnG noAupepaonc, 150 uM anoé kabs dNTP, 0.5 yM ano
KGBe ekkivnTh, Mg*™* oe Tehikny ouykévTpwaon 2-3 mM kar 1.25 U noAupepaongc.
To piypa apxikd enwdotnke yia 1 min otoug 95°C kal akohouBnoav 35 KUkAoI
gvioxuong ol onoiol nepiAauBavav anodiata&n otouc 95°C yia 30 sec, uBpIdiIouO
yia 30 sec otnv kataMnAn vyia kaBe CeUyoC ekKIvNTwV BOeppokpacia, Kal
enignkuvaon otoug 72°C yia 30 sec. (Mivakeg 5.2-5.3). MNa Tnv ekTignon Twv

anoteAeopaTtwyv TnG PCR xpnaoigonoindnke nAkTwua ayapolng 2%.
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Mivakag 5.2. AMNAOUXIEC TWV €EKKIVATWV MOU Xpnoigonoinénkav yia Tnv

evioxuon Tou yevwpikou DNA, Oeppokpacia uBpidiopgou Tou kabe Celyoug,

HEYEBOC Tou PCR npoidvToc Kal TwV NpoiovTwv nEYnc.

Fovidio EKKIVNTEG Oepuokpacia PCR RFLP
uBp1dicgoU- npoidv npoidvTa
Ta (°C) (bp) (bp)

K-RAS  5'- 58 113/29/15
ACTGAATATAAACTTGTGGTAGTT (wt)
GGACCT-3' (S) 142
5'-TCAAAGAATGGTCCTGGACC-3' (mut)
(A)

H-RAS 5'-GAGACCCTGTAGGAGGACCC-3’ 62 236/55/21
(S) (wt)
5'-GGGTGCTGAGACGAGGGACT- 291
3'(A) (mut)

N-RAS 5’-AACTGGTGGTGGTTGGACCA-3’ 57 41/23/19
(S) (wt)

5'- 60
ATATTCATCTACAAAGTGGTCCTGG (mut)
A-3" (A)

BRAF 5'-ATCTACTGTTTTCCTTTACTT-3' 51

exonl5 (S)
5'-TAGTAACTCAGCAGCATCT-3’

(A)

B2- 5'-TCCAACATCAACATCTTGGA-3’ 56

microgl  (S)

obulin 5'-TCCCCCAAATTCTAAGCAGA-3’

(A)
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Mivakag 5.3. JuvOnkeg avTidpaong PCR kal ekkivnTAC aAAnAoUxiong Tou e€oviou
15 Tou yovidiou BRAF. O ekkivnTAG BpPIOKOTAV OTO-YEITOVIKO TOU KwOIKOU
e€oviou- IvTpoOvio Tou vyovidiou BRAF, pe okond va oupnepiAngBolv oTO
EVIOXUMEVO Mpoidv ol aAAnAouyxiec ano To Oplo IvTpoviou/e€oviou kKaBwC €niong
kal Ta TeAIkd ixvn Tng ahAnAoUxiong. H PCR Tng aAAnAouxiong €ixe 25 kUkAoug
enavaAnyng. H aAAnhouxion Twv yovidiwv RAS &yive pe Tn xpnon Twv idlwv

ekkIvnTwV (Sense kal Antisense) nou xpnoigonoinénkav otnv PCR.

Fovidio EKKIVNTAG PCR npoiA
96°C via 30 sec

(anodiaTaén)
BRAF exonl15 5'-CCCTGAGATGCTGCTGAGTT-3’ 54°C yia 10 sec
(segDNA) (uBpidonoinan)
60C yia 4 min

(enékTaon)

5.4. HAekTpoopnon Tou DNA kai Tov npoiovrov PCR o€ nAkTwHa ayapolng

H Tehikiy ouykévTpwon ayapolnc oTo NAKTwHA anopacileTal avaloya pe Tn
{nToUpevN OIAKPITIKN 1KAVOTNTA TOU OUYKEKPIYEVOU NNKTWUATOC (Sambrook
1989). H embBuunTt noodtnTa ayapolng OiaAletal oe diaGAupga 0.5xTBE kai
BepuaiveTal og GOUPVO HIKPOKUMATWY yia 5 min nepinou. AQRVveTal va KpUwaoel
€wG TOUuG 60°C, ondte npooTiBeTalr PBpwpiouxo aibidio (EtBr) oe TeAikn
ouykévtpwaon 0.5 pg/ml. AQoU oTepeonoindei To NAKTWHA AQAIPEITAl N «KKTEVA»
nou dnuioupyei Ta «nnyaddkia» yia 1o OpTwHa Twv npoiovTwv PCR 1} Tou DNA
Kal To NAKTWHAa ePpanTifeTal e GUOKEUN NAEKTpoPOpnonG nou nepiéxel 0.5xTBE.
Ta Ociyyata gopTwvovTal ota nnyadia apoU avapixbouv pe 1/10 Tou Oykou
dlaAupatog @opTtwong (loading buffer) kai epapuodletar nAekTpikny Tdon. Ol

Cwveg Tou DNA yivovTal opaTeg av ekTeBEl TO NAKTWHA 0€ UNEPIMON akTIVOBOAia.

5.5. AvaAuon noAupopPICHOU HEYEOOUG NEPIOPIOTIK®OV Bpaucuatwv (RFLP)

H Texvikn Tng avaAuong noAUMOP@ICHOU  HEYEBOUC MEPIOPICTIKWV
Bpauopdatwv (restriction fragment length polymorphism 13 RFLP) oTnpileTal oTn

XPNon TwV NEPIOPIOTIKWY £vVOOVOUKAeaowv. AUTEG €ival Eviupa nou To kabe eva
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avayvwpilel pYia ouykekpigyevn aAAnlouxia Bacewv oto DNA kal pe enwaocn o€
KaTaAAnAn Bepuokpacia kOBel To DNA o€ Ouykekpigévn BEon. ZTn XpAon auThg
NG HeEBOOOU OTNPIETAl N AViXVEUON TWV ONUEIAKWV PETAANAEEwyY. Ta evlupa Kal
0l OUVONAKEC Mou Xpnoliygonomndnkav avaloya PE TO Yovidlo Mou €ENPOKEITO vd
EVIOXUBEI £XoUV WG EEAG:

K-RAS : yia Tnv €0peon onUeIakwV HETAANGEEwWY 0TO KwdIkovio 12 Tou K-
RAS &yive €loaywyn Mdiag pn opoAoyng Baong (mismatch) o0Toug eKKIVNTEC HE
anotéAeopa T Onuioupyia dUo Béocwv avayvwpiong TNG NEPIOPIOTIKNAG
evdovoukheaong BstN 1, and Tig onoieg n dia nepiAappavel To KwdIkovIo 12 evw
N AGA\n AsiToupyei ®G «pApTUPAG». Me auTtd TOv TPOMO AMOMEUYETAl N
AavBaopévn ekTigynon piac atehoUc NEWnc kai n eUpeon Yeudwv PETAMNAEEWV.
AuTO éyive yiaTi O0ev undpyouv €evOOyevwG BE0EIC avayvwpiong anod AAAeG
€vOOVOUKAEAOeG nou va nepiAapfavouv To KwdIkOvio 12, pe anoTeAeopa va
npenel va dnuioupynBolv TexvnTd. O €KKIVNTAG nou BpiokeTal oto 5’ akpo (K5')
EXEl EVOWHNATWHEVO €va kaTaloino C avTi yia G oTnv npwTn B£0n Tou KWdIKoviou
11, dnuioupywvTag €101 pia B€on avayvwplong yia 1o BstN 1 (CCTGG), n onoia
nepiAapBavel Ta dU0 nNpwTa VOUKAEoTIdIa Tou kwdikoviou 12 (GGT). Znuelakn
METAANGEN o€ pia and TIC dUO auTeG BEOCEIC KATAOTPEPEI Tn BECN avayvwpiong
TOU BstN 1 evw onuelakn PETAMAEN oTO TPITO VOUKAEOTIOIO, TO Onoio Ogv
ENEYXETAI PE TO OUYKEKPIYEVO €vIUMO, €ival «napavonuaTikn» PeTAAAa&n (non
sense mutation). Auto cupBaivel yiati Ta kwdikovia: GGA, GGC, GGT kar GGG
kKwdIkonoloUv OAa yia To apivo&u yAukivn (Gly). MEpog Twv npoiovtwv PCR (10-
40 ul) uoiotatar néwn pe 30 U BstN 1 otoug 60°C yia 16 wpeg, onoTe
NpoKUNTOUV JIaPOpPETIKOU HnRKkoug TuRuata DNA yia To QuGIoAOYIKO Kal TO
METaAAaypEvo yovidlo. Ta npoiovTa Tne nEWnc avaAvovTal o€ NNKTWUa ayapolng
3%.

H-RAS : yia Tnv €Upeon ONUEIGK®V PETAANAEEWV OTO KWAIKOVIO 12 Tou H-

RAS dev xpelaleTal eioaywyn Un opoloywv Bacswv (mismatch) oToug ekkivnTEG,
apou unapyouv evdoyevwg dUo Béoeic avayvwplong (CCGG) yia TV NeEPIOPIOTIKN
evOovoukAeaon Msp 1 oto npoidv Tng PCR nou napdyeral HE TOUG
OUYKEKPIMEVOUG €KKIVNTEC. H npwTn 0O¢on nou evrtonileTal OoTO TEAOC TOU
eKKIVNT oTo 5’ akpo (H5'), BpiokeTal oTo €00VIO PETAEU TwV €€oviwv ® kal 1 kal
Xpnoiyelel agav BEan eAéyxou TNC nNEWNC pe TNV Msp 1. H deUTepn B€on nou
nepiéxel Ta dUO NMPWTA VOUKAEOTIOIO Tou kKwdikoviou 12 €ival noAupop®ikn yia

METAANAGEEIC Tou H-RAS yia pia anod Tig dUo npwTeC BEoEIG Tou Kwdikoviou 12.
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'Eva pépog Twv npoidvtwv PCR (10-40 pl) ugiotatar néwn pe 30 U Tng
NEPIOPIOTIKAG evOovoukAedang Msp I otoug 37°C yia 16 wpeg. Ta npoiovTa Tng
néyng avaAuovTal o€ NNKTwua ayapolng 3%.

N-RAS : yia Tnv eUpeon onUelakwv HETAANAEEwY yia To N-RAS n diadikaaia
gival avtioToixn autng Tou K-RAS. ZTnv nepintwon Tou N-RAS kai ol dUo
EKKIVNTEG MEPIEXOUV Mia pn opoAoyn Baon (mismatch). MNa Tov ekkivnt N12s
auTn €ival To TpiTo VoukAeoTidlo ano To 3’ akpo (C avTti yia G) nou dnuioupyeEi
TNV npwTtn 6&€on avayvwpiong TnG NeEPIOPIOTIKAG €vOovoukAedaonc BstN 1
(CC(T/A)GG). O1 0duo Teleutaiec O€oeic avayvwpiong TNG NEPIOPIOTIKNG
evOoVoUKAeaong anoTeAouvTal and Ta dUO NPWTA VOUKAEOTIOIA TOU KwdIKOViou
12 (GG), nou PeTdAAa&n Touc anoTelei «hot spot» kal nou eAéyyovTal Ye To BStN
I, evw n TpiTn B€0n Tou Kwdlkoviou nou dev Pnopei va eleyxBei pe To BstN 1
gival non sense HeTAAAa&n, avriotoixa pe TOo K-RAS. H Odeutepn O€on un
opoOAoyNng Baonc ival To £KTO VOUKA£OTIOI0 anod To 3’ akpo Tou N12a ekkivnTn (C
avTi yia T) kal auto anoTeAei pEpoc TnG B£ong papTtupa yia Tnv BstN 1, agou
oAOKANpN n B8¢on avayvwpiong BpiokeTal geoa otov ekkivnTh N12a. 'ETol pHEPOCG
(10-40 pl) Tou npoidvToc PCR ugioTavtal newn pe 30 U Tng BstN 1 oToug 60°C
yla 16 wpec. H avaiuon Twv npoiovtwv RFLP g£yive og 3% yEAn ayapolng kal
pwTOoypaendnke unod aktivoBoAlia UV. Q¢ BeTikoi PAPTUPEG Xpnoiponoinénkav
DNA and Tnv KUTTapikn ocipd SW480 nou ¢epel pia opoluyn METAAAAEn oTo
KwOIkOvIo 12 Tou K-RAS kai DNA and Tnv kuTtTapikn ocipa EJ, n onoia cival
MeTaAAaypevn oTo idI0 kwdIkOVIO Tou yovidiou H-RAS.

B-RAF : 10 pl Tou npoldvTog evioxuong unoBANBnke o€ NEwn yia 16 wpeg
oTouc 65°C pe 10 U Tou nepiopioTikoU evlUpou 7spR I oe 30ul dyko avTidpaonc.
H nepiopioTikn evdovoukAeaon 7spR I (NNCAC/GTGNN) xpnoigonoisital eneidn n
peTaAAayn T1799A katapyei autd TO ONMEIO NEPIOPIOPOU, TO OMoio €ival napov
oTnv aypiou TUNou aAAnlouyia. Q¢ apvnTikOG pAPTUPAG Xpnoiponoindnke n idia
avTidpaon agoU avTikaTaoTadnke To €v{UPO WE anioviopévo vepd. Ta npolovTa
TNG NEWYNnG avaAubnkav ot NAKTwupa ayapolng 3% kal pwToypagndnkav uno

akTivoBoAia UV.

5.6. Apeon aAAnAouyion DNA (direct sequencing)

H dapeon alAnlouxion €yive Pe Tn HEBODO TwV OIOE0EU-TPIPWOPOPIKWV
voukAeoTIdiwv (ddNTPs), Ta onoia éxouv €va H oTov 3’ avBpaka Tou oakxapou
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pIBOlNg, avTi yia Tn @uolohoyikr opada OH nou evronileTal oTa TPIPWOPOPIKA
deofuvoukAeoTidla (dNTPs) (M€Bodoc Tou Sanger). Ta 010€0EuvoukAeoTidia
diakénTouv Tnv PCR avridpaon. e pia avtidpaon, €av npooTebei €va
010€0EUVOUKAEOTIOIO avTi yia To kKavovikd Og£0EUVOUKAEOTIOIO, N ouvBeon TNG
aAuoidac oTapaTdasl g€ €Keivo TO onueio €neidn n anapaitnTn yia Tnv npdobeon
TOU €nOPEVOU VoukAeoTIBiou opdda OH eival anouaa.

>Tnv apeon aAAnAouUxion kal ol 4 di10€o&u avTidpacelg emTeAoUvTal 0TO 010
owAnvaki. Autd yivetalr Adyw Tou OTI k@Be dAANTP e€ival 0eonuAcpeEvVo HE pia
OlaopeTIKn @Bopilouca XPWOTIKA. ZUVENWG, N XPWOTIKN MEOA Ot KABE
VEOOUVTIOEPEVO TUNMA QVTIOTOIXEI OTN XPWOTIKN Nou €ival npoodedePévn OTO
010£0EUVOUKAEOTIOIO, MOU NPOOTEBNKE yia va TEPUATIOE! TN OUVOEDN €KEIVOU TOU
TUAMATOG. Mia pounoTIKN OUCKEUN WETAKIVEI TO sample tray, €TO1 wOTE KABE €va
and Ta 16 nnyaddakia va eivar og ena@n Pe éva OeUTEPO TPIXOEIOEG CWANVAKI
YEMATO MPE €va MOAUMEPEC. TO MOAUMEPEC avTIKaBIOTa €va O1AdPopo TNG YEANC
nAekTpoPOpnong. To oeonuacpévo DNA and auTtd To nnyaddki PeETaKIveiTal geoa
o€ auTtd TO TPIXOEIDEC OWANVAKI, ONOU Ta MIKPOTEPOU HEYEBOUC oeconUacuéva
TUAMATa pETakivoUvTal ypnyopoTepa and Ta HeyaAUTepa. ‘Evag HETPNTAG
XPWOTIKAC KI €vaC NAEKTPOVIKOC UMNOAOYIOTAC evToni{ouv kal Kataypagouv Tn
XPWOTIKA MoU €ival NpogdedepEvn 0TA TUNKATA Ta onoia diaTpEXouv Tn yEAN. H
aAM\nAouyxia kaBopileTal and Tn OEIpd PE TNV OMoid KATaypapovTdl Ol XPWOTIKEC
and Tn yEAn.

Ta npoiovra Tng PCR kaBapioTnkav pe To Qiaquick PCR purification kit
(Qiagen Inc) kar akoAouBnoe deuTepn avTidpaon PCR pe Tov €va ekKivnTn, £TOI
WOTE va enmTeuxBei n evioxuon povokAwvou PCR npoidvtoc. H avTidpaon eyive
oTov Beppikd kukAonointn GeneAmp 9600 xpnoigonoiwvtac To ABI Prism Big
Dye Terminator Cycle Sequencing Ready Reaction Kit (PE Applied Biosystems).
‘EneiTa ano katakpruvion Tou PCR npoiovTtog pe EDTA 125 mM, npooTébnke o€
auto 100% aiBavoAn, avapixbnke kal ENwACTNKE o€ Beppokpacia dwpaTiou. TN
OUVEXEId, a@OU @UYOKeVTPNONnke kal «&nAuBnke» pe 70% aiBavoAn,
enavadia\uBnke oe @opuapidon (BepBaiwver 0TI To DNA napapével ypauuiko), ol
kAwvol anodiataxbnkav yia 5 min oTtoug 95°C kal Ta PCR npoidvrta gopTwonkav
oTov YeveTikO avaAuTn ABI Prism 310 Genetic Analyzer (PE Applied Biosystems,
Tokyo, Japan) onou &yive n availuon Tou kabopiopoU Twv aAAnlouxiwv RAS kai
BRAF. O1 aAAnlouyxiec eAéyxbnkav OImAG kdavovrtac xpnon EExwpiota Twv
npooBiwv kar oniobiwv ekkivnTwv kaBe @opd. Ta dedopéva Tng aAAnAouxiong
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avaluénkav xpnoigonoiwvtac KatdAAnAo AoyiopikO avaAuong aAAnAouxionv

(Sequence Analysis 3.7; Applied Biosystems).

5.7. Anopovwon RNA kal avTtioTpo®n HETAypa®n

O1 10Toi opoyevonom@nkav pe To avTidpaothipio TRIzol® (Invitrogen,
Carlsbad, CA) xpnoigonolwvTag opoyevonoinTh Kal akoAoUBnos npooBeon
xAwpo@opuiou kal @uyokévrpnon. To oAlkd RNA katakpnuvioTnke and To
UNEPKEIPEVO PE 1conponavoAn, NAUBNKe pe 75% aiBavoAn kal enavadiaAlbnke o€
50 pl vepo- DEPC. H ocuykeévTpwon kal n kabapotnta Tou RNA unoloyioTnkav
ENEITa and Tn METPNON TNG anoppopnong ota 260-nm kal Tou AOYyou TNnG
anoppo®nong ota 260/280-nm, XpNOILONOINVTAC €va ONEKTPOPWTOUETPO UV
(Hitachi U-2001). To oupnAnpwpaTtikd DNA (cDNA) ouvTEBNnKE PE avTioTpo®n
peTaypa®n [reverse transcription (RT)] xpnoiponoi®vTtac To StrataScript® First-
Strand Synthesis System. MepiAnnTika, first strand buffer (10x), 2 pg oAikou
RNA, 0.3 pg Tuxaiol ekkivnTég, 25mM dNTPs kal vepo RNase-free GuvoAikou
oykou 19 ul, Beppavbnkav oTtoug 65°C yia 5 min yia va anopakpuvBouv ol
OeuTepoTayeic Oopec Tou RNA. 3Tn Ouveéxela, n avTidpaon agebnke o€
Bepuokpacia dwUATIOU yia va PNOPECOUV Ol EKKIVNTEC va uBpidioToUuv oTo RNA
Kal o€ kKABe avTidpaon npooTednkav Ta £vlupa avTioTpo®n petaypapaon (50 U
StrataScript RT ) kai 20 U of RNase Block. To TeAiko peiypa (0ykog 20 ul)
enwaoTnke yia 10 min oToug 25°C yia va enekTabouv 01 EKKIVNTEG Kal n ouvleon
Tou cDNA ¢&yive aToug 42°C yia 60 min. H avTidpaon TepuaTioTnke otoug 72°C

yia 15 min.

5.8. AAuo13wTN avTidpaon NOAUHEPAONG O NpayHaTiko Xpovo (Real-time PCR)

Ta Oagopika enineda TG MRNA ékppaong Twv Tpiwv Yyovidiwv RAS
METPAONKAV  XPNOIYONOIWVTAG TNV  avTioTpopn HeTaypagn - aAucidwTn
avTidpaon noAupepdonGg o€ npayuaTikd Xpovo (real-time RT-PCR) pe Tn
XpwoTIKl SYBR-Green I. 'OAa Ta {elyn TwVv €KKIVNTWV OXEDIAOTNKAV WOTE va
E€XOUV anooTaon TOUAdXIOTOV €vOG IVTpoviou yia va ano@euxbei o
noAAanAaciaopdg  yevwpikoU DNA  népa Tou CcDNA. To vyovidlo Tng
YAUKEPAADEUBIKNG-3-pwapopIknG apudpoyovaons (GAPDH) xpnoipgonoindnke wg
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E0OWTEPIKOG MAPTUPAC Vi va kavovikonoinBouv Ta enineda €&kepaocns Twv
yovidiwv nou PeAeTAONKav.

JUYKEKpIYEVA, Ooov agopd Tnv avtidpaon TnG real-time PCR,
noAAanAaciaoTnke 1l cDNA and Ta deiynata Twv OyKwv oupoddxou KUGTNG Kal
Napakeigevou @ualoAoyikoU 10ToU, o€ pia avTidpaon PCR nou nepigixe 2x
Brilliant SYBR-Green I QPCR Master Mix, 300 nM ano kabe ekkivnth kar 30 uM
ROX nalnTikn XpwoTIKA avagopdac oec TeAIKO Oyko 20 pl. To piypa apxika
eNwAoTnke yia 5 min otouc 95°C kal akoAouBnoav 40 kUkAolI gvioxuong, ol
onoiol nepiAayBavav anodiata&n otoug 95°C yia 30 sec, uBpidIouo yia 30 sec
oTnNV KataAAnAn yia kabe (eUyoc ekkKIvNTwV Bepuokpacia kal €NIPNKUVON OTOUG
72°C yia 30 sec. Or aAlAnhouxiec Twv RNA ekkivnTowv, n Oepuokpacia
uBpidonoinong kabe elyoug ekKIVNTWV Kal To PEyeBoC Twv npoidvTwv PCR Twv
yovidiwv avaypagovTtal otov Mivaka 5.4. ‘Eneita and 1O TeAKO 0OTAdIO
€NEKTAONC akoAolBnoe avdaAuon kaunuAng anodiataéncg (melt curve analysis),
Katd Tnv onoia n Oepupokpacia aufavotav and Toug 55°C oToug 95°C e
YPAUHIKO puBuo 0.2°C/sec (Eikova 5.1).

MNivakag 5.4. AMnNAoOuXieC Twv €KKIVNT@WV MNOU Xpnolgonomndnkav yia Tnv
evioxuon Tou cupnAnpwpatikou DNA (cDNA), Beppokpacia uBpidiopol Tou KAbe
(euyouc kal peyebog Tou PCR npoiovToc.

Fovidio EKKIVNTEG Oeppokpacia PCR npoiov
UBp1GIOHOU- (bp)
Ta (°C)

K-RAS 5'-GGGGAGGGCTTTCTTTGTGTA-3" (S) 55 174
5-GTCCTGAGCCTGTTTTGTGTC-3’ (A)

H-RAS 5’-GGGGCAGTCGCGCCTGTGAA-3' (S) 65 110
5'-CCGGCGCCCACCACCACCAG-3' (A)

N-RAS 5-CTTCCTCTGTGTATTTGCCATCA-3’ (S) 55 107
5'-GCACCATAGGTACATCATCCGA-3' (A)

GAPDH  5-GGAAGGTGAAGGTCGGAGTCA-3' (S) 60 101
5’-GTCATTGATGGCAACAATATCCACT-3’
(A)
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000 4

Fluorescence (-R*(T))

Temperature ("C)

Eikova 5.1. H avaluon Tng kapunuAng anodiataéng (melt curve analysis) yia Ta
yovidia K-, H-kar N-RAS kal Tou e0wTepIkoU papTupa GAPDH anokaAUNTEl PHOVEC
KOPUQEC KaunUA®V yia oAa Ta yovidia (75.8°C yia To K-RAS, 76°C yia To N-RAS,
86.2°C yia 10 H-RAS, 80.3°C yia To GAPDH) kal anoucgia KOpupwv Yid TOUG
apvnTikoU¢ paptupeg (Non-Template Controls/NTC), anodeikvUovTag anokAEIGHO

yevwpikou DNA kai €101kOTNTA Tou npoiovTog Tng PCR.

H ouloyn Twv Oedopévwv Eylve TOOO KATa Tnv uppidonoinon Twv
EKKIVATWV 000 Kal Katd Tn ¢Aaon TnG enékTaoncg, Me OUO PETPROEIC O KABe Bnua
Kal og kAbe oTiyun Tng melt-curve avaiuong. ‘'OAa Ta neipapata PCR €yivav o€
€va Beppikd kukAonointry Mx3000P real-time PCR xpnoigonoiwvTtag 1o software
version 2.00 (Stratagene, La Jolla, CA). Na Tnv eniBeBaiwon TwV anoTeEAEOPATWV
TnG melt-curve availuong Ta npoiovra PCR avaAubnkav Pe nAeKTpo@Opnon o€
YEAN ayapolng 2%, éneira  and  xpwon Me PBpwpiouxo aiBidio  kal
ewToypapndnkav oTto UV light transilluminator. e kdabe avtidpaon PCR
oupnepieAn@Onoav dUo apvnTikoi PApTUpeC. ‘OAec o1 avTIOpACEIC &yivav o€
TPINAETEC Kal Ta MeTAypaQika enineda Twv Yyovidiwv nou HeAETHONKav,
unoAoyioTnkav kair kavovikonoinbnkav ¢ npog mMRNA Tou house-keeping
yovidiou (GAPDH) Tou kdaBe OeiyyaToc Kabwc €nionc Kal w¢ Npoc Ta KAaTaAAnAa
Ociypata kavovikonoinong (calibrators). H oxeTiki noogoTikonoinon avaAudnke
xpnoigonoiwvtag Tnv MEBodo Tng AACt. MeTd and Tov noAAanAaciacuo,
KATAOKEUAOTNKAV KAPNUAEC avapopdc ano dsiypata nou npogpyovrav and 6-7
O1ad0XIKEC apalwaelc evog peiygaTog cDNA, 1600 yia Ta yovidia 600 Kal yia Tov
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€0WTEPIKO papTupa (GAPDH). O1 anodooeic noAAanAaciacpou Twv yovidiwv Kal
TG GAPDH nATav ol idieg, oxedov 100%. Ta Oedopéva TnG avTidpaong yia Ta
Oeiyyata TwWV  OYKWV KAl TWV  NAPAKEIMEVOV ~— QUOIOAOYIKQV  I0TWV
Kavovikonomnenkav apyika anévavrti oTtnv noikiAia, oTtnv noidtnTa Kar Tnv
noooTNTA TOUu KABe deiyyaToc. O1 KavovIKoNoINUEVEG WG Npo¢ Tn GAPDH Tipéc,
ACts, apyika unohoyigTnkav xpnoiponolwvrag Tnv akohoudn e&iowaon: ACtseiyparoc
= Ctgor-Ctearon (ONou GOI = Gene Of Interest). AkoAoUBwC, unoAoyioTnke n
dlapopa AACt xpnoiponoiwvtag Tov TUno: AACt = ACtsykoy —ACteusioroyikos oo KAl
N €KQPacn Twv kavovikonoinuevwv (Me To yovidio GAPDH) yovidinv oTov OYKo
0E OXEONn ME TOV QAVTIOTOIXO (PUOIOAOYIKO 10TO MOU XPNOIKMOnoIneOnke wg
calibrator, 1coUTal pe (1+Efficiency)2%. H dinAdoia av&non i peiwon TNEG TIAC
BewpnOnke unepekPpaon i UNoekPpacn Tou MRNA avTioToIXa OTO OUYKEKPIMEVO
KaBe popa deiyya kapkivou oupodoxou KUOTNC.

5.8.1. ZTaTIoOTIKA avaAuon

Ta enineda Tou MRNA apxika ekTignOnkav pe 1o TeoT Kolmogorov-Smirnov
yla va kabopioTei edv akoAouBoUv Kkavovikny kartavoudr. Avaloya pe Ta
anoTeAéopaTa, Xpnoidonoindnke TO TEOCT OUCXETIONG kaTd Pearson 1 To MN-
NApaPeTPIKO TEOT OUOYXETIONG KATA Spearman yia va €&€TacBei n oXEon TOug
ava-{elyn Kai n OXEOn TOUC HE OUvexeic HeTaBAnTEC (nAikia, kanviopa,
stage/grade Oykou). Ta pn-napapeTpika TeoT Mann-Whitney U kai Kruskal-Wallis
H xpnoigonomenkav yia va €E€TacTei N OUOXETION AQVAPESA OTNV EKPPACH TWV
yovidiwv kal TIG OIAPopeG  KAIVIKONAOOAOYIKEG NAPAMETPOUG META  ano
dlaoTpwpaTwon. Eniong, e@appooTtnke n HEBOOOG TNG NOA/NARG AOYIOTIKNAG
naAivdopounonc. H oTtaTioTiky avdAuon £yive Pe To npoypappa SPSS 11.5 (SPSS,
Chicago, IL). H oTaTioTikiy onuavTikOTNTa opioTnke oTo €ninedo 95% (P-value <
0.05).

5.9. AiaAupaTa

5.9.1. AiaAUpaTta anopovwong DNA kai RNA
®aivoAiko diaAupa anopodvwong RNA Trizol-Invitrogen.
IoonponavoAn 100% (Merck).
EtOH 70% kai 100% (Merck).
dH,0 kaTtepyaopévo pe DEPC (Invitrogen).
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Reagent B: Tris-base (400mM), NaCl (150mM), EDTA (60mM), SDS (1w/v).
PUBuion pH=8.0 xpnoiyonoiwvtac HCl 37%. To SDS npooTiBeTal pera Tnv

anoaTeipwon Tou SIaAUKATOC.

5.9.2. HAekTpopopnTika diaAvpara
AiaAupa nAekTpopopnong DNA o€ nikTwupa noAuakpuAlapidiou (0.5x TBE):
0.09 TrisHCI, 0.09M Bopikd 0&u, 2.5mM EDTA, pH 8.3.
Aiahupa @opTwong DNA: 0.25% kuavouv TnG BpwpopaivoAng, 0.25%

Kuavouv Tou EuAeviou kal 40% yAukepOAN.

5.10. ‘Evqupa

Go Taq Flexi DNA noAupepaon (Promega).

StrataScript avTioTpogpn petaypagaon (Stratagene).
RNase Block Inhibitor (Stratagene).
MpwTeivaon K (Promega).

BstN I nepiopioTikd €vlupo (New England Biolabs).

Msp I neplopioTiko evlupo (New England Biolabs).

TspR I nepiopioTikd €vlupo (New England Biolabs).

5.11. YAIKG KAl ETAIPEIEG NPOEAEUONG

YAIkO ETaipia YAIkO ETaipia
Ayapoln Invitrogen MeBavoAn Fluka
AiBavoin Merck SDS BDH
AvBpakiko vaTpio Sigma TEMED Sigma
Bopiko oEU BDH Tris base BDH
Bromophenol blue Sigma Yopo&eidio Tou NaTpiou  Sigma
BpwpioUxo aiBidio BDH YOpoxAwpikd 0EU BDH
FAukepOAn Invitrogen ®aivoAn BDH
A1B€100pEITOAN Sigma ®opualdelidn BDH
dNTPS Promega XA\wplouxo vaTpio Sigma
EDTA BDH XAwpopopuio Fluka
IoonponavoAn BDH
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KE®AAAIO 6

AnoTeAéopara

6.1. AvaAuon petaAAa&ewv oykoyovidiwv RAS

>e 30 aoBeveic npaypaTonoinbnke avaAuon PeTaAAa&swv oTa kwdikovia 12
kal 13 Twv oykoyovidiwv K-, H- kai N-RAS. Kapia petalayr dev napatnpnonke
ota K kar N-RAS vyovidia. MapoAa autda, 9 Odeiypata oupoBbnAiakou kapkivou
EPepav PETAAAAYEC 0TO KwOIKOVIO 12 Tou yovidiou H-RAS, pe avTikataoTdoelg
apivo&Ewv nou cuvayovtav and Tnv ageon aAAniouxion (Eikoveg 6.1-6.2). Mia
METAANGEN (2TCC) ATav opoluyn (11%) kai o1 unoAoinec (89%) eTepdluyec. EnTa
ano Tta 9 Ociypata (78%) £pepav GGC—GAC petdAAa&én oto kwdikdvio 12,
0dNywvTac o€ avTikaTaoTacn oTo onueio autd Tng Gly—Asp. Ta unoloina duo
Ociypata €pepav GGC—GTC peTdAAa&n oTo KwdIkOVIO 12 Pe anoTéAeopa Tnv
avTikataocTtaon Tn¢ Gly—Val. Kapia petaAhayn Twv yovidinv RAS dev aveupednke
o010 KwdIkOVIO 13. Na onueiwBei OTI povo 2 and Toug aoBeveic Pe PETAANGEEIC
gixav dInOnTIkA vooo oTadiou pT2-in situ kal pT3a avTtioToixa evw ol unoAoinol 7

(77%) eixav emeavelakn vooo otadiou pT1, pTla kail pTib.

312

= 261

— 236

— 100

Eikova 6.1. Ta H-RAS npoiovta Tng PCR (312 bp) ko6nnkav Pe TO NEPIOPIOTIKO
evlupo Msp I kal nAektpogopndnkav oe yéAn ayapolng 3%. L, 100bp DNA
ladder; nnyadakia 1, 3, deiypaTta aypiou Tunou (wt); nnyadakia 2, 4, eTepodluya
mut deiypaTa ; nnyaddki 5, anento PCR npoiov H-RAS.
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A Fwval D gy I am gy Way Wowa oGy |
TEGTGEGGECGECCGEGCGEGTGT GGGC A A

17N

{wrt]
‘i J\ _ |
G35T
B. val I Gy M pla Mayazva I Gly My Gly |
TEGTGGEGECGCCGE NCGGTGTGGGOCAA
17TCC X
[mut)
G354
= Mval I Gy I Ala Wopiznep? Gly W val V Gly |
TGEGGETGEGEGCGECCGENCGEETETGEGGEGECAA
11TCC

[mut) \s’

Eikova 6.2. HAekTpoypapnuata aAAniouxiong Twv npoiovtwv H-RAS tng PCR
nou aneikovifouv WeTaAaEelc oTo KwdIkOvIo 12 og aocbBeveig Pe Kkapkivo
oupodOxoU kuoTnc. A. Aypiou TUNou aAAnAouxiec Twv KwdiKoviwv 9 £wc 15 Tou
yovidiou H-RAS «kai avTioToixa KwdikonoloUPeva apivo&ééa oe  Oeiypa
quaiohoyikoU 10ToU. B. AAMnAouxia OeiypaTtog oupoBnAiakoU Kapkivou nou
PEpel eTEPOCUYN onpelakn HeTAAAaEn (GGC—GTC; Gly12Vval) oto kwdikovio 12.
C. AA\nhouxia dsiypatog oupoBnAiakoU Kapkivou mnou  @QEpel AAAn eTepoluyn
onueiakn peTala&n (GGC—GAC; Gly12Asp) oTo kwdikovio 12.
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6.2. AvalAuon ékppaong oykoyovidiov RAS

'‘OAa Ta vyovidia RAS ekgpalovrav oTta Osiyyata nou WPeEAETABNKav.
ZUPQwva PE To AOYOo €kppaong kabe yovidiou RAS oTov oupoBnAiakd kapkivo o€
OXEON ME TOV NAPAKEIMEVO PUOIONOYIKO 10TO, kKabopioTnkav 3 opddeg EkPppacng
nou nepiIAauPBavav  <0.5- unoékppaon, 0.5-2.0- ion ékepaon kar >2.0-
unepékppaon (Mivakag 6.1). Ano Ta Ociypata e e€epyacia 11 (37%)
napouacialav unepekPppaacn evoc yovidiou RAS, 7 (23%) duo yovidiwv evw povo 4
unepékppadlav kal Ta Tpia yovidia RAS.

To uwnAOTEPO NOCOOTO UneEpEKPpaong napatnpndnke ota K kar N-RAS
yovidla (kaBeva 50%) evw TO yovidlo H-RAS napouciale xaunAdTepo eninedo
(27%). Eivar npogaveg Aoindv OTI Ta oykoyovidia RAS dev €xouv &va KoOIVO
nNpOTUNO UNEPEKPPAONG OTOV oupoBnAiakd kapkivo, odnywvTag oTnv unobeon
OTI n ékepaon Tou¢ auTtn diadpapaTilel kaAnolo POAO OTnV naboyeveon Tou
Kapkivou Tn¢ oupododxou KUOTNC. H péon TIuAESD UNoEkppacnc Twv Yovidiwv
RAS nAtav 0.274+0.12 yia Ta K kai H-RAS kai 0.38+0.04 yia To N-RAS. O Aoyog
iongG ékppaonc nTav napopoiog yia Ta K, H kar N-RAS (1.03+0.44, 1.20+0.48 kai
0.92+0.45 avTioToixa). Mapatnpndnke OPWG €va 10IAiTEPO  NPOTUMO
UNEPEKPPAONC KAl TWV TPIWV MEAWV TNG Olkoyevelag RAS, kaBéva €k Twv onoiwv
EMQAvIoE €va OIaPOpPETIKO NedIO TINWV TOU AOYOU KAPKIVIKOG I0TOG/PUOIOAOYIKOG
10To¢ (Mivakag 6.1). EidIkOTEPa, evw N WéEon TiIUN noAAanAdciag aAhayng Twv
emnedwv EkPpaong yia 1o K-RAS Atav 4.53+£2.52, 4 deiypaTa €0€1€av onuavTikn
avénon Tou petaypagikoU enmnédou mMRNA K-RAS ouykpivopeva Me Ta
napakeipyeva Qualiohoyika Toug (21.67+1.14) (Eikova 6.3). EEl deiyuata £dsiEav
unepék@paon Tou mMRNA H-RAS (péon Tign noAAanAdociag aiayng 2.64+0.43)
evw 2 oupoBnAiakoi oykol gixav 1Id1aitepa au&nuevn TiPN (18.04+ 8.24). TEAog, n
MEOn noAAanAdcia alhayn Twv PeTaypa@ikwv emnédwv yia 1o N-RAS nATtav
3.83+£1.32 oe 11 Odeiyyata, Opw¢ 4 Ociyuata €ixav akopn nio onuavTikn
unepékppaon Tou N-RAS og oxeon pe To Quaioloyiko 10TO (18.65+5.80).
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Eikova 6.3. Enineda ékppaong Twv yovidiwv RAS oe deiyyara  kapkivou

oupodoxou KUOTNC Kal NAPAakeiyevou @uUaIoAoyIkoU 10ToU. Ta HETaypaika

enineda Twv yovidiwv K kai

N-RAS nAtav uwnAotepa oTa Odeiyyarta ano

oupoBNAIaKO KAPKiVO OUYKPITIKA HE TwV Qualoloyikwv 10Twv (N-RAS, P=0.003;
Mann-Whitney U test) evw Ta enineda mRNA H-RAS ATav napopoia avapeoa ota

oUo €idn 10ToU.
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Mivakag 6.1. MeTtaA\ayEG kal HETaypaika enineda Twv yovidiwv RAS og aoBeveic pe

Kapkivo oupoddxou KUGTNC.

Kapkivog oupodoyou kuaTng/PuacioAoyIKOG 10TOC (Ekppaan)

K-RAS

H-RAS

N-RAS

ApiBuocg  Metalhayeg

AcgBevav H-RAS *
1 Aypiou TUNOU
2 MeTaAAayn
3 Aypiou TUnNoOU
4 MeTaAAayn
5 Aypiou TUNOU
6 Aypiou TUNoOuU
7 Aypiou TUnNoU
8 Aypiou TUNOU
9 MeTaAAayn
10 MeTaAAayn
11 MeTaAAayn
12 Aypiou TUNOU
13 Aypiou TUnou
14 Aypiou TUnNOU
15 Aypiou TUNoOU
16 MeTaAAayn
17 MeTaAAayn
18 Aypiou TUnNoU
19 Aypiou TUNouU
20 Aypiou TUNOU
21 Aypiou TUnNOU
22 MeTaAAayn
23 Aypiou TUNOU
24 Aypiou TUnNoU
25 Aypiou TUNOU
26 MeTaAAayn
27 Aypiou TUnou
28 Aypiou TUnNoU
29 Aypiou TUNOU
30 Aypiou TUNOU

0.27 (unoékppaaon)
0.22 (unoékppaan)
0.22 (unoékppaan)
0.28 (unoékppaan)
0.18 (unoékppaan)
0.50 (ion €kppaon)
0.10 (unoékppaan)
0.43 (unoékppaaon)
0.15 (unoékppaan)
0.72 (ion €kppaaon)
21.95(ungpékppaon)
3.56 (unepékppaan)
3.00 (unepékppaan)
1.64 (ion ék@paon)
0.43 (unoékppaaon)
3.35 (unepékppaan)
22.31(unepekppaacn)
1.07 (ion éxppaaon)
22.41(unepekppaaon)
9.10 (unepekppaan)
19.99(unepékppaaon)
2.24 (unepékepaan)
0.41 (unoékppaaon)
8.73 (unepekppaacn)
3.26 (unepékppaan)
5.47 (unepékppaan)
2.70 (unepékppaan)
6.31 (unepékppaan)
2.11 (unepékppaaon)
1.24 (ion ékppaon)

0.40 (unoékppaan)
1.88 (ion ékppaaon)
3.38 (unepékppaon)
0.22 (unoékppaan)
1.37 (ion ékppaon)
0.75 (ion €kppaaon)
0.19 (unoékppaan)
2.70 (unepékppaaon)
1.50 (ion ékppaaon)
0.95 (ion €kppaon)
1.46 (ion ékepaaon)
0.12 (unoékgppaaon)
2.39 (unepékppaan)
0.11 (unoékgppaaon)
24.23(unepek@paacn)
0.70 (ion €kppaan)
1.11 (ion ékppaaon)
0.35 (unoékppaan)
2.83 (unepékppaaon)
1.65 (ion ékppaon)
0.19 (unoékppaan)
0.28 (unoékppaan)
0.52 (ion €kppaacn)
1.84 (ion ékppaon)
0.43 (unoékppaaon)
2.29 (unepékppaan)
12.57(unepékppaan
0.44 (unoékppaan)
2.25 (unepékppaaon)
0.71 (ion €kppaaon)

0.43 (unogkppaan)
20.50(unepékppaacn)
3.13 (unepékppaan)
1.64 (ion ékepaon)
13.89(unepékppaaon)
2.85 (unepékppaaon)
0.47 (ion ékppaaon)
0.52 (ion ékppaon)
6.08 (unepékppaan)
0.75 (ion ékppaaon)
0.76 (ion ékppaan)
0.58 (ion ékppaan)
2.28 (unepékppaan)
0.85 (ion ékppaaon)
4.65 (unepekppaan)
2.37 (unepékppaaon)
0.36 (unogkepaan)
5.77 (unepék@paan)
14.17(unepékppaaon)
4.34 (unepek@paan)
0.35 (unogk@paon)
0.59 (ion ékppaaon)
1.21 (ion ékppaon)
26.05(unepékppaacn)
1.89 (ion ékppaaon)
0.89 (ion ékppaaon)
4.05 (unepekppaon)
2.61 (unepékppaan)
4.04 (unepekppaan)
0.89 (ion ékppaaon)

* Ta yovidia K kal N-RAS og 6Aoug Toug kapkivikoUg 10ToUC 0nwe eniong kai 0Aa Ta yovidia RAS

OTOUC NApakeipevoug gpualohoyikoUg 1I0TouG fTav aypiou TUNou.

60

M nitro™" professional



6.3. AvaAuon oykoyovidiov RAS o0 oxéon HeE Ta KAIvikonadoAoyika

XAPAKTNPIOTIKA TWV a0OeEV@V

And TOuG aoBeveic HPE IO0TOPIKO EMAYYEAUATIKAG €KOEONC OE MAPAYOVTEG
KivObuvou vyia Tnv avantuén oupoBnAiakoUu kapkivou 6 (31.5%) &Egepav
METAAAGEEIC 0TO KwdIKOVIO 12 Tou yovidiou H-RAS evw o1 unoAloinol 13 ATtav
aypiou Tunou (wild type). Tpeic anod Toug acBeveic pe H-RAS peTtaAAaén dev
gixav Kavéva nponyoupeVo 10TOPIKO €nayyEANATIKAG €kBeonc. € 9 anod Toug 19
aobeveic (47%) pe 10TOPIKO €nayyeAMaTIKNG €kBeong €va yovidio RAS
unepek@paloTav evw 4 kal 2 acBeveic napouaialav unepekppacn dUO0 Kal TPIWV
yovidiwv avTioToixa. Enionc 3 anod Toug aobeveic autouc dev napouaialav kapia
unepék@paon. AvTIBETWC Oev nATav duvatd va avakaAUWoupe kanoia diapopd
oTov apiBud Twv unepekPpalopevwy  yovidiwv oTouc 11 aoBeveic Xwpig
enayyeApaTikd napayovra kivduvou. Tpeic and auToug Toug aoBeveig €ixav 1, 2
Kal kavéva unepekppalopevo yovidlo avTioTolxa evw o dUo aoBeveic kal Ta 3
yovidia RAS unepek@palovTav.

Anod Touc 30 aoBeveic 26 (87%) ATaAv evepyoi | NPWNV KANVIOTEG, ANO TOUC
onoiou¢ 19% eixav peTaMAa&én oTo kwdikovio 12 Tou vyovidiou H-RAS.
AtloonueioTo €ival 0TI o1 4 pn kanvioTeg epepav H-RAS petaAAagelg. Evvea ano
TOUG 26 evepyeic/npwnv kanvioTeC (34%) unepeékppalav 1 yovidio RAS evw 27%
kal 15% Twv acBevwv autwv avTioToixa OUo kal Tpia yovidia. EE&
evepyeic/npwnv kanvioTeg dev napouaialav kapia unepekppaaon.

Aev 31aNIOTWONKE OTATIOTIKA ONUAVTIK CUCXETION METAEU peTaANAEewv
Kal unepékPpaonc Twv yovidinv RAS kal KAIVIKONABOAOYIK@WV XAPAKTNPIOTIKWV
Twv Oykwv (oTddlo, Babuoc diagoponoinong). EninAéov, n noAAanAn AoyioTiKn
nahivopounon  dev  avedel€e  OTATIOTIKA  ONUAVTIKR  OXéon  MeTaAgu
METAANAENG/unepEkPPaonG kal  KAIVIKAG nopeiac Tng vooou (np6odog Kal
unoTtponn). MapoAa autd, 78% Twv H-RAS peTala&ewv aveupédnkav o€ pn
dIndnTikoUG oupoBnAiakoug oykouc. Eniong, ol grade III Oykol £d€I&av onuavTika
uwnAdTEpa peTaypa@ikda enineda Tou mRNA N-RAS oe oxéon pe Toug grade II pe
OTATIOTIKG onuavTikn diapopd (Mann-Whitney U test p=0.041).
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6.4. Avaduon mRNA ékppaong oykoyovidiwv RAS ava Zelyn

To Spearman test xpnoigonomn®nke yia va npoadiopicel mbavr oxeon
TAuToxXpovNG Ek@pacnc Twv yovidiwv RAS oe naboloyikoUG kal (puoIoAoyIkoUg
I0TOUC. Mia onuavTikn B€TIKN OUOXETION aveupédnke peTa&u H-RAS kal N-RAS
ota Ociyyata oupobnAiakwv oykwv (p=0.001). Kapia AGAAn  ouoxETion Oegv
aveupednke ota unoloina {evyn yovidiwv oToug nadoAoyikoUc 1 PUGIOAOYIKOUG

10TOUG.

6.5. AvaAuon peTaAAa&emv oykoyovidiou BRAF

OAol o1 oupoBnAiakoi Oykol MPeAeTABNkav yia Tnv napoucia B-RAF
MeTaAaywv oTta €&ovia 11, 14 kar 15. H apeon aAAnAouxion avayvwpioe Tn
METAANGEN V600E (voukAeoTIOIKN aAAayn T1799A oTto €€ovio 15) o€ £va deiyua
EVW ANOKAAUYE pia akopn PeTaAAa&n V600L (voukAeoTidikn aAAayry G1798T oTto
€€ovio 15) o €va deuTepo deiypa (Eikova 6.4). To npwTo deiypya nTav oTtadiou
pTla kal grade II evw 1O OeUTEPO oTadiou pT2b and grade III. Kapia peTaAayn
Oev aveupébnke oTa €€ovia 11, 14 kai 15 kabwc kal oTa onueia ouvavrnong
IVTpoviwv/egoviwv Twv unoloinwv delyudtwv. EQocov povo 2 petaAlageig nrav

napouoeg dev ATAv duvaTn N €NITEUEN OTATIOTIKA ONUAVTIKOU anoTeAEOUATOC.
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Eikova 6.4. Kapia JeTdAAa€n dev aveupednke ota €€ovia 11, 14 kar 15 kabwg
KAl oTa onueia ouvavtnong Ivrpoviwv/egoviwv. Map’dAa autd n aAAnAouxion
DNA Twv delypatwv 14T kar 3T (péon kal kATw €IkOva avTioTolxa) anokaAuye 2
OIaPOPETIKEG TEPOLUYEC PETAAAGEEIC: pia peTABeon T—A 0TO VOUKAEOTIOI0 1799
(V600E) kai pia peradeon G—T oTo voukAeoTidio 1798 (V600L). H dvw eikova
Oeixvel Tnv aypiou Tunou aAAnAouyxia Tou yovidiou B-RAF oTo €€0vio 15 0 €va

Ociypa gualoloyikoU 1o0ToU (6N).
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KE®AAAIO 7

ZulnTnon-Zupnepaopara

H oxéon avapeoa oTi¢ JETAAAAYHEVEC HOPQPEC YovIDIWV TNG OIKOYEVEIAG
RAS (H-, K- kar N-RAS) kar Tou 30% TWV avlpwnivwv VEONAAOHATWYV,
OUMNEPIANGPPBAVOLEVOU TOU KAPKIVOU TNG oupodOXou KUOTNG, unodnAwver OTI N
dlatapaxn TNG AsIToupyiag TOUGC  OUVEIOQEPEI ONUAVTIKA OTnV avantuén
kapkivou (Spandidos and Lang 1989; Field and Spandidos 1990). Zuxva onueia
MeTaAAaEewv eival n Gly—Val oTo kwdikovio 12, n Gly—Cys oTo kwdikovio 13 kal
Glu—Arg/Lys/Leu oto 61 (Bos 1989; Grand and Owen 1991; Levesque,
Ramchurren et al. 1993; Bonner, Hemstreet 3rd et al. 1993;). OI onUEIaKEC
pueTaAAGEeic Twv yovidiwv RAS anokAsiouv Tnv eyyevry Opdaon GTPaong,
eunodifovrag €Tl TNV opaAn anevepyonoinon Twv npwTeivov RAS (Field and
Spandidos 1990). O1 peTaAAa&eic Twv yovidiwv Ras avakaAugenkav npwTa oTnv
avlpwnivn KApKIVIKN KUTTApPIKN ocipd oupodoxou kuoTtng T24 (Capon, Chen et
al. 1983) kal oTn ouvéxela dIAPOPEG PEAETEG anedei&av OTI ol PeTAAAQYEG Tou
oykoyovidiou H-RAS eival ouxvoTepec 0Ta vEONAAONATA TOU ouponoinTikou an’
oTi Twv K 1 N-RAS (Rabbani and Cordon-Cardo 2000). MapdTi ol apyIKEG
npoodokiec OTI o1 H-RAS petal\a&eic 6a pnopoloav va naifouv onuavTikd poAo
OTOV Kapkivo TnGg oupodoxou kUOTNG Oev enaAnBeUTnkav kal  BeswpouvTav
napouoec oto 10% Twv acBevwv (Saito, Hata et al. 1997), vedTepeg EpEUVEC
€dei&av akopn uwnAoTepn ouxvoTnTa Touc. O1 Fitzgerald kai ouv. avépepav
MeTaAAayeg Tou yovidiou H-RAS oTo ilnua oUpwv oe 44% Twv aoBevav HE
oupoBnAiakouc oykoug (Fitzgerald, Ramchurren et al. 1995), o1 Czerniak kai ouv.
napatripnoav PeTaAAAEeIic Tou 0To KWAIKOVIO 12 ot 45% Twv Ooykwv (Czerniak,
Cohen et al. 1992) evw o1 Haliassos kal ouv. onueiwoav akopn uwnAOTEPO
nooooTo, 66% (Haliassos, Liloglou et al. 1992). Eniong n nio npdo®atn HEAETN
ano Toug Przybojewska kal ouv. aveépepe peTaAAa&eic Tou yovidiou H-RAS og
84% Twv aobevwv Pe Kapkivo oupodoxou kUoTnG (Przybojewska, Jagiello et al.
2000). OAeg auTéc ol dIaQopEC ogeilovTal OTIG OlIAPOPETIKEG HEBOOOUG Mnou
Xpnoigonoinénkav yia Tov npocdiopioho Twv RAS peTaAAGEewy.

>Tnv napoloa HPeAETN xpnoigonoinoape pia guaiobntn PCR/RFLP pgBodo
yla va eAéy&oupe Tnv napoucia peTaAagewv Twv yovidiwv RAS o€ acBeveiq e
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oupoBnAiako kapkivo. An’ OTI yvwpiloupe €ival n NpwTn Gopda Nou anoTeAéopara
eniBeBaiwbnkav pe dapeon alAnlouyion Tou napayopevou PCR npoidvTog,
eEaopalidovtac au&nuévn akpiBela  kalr e€uaiobnoia. Ta eupnuaTta  pag
unooTnpiouv TIC avapopEC nou dgiXVouv onuavTikd NocooTo PETAAAAEEWV OTO
kwdIkovio 12 Tou yovidiou H-RAS oe aoBeveic e kapkivo oupodoxou KUOTNG. Z€
9 ano Toug 30 aoBeveic TNG PeAETNC pag (30%) avixveloape METAANAEEIG OTO
kwdikovio 12 Tou yovidiou H-RAS (G—A kal G—T), ol onoieg €ival ol nio ouxva
avapepopeves onuelakeg petaldayeg (Williams and Stein 2004). IdiaiTepng
onuaociac €ivar To yeyovog OTI 78% auTwv Twv PETAAAEEwV aveupednkav o€
ENIPavelakoUc OyKoug kal HOAIC duo oe dindnTikoUC mnou nepiAapBavav évav
acBevry oTadiou pT3a kal €&va pT2-in situ. H napatipnon auTr CUPPWVEI PE Ta
eupnuata Twv Ooi Kkal ouv., MouU aveépepav OTI n avTtikatactacn G—T oTo
KwdIkOVIO 12 oXeTIl0TAV TOOO Pe unoTponialovreg 000 Kal Un unoTpomalovTeg
npwTonabeic Oykoug kabwg eniong kal YE apxIkouc Ta/T1 Oykoug o€ aoBeveig Pe
npoodo Tng vooou (Ooi, Herz et al. 1994). Ta anoTeAéopaTta auTta unooTnpilouv
TN oxeéon MeTa&l xapnAoUu oTadiou, KAA®WC OIAPOPOMNOINHEVWY 0oupoBnAIaKwV
veonAhaoudatwv kar H-RAS petaAAaywv, ol onoieg ¢aiveTalr 0TI anouaialouv oTd
npoxwpnuéva aTadia Tng vooou.

MeTaAAa&eic Tou yovidiou K-RAS aveupebnkav o€ nepiocdTepo and 80%
TWV OYKWV TOU MNaykpeaToc oTtov avBpwno, 38% Tou naxeéwg evrepou kal 31%
Tou AenToU evTépou. N-RAS petaAAa€eic napatnpndnkav oTo  KAKONOEG
MeAdvwpa kal o€ veonAdaoparta Tou aiponoinTikou i1oTtoU (Kiaris and Spandidos
1995). Ta supripaTda pac nou agopouv TNV anouadia HETAAAQY®V TwV yovidiwv K-
kal N-RAS oTov oupoBnAiakd Kapkivo ouppwvoUv Pe auTd  Twv AAA®V ouadwv,
napéxovrac emnAéov anodei€eic yia Tnv €10IKOTNTA TOU 10TOU MOU EVEPYOMNOIEITAI
n oikoyévela RAS.

Av Kal ol onpeIakég HETAAAEEIG dpouV WG PNXAVIOHOG EvEPyonoinang Twv
oykoyovidiwv RAS, Ta auénuéva peTaypa@ika €nineda Touc au&avouv eniong Tov
KivOUVO  KAPKIVOYEVEONG, ONwC €xel avagepbei  yia dlAPopouc OYKouG,
oupnepIAQUBAVONEVWY PAOTOU, NAXEOC EVTEPOU, €YKEPAAOU, KEPAANG-TpaxnAou
Kal nveuyova. AlaQopeg PeAETec anédei€av OTI Ta yovidia RAS unepekppalovrav
TOOO O€ NPOKAPKIVWHATWOEIC OC0 Kal Of KAPKIVWHATWOEIG KATAOTACEIG
OUYKPITIKG ME TOoug @ualoloyikoUc 1oTouc (Vageli, Kiaris et al. 1996). ZTov
Kapkivo TnG oupodoxou kUoTNng ol Viola kal ouv. pe avoooioToxnuikn HEB0DO

avakaluyav auénuéva snineda €kppaonc TnG npwTeivng RAS oTo kapkivwpa in
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situ kal oToug Oykouc uwnAoU oTadiou aAAa OXI oTouc XaunAou oTadiou n oTnv
unepnAaocia Tou oupoBbnAiou (Viola, Fromowitz et al. 1985). Eniong o1 Vageli kai
OUV. aVEQEPAV Tn CUPHETOXN, OIQUECOU UMEPEKPPAONC, TwV OykKoyovidiwv RAS
oTov oupoBnAiakd kapkivo (Vageli, Kiaris et al. 1996).

Map’oAa auTd, kapia anod TIC MEXP!I ONUEPA MEANETEC Oev XpPnOIPOMNOINoE
nponyuevn Texvoloyia, onwc real time RT-PCR. An’ 0TI yvwpiloupye n napoucoda
MEAETN €ival n npwTn MOU Xpnoldonoinoe avTioTpopn HETAYypaPn-aAucidwTn
avTidpaon noAupEPACNC OE nMpaAyuaTikd XpOvo vyia va npoodiopioel Ta
MeTaypagikda enineda Tng mRNA €k@paong Twv yovidiwv RAS oe deiypata Oykwv
oUpPOdOXOU KUOTNG Kal TA OUVEKPIVE HE TA AVTIOTOIXA TWV MNAPAKEIHEVWV
Qualoloyikwv 10TwV. And Ta 30  kapkivika Ociypyata 23 unepekppalav
TOUAGXIOTOV €va MENOC TNnC olkoyevelac RAS. To uwnAOTEpPO NOCOOTO
unepek@paonc napatnpnnke oto K kai N-RAS yovidio o€ 50% Twv OYKWV €V
To H-RAS napouciaos XaunAoTtepn Tiun (27%) 0 OXECN PE TOUC AVTIOTOIXOUG
(uaolohoyikoUC 10ToUC. Ta nooooTda auTd OUP@WVOUV ME TA dnoTeEAEONATA
nponyoupevwyv peletwv (Vageli, Kiaris et al. 1996) kai deixvouv OTI Ta
oykoyovidla RAS 0Oev €xouv €va npOTUMNO UNEPEKPPACNG OTOV KAPKIVO TNG
ouUpodOXOU KUOTNG OWOIO ME autd Twv AANwvV  veonAaopdaTtwyv  Onou
aveupiokovTal. H BeTikn eniong oxeon avapeoa oTta enineda €kQpaong Twv
yovidiwv H- kai N-RAS unoypappilel Tnv €vvola oTI Ta yovidia RAS 6a pnopouoav
va Opouv Ouvepyikd oTov oupoBnAiakd kapkivo (p=0.001). Téhog, oe avTiBeon
ME Tn MeAETN Tou Viola kar ouv. (Viola, Fromowitz et al. 1985), dev eniTeuxOnke
Kaia oTaoTIOTIKA ONUAvTIK OXEon avapeoa oTnV UNEPEKPPACN Kal To 0TAdIO N
grade Tou Oykou. Ta €upnuaTd pag auTda €ival o€ CUPPWVIA PE TIG PHEAETEC nou
unooTnpilouv Tnv anoucia oxéong MeTa&l oTadiou 1n grade Oykou Kal
heTaypagikwv eninedwv RAS mRNA ékppaonc. ‘'OAa Ta deiypuata veonAaopaTIKwV
I0TOV €EEppalav éva ToulaxioTov HEANOG TNnG olkoyévelag RAS, opw¢g 37%
unepékppadlav éva povo yovidio, 23% dUo kal 13% kai Ta Tpia yovidia RAS. ZTa
Ociygata nou unepekppalav kal Ta Tpia yovidla RAS o AdyoC €kppaong
KapKIVIKoU/ @uaoloAoyikoU 10Tou kabe deiypaTtog 0ev nTav navra idiog.

'Ocov a@opd To JeUTEPO OKEAOG TNG napouoag d1aTpIBNG To evilAPEPOV
ENIKEVTPWONKE o0TO Yyovidlo BRAF. OgpeAlwdEIC KUTTAPIKEG AEITOUPYIEG ONWG
diapoponoinon, noAAanAaciacpocg, enmBiwon, KIivnTIKOTATA, HETAOXNMATIONOG
puBuilovtar and Tnv 000 RAS-RAF-MEK-ERK, €va ouvTnpnTikG €EEAIKTIKO
onuatodoTikd povonarti (O'Neill and Kolch 2004). O1 npwteiveg RAF avrkouv
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OTNV KATNyopia NpwTEIVIKWV KIVaowV OEpivng-Bpeovivng nou evepyonolouv Tnv
kivaon Tng MAPK (mitogen activating proteine kinase Kinase n MAPKK n MEK) n
onoia Pe Tn O€IpA TNG EVEPYOMOIEI TIC NPWTEIVIKEG KIVAOEG MOU EVEPYONOIOUV TN
pitwon (MAPKs 1 ERKs) (Duesbery, Webb et al. 1999). AkatdAnAn kai/n
ouvexng diEyepan TNG 0doU auTng dnuIoupyei €va 1oxupd epeBIoPa nou odnyei og
avwpalo noAAanAaciacpd  kar  dlagopornoinon o€ NoAAoUG  avBpwnivoug
kapkivouc (Avruch, Khokhlatchev et al. 2001). Evepyei¢ owpaTIkéG PETAAAGEEI
oTnv Kivaon oegpivng/Bpeovivng BRAF avageépdnkav o peydAo nooooTd OTO
KakonOeg peAdvwpa kar OnAwdn kapkivo Bupeoeldolc kabwg Kal o€ HIKPOTEPO
nooooTd o€ AANOUC KApPKIVOUC Kal KAPKIVIKEC OEIPEC, OUMNEPIAAUBAVOUEVWV TOU
naxéoc &VTEPOU, WOBNKWV, M MIKPOKUTTAPIKOU KAPKivOU MNveUupova Kal
dlapopwv oapkwpudtwv (Brose, Volpe et al. 2002; Davies, Bignell et al. 2002;
Naoki, Chen et al. 2002; Yuen, Davies et al. 2002; Kimura, Nikiforova et al.
2003). Av kar evepyonoiouv Tnv MAPK 000, ol npwteive¢ RAF anodeixdnke OTI
OUMMETEXOUV OTN METAMOPA TOU OYKOYOVOU ONMATOC TNG NPWTEIVIKNG Kivaong C
epsilon (Perletti, Concari et al. 1998; Basu and Sivaprasad 2007). Zuvenwg
NeEPICOOTEPEC aANO Hia oykoyovec odoi pnopei va  puBpifovral and Tnv
gvepyonoinuevn Aoyw PeTAAAaENC kivaon BRAF.

O1 Stoehr kai ouv. nalaidTepa peAéTnoav 121 eykAeloPEVOUG O napagivn
OYKOUC 0uUpodOXoU KUOTNC Kal 27 OYKOUGC avWTEPOU oupomnoinTikoU Xwpic va
avixveuoouv kappia BRAF petdAAa€n (Stoehr, Brinkmann et al. 2004). H
nAeloyneia Twv oupoBnAiakwv Oykwv nou €EeTaocTtnkav Ogv anokAAuye kanoia
METAAAAEN, unodnAwvovTag OTI 01 oUXVOTEPEC METABOAEG Tou yovidiou BRAF nou
neplypapnkav oe diagopa veonAdaopata Oev QaiveTal va OUPPETEXOUV OTOV
Kapkivo Tn¢ oupodoxou KUOTNG.

e napOpoleC MEAETEC OTO ouponoinTikd cuotnua or Cho kar ouv.
onueiwoav pia ouxvotnta 10.2% petalaywv oto kwdikovio 600 Tou yovidiou
BRAF o adevokapkivwpaTta npootdtn (Cho, Choi et al. 2006). Ta anoteAéopaTa
auTa 0ev OUP@WVOUV e Toug Burger kal ouv. (Burger, Denzinger et al. 2006)
NMou aveépepav nponyoupevwe anoucia BRAF petaAdaywv o€ 79 npooTaTikoug
kapkivouc. EninAéov evepyeic napavonuaTtikéc BRAF peTtal\a&eic Tautonoindnkav
0 9% TWV Un OEPIVOMATWOWV OYKWV OpPXeEWG aAAG OXI OTa OEPIVOMATA
(Sommerer, Hengge et al. 2005). Ocwpnbnke €niong 0TI o1 BRAF peTaAAa&eic dev
OUMMETEXOUV OTNnVv avantu€n veppikoU kapkivou (Nagy, Balint et al. 2003),
OYKWV YEVVNTIKOV KUTTAPWV Opxews (MclIntyre, Summersgill et al. 2005),
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TpaxnAou pATpag, evéounTpiou n wobnkwv (Ueda, Toji et al. 2008). Mpooparta
ol de Jong kai ouv. g PeAeTn TCam-2 kUTTApwV eniBeBaiwoe OTI NPOKEITAI YiId
MIO OEIpd CEPIVOHATWOWV KUTTAPWV Mou QEpPouv TNV HMETAAAaAEn V600E (de
Jong, Stoop et al. 2008).

TN MEAETN pag avakaAuwape dUO Kapkivika Oesiyyata nou e@epav dUo
OIaPOPETIKEG PETAAAayEG oTo €Eovio 15. 'Eva deiypa épepe pia T1799A (V600E)
METAAAGEN kal To dANo pia G1798T (V600L) petaAhayn. To npwTto deciyya ATav
oTtadiou pTla kai grade II evw To deuTepo oTadiou pT2b and grade III.

O1 nepIoCOTEPEG MEANETEG WEXPI TWPA EMIKEVTPWONKAV OTn METAAAEN
V600E, n onoia - av kal ouxvoTepa avapepouevn — ed@avileTal povo oe pia
NeEPIOPICPEVN NEPIOXN Tou yovidiou BRAF. Exovrac oTto puaAd pac OTI Kal AAAEC
MEPIOXEG Tou Yyovidiou oTov oupoBnAiakd kapkivo pnopei va kpUBouv
METAANGEeIC, peAetnoape Ta €€ovia 11 kar 14. Kapia peTala&n dev aveupébnke,
OUMPWVWOVTAG HME TA anNOTEAEOMATA MEAETWV MOU daveéAuoav He aAAnlouxion
OANOKANPN TNV KwOIKN neploxr) Tou Yyovidiou BRAF xwpic va evronioouv
MeTaAAayeg, ekTOC Twv €€oviwv 11 kal 15 (Rajagopalan, Bardelli et al. 2002).
Juvenwg ol PeTaAAa&eic Tou yovidiou BRAF eival aocuviBeic oTov KaApkivo TNG
oupodOXOoU KUOTNC.

AvTiBeTa onpavTikd PEPOC Twv oupoBnAiakwv Oykwv (10-30%) @Epouv
METAANAGEEIC 0TO KWdIKOVIO 12 Tou oykoyovidiou H-RAS, evog aAAou onuavTikou
dlapegoAapnTr Tou povonaTtiol Twv MAP kivaowv (Czerniak, Cohen et al. 1992;
Saito, Hata et al. 1997; Boulalas, Zaravinos et al. 2009). Autd unodnAwvel dia
XaunAn ouxvoTnTa evepywv MeTaAla&ewv Tng MAPK odoU oTov Kapkivo Tng
oUpodOXOU KUOTNG, N onoia cUPPVEi ge TNV BEon OTI BRAF kal RAS peTaAAGEEIg
eival apoiBaia anokAeidpeva yeyovoTa, unooTtnpilovrac pia Aueon AEITOUPYIKN
TOUG oUVOean OTIG oUvVOeTEC onuaTodoTikeC odouc (Davies, Bignell et al. 2002;
Soares, Trovisco et al. 2003).
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Tupnepaopara

H napoloa peAéTn anodeikvUel OTI n evepyonoinon, OIAUECOU GNUEIAKNAG
METAANGENG, Tou oykoyovidiou H-RAS onwc kai OAwv Twv yovidiwv RAS (Kupiwg
K- kai N-RAS) Olauéoou UNEPEKPPAONG €ival ouxvd YEYovOTa OTO KAPKIVO TNG
oupodOxoU KUOTNG. Auénuéva enineda Tng MRNA E€K@PACNC TOUG MMOPEI va
uUnodNAWVOUV veONnAaouaTIKn avanTugén opwg dev @aiveTal va oxeTilovTal Ye TNV
npo6odo Tn¢ vooou. Eniong, n napoloa PeAETN anodelkvUel OTI N GUPHPETOXN TWV

BRAF peTaAAaywv otnv avanTtuén oupoBnAiakoU kapkivou givar acuvnonc.
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Purpose: Bladder cancer is the fifth most common malignancy in men in Western
society. We determined RAS codon 12 and 13 point mutations and evaluated
mRNA expression levels in transitional cell carcinoma cases.

Materials and Methods: Samples from 30 human bladder cancers and 30 normal
tissues were analyzed by polymerase chain reaction/restriction fragment length
polymorphism and direct sequencing to determine the occurrence of mutations in
codons 12 and 13 of RAS family genes. Moreover, we used real-time reverse
transcriptase-polymerase chain reaction to evaluate the expression profile of RAS
genes in bladder cancer specimens compared to that in adjacent normal tissues.
Results: Overall H-RAS mutations in codon 12 were observed in 9 tumor samples
(30%). Two of the 9 patients (22%) had invasive bladder cancer and 7 (77%) had
noninvasive bladder cancer. One H-RAS mutation (11%) was homozygous and
the remaining 89% were heterozygous. All samples were WT for K and N-RAS
oncogenes. Moreover, 23 of 30 samples (77%) showed over expression in at least
1 RAS family gene compared to adjacent normal tissue. K and N-RAS had the
highest levels of over expression in bladder cancer specimens (50%), whereas 27%
of transitional cell carcinomas demonstrated H-RAS over expression relative to
paired normal tissues.

Conclusions: Our results underline the importance of H-RAS activation in hu-
man bladder cancer by codon 12 mutations. Moreover, they provide evidence that
increased expression of all 3 RAS genes is a common event in bladder cancer that
is associated with disease development.

Key Words: urinary bladder; carcinoma, transitional cell; genes, ras;
mutation; gene expression

BLADDER cancer is the fifth most com-
mon cancer in men in Western society
with an annual incidence of approxi-
mately 18/100,000 population. The
peak prevalence of the disease is in
patients who are 60 to 70 years old.
BCa is curable if diagnosed during the
early stages of the disease. Tumors of
the bladder develop via 2 distinct but
somewhat overlapping pathways, in-
cluding the papillary and the nonpap-
illary pathway. Approximately 80% of
BCas consist of superficial exophytic
papillary lesions that originate from
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urothelial hyperplasia. These typi-
cally low grade papillary tumors may
recur but rarely invade the bladder
wall or metastasize. The remaining
15% to 20% of tumors represent high
grade, solid, nonpapillary BCas that
arise from high grade intra-urothelial
neoplasia. These tumors aggressively
invade the bladder wall and have a
high propensity for distant metasta-
sis.!

The most frequently detected alter-
ations in oncogenes in animal and tu-
mor models of human cancer are mu-
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tations in the RAS family of oncogenes.? The RAS
gene family codes for 21 kDa (p21%45) proteins that
are found in the cytoplasm and it is associated with
the inner surface of the plasma membrane. The nor-
mal function of p21®4S proteins is to interact with
tyrosine kinase receptors to activate a signal trans-
duction pathway. Therefore, all RAS gene products
have GTPase activity and regulate cell growth and
differentiation. Mutations in members of the RAS
gene family are found in a wide variety of human
cancers. Most of these mutations are point muta-
tions in codons 12, 13 or 61 that convert the RAS
gene into a transforming oncogene. Mutated p21FAS
has a structure that hinders its ability to bind to
GTPase activating protein, thus keeping p21 in a
guanosine triphosphate bound activated state. The
activation of RAS oncogenes also occurs by quanti-
tative changes, eg over expression.® Spandidos and
Lang reported that the over expression of even nor-
mal p2184S is carcinogenic.* We determined RAS
codon 12 and 13 point mutations status and evalu-
ated mRNA expression levels in TCC.

MATERIALS AND METHODS
Study Design and Clinicopathological Data

Paired tumor and normal tissue samples from a consecu-
tive series of 30 patients with newly diagnosed BCa un-
dergoing transurethral bladder tumor resection at the
department of urology at “Asklipieio” General Hospital,
Athens were prospectively evaluated for K, H and N-RAS
gene mutations by RFLP analysis and direct sequencing.
The patients studied were of advanced age (mean * SD
72.2 * 10.6 years). Of the 30 patients 26 (87%) were
smokers or former smokers, whereas 19 (63%) were char-
acterized by some level of occupational exposure to agents
associated with BCa, such as paints, chemicals etc (table 1).

All tumor specimens were classified and graded by the
same pathologist. Histological grading was performed us-
ing the 1973 WHO and the 2004 WHO/International So-
ciety of Urological Pathology classifications.® Tumor stage
was assessed according to the 2002 American Joint Com-
mittee on Cancer staging system.® Written informed con-
sent was obtained from all study patients.

The study protocol was approved by the University of
Crete ethics committee. Eligibility criteria used were elec-
tively resected primary BCa and the availability of DNA
from normal and tumor tissue for biomolecular analyses.
Study exclusion criteria were a history of neoplasms and
chemotherapy or radiation therapy before surgery.

Tissue samples were obtained at surgery from the tu-
mor and using cold cup biopsies from 3 grossly normal
selected sites, including the posterior wall, the trigone and
the area adjacent to the tumor. Parts of resected normal
samples were sent for histopathological analysis. Tumor
and normal tissues were frozen immediately in liquid
nitrogen, transported and stored at —80C until DNA ex-
traction.

Patients with nonmuscle invasive BCA were followed
with periodic cystoscopic examinations and intravesical

Table 1. Patient clinicopathological characteristics

No. Pts

Overall* 30
Sex:

M 27

F 3
Mean age (range) 72.2 (44-86)
Smoking:

Nonsmoker 4

Former smoker 8

Smoker 18
Occupational exposure:T

Yes 19

No 1
Stage:

pTa 1

pT1 12

pTla 4

pT1h 1

pT2 2

pT2a 1

pT2b 5

pT2-+in situ 3

pT3a 1
WHQO 1973 grade:

| 0

I 10

1l 20
WHO/International Society of Urological Pathology 2004 grade:

Low 8

High 22

*Total of 30 TCC and 30 adjacent normal tissue samples.
t To chemicals, paints, pesticides, petroleum, ink etc.

treatment as indicated. Patients with invasive BCA were
offered radical cystectomy with or without systemic che-
motherapy. At a mean followup of 24 *= 3 months, 8
patients (26.6%) had recurrent tumors. In those with
Ta/T1 vs T2-T3 tumors the frequency of recurrence was
29.4% (5 of 17) vs 23% (3 of 13). In patients with non-
muscle invasive BCA the progression rate was 11.1% and
22.2% for grades II and III disease, respectively. All re-
currences were proved by biopsy.

DNA Extraction,

Oligonucleotide Primers and PCR Amplification
Genomic DNA was extracted using proteinase K, followed
by phenol extraction and ethanol precipitation according
to standard procedures. RAS genes were amplified using
the set of primers and PCR conditions reported by Zara-
vinos et al.”

RFLP Analysis and Direct Sequencing

We performed RFLP analysis and direct sequencing. For
K-RAS and N-RAS 10 to 40 pl aliquots of amplification
products were digested for 16 hours with 30 U BstN 1. For
H-RAS 10 to 40 pl aliquots of amplification products were
digested for 16 hours with 30 U Msp I. RFLP products
were analyzed on 3% agarose gel and photographed on an
ultraviolet light transilluminator (fig. 1). DNA from the
SW480 cell line bearing a homozygous mutation in K-RAS
codon 12 and EJ, which is mutant at the same codon of the
H-RAS gene, served as positive controls, respectively.
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Figure 1. H-RAS 312 bp amplification products were digested
with restriction enzyme Msp | and electrophoresed on 3% aga-
rose gel. L, 100 bp DNA ladder. Lanes 1 and 3, WT samples.
Lanes 2 and 4, heterozygous mutation samples. Lane 5, undi-
gested H-RAS PCR product.

PCR products were purified with a QIAquick® PCR
purification kit. The sequencing reaction was performed
on a GeneAmp® 9600 thermal cycler using a Big Dye™
Terminator Cycle Sequencing Ready Reaction Kit, as pre-
viously described.” Sequences were double-checked using
forward and reverse primers separately (fig. 2).

RNA Extraction and Reverse Transcription

Tissue specimens were homogenized in TRIzol® reagent
using a power homogenizer, followed by chloroform addi-
tion and centrifugation. Total RNA was precipitated from
supernatant with isopropanol, washed with 75% ethanol and
resuspended in 50 ul DEPC treated water. cDNA was syn-
thesized by reverse transcription with the StrataScript®
First-Strand Synthesis System, as previously described.”

Real-Time PCR

Transcribed products were subjected to real-time PCR assay
with SYBR® Green I in an Mx3000P® programmable ther-
mal controller apparatus. All primer pair sequences, ampli-
fication conditions and calculation of gene transcription lev-
els were used as previously described (fig. 3).”

Statistical Analysis

The nonparametric Spearman rank correlation was used
to examine pairwise correlations between RAS mRNA lev-
els and their association with continuous variables, in-
cluding patient age, smoking, histological type and stage.
The Mann-Whitney U test, applied when indicated by
analysis, was used to examine the expression status of
RAS genes with the various clinicopathological parame-
ters after stratification. Multivariate analysis using a lo-
gistic regression model was also performed. All statistical
analysis was performed with SPSS® 11.5 with statistical
significance set at the 95% level (p <0.05).

RESULTS

Mutation Analysis

Mutation analysis of the K, H and N-RAS genes in
codons 12 and 13 was done in 30 patients. No K or
N-RAS mutation was detected. However, 9 TCCs
bearing mutations in codon 12 were found with
amino acid substitutions that could be deduced by
direct sequencing. One substitution (2TCC) was ho-

mozygous (11%), while the remainder were het-
erozygous (89%). Seven of 9 mutant samples (78%)
bore a GGC — GAC mutation at codon 12, leading to
the amino acid substitution of Gly — Asp at this site.
The 2 remaining samples were GGC — GTC codon
12 mutations, resulting in the substitution of Gly —
Val (fig. 2). No RAS mutation could be detected in
codon 13 in any tissues studied. Notably only 2 of the
patients bearing H-RAS mutations had invasive
urothelial carcinoma, which was stage pT2 plus in
situin 1 and pT3a disease in 1, whereas 7 of 9 (77%)
had noninvasive urinary BCa, including stages pT1,
pTla and pT1b.

Expression Analysis

RAS genes were expressed in all TCC and adjacent
normal tissues studied. According to the ratio of the
level of expression of each RAS gene in TCCs com-
pared to that in adjacent normal tissue we defined 3
groups of expression, including less than 0.5—under
expression, 0.5 to 2.0—equal expression and greater
than 2.0—over expression (table 2). Of the TCCs 11
(387%) presented with over expression of 1 RAS gene,
whereas 7 (23%) were characterized as having 2 over
expressed RAS genes. Only 4 TCCs (13%) showed
over expression of all 3 RAS genes.

The highest incidence of over expression was de-
tected in K and N-RAS genes (50% each), whereas
H-RAS showed a lower rate of over expression
(27%). 1t is clear that RAS oncogenes did not have a
similar pattern of over expression in urothelial car-
cinoma, which is in favor of the hypothesis that this
expression has a role in the pathogenesis of bladder
tumors. Mean = SD levels of under expression of
RAS genes were 0.27 = 0.12 for K and H-RAS, and
0.38 = 0.04 for N-RAS. The rate of equal expres-
sion was similar for the K, H and N-RAS genes
(1.03 + 0.44, 1.20 = 0.48 and 0.92 * 0.45, respec-
tively). We observed a unique pattern of over ex-
pression of all 3 members of the RAS family and
each member showed a different TCC-to-normal
ratio range (table 2). Specifically while the mean
over expression rate of K-RAS was 4.53 = 2.52-
fold, 4 TCCs showed a significantly increased K-
RAS expression level compared to that in adjacent
normal tissue (21.67 = 1.14-fold) (fig. 4). Six TCCs
demonstrated H-RAS over expression (mean 2.64-
fold * 0.43). However, 2 carcinoma samples were
characterized by 18.04 = 8.24-fold increased H-
RAS expression relative to adjacent normal tissue.
N-RAS was found to be over expressed 3.83 =
1.32-fold in 11 TCCs. Of note 4 TCCs were char-
acterized by an even more significantly increased
level of N-RAS over expression relative to adjacent
normal tissue (18.65 = 5.80-fold).
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Mvar W gy M ala Way Maly M var F Gy 1
TGGTGGGCGCCGGCGGTGTGGGCAA
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17TCC X
(mut)
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11TCC
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Figure 2. Direct sequencing of RAS PCR products verified mutation (mut) in codon 12 in 9 TCCs. A, WT H-RAS sequence of
representative normal adjacent tissue from codon 9 to 15 and amino acids encoded by this sequence. B, sequence of representative
TCCs bearing codon 12 heterozygous point mutation (GGC — GAC), which leads to Gly12Asp amino-acid change. C, sequence of
representative TCCs bearing codon 12 heterozygous point mutation (GGC — GTC), which leads to Gly12Val amino acid.

RAS Analysis vs sues that were WT. Three H-RAS mutant samples
Clinicopathological Characteristics were found in patients who had no occupational
Of the patients studied 6 (31.5%) carried a codon 12 exposure record. In 9 of the 19 patients (47%) with
H-RAS mutation, while the remaining 13 had tis- an occupational exposure record only 1 RAS gene



2316

RAS GENE ACTIVATION IN

UROTHELIAL CANCER

2000 - L.
= K-RAS
m o e s e T S L e e
¢ P N L e e I IO o oo
3
: 1000 M s ne e e e S wn A R R e e e n s e e e g
)

@ ) ST OO U SO0 SO OO SO S
"

m -}

=

o i

=

. 0 -

56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86

Temperature (°C)

1

88 90 92 94

Figure 3. Melt curve analysis of RAS genes and normalizer gene GAPDH shows single peaks for all genes, including 75.8C for K-RAS,
76C for N-RAS 86.2C for H-RAS and 80.3C for GAPDH, and absent peaks for nontemplate control (NTC), demonstrating exclusion of any

genomic DNA contamination and PCR product specificity.

was over expressed, while 4 and 2 patients had 2
and 3 over expressed genes, respectively. Similarly 3
of these patients did not show any over expression.
In contrast, it was not possible to detect any differ-
ence in the number of over expressed genes in the 11
patients with no history of occupational exposure.
Three of these patients had 1, 2 and no over ex-
pressed genes, respectively, while in 2 all 3 RAS
genes were over expressed.

Of the 30 patients 26 (87%) were smokers or
former smokers, of whom 19% had an H-RAS codon
12 mutation. Interestingly all 4 nonsmokers had the
H-RAS codon 12 mutation. Nine of the 26 smokers/
former smokers (34%) had 1 RAS gene over ex-
pressed, while 27% and 15% had 2 and 3 genes over
expressed, respectively. Six smokers/former smok-
ers did not show any RAS gene over expression.

Statistical significance was not attained in the
relationship between RAS mutations, expression
status and tumor stage or grade. In addition, mul-
tivariate analysis using a logistic regression model
demonstrated no association between mutation/ex-
pression status and clinical outcome (progression
and recurrence). However, 78% of H-RAS codon 12
mutations were detected in noninvasive bladder

cancer cases. Moreover, grade III TCC cases showed
significantly higher N-RAS mRNA levels than cases
of grade II tumors with a statistically significant
difference (Mann-Whitney U test p = 0.041).

mRNA Expression Pairwise Analysis

Spearman analysis was done to detect possible cor-
relations between RAS co-expression patterns in
TCC and adjacent normal tissues. A significant pos-
itive correlation was found between H-RAS and N-
RAS in TCC samples (p = 0.001). No other correla-
tion was present in the remaining gene pairs in the
TCC or adjacent normal tissue.

DISCUSSION

The association between the mutated RAS gene fam-
ily (H, K and N-RAS) and 30% of all human cancers,
including bladder cancer, suggests that aberrant
RAS function is an important contributor to cancer
development.®>* Frequently mutated hot spots are
Gly — Val in codon 12, Gly — Cys at codon 13 and
Glu — Arg/Lys/Leu at codon 61.%° Point mutations
in RAS genes block intrinsic GTPase activity, thus
preventing the normal deactivation of RAS pro-
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Table 2. RAS family gene mutation and expression status in
patients with TCC

TCC/Normal (expression)

H-RAS Codon
Pt No. 12 Mutations* K-RAS H-RAS N-RAS
1 WT 0.27 (under) 0.40 (under) 0.43 (under)
2 Mutation 0.22 (under) 1.88 (equal) 20.50 (over)
3 WT 0.22 (under) 3.38 (over) 3.13 (over)
4 Mutation 0.28 (under) 0.22 (under) 1.64 (equal)
5 WT 0.18 (under) 1.37 (equal) 13.89 (over)
6 WT 0.50 (equal) 0.75 (equal) 2.85 (over)
7 WT 0.10 (under) 0.19 (under) 0.47 (equal)
8 WT 0.43 (under) 2.70 (over) 0.52 (equal)
9 Mutation 0.15 (under) 1.50 (equal) 6.08 (over)
10 Mutation 0.72 (equal) 0.95 (equal) 0.75 (equal)
1" Mutation 21.95 (over) 1.46 (equal) 0.76 (equal)
12 WT 3.56 (over) 0.12 (under) 0.58 (equal)
13 WT 3.00 (over) 2.39 (over) 2.28 (over)
14 WT 1.64 (equal) 0.11 (under) 0.85 (equal)
15 WT 0.43 (under) 24.23 (over) 4.65 (over)
16 Mutation 3.35 (over) 0.70 (equal) 2.37 (over)
17 Mutation 22.31 (over) 1.11 (equal) 0.36 (under)
18 WT 1.07 (equal) 0.35 (under) 5.77 (over)
19 WT 22.41 (over) 2.83 (over) 1417 (over)
20 WT 9.10 (over) 1.65 (equal) 4.34 (over)
21 WT 19.99 (over) 0.19 (under) 0.35 (under)
22 Mutation 2.24 (over) 0.28 (under) 0.59 (equal)
23 WT 0.41 (under) 0.52 (equal) 1.21 (equal)
24 WT 8.73 (over) 1.84 (equal) 26.05 (over)
25 WT 3.26 (over) 0.43 (under) 1.89 (equal)
26 Mutation 547 (over) 2.29 (over) 0.89 (equal)
27 WT 2.70 (over) 12.57 (over) 4.05 (over)
28 WT 6.31 (over) 0.44 (under) 261 (over)
29 WT 2.11 (over) 2.25 (over) 4.04 (over)
30 WT 1.24 (equal) 0.71 (equal) 0.89 (equal)

*In all patients K and N-RAS genes, and in all adjacent normal tissues RAS family
genes were WT.

teins.? H-RAS mutations were first detected in the
human bladder cancer cell line T24'° with subse-
quent studies demonstrating that H-RAS mutations
are more frequently detected in urinary tract tumors
than K or N-RAS genes.!! Although the initial ex-
pectation that H-RAS mutations would have an im-
portant role in bladder carcinogenesis has not been
upheld and it is now believed that they have a role in
only 10% of cases,'? still more recent reports show a
significantly higher frequency of H-RAS mutations
in bladder tumors. Fitzgerald et al reported that
mutations in H-RAS were detected in urine sedi-
ment in 44% of patients with bladder cancer,'?
Czerniak et al observed H-RAS mutation at codon
12 in 45% of bladder cancers'* and Haliassos et al
reported an even higher incidence of 66%.'® Further-
more, the most recent report by Przybojewska et al
described H-RAS mutation in 84% of patients with
bladder cancer.'® These discrepancies may be due to
the methods used to detect RAS mutation.

In the current study we used a sensitive PCR/
RFLP assay to test for the presence of RAS muta-
tions in BCa cases. To our knowledge for the first

time results were confirmed by direct sequencing of
the PCR product, providing increased accuracy and
sensitivity. Our findings support reports indicating
that a significant percent of H-RAS gene codon 12
mutations are present in urinary BCa cases. We
detected 9 of 30 bladder TCCs (30%) bearing H-RAS
mutations (G — A and G — T) in codon 12, which are
the most commonly reported point mutations.!” Of
particular note in our study is the fact that 78% of
these mutations were found in noninvasive TCCs,
whereas only 2 were detected in invasive cancers,
including 1 pT3a and 1 pT2 plus in situ. This obser-
vation is in agreement with the findings of Ooi et al,
who reported that the codon 12 G — T substitution
was associated with nonrecurring and recurring pri-
mary tumors as well as with initial Ta/T1 lesions in
patients with disease progression.'® Our results
substantiate the concept that there is a relationship
between H-RAS codon 12 mutations and low stage,
well differentiated bladder neoplasms, whereas it
seems that advanced TCC lacks such mutations.
Mutations in K-RAS have been detected in more
than 80% of human pancreatic tumors, 38% of colon
cancer specimens and 31% of small intestine can-
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Figure 4. RAS family gene mRNA levels in TCC and adjacent
normal tissues. K and N-RAS had higher expression in TCC
samples than in normal tissue (N-RAS Mann-Whitney U test
p = 0.003), whereas H-RAS was equally expressed in 2 tissue
types.
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cers. To date N-RAS gene mutations have been
mainly associated with hematopoietic malignancies
and melanoma. Our findings concerning the lack of
K and N-RAS gene mutations in BCa are in accor-
dance with those of other groups, providing further
evidence for the tissue specificity of the activation of
RAS family genes.

Although point mutations act as an activating
mechanism of RAS oncogenes, over expression of RAS
transcripts also increases the risk of carcinogenesis
and it has been reported for several tumors, including
those of the breast, colon, head and neck, and lung.
These studies have proved that RAS oncogene expres-
sion is increased in premalignant and malignant tu-
mors compared to normal tissues. In bladder cancer
specifically Viola et al found increased expression of
RAS protein in carcinoma in situ and high grade tu-
mors but not in hyperplasia or low grade tumors on
immunohistochemical analysis.'® Moreover, Vageli et
al reported the possible involvement of RAS oncogenes
in bladder cancer through over expression.?°

However, none of the studies done to date have
used advanced technology, such as real-time reverse
transcriptase-PCR. To our knowledge the current
study is the first to do so using real-time reverse
transcriptase-PCR to detect the mRNA levels of RAS
genes in TCC and compare them to corresponding
levels in adjacent normal tissue. Of 30 samples 23
were found to demonstrate over expression of at
least 1 RAS family gene. The highest incidence of
over expression was found for K and N-RAS genes,
which were over expressed in half of TCC samples,

while H-RAS showed a lower rate of over expression
(27%) compared to paired normal tissue. These rates
are in agreement with the results of previous stud-
ies?® and indicate that RAS oncogenes do not have a
pattern of over expression in bladder cancer that is
similar to their pattern in other cancers. The positive
correlation detected between H and N-RAS expression
levels underlines the concept that RAS genes could act
synergistically in TCC cases (p = 0.001). Moreover, in
contrast to the study by Viola et al,'® statistical signif-
icance was not attained between expression levels and
tumor stage or grade. Our results are in accordance
with studies supporting a lack of correlation between
tumor stage or grade and RAS mRNA levels. All sam-
ples expressed at least 1 member of the RAS family
but 37% of them had over expression of only 1 RAS
gene, while 23% had over expression of 2 RAS genes
and 13% over-expressed all 3 RAS genes. These results
suggest a significant increase in p21%4S in the corre-
sponding tissues. In samples that over expressed all 3
RAS genes the TCC-to-normal ratio of each was not
always similar.

CONCLUSIONS

The current study substantiates the concept that
activation of the H-RAS oncogene by point mutation
and the activation of all RAS genes (mainly K and
N-RAS) by over expression are frequent events in
BCa cases. Increased RAS mRNA levels may indi-
cate BCa development but they do not appear to be
responsible for its progression.
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ABSTRACT: Purpose: Mutational activation of the MAP kinase pathway is frequently found in many types of cancer. Re-
cently, activating mutations in the BRAF gene, an important activator of this pathway, have been described in several tu-
mor types including melanoma, colorectal and papillary thyroid cancer. The most frequent mutation in exon 15 (V600E)
as well as several other mutations within exons 11 and 15 result in constitutive activation of the oncoprotein.

Materials and methods: Our study aimed to investigate BRAF mutations in 30 human bladder tumors and their adjacent
normal tissues. The V600OE mutation was screened by PCR/RFLP and exons 11, 14 and 15 of BRAF including intron-exon
boundaries were sequenced.

Results: We detected two tumor specimens bearing two different mutations, both of which were found in exon 15. One
sample showed the T1799A (V600E) and the other the G1798T (V600L) mutation. The first specimen was stage pT1a and
grade 11, whereas the second was stage pT2b and grade I1l. No mutations within the coding region of exons 11, 14, 15 and
the intron-exon junctions for the remaining samples were found.

Conclusions: Our results suggest that involvement of BRAF mutations in the development of transitional cell carcinoma of
the bladder is infrequent. (Int ] Biol Markers 2009; 24: 17-21)
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INTRODUCTION

Bladder cancer (BCa) is the fourth most common
malignancy in men (7%) and the twelfth most common
in women (2.5%) and accounts for 3% of all deaths in
men in the United States. In 2008, it is estimated that
68,810 new patients will be diagnosed with bladder
cancer, with 14,100 of these patients succumbing to
the disease (1). Transitional cell carcinomas (TCCs) of
the bladder comprise nearly 90% of primary bladder
tumors and develop via 2 distinct but somewhat over-
lapping pathways, the papillary and non-papillary.
BCas (~80%) consist of superficial exophytic papillary
lesions that originate from urothelial hyperplasia.
These typically low-grade papillary tumors may recur,
but they rarely invade the bladder wall or metastasize.
The remaining 15-20% of tumors represent high-grade
solid non-papillary BCas arising from high-grade in-
traurothelial neoplasia. These tumors aggressively in-
vade the bladder wall and have a high propensity for
distant metastasis (2).

The MAP kinase pathway is a significant signaling
pathway that regulates cellular processes. Dysregulation
of this pathway caused by mutations in different media-

tors is frequently found in many types of cancer (3). So-
matic activating mutations of the BRAF gene have been
reported in melanomas (>60%) and other cancer types,
predominantly the V60OE substitution in exon 15 (4).
The most commonly reported mutation was a T®A trans-
version at nucleotide 1799 (V600E) observed in 80% of
the malignant melanomas studied; this mutation was pre-
viously named T1796A (V599E) (4). Functional analysis
revealed that the transversion was the only detected mu-
tation that caused constitutive activation of BRAF kinase
activity, independently of RAS activation, by converting
BRAF into a dominant transforming protein (4). Addition-
ally, BRAF mutations such as the V60OE were described
in KRAS-negative colon carcinomas, suggesting that
BRAF/KRAS-activating mutations are alternative genetic
events in colon cancer (5-7).

The incidence of BRAF mutations in TCC of the blad-
der is not well established. Davies et al screened the en-
tire BRAF coding region in 10 bladder cancer cell lines,
but no mutation was detected (4). Moreover, the number
of published reports regarding the BRAF mutation status
in TCCs is limited. Our study therefore aimed to screen
BRAF exons 11, 14 and 15 for the presence of mutations
in TCC of the bladder.

0393-6155/017-05$25.00/0
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MATERIALS AND METHODS
Study design and clinicopathological data

Paired tumor and normal tissue samples from a con-
secutive series of 30 patients with newly diagnosed BCas
undergoing transurethral tumor resection at the Depart-
ment of Urology of the Asklipieio General Hospital in
Athens were prospectively studied for BRAF gene muta-
tions by restriction fragment length polymorphism (RFLP)
analysis and direct sequencing. The patients studied were
of advanced age (mean age + SD of the patient population
was 72.2+10.6 years). The majority (26/30, 87%) were
smokers or former smokers, while 19 (63%) were charac-
terized by some level of occupational exposure to agents
associated with BCa such as paints and chemicals (Tab. I).

Tumor specimens were classified and graded by the
same pathologist. Histological grading was performed
using both the 1973 World Health Organization (WHO)
and the 2004 WHO/International Society of Urologic
Pathology (ISUP) classifications (8).

Tumor stage was assessed according to the 2002
American Joint Committee on Cancer staging system (9).
Written informed consent was obtained from the patients

TABLE I - CLINICOPATHOLOGICAL CHARACTERISTICS OF THE

PATIENTS

Subjects (N) 30*
Sex

Male 27

Female 3
Age (years)

Mean 722

Range 44-86
Smoking?

NS 4

FS 8

S 18
Occupational exposure*

Yes 19

No 11
Stage

pTa 1

pT1 12

pTla 4

pT1b 1

pT2 2

pT2a 1

pT2b 5

pT2+in situ 3

pT3a 1
Grade (WHO 1973)

| 0

Il 10

I 20
Grade (WHO/ISUP 2004)

Low 8

High 22

* 30 TCCs and 30 adjacent normal tissue specimens
*NS, non-smoker; FS, former smoker; S, smoker
* Exposure to chemicals, paints, pesticides, petroleum or ink
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included in this study. The study protocol was approved
by the Ethics Committee of the University of Crete. Eligi-
bility criteria included electively resected primary BCas
and the availability of DNA from normal and tumor tis-
sue for biomolecular analyses. Exclusion criteria were a
history of previous neoplasms and chemotherapy or radi-
ation therapy prior to surgery.

Tissue samples were obtained at surgery from the tu-
mor and the 3 selected grossly normal sites (cold cup
biopsies) were posterior wall, trigone, and area adjacent
to the tumor. Parts of the resected normal samples were
sent for histopathological analysis. Tumor and normal
tissues were frozen immediately in liquid nitrogen, trans-
ported, and stored at -80°C until DNA extraction.

Patients with non-muscle-invasive BCas were fol-
lowed-up with periodical cystoscopic examinations and
intravesical treatment as indicated. Patients with invasive
BCas were offered radical cystectomy with or without
systemic chemotherapy. After a mean follow-up of 24+3
months, 8 (26.6%) patients had recurrent tumors. In
Ta/T1 tumors the frequency of recurrence was 29.4%
(5/17) compared with 23% (3/13) of T2-T3 tumors. In pa-
tients with non-muscle-invasive BCas, the progression
rate was 11.1% and 22.2% for grade Il and Ill tumors, re-
spectively. All recurrences were proven by biopsy.

DNA extraction, oligonucleotide primers and PCR

Genomic DNA was extracted using proteinase K, fol-
lowed by phenol extraction and ethanol precipitation ac-
cording to standard procedures, as previously described
(10). We amplified BRAF exons 11, 14 and 15 by poly-
merase chain reaction (PCR) using the primers and ther-
mal conditions as referred to in Zaravinos et al (11). All
primers were located in the introns flanking the coding
exons of the gene to include sequences from the intron-
exon boundaries in the amplified products and the final
sequencing traces. PCR products were purified with the
QIAquick PCR purification kit (QIAGEN Inc.) and stored
at -20°C for further RFLP and sequencing analysis.

RFLP analysis

RFLP analysis involved 10-pL aliquots of the amplifi-
cation products being digested for 16 hours at 65°C with
10 U of TspR | restriction enzyme (New England Bio-
Labs, Beverly, MA, USA) in a 30-pL reaction volume. Af-
ter replacing the enzyme with deionized water, the same
reaction was used as a negative control. RFLP products
were analyzed on a 3% agarose gel and photographed
on a UV light transilluminator.

Direct DNA sequencing

Direct DNA sequencing was used to identify and/or
verify mutations within exons 11, 14 and 15 of the BRAF
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gene. Exons 11 (G-loop) and 15 (activation segment)
have been detected in malignant melanoma and other
cancer types, resulting in the permanent activity of BRAF
(4). Since exon 14 is adjacent to exon 15, thereby encod-
ing an amino-acid sequence close to the protein’s activa-
tion segment, we also included it in our study. The
primers used for the forward reading of the reactions
were: BRAF exon 11, 5'-TGTTTGGCTTGACTTGAC-3’;
BRAF exon 14, 5'-AGATTTCGAGGCCAGAGTCC-3;
and BRAF exon 15, 5'-CCCTGAGATGCTGCTGAGTT-3".
The sequencing reactions were carried out using the
BigDye Terminator Cycle Sequencing Kit (Applied
Biosystems) in a 10-puL volume containing purified PCR
product and the sequencing primer. The temperature
conditions set for the sequencing reactions were 96°C for
2 minutes followed by 25 cycles at 96°C for 30 seconds,
54°C for 10 seconds, and 60°C for 4 minutes. The reac-
tion products were precipitated with 2-propanol, washed
with 75% ethanol, re-suspended in 25 pL water, and
loaded onto an ABI Prism 3100 Genetic Analyzer (Ap-
plied Biosystems). Sequencing data were analyzed using
sequence analysis software (Sequence Analysis 3.7; Ap-
plied Biosystems).

Statistical analysis

Statistical analyses were performed with SPSS 11.5
(SPSS, Chicago, IL, USA). Statistical significance was set
at the 95% level (p<0.05).

RESULTS

All 30 TCCs were successfully screened for the pres-
ence of BRAF mutations within exons 11, 14 and 15. The
V600E mutation (nucleotide change T1799A in exon 15)
was found in 1T TCC specimen, whereas sequencing
analysis also detected a V60OL (nucleotide change
G1798T in exon 15) in another TCC sample (Fig. 1). The
first specimen was stage pT1a and grade I, the second
was stage pT2b and grade Ill. No mutations within the
coding region of exons 11, 14, 15 and the intron-exon
junctions for the remaining samples were found. As only
2 mutations were present, no statistically significant re-
sult could be attained.

DISCUSSION

Many fundamental cellular processes including dif-
ferentiation, proliferation, survival, motility, and transfor-
mation are regulated by the RAS-RAF-MEK-ERK pathway,
an evolutionary conserved signaling module (12). The
RAF proteins are highly conserved serine/threonine pro-
tein kinases that activate mitogen-activated protein ki-
nase kinase (MEK), which in turn activates the mitogen-

V600
T1799 |
C TACAG TG AAATLTEL
6N (W)

V600E
[T1799Al
C TACAG TG AAATC

V600L
[G1798T]
TA CAG T G A A A T C

Fig. 1 - No mutations within exons 11, 14, 15 and the intron-exon
junctions were detected. However, direct sequencing for DNA sam-
ples 14T and 3T (middle and lower panel, respectively) gave 2 differ-
ent heterozygous mutations: a T—A substitution at nucleotide 1799
(V60OE) and a G—T substitution at nucleotide 1798 (V60OL). The up-
per panel shows the wt BRAF exon 15 sequence from a normal tissue
sample (6N).

activated protein kinase (MAPK) pathway (13). Inappro-
priate and/or continuous activation of this pathway re-
sults in a potent promitogenic force with ensuing abnor-
mal proliferation and differentiation in many human can-
cer types (14). Activating somatic mutations in the ser-
ine/threonine kinase BRAF were reported in a large pro-
portion of malignant melanomas and papillary thyroid
cancers, as well as in a small fraction of other cancers
and cancer cell lines including colorectal carcinomas,
ovarian neoplasms, non-small cell lung cancers and vari-
ous sarcomas (4,15-18). Besides acting as an MAPK
pathway activator, RAF was shown to be involved in the
oncogenic signaling of protein kinase C epsilon (31, 32).
Therefore, more than one oncogenic pathway might be
coordinated by mutant, constitutively-activated BRAF.

Stoehr et al previously screened 121 paraffin-embed-
ded urothelial carcinomas of the urinary bladder and 27
tumors from the upper urinary tract without detecting
any BRAF mutations (19). The majority of TCCs studied
did not reveal any mutations, indicating that the most
frequent BRAF alterations described in several tumor
types appear not to play an important role in urothelial
carcinogenesis.

Regarding similar studies of the urinary tract, Cho et
al reported an incidence of 10.2% of BRAF codon 600
mutations in prostate adenocarcinomas (20). Their results
are not in accordance with those of Burger et al (21),
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who had previously reported a lack of BRAF mutations in
79 prostatic adenocarcinomas. Moreover, activating BRAF
missense mutations have been identified in 9% of non-
seminomas but not in seminomas (22). It has been postu-
lated that BRAF mutations do not play a role in the devel-
opment of renal cell tumors (23), in testicular germ cell tu-
mors (24), or in cercival, endometrial and ovarian carcino-
mas (25). Recently, de Jong et al, in a multidisciplinary ap-
proach to TCam-2 cells, confirmed that this is a seminoma
cell line bearing the V60OE BRAF mutation (26).

Interestingly, we detected 2 bladder cancer specimens
bearing 2 different mutations, both within exon 15. One
sample had a T1799A (V60OE) and the other a G1798T
(V600L) mutation. The first specimen was stage pT1a and
grade ll, the second was stage pT2b and grade lI.

The majority of studies thus far have focused on the
V600E mutation, which—although most frequently re-
ported on—still appears only in a limited region of the
BRAF gene. Bearing in mind therefore that other regions
of the gene reveal a mutation spectrum in urothelial can-
cers, we also screened exons 11 and 14. However, no
mutation was found, corresponding with the results of
comprehensive analyses that have sequenced the entire
BRAF coding region and failed to show mutations out-
side exons 11 and 15 (7). Thus, BRAF mutations appear
to be infrequent in TCC.

In contrast, a significant proportion of TCCs (10-
30%) harbor mutations of H-RAS, another significant ac-
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