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6ZET 

Adenoviral yolla aktanlan TRAIL aracill gen tedavi yak:l~lmlarl, ileri eyre 
prostat kanserlerinde apoptozisi indiikleyici giiylti potansiyel terapotik yakla~lmlar 
olarak degerlendirilmektedir .. Ancak bazl prostat kanser hiicrelerinin TRAIL aracliI 
apoptozise direnyli oldugunun gozlenulesi nedeniyle, TRAIL direnylilik 
mekanizmalarmm ara~t!Illmasl ve bu direnyliligi kuacak yeni yak:la~lmlarm 

geli~tirilmesi, TRAIL'm ileride etkili bir tedavi yakla~lml olarak klinige 
kazandmlmasl aylsmdan oldukya onemlidir. 

Bu nedenlerden dolayl yah~marmzda iiy fffikh ileri evr e prostat kanser hiicre 
hattmda (DU145, PC3, LNCaP) TRAIL'a direnylilikten sorumlu olabilecek 
mekanizmalardan olan hticre iyi bazal ve TRAIL araclhglyla indiiklenen NF-kB 
aktivitesinin, ve TRAIL olUm ve yalancI reseptiir sentez oranlarmm hiicrelerde 
TRAIL duyarhhgl ile ili~kisi ara~tmldl. Bunun yanmda, prostat kansederinde ilk kez 
denenen Ad5h TRAIL ve AdIKKI3KA ikili vektiir sisteminin hiicrelerde gozlenen 
TRAIL direnyliligini knmaktaki etkinligi ara~tlI1ldl. 

Sonuylarlmlz, TRAIL yalancI reseptor kompozisyonunun ve hiicre iyi NF-kB 
aktivitesinin prostat kanser hticrelerinde TRAIL direnyliligine katkIda bulunan iki 
onemli filktiir oldugunu gostermi~tir .. Bunun yanmda, IKKI3KA araclh IKK inhibe 
edici stratejilerin, hticrelerde TRAIL direnyliligini kllmada, direnylilik 
mekanizmasma baglmh olmakslzm etkili oldugu gortilmii~tiir. Ara~tumarmz, prostat 
kanser hiicrelerinde TRAIL yalancI reseptoderinin sentez seviyesi ile TRAIL 
direnyliligi arasmda anlamh bir ili~ki aylga ylkarml~tlI Bulgulanmlz, Ad5hTRAIL 
ve AdIKKI3KA ikili vektiir sistemi ile prostat kanser hiicrelerinde TRAIL 
direnyliliginin kmlabilecegini gosteren ilk yah~ma olmasl aylsmdan da onemlidir. Bu 
bulgular 1~lgmda, IKK inhibisyonu altmda adenoviral yolla TRAIL gen aktarlml, 
ileri eyre prostat kanserinde TRAIL' m terapotik indeksini geni~letmede degerli bir 
yakla~lm 0 lacaktu. 

Anahtar Kelimeler: TRAIL, plOstat kanseri, gen tedavisi, NF-kB, adenoviral 
vektiider. 
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ABSTRACT 

Adenovirus-mediated gene therapy approaches using TRAIL arose as powerful 
potential therapy modalities in advanced prostate carcinoma However, as TRAIL 
resistance was reported in some prostate cancer cells, investigation of resistance 
mechanisms to TRAIL in advanced prostate carcinoma cells and development of new 
therapeutic approaches are crucial for TRAIL to be used efficiently in clinical 
settings in the future. 

For this reason, unstimulated and TRAIL-induced NF-kB activities and TRAIL 
death and decoy receptor patterns were investigated as possible resistance 
mechanisms to TRAIL in three different advanced prostate carcinoma cell lines 
(DU145, PC3, LNCaP).. Furthermore, efficiency of a dual vector approach including 
Ad5hTRAIL and AdIKKI3KA in breaking down the TRAIL resistance in cells was 
investigated 

Our results revealed that TRAIL decoy receptor composition and intracellular 
NF-kB activity are two important factors leading to TRAIL resistance in advanced 
prostate cancer cells .. Furthermore, IKKI3KA-mediated IKK inhibiting strategies 
were efficient in breaking down the resistance to TRAIL in cells independent of the 
resistance mechanisms. Our investigation has shown a significant correlation 
between decoy receptor expression levels and TRAIL resistance in advanced prostate 
cancer cells .. Furthermore, this is the first study showing that a dual vector strategy 
with Ad5hTRAIL and AdIKKI3KA is efficient in eliminating TRAIL resistance in 
advanced prostate cancer cells .. Consequently, this dual vector approach appears to be 
a novel potential treatment modality to increase the theraupetic index of TRAIL in 
advanced prostate cancer s 

Key Words: TRAIL, prostate cancer, gene therapy, NF-kB, adenoviral vectors. 

v 



TE~EKKUR 

DoktOla s:aiI~mam boyunca yol gostericiligi ve destegi is:in, ve tez 9aiI~mamda 
Universitemiz TIp Fakiiltesi Hastanesi'nde kurmu~ oldugu Gen ledavi Unitesi'nin 
imkanIanndan yararlanmami sagladlgl is:in saym daru~man hocam Dos:.Dr. Salih 
SANLIOGLU'na, 

<;:aiI~mada ikinci danl~marum olarak gorev aldlgl siire boyunca verdigi destek ve 
tezime katkllarl is:in saym Dr .. Bahli KARA<;:A Y'a, 

I ez s:all~mama onerileli ile katkIda bulunan ve destek ve ilgisini esirgemeyen 
saym hocam ProtD!.. Giiven LULECi'ye, 

I ez 9aiI~mamm klinik bilgi gerektiren konularmda danl~manhgl ve her zaman 
yakm ilgisi ve destegi is:in saym D09.Dr liirker KOKSAL'a, 

Tez savunma smavlmda juri iiyeIigi yapan saym hocalarlm Prot Dr. Engin 
YILMAZ'a ve Dos: .. Dr .. iblaltim KESER'e, ve yedek jiiri iiyeleri olan saym 
hocalarlm Prot Dr. Ugur OZBEK ve Dos:.Dr .. Sibel BERKER KARAUZUM'e, 

DoktOla tez s:aiI~mam ile ilgili Iesmi i~lemleri yiiriiten Akdeniz Dniversitesi 
Saghk Bilimleri Enstitiisii 9aiI~anlarma, 

<;:all~mam siiresince destekleri ve yardlmlarl 19m Akdeniz Oniversitesi 
Hastanesi Gen I edavi Unitesi elemanlanna ve lip FakiiItesi llbbi Biyolqji ve 
Genetik Anabilim DaiI ekibine, 

Y o gun 9ah~ma gerektiren doktora siirecinde inan91arl ve gostermi~ olduklarl 
sablI ve destek is:in sevgili e~ime ve tiim aileme is:ten te~ekkiirlelimi sunarlm 

VI 



i <;:iNDEKiLER DiziNi 

OZET 
ABSTRACT 
TE~EKKfrR 
i<;:iNDEKiLER DiziNi 
SiMGELER ve KISAL TMALAR DiziNi 
~EKiLLER DiziNi 
TABLOLAR DiziNi 
GiRi~ ve AMA<;: 

GENEL BiLGiLER 
2.1. PlOstat Bezinin Yaplsl 
2.2. Prostat Kanserinin Tanlml ve Simfland1l1lmaSI 
2.3. PlOstat Kanserinin Epidemiyolojisi 
2.3.1 Ya~ 
2".3.2. Cografya ve <;:evresel Faktorler 
2.3.3. Ailesel Yatkmhk 
2.3.4. Steroid Hormonlann RoW 
2.4. PlOstat Kanserinde Tam Yontemleri 
2,,5. Prostat Kanserinin Geli~iminde Molektiler Mekanizmalar 
2.5.1. PlOstat Kanserinin Erken Evreleri 
2.5.2. PlOstat Kanserinin PlOgresyonu 
2..5.3. Metastatik Hastahga Ge9i~ 
2.6. PIOStat Kanserinin Tedavisinde Kullanllan Mevcut Y akla~lmlar 
2.7. PlOstat Kanserinde Gen Tedavisi 
2,,7.1. Adenoviral VektOrler 
2.7.2. Kanser Gen Tedavisinde OWm Ligantlarmm Kullanlml 

MATERYALveMETODLAR 
3.1. Hiicre Ktiltiirii 
3.2. Rekombinant Adenoviral VektOrlerin Uretimi 
.3.2.1. insan 293 Hiicrelerinin Enfeksiyonu 
.3"2.2,, Adenovirus Piirifikasyonu 
3.,3" PlOstat Kanser Hiicrelerinin Rekombinant Adenoviral VektOrler 

ile T ransdiiksiyonu 
.3.4. NF-kB Transkripsiyon Aktivasyon Deneyleri 
.3.5" Hiicre Canhhk Oranlarlmn Belirlenmesi 
3 .. 6. insan TRAIL Reseptorleri i9in Kantitatif Gergek Zamanh 

RT-PCR 
3.6.1. Total RNA izolasyonu 
.3,,6.2. cDNA Eldesi 
.3..6.3. T aqMan PCR Reaksiyonu 

Vll 

Sayfa 
iv 
v 
vi 

vii 
ix 
xi 

xiii 
1 

2 
2 
.3 
6 
6 
6 
6 
7 
7 
8 
8 
9 

10 
11 
11 
12 
15 

2.3 
23 
24 
24 
24 

25 
26 
35 

, 

27 
27 
27 
28 



.3.7 .. Anneksin V Boyama 29 

.3.8. Akl~ Sitometrisi .30 

.3.9. istatistiksel Analiz .30 

BULGULAR .31 
4.1. Prostat Hiicrelerinde Bazal NF-kB Aktivasyon Seviyeleti 

F arkh Bulundu .31 
4.2. Prostat Kanser Hiicreleri, Adenoviral Vektorler T arafmdan E~it 

Olarak T ransdiiksiyona Ugratlldl .31 
4 .. 3. Prostat Kanser Hiicreleri Degi~ken Derecede Adenovirus Araclh 

TRAIL Sitotoksisitesi Gosterdi.. C .32 
4.4 .. Prostat Kanser Hiicrelerinde Hucre i~i NF-kB Aktivitesi, hTRAIL 

Sentezi ile Attarken, IKKPKA Sentezi ile AzaldL .32 
4.5. IKKPKA Sentezi Yoluyla Fonksiyonel IKK inhibisyonu, Prostat 

Kanser Hucrelerini TRAIL Ataclh Hucre bltimiine Kar~l Duyarh 
Hale Getirdi .32 

4.6. Prostat Kanser Hiicrelerinin Yalmzca AdIKKPKA Vektorleri 
ile Enfeksiyonu Hiicre bltimiine Y 01 A~madl .3.3 

4.7. Ad5hTRAIL ve AdIKKpKA'nm Birlikte Enfeksiyonu Sonucu, 
Prostat Kanser Hiicre Hatlarmda Apoptotik bltim Ger~ekle~ti .3.3 

4.8. Prostat Kanser Hiicre Hatlarmda Birbirinden Farkh TRAIL 
Reseptor Kompozisyonlan Belirlendi.. .34 

TARTISMA ve SONUC;::LAR 48 
KAYNAKLAR 5.3 
6ZGEC;::MiS 66 

EKLER 
Ek-l.. Adenovirus-mediated IKKPKA expression sensitized prostate carcinoma cells 
to TRAIL-induced apoptosis. Ahter D. Sanlioglu, I T urker Koksal, Bahri Karacay, 
Mehmet Baykara, Guven Luleci, Salih Sanlioglu. Cancer Gene Therapy dergisinde 
baslm a~amasmda 

Ek-2. Surface TRAIL decoy receptor-4 expression is correlated with TRAIL 
resistance in MCF7 breast cancer cells. Ahter D. Sanlioglu, Ercument Dirice, 
Cigdem Aydin, Nuray Erin, Sadi Koksoy, Salih Sanlioglu. BMC Cancer, Vol 
5(1):54,2005 

Ek-.3. Current progress in adenovirus mediated gene therapy for patients with 
prostate carcinoma Ahter D .. Sanlioglu, Turker Koksal, Mehmet Baykara, Guven 
Luleci, Bahri Karacay, Salih Sanlioglu. Gene Ther Mol Bioi, Vol'?, 113·133,2003 

Vlll 



SiMGELER ve KISAL TMALAR niziNi 

AAH : Atipik Adenomatiiz Hiperplazi 

AMACR : Alpha-Methylacyl-GA Racemase 

AR : Androjen Reseptaru 

BPH : Benign Prostatik Hiperplazi 

CAPB : Cancer of Prostate and Brain 

CAR : Coxsackie Adenovirus Receptor 

c-FLIP : Cellular FLICE-Inhibitory Protein 

CGH : Comparative Genomic Hybridization 

CMV : Cytomegalovirus 

EGF : Epidermal Growth Factor 

EGFP : Enhanced Green Fluorescent Protein 

ELAC2 : elaC homolog 2 (E coli) 

ETV6 : ETS (Erythroblastosis) Variant 6 

FGF : Fibroblast-derived Growth Factor 

FBS : Fatal Bovine Serum 

FISH : Fluorescent In Situ Hybridization 

lAP : Inhibitors of Apoptosis Protein 

IFN-y : Interferon-gamma 

IGF : Insulin-like Growth Factor , 

IKK : IkBa Kinase 

iEPCa : ileri Evre Prostat Kanseri 

IX 



HCPl 

HKLK3 

NF-kB 

OSPCa 

PACP 

PIN 

PSA 

PSMA 

PTEN 

Rb 

RNASEL 

RT-PCR 

scm 

TiB 

TNF 

TRAIL 

TRUS 

: High-Affinity cAMP-specific Phosphodiesterase Gene 

: Human Glandular Kallikrein 3 

: Nuclear Factor-kB 

: Organa SIIDril Prostat Kanseri 

: Prostatic Acid Phosphatase 

: Prostatik Intraepitel Neoplazi 

: Prostat Spesifik Antijen 

: Prostat Spesifik Membran Antijeni 

: Phospatase and tensin homologue deleted on chromosome 
Ten 

: Retinoblastoma 

: Ribonuclease L 

: Reverse Transcription-Polymerase Chain Reaction 

: Severe Combined Immuno Deficiency 

: Transrektal igne Biyopsisi 

: Tumor Necrosis Factor 

: TNF-Induced Apoptosis Inducing Ligand 

: I ransrektal Ultrason 

x 



~EKiLLER DiziNi 

2.1. insan prostat bezinin ~ematik gosterimi (sagital kesit). 

2.2. insan prostat bezini olu~tuJan hiicre tiplerinin ~ematik olarak 
gosterilmesi. 

2,,3,. Prostat kanserinin prostat bezinde yerie~iminin ~ematik olarak 
gosterilmesi. 

2.4. Gleason derecelendirme sistemi 

2.5. TNM evrelendirme sistemine gore lokal prostat tiimor biiyiimesinin 
dort fiukh evresi. 

2.6. insan prostat dokusunun histolojik incelemesi. 

2.7. insanda prostat kanseri geli~im basarnaklarl. 

2.8. Gen tedavisi klinik denemelerinde kullarnlan vektOrier ve yiizdeleri 

2.9. Adenoviriisler. 

2.10. Adenoviriislerin hayat dongiisii .. 

2.11. Adenoviral DNA'nm yaplSl 

2,.12. TRAIL reseptOrierinin ~ematik gosterimi .. 

2.13" TRAIL tarafindan indiiklenen is: ve dI~ apoptotik yollar 

2.14. Prostat kanser hiicrelerinde NF-kB sinyal yolunun bloke edilmesi 
yoluyla TRAIL" a diren9liligi karnak is:in geli~tililmi~ bir gen 
tedavi stratej isi 

2"15,, NF-kB aktivasyon ve inhibisyon yollan 

4.1. Prostat kanser hiicre hatlarrnda endojen NF-kB seviyeleri 

4,2. Prostat karsinoma hiicrelerinin birinci jenerasyon rekombinant 
adenoviral vektOrler ile transdiiksiyonu 

Xl 

2 

3 

4 

4 

5 

6 

8 

12 

12 

14 

14 

16 

17 

20 

21 

35 

36 



4.3. Prostat kanser hiicrelerinin adenoviral vektorierle 
transdiiksiyon etkinliklerinin ak:r~ sitometri ile degerlendirmesi 37 

4..4. Prostat kanser hiicrelerinin TRAIL duyarhhk seviyeleri 38 

4.5. Hiicre canhhk deneylerinin kantitatif sonu91arl 39 

4.6. Prostat kanser hiicrelerinde h TRAIL ve IKKI3KA sentezinin 
NF -kB aktivasyonu iizerine etkisi. 40 

4.7" Adenoviral vektorler yoluyla IKKI3KA sentezinin, prostat 
kanser hiicre hatlarmda TRAIL diren91iligi iizerine etkisi. 41 

4.8. IKKI3KA sentezinin TRAIL diren91iligi iizerine etkisinin kantitatif 
olarak degeriendirilmesi. 42 

4.9. Tek ba~ma AdIKKI3KA enfeksiyonunun prostat kanser hiicreleri 
iizerindeki etkisi. 43 

4.10. DUl45 prostat kanser hiicre hattmda TRAIL ve IKKI3KA 
araclh apoptozisin gosterilmesi. 44 

4,,11. Prostat karsinoma hiicre hatlarmda TRAIL reseptOr mRNA diizeyleri 45 

4,,12. DUl45 ve PC3 hiicre yiizeylerinde TRAIL reseptOrierinin 
sentez seviyeleri. 46 

4,,13. LNCaP hiicre hattmda TRAIL reseptOrierinin hiicre yiizeyindeki 
sentez seviyeleri. 47 

Xl! 



TABLOLAR niziNi 

Tablo 

2.1. Prostat kanseri (PCa) geli~imi ile ilgili ba~hca yatkmhk genleri 

.3.1. <;:ah~mada kullanllan prostat kanser hiicrelerinin ozellikleri 

.3.2. <;:ah~mada kullanrlan adenoviral vektarlerin ozellikleri 

Xlll 

Sayfa 

7 

2.3 

25 



GiRiS VE AMA<; 

iIeri eYre prostat kanserinin tedavisinde kullanllan geleneksel tedavi 
metodlanndan olan kemoterapi, etkinligini p53 ttimor baskilaYlcl protein araclhglyla 
geH;ekle~tirir. Ancak ileri eyre prostat kanserlerinin onemli bir bOltimiinde p53 
geninde mutasyonlar oldugu bilinmektedir.. TNF ailesi iiyesi olUm ligantiarlmn 
(TNF-a, FasL, vb.) ise, apoptozisi p53 baglmslz yollarla indiikleyebildikleri 
bildirilmi~tir Bu nedenle, bu ligantiarm ileri eyre prostat kanserinin tedavisinde 
kullanlmlarl giindeme gelmi~tir.. blUm ligantlarl araclhglyla prostat kanser 
hiicrelerinde apoptozisin indiiklenmesini amaylayan ba~ar!ll yah~malar yap!lml~ 
olmasma ragmen, ciddi yan etkilerle kar~lla~!lmasl, bu molekiillerin sistemik 
kullammlarlm smlliayan onemli bir filior olmu~tur Bir ba~ka TNF ailesi iiyesi olan 
TRAIL'm ise, digerlerinden finkh olarak ttimiir hiicrelerinde apoptozisi indiiklerken 
normal hiicrelerde apoptotik etki gostermedigi bildirilmi~tir Bu nedenle, TRAIL'm 
sistemik kullarumlmn giivenli olacagl dii~iiniiImii~, ve bu yakla~lmm giivenli oldugu 
biryok yaIl~ma ile kanltlamm~tll. TRAIL ile ilgili ttim bu umut verici geli~melere 
ragmen, bazl prostat kanser hiicrelerinin TRAIL'a direnyli oldugu bildirilmi~tiI Bu 
nedenle, heniiz tam olarak bilinmeyen TRAIL direnylilik mekanizmalarlmn aylga 
kavu~tUIulmasl ve direnyliligi kllacak yeni tedavi metodlarlmn geli~tirilmesi, 

TRAIL'm prostat gen tedavisine kazandmlabilmesi aylSlndan klitik oneme saIliptir 

ileri eyre prostat kanserinin, hastahgm tedavide en yok zorlanllan a~aruasl 
olmasl nedeniyle, bu yah~mada ileri eyre prostat kanser hiicre hatlarl (DUI45, PC3, 
LNCaP) kullanlldl TRAIL'a direnyli Mcre hatlarmda, direnylilige sebep olabilecek 
mekanizmalar olan bazal ve TRAIL araclhglyla indiiklenen NF-kB aktivasyon 
seviyesinin, ve TRAIL olUm ve yalancl reseptOr sentez orar!larmm hucrelerde 
TRAIL duyarhhgl ile ili~kisinin aylga ylkarllmasl aruaylandl BUllUll yarunda, prostat 
kanserlerinde ilk kez denenen bir ikili vektor (Ad5hTRAIL ve AdIKK~KA) 
sisteminin, hiicrelerde gozlenen TRAIL direnyliligini kumaktaki etkinliginin 
ara~t1I1lmasl hedeflendi 
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GENEL BiLGiLER 

Prustat kanseIi, prostat bezinde s:ogunlukla adenokarsinoma olarak ortaya 9lkan, 
heterojen ve genellikle s:ok odakl! olarak seYIeden bir hastal!ktlI [I], Batll! iilkelerde 
erkekler arasmda en yaygm kanserdir, ve erkeklerde kanser sebebiyle iiliimlerde 
ikinci slIada yer almaktadlI [2]. Amerika Birle~ik Devletleri'nde her y!l ortalama 
200,000 ki~iye prostat kanseri tanlsl konmaktadlI [3, 4]. Prostat spesifIk antijen 
(PSA) taramalarl, dijital rektal muayene, ve lokalize prustat kanserinin erken tedavisi 
gibi metodlarla son y!llarda prostat kanserinden iiliim oranlarmda azalma 
saglanml~tlI [4]. Ancak tUm s:abalara ragmen, bugiin yeti~kin bir erkek bireyin 
ya~aml sUresince prostat kanserine yakalanma riskinin 5'te 1 oldugu, bu vakalar 
arasmda metastatik prostat kanseri nedeniyle iiliim riskinin ise 30' da 1 oldugu 
bildirilmi~tir [5].. Bu bulgular 1~lgmda, ozellikle ileri eyre prustat kanserinde 
hastalarm ya~am sUrelerini uzatabilmek is:in mevcut tedavi yontemlerini tamamlaYlcl 
yeni tedavi strat~jileri geli~tirilmesi gerekmektedir 

2.1.. Prostat Bezinin Yaplsl 

insanda prostat bezi, mesanenin hemen altmda yer alu. Prostat bezinin orta 
klsmmdan, idrar bo~altlmmda rol alan ilretra ges:er. ProstatJ olu~tJuan hiicrelerin 
yapugl Salgl, seminal Slvmm bir bolUmiinU olu~tJuur McNeal, insan prostatl i9inde 
be~ fillkh morfolojik bolge tanlmlaml~tlI: periferik bolge, transizyon bolgesi, santral 
bolge, preprustatik sfInkter ve anterior fIbromiiskUler stroma [6, 7] $ekil 2.1 'de, 
baIJsedilen fillkh bolgelerden ii9U gosterilmi~tir. 

~ekiI2"L insan prostat bezinin ~ematik gosterimi (sagitaJ kesit) [8] 

Prustat epiteli is:inde, morfolojik ozellikleri, fonksiyonel durumlan ve, 
karsinogenezle ili~kileri as:lsmdan en az iis: fiukl! hiicre tipi ayut edilebilil ($ekil 
2..2). En yaygm olarak bulunan hticle tipleli, salgl yap<tn luminal hUclelerdil Bu 
hUcre tipleri androjen baglmhdu ve prostatik salgl maddelerini Ureti!. Molekiilel 
seviyede, lUlIlinal hiicrelel andrujen resept6r sentezi, sitokeratin 8 ve 18, v~ hUcre 
yiizey belirte9i CD57 ile tanlmlanabilir [9-13]. ikinci onemli epitelyal hiicle tipi, 
bazal hUcrelerdir Bu hUcrelel, IUlIlinal hiicreler ile bazal membran arasmda bulunur, 
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ve prostat dokusunda luminal hiicreleri gevreleyen bir katman olu~turur Bazal 
hiicreler, sitokeratin 5 ve 14, CD44, ve dii~iik seviyede androjen salgllar, ancak 
prostatik salgl proteinlerini iiretmezler [9-14]. Bazal hlicrelerin aym zamanda, 
potansiyel kiik hiicreler olabilecekleri dii~iiniilmektediI Bu hiicreler, muhtemel kiik 
hlicre profiline uygun olarak, DNA hasarma kar~l koruyucu molekiiller sentezler. Bu 
molekiillere 5mek olarak anti-apoptotik Bel2 proteini verilebilir [14, 15].. U9iincii 
prostatik epitelyal hiicre tipi ise, embriyonik kiikeni tam olarak bilinmeyen 
niiroendokrin hiicrelerdir .. Bu hiicrelerin, luminal hiicrelerin buyiin1esini saglayan 
parakrin sinyaller iirettikleri dli~iiniilmektedir [16, 17]. Niiroendokrin hlicreler, 
androjen baglmslz hiicrelerdir. Bazal katmanda dagmlk olarak bulunurlar ve 
kromogranin A, serotonin, ve ge~itli niiropeptitler sentezlerler [8]. 

noroendokrin hticre bazallamlna 

::>ekil2 .. 2 .. insan prostat bezini olu~tU1an hlie!e tiplerinin ~ematik olarak gosterilmesi [8] 

Prostat dokusunda tanlmlanan farkh hlicre tiplerinin kiiken ili~kilerinin 

bilinmesi, prostat kanserinin olu~um mekanizmasmm a91ga 91karllmasl a91smdan 
iinemlidil. Prostat kanser hlicreleri genellikle bazal hlicrelere spesifik molekliller 
sentezler Ancak prostat kanserinde bazal hiicre katmanl kaybedilir [18, 19]. Aynca, 
Prostat Spesifik Antijen (PSA) sadece luminal hlicreler tarafmdan salgllandlgmdan, 
kanser hiicreleri en azmdan krsmen luminal fenotipe saliiptir Bu duruma muhtemel 
bir a91klama olarak, neoplastik transformasyonda, luminal hlicrelerin bazal hlicre 
fenotipine benzeyen dalia az farkhla~ml~ bir Mcre tipine diinii~tiigii ileri siirlilmli~tiir 
[8] 

2,,2. Prostat Kanserinin Tamml ve Smdlandlnlmasl 
Prostat kanseri, tlimiiriin basklsl sonucu slk idrara 91kina, hematliri, 

hematospermi ya da postejaklilatiir agn gibi semptomlarla ortaya 91kan bir kanserdir . 
(~ekil 2.3) tleri evrede lenf nodlarma, kemige ya da diger organlara metastazr' 
tipiktir 
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/vallan prostat 
prostat 

uretra 

~ekil 2 .. 3 .. Prostat kanserinin prostat bezinde yerle~iminin ~ematik olarak g5sterilmesi. 

Prostat tiimorleri yogunlukla adenokarsinomlardu. Prostat adenokarsinoma, 
prostat bezinin epitel hatlarmdarr koken aJu.. Radikal prostatektomi orneklerinin 
incelenmesi, olgularm %85'inde yok merkezli geli~im oldugunu gostermi~tir. Prostat 
karrseri oldukya heterojen bir karrserdir Prostat karrser dokusunun histolojik 
incelemesi sonucunda, aym alarrda benign bezler, prenoeplastik odaklar (PIN), ve 
fillkh derecelerde neoplastik odaklar birarada goriilebilir (~ekil 2 .. 6) Bu heterojenite 
ile ilgili olarak, Gleason bugiin iyi bir prognostik indikator olarak kabul gormii~ olan 
bir derecelendirme sistemi geli~tirmi~tir [20].. Bu sistemde glarrdiiler yap! 
degerlendirilir .. Gleason dereceleri I ile 5 arasmda degi~mekte olup, en srk goriilen 
derece ile ikinci srkhkta goriilen derecenin toplam! Gleason skor'unu OIU~turUl (~ekil 
2.4) Gleason skor 2 ile 10 arasmda degi~mektedir. Birinci derece tiimorler normale 
yakm bir ozellik gosterirken, 5 derecede herhangi bir glarrdiiler yap! 
goriilmemektedir .. Kiiyiik ve iyi diferansiye tiimorler (1 ve 2 .. derece) genelde orgarra 
smlIh iken, biiyiik (4 cm3'ten biiyiik) ve kotii diferarrsiye tiimorier (4. ve 5 .. derece) 
genellikle lokal ileri eyre ya da metastatiktirier .. Gleason skor 2-4 iyi diferansiye 
tUmor, Gleason skor 5-7 orta derecede diferarrsiye tUmor, Gleason skor 8-10 ise kotii 
diferarrsiye tiimorii temsil eder [21] 

~ekil2A, Gleason derecelendirme sistemi [22]. 
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Prostat kanserinin evrelendirilmesinde, Tumor, Nod, Metastaz (TNM) sistemi de 
slkhkla kullanllmaktadlI .. Bu sistemde, lokal ttim6r biiytimesi, T I ile T 4 arasmda dort 
evrede tanlmlanlr .. II evresinde ttim6r dijital rektal muayene veya ultrasonla tespit 
edilemez, ancak transiiretral rezeksiyon veya PSA testi somasl biyopsi ile 
tammlanabilir .. f4, ttim6riin kom~u organlan tuttugu ileri evresini temsil eder .. Nodal 
evreler (NO-Nl) ve metastatik eVIeler (MO-MIC), hastahgm slIaslyla lenf nodlanna 
ve uzak bOlgelere klinik yaYlhmlill (metastaz) tanlmlar [22] 

~ekil 2..5.. TNM evrelendirme sistemine gore lokal prostat rumor bliyUmesinin dart farkh evresi 
Noktah olarak gosterilen kISImlar, rumor dokusunu temsil etmektedir [22J 

Prostat kanseri, genel anlamda Organa SmlIh Prostat Kanseri (OSPCa) ve ileri 
Evre Prostat Kanseri (iEPCa) olarak slillflandmlabilir .. Prostat kanseri, genellikle 
periferik bOlgede olu~ru IEPCa ise yogunlukla kemige ve lenf noduna olmak iizere 
metastazla sonuylanlI Bunun yanmda erkeklerde, ya~ ilerledikye slkhgl artan, prostat 
bezinde biiyiime ile karakterize olan iyi huylu bir hastahk olarak ifade edilen Benign 
Prostatik Hiperplazi (BPH) geli~ebilir BPH genellikle transizyon bOlgesinde Oltaya 
ylkar Bazal katrnanm geni~lemesi ve stromal hiperproliferasyon ile tipiktir [8] 
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~ekil 2.6" insan prostat dokusunun histolojik incelemesi. A Ye B paneUerindeki gorUntiller 
hematoksilen-eozin boyama ile elde edilmi~tir (A) Fotografta prostat dokusunun 
heterojenitesi, aym alanda bulunan Benign Prostat Hiperplazi (BPH), Prostatik Intraepitel 
Neoplazi (PIN), ye iyi diferansiye adenokarsinoma (CaP) ile gorUiebilmektedir (B) Panel 
A'dan bir bolgenin mikroskop altmda yUksek biiylitmede gorUntUsll yerilmi~tir 

2.3. Prostat Kanserinin Epidemiyolojisi 

2 .. 3.1. Ya~ 
PlOstat kanserinin geli~iminde, ya~ <;ok 5nemli bir faktOrdtiI Ya~a bagh olalak 

plOstat kanseri nedeniyle iililm oram artar Erkeklerde 65 ila 70 ya~larmda 

100.000'de 358 olan prostat kanseri insidansl, 80 ya~ ye ilzerinde 100.000'de 1035'e 
<;Ikar Her iki grupta 51i.im oranlan ise sllasryla %21 2 ye %40 olarak bildirilmi~tir 
[21].. 

2.3.2. Cogr'afya ve ~evresel FaktiirIer' 
Prostat kanseri insidansmm cograftk daglltml olduk<;a heterojendir. Ornegin 

rayland'ta prostat kanserinden 51ilm oranl 100 .. 000'de 01 iken, Batl Hindistan'm 
bazl biilgelerinde 100 OOO'de 30'dill. Hastahgm genel insidansl da olduk<;a <;e~itlilik 
gosterir Prostat kanserinin gorillme slkhgl <;:in'de 100.000'de 0 .. 8 iken, Kuzey 
Amerika'da ya~ayan zenci populasyonda 100.000'de 100'dilL Di.inya genelinde 
gozlenen bu farkhhklarm a<;lklarnasmda, <;eyresel faktOr1erin llksal fitktorlerden tam 
olarak aYllt edilemeyecegi a<;lktll, ancak go<; eden toplumlar tizerine yapllan 
<;ah~malar, <;evresel faktorlerin nksal orijinlerden daha onemli oldugunu ortaya 
koymu~tUI [21] Ornegin Asya kokenli illkelerde prostat kanseri insidansl <;ok 
dii~iikken, Amerika Birle~ik Devletleri'nde prostat kanseri insidansl bu iilkelere gore 
onemli oranda yi.iksektiL Amerika Bir1e~ik Devletleri'nin Asya kokenli i.ilkelerden 
yiiksek oranda go<; aldlgl bilinmektedir. Bu nedenle, diyet ve <;evresel faktOrierin, 
diger epitel kanserlerde oldugu gibi, prostat karsinogenezinde de anahtar rol oynadlgl 
kabul edilmektedir [8] 

2..3 .. 3 .. Ailesel Yatkmhk 
Kahtsal fitktOrler, prostat kanserlerinin olduk<;a kii<;iik bir yiizdesinden (%10) 

sorumlu tutulmakta ve erken ya~ta ortaya <;Ikan prostat kanseri ile 
ili~kilendirilmektedir Ancak pozitif aile hikayesi, prostat kanseri i<;in engii<;lii 
epidemiyolojik lisk fitktOrieri arasmda saytimaktadlL Bir<;ok kromozomal bolgenin 
prostat kanserine yatkmhkta 101 aldlgl dii~iini.ilmektedir [8]. Prostat kanseline 
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yatkmhgm poligenik mekanizmalar iyerdigi, ve Mendelian kahtlmm fiukh modelleri, 
eksik penetrans ve emik varyasyonlar araclhglyla geryekle~tigi dii~iiniilmektediI 

Linkaj analizi yoluyla, 1, 10, ve 17 no.lu kromozomlarda ve X kromozomunda 
biryok lokus prostat kanserinde ailesel yatkrnhk ile ili~kilendirilmi~tir Ozellikle 1 
nolu kromozom iizerinde yall~llml~tu Bu kromozomun muhtemel prostat kanseri 
yatkmhk genlerini barmduabilecek en az 3 alt bolge (HCP1, PACP, ve CAPB) 
iyerdigi ileri siiriilmii~tiir [23]. Tablo 2 .. 1 'de prostat kanserine yatkmhk genleri olarak 
tanlmlanan genlerin listesi verilmi~tiL 

Iablo 21.. Prostat kanseri (PCa) geli~imi ile ilgili ba~hca yatkmhk geoleri .. 

Cen ismi Yatkmhk ile ilgiJi iizellikJeri 
AndCljen Resept6rii (AR) CAG tekrarlannm PCa'ne yatkmhk ile ilgili 

oldugu dii~iiniilmektedir. 
MSRI (Makrofaj Siipiiriicii Reseptor) Yedi onemli gen mutasyonu bulunmu~tur, 
ELAC2 Mutasyon ta~lylcllaI1nda PCa geli~tirme riski 

yiiksektir, 
BRCA2 PCa'nin erken evrelerinde 101 aldlgl 

dii~iiniilmektedir • 
RNASEL (riboniikleaz L'yi kodlayan gen) Mutant allel a91smdan heterozigot erkeklerde 

PCa geli~tirme riski %50 artar. 
ETV6 (tUmor supresor gen) Mutasyonel inaktivasyon PCa ile 

sonu9lanabilir. 
AMACRlP504S (alfa metil-CoA Tammlanan onyedi dizi varyantl, PCa'ne 
Racemase) yiiksek riskle ilgili olabilir. 

2.3.4. Steroid Hormonlann Rolii 
Steroid hOImon reseptor sinyal yollarl, prostat karsinogenezinin her evresinde 

onemli rol oynarnaktadll. Erkeklerde androjeniestrCljen OIanmm ya~la birlikte 
azalmasl, prostat kanserinin ortaya ylkrnasmda onemli bir faktor olarak 
dii~iiniilmektedir [8] 

2.4. Prostat Kanserinde Tam Yiintemleri 
Prostat kanseri heterojen bir hastahktll ve ozellikle ileri evrede ve metastatik 

hastahkta mevcut tedavi yontemleri, hastalann ya~arn siirelerini uzatmada yetersiz 
kalmaktadll .. Bu nedenle prostat kanserinin erken te~hisi, tedavide yiiksek ba~arl 
aylsmdan son derece onemlidir [24]. Bu arnayla farkh tararna metodlan 
kullamlmaktadn [25,26]: 

Dijital Rektal Muayene: Dijitalrektal muayene, prostat kanseri taramalannda rutin 
olarak kullanllan bir tekniktil. ~lipheli dijital rektal muayene, serum prostat spesifik . 
antijen (PSA) diizeyleri ile birlikte degerlendirildiginde tararnalarda prostat kanseri' 
tam OIamm ylikseltir. Elli ya~ lizeri gonlillii erkeklerle yapllan iki 9ah~mada, dijital 
rektal muayene, 0,5 m3'ten bliyiik intrakapsiiler tiimorierin te~his edilme ihtimalini 
1,5 ila 2 kat, ekstrakapsiiler tiimor1erin te~his edilme ihtimalini ise 3 ila 9 kat 
artllml~tlI [27] 
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Prostat Spesifik Antijen (PSA): PSA, 33 kDa agllhgmda bir prostatik salgl 
glikoproteinidir. KIomozom 19 iizerinde hKLK3 geni tarafmdan kodlanan, tripsin ve 
kimotripsin benzeri aktiviteye sahip bir serin esterazdll. PSA sentezi androjen 
baglmhdll, ve androjenler yoklugtlilda azaill.. Prostat kanserinde, serum PSA 
seviyeleri, benign prostatik hiperplazidekine Olanla yiiksektir [21] Ancak 
farkllla~marm~ androjen baglmslz plOstat kanser hiicreleri PSA iiretemez. Bu durum, 
hormona direnyli hastalarm bir kIsmmda PSA artl~mm goriilmemesini 
aylklarnaktadll [28]. I ek ba~ma yok giiylii diagnostik degeri olmarnasma ragmen, 
Gleason SkOl [29] ve klinik evrelendirme [30] ile birlikte degerlendirildiginde, PSA 
seviyesinin Olyiilmesi prostat kanserlerinin histolojik derecesini belirlemede degerli 
bir yontemdir [31] 

Diger Tam Yontemleri: Prostat kanserinin tanlsmda, dijital rektal muayene ve 
serum PSA diizeylerine bakllmasl yanmda I ransrektal Ultrason (IRUS) ve e~liginde 
I ransrektal igne Biyopsisi (TiB) de yaygm olarak kullanllan yontemlerdendil. 
Yiiksek PSA seviyesi belirlenen veya dijitalrektal muayenesinde nOlmal dl~l durum 
gozlenen hastalara, genellikle transrektal ultrason biyopsisi uygulanll [21]. 

2.S. Prostat Kanserinin Geli~iminde Molekiiler Mekanizmalar 
Prostat kanserinin ortaya ylkl~mdan ve plOgresyonundan sOlumlu mekanizmalar 

tarnarnen aylga ylkarllamarnl~tlI, ancak tiimor plOgresyonunda biryok degi~ik 

faIctoriin (sinyal iletim yollarmda, anjiogenez ve adhezyon molekii11erinde 
degi~iklikler gibi) onemli 101 oynadlgl dii~iiniilmektedir (~ekil 2.7) 

normal epitel ._,~, .. _+ prostatik intraepftel _,=~ kln.Vr·,zlnIVoma ,_~, •.•. ,<>"~. metastaz 
noopl.II (PINI 

Sp21 kaybl 
NKX3 1 

hazsl bOue/erin kaybl baza/lamina kayhJ 

109 itayln l3q kaybl 
PTEN Rb 

17p kaybl 
053 

androjen baihmSlzhil 

~ekil 2 .. 7 .. insanda prostat kanseri geli~im basamaklan. Geli~im a~amala[], spesifik kromozom 
bolgelerinin ve aday ttimor baskllaylCl genlerin kaybl ile gerl'ekle~ir [8] 

2.S,,1.. Prostat Kanserinin Erken Evreleri , 
PlOstat kanserlerinde gewekle~tirilen histopatolojik yah~malar sonucu, insan 

plOstat kanserinin primer onciisii olduguna inamlan spesifik bir Iezyon tipi 
tammlanrm~tlI (~ekiI 2 .. 6). PlOstatik IntraepitelyaI Neoplazi (PIN) adl verilen bu 
Iezyon tipi, atipik hiicresel ozellikler ve niiklear polimOlfizm ile belirgindir, ye dii~iik 
dereceli ve yiiksek dereceli formlann arasmda bir geyi~ formu olarak 
nitelendirilmektedir Yiiksek dereceli PIN' in, erken invaziv karsinomanm hemen 
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oneeki a~amaSml temsil ettigi dii~i.iniiliir PIN lezyonlan, prostat epitelinde goriilen 
BPH ve Atipik Adenomatoz Hiperplazi (AAH) gibi diger bazl histopatolojik 
abnormalitelerinden yaplsal ve sitolojik olarak ayllt edilebilmektedir.. BPH ve AAH, 
PIN'in tersine, prostat kanserinin oneii evreleri olarak dii~i.iniilmemektedir [32] 

Prostat kanserinde slklIkla goriilen molekiiler diizeyde degi~ikliklerden biri, 8. 
kromozomun spesifik bolgelerinde geryekle~en delesyonlardlI .. Bu tiir diizensizlikler, 
FISH, COH, ve allelik dengesizlik analizi teknikleri ile prostat tiimorlerinin 
%80'inde, bunun yanmda kolorektal ve akeiger kanserlerinin belirli bir yi.izdesinde 
de belir1enmi~tir [33, 34]. Delesyonlarm ozellikle 8p12-21 ve 8p22'ye kar~lhk gelen 
iki bolgede meydana geldigi bildirilmi~tir [35] 8p12-21 kayblmn prostat 
karsinogenezinde erken evrede ortaya ylktlgl ve hem PIN hem de erken invaziv 
karsinomada tanlmlandlgl bildirilirken, 8p22 delesyonlarlmn ise gey donemde 
meydana geldigi bildirilmi~tir 8p12-21 lokusunda bulunan NKX3J homeobox geni, 
prostat kanseri geli~imi ile ilgili aday gen olarak bildirilmi~tir [36]. 

2 .. 5 .. 2. Prostat Kanserinin Progresyonu 
Prostat kanserinin progresyonunda rol oynadlgl dii~iiniilen fffikh kromozomal 

diizensizlikler bildirilmi~tir Omegin 10q kromozomal bolgesinde, daha yok prostat 
karsinomada tanlIlllanml~ olan, PIN lezyonlarmda ise nadir olarak giiriilen 
delesyonlar bildirilmi~tir IOq23 bolgesinde bulunan PIENIMMACI ti.inJor 
baskIlaYlcl geni, prostat kanser progresyonunda rol aldlgl dii~i.iniilen genler 
arasmdadlI. Prostat kanserlerinin yanmda glioblastoma, meme, ve endometrial 
kanserler gibi biryok fiukll kanser tiiriinde IOq23 bolgesinde kaYlplar bildirilmi~tir 
[8]. PIEN proteininin kaybmm, insan prostat karsinogenezinde anahtar rol oynadlgl 
dii~iiniilmektedir Bu bulgu ile uynmlu olarak, Vliestra ve arkada~larl, biryok prostat 
kanser hiiere hattmda ve ksenograftta PTEN kaybl oldugunu gostermi~lerdir [37].. 

Prostat kanserinin geli~iminde iinemli rol oynadlgl dii~iiniilen bir ba~ka faktOr, 
Retinoblastoma (Rb) geninin bulundugu 13q kIomozomal b61gesinde meydana gelen 
kaYlplardu Prostat kanserlerinin %50'sinde, 13q bolgesinde delesyonlar 
bildirilmi~tir [38]. Bookstein ve arkada~larl, Rb eksikligi olan prostat kanser 
hiicrelerine retroviriis aracill gen transferi yoluyla Rb proteinini kodlayan gen 
aktardlklarmda tUmor olu~umunun engelledigini gostermi~lerdir [39]. Somaki 
yah~malarda, organa smuh ve ileri eyre prostat kanserlerinde de Rb proteininin 
yoklugu bildirilmi~tir [40] Rb proteininin, iizellikle androjene cevapta prostat 
hiicrelerinde apoptozisi diizenleyici rol oynadlgl bildirilmi~tir Ancak bir yok diger 
yaiI~mada Rb gen mutasyonlan gosterilememi~tir [38, 41] Bu durum, prostat 
karsinonogenezinde, 13q'da Rb geni dl~mda diger bir genin delesyonunun dalm 
onemli olabilecegini gostermektedir. 

Diger biryok tiimorde oldugu gibi, prostat kanserinde de hiicre diingiisiiniin 
kontrolii ile ilgili genlerde meydana gelen degi~iklikleritJ. hastaiIgm progresyonunda 
belirgin rol oynadlgl dii~iiniilmektedir Normal ~art1arda, prostat epitelinde oldukya 
dii~iik oranda gelyeklqen hiicre yogalmasl, yine dii~iik oranda geryekle~en ajloptozis 
ile dengede tutulur [42] Buna kar~m, PIN ve erken invaziv karsinomalarda hiicre 
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yogalma oramnda 7 ila 10 kat artl~ oldugu, ileri eyre ve/veya metastatik prostat 
kanserlerinde de apoptozis oranmda yakla~lk %60 azalma oldugu gosterilmi~til. Bu 
nedenle, organa slmrh hastahgm ilerlemesinde hiicre dongiisiiniin kontroliintin 
kaybedilmesinin onemli rol oynadlgl, apoptoziste meydana gelen diizensizliklerin ise 
ileri eyre kanserde daha onemli oldugu dii~iiniilmektedil. Hiicre dongiisiinii 
diizenleyici rol oynayan genler arasmda, CDK4 inhibitOrii olanp27kiP/'de fonksiyon 
kaybl, prostat tiimorierinde slkhkla goriilmektedir, ve prognostik belirtey olarak 
fonksiyon gorebilecegi bildirihni~tir [8]. p27kii geni, 12p12-1J 1 bolgesinde 
bulunmaktadu [43]. Bu bOlgenin ileri eyre prostat kanserinde slkhkla delesyona 
ugradlgl bildirilmi~tir [44]. 

Yiiksek dereceli PIN'den erken invaziv karsinomaya geyi~te en kritik 
faktorlerden birinin ya~lanma oldugu bilinmektedir. Ya~lanma ile hastahk iledeyi~i 
arasmdaki bu giiylii ili~ki, prostat epitelinin dii~iik proliferasyon oranmdan ve 
transformasyonun olu~abilmesi iyin geymesi gereken siireden kaynaklanabilir PIN 
lezyonlarl ve prostatik karsinomada telomer uzunluklarlmn azaldlgl ve telomeraz 
aktivitesinin arttlgl gozlenirken, BPH'ta benzer bir durumdan soz edilmemektedir 
[45] 

2.S.3. Metastatik Hastahga GelYi~ 
Prostat kanserinde metastatik hastahga geyi~le birlikte androjen baglmhhgmm 

kaybolmasl slk goriilen bir durumdur, Prostat kanser hiicrelerinin ba~langlytaki 
androjen baglmhhklarml nasll kaybettikleri tam olarak aylga kavu~turulmarlll§tlI 
Onceleri androjen baglmslz tiimor geli§iminin androjen reseptor (AR) mRNA'smm 
ve proteirIinin kaybl ile geryekle§tigi du§uniilmekteydi [46]. Ancak somalan, AR 
proteininin primer tiimoderde, tekrarlayan lokal tiimorlerde, ve hatta metastatik 
tumorlerde oldukya homojen olarak sentezlendigi gozlenmi~tir [47-49]. Bu bulgular, 
kanser hiicr elerinin AR sentezinin azaltllmasmdan baglmslz bir mekanizma ile 
androjen baglmhhgllll kaybettiklerini gostermektedir, Hucrelerin androjen 
baglmslzhgl edinmesinde biryok mekanizma rol oynayabilir.. AR aktivitesinde, 
fonksiyonunda, ve/veya ozgtinlugUnde degi§iklikler meydana gelebilir,. Prostat 
kanser hucre hatlarmda ve primer tiimorlerde yapllan yall§malarda, androjen reseptOr 
geninde hormon baglama bolgesinde mutasyonlar bildirihni§tir [50, 51]. AR 
aktivitesini etkileyebilecek diger mutasyonlara oruek olarak, CAG tekrarlanmn 
amplifikasyonu ve tum genin amplifikasyonu verilebilil. CAG tekrarlannm 
uzunlugu, androjen fonksiyonu ile ters orantlhdu [52] Tum genin 
amplifikasyonunun ise, hastahgm tekrarl ile ili§kili olabilecegi du§unulmektedir. 
Son olarak, androjen kaynagmm smuh oldugu durumlarda (androjen sentezini inhibe 
edici tedavi yakla§lmlarmda oldugu gibi), hormon baglmhhklarmm, androjen 
reseptOriinun IGF, FGF, ve/veya EGF gibi biiyiime faktOrieri ile sinerjistik 
aktiviteleri ile a~llabilecegi bildirilmi~tir [8, 53]. , 

ileri eyre prostat kanserinde ve metastatik hastahkta, p53 tumor baskrlaYlcl 
genini iyeren 17p kromozomal bOlgesinin delesyonu bildirilmi~tir [54, 55]. p53'un 
immunositokimyasal lokalizasyonunun belirlendigi veya direk olarak m\ltasyon 
analizi yapllan yah~malarda, ileri eyre prostat kanserinde ve tekrarlayan metastatik 
hastahkta p53 geninde ye~itli mutasyonlar tanlmlanml~tlI [8, 56, 57] 
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2.6. Prostat Kanserinin Tedavisinde Kullamlan Mevcut Yakla~lmlar 
Prostat kanserinde taruda belirlenen histolojik derecelere gore hastalar filIkiI 

stratejiler ile tedavi edilmektedir. Hastahgm organa smllh olarak seyrettigi erken 
evrelerde, tedavide genellikle operasyon ve/veya radyasyon tedavisi uygularur [58, 
59] ltimorUn artlk plOstat bezi ile smllh olmadlgl, ancak metastatik yaYllrma dair 
belirtiye rastlanllmayan a~arua, lokal ileri eyre olarak tarumlanll .. Lokal ileIi eYre 
hastahgm tedavisinde ama9, metastatik yaYlhm ve doku invazyonu riskini 
dti~tirmektiL Bu evrede, tedavide genellikle radyoterapi ve hormon tedavisinin 
birlikte kullaruldlgl yakla~lmlardan yararJaruhr .. Ancak, hastahk erken evrede te~his 
edilemediginde ya da agresif formlarda, seminal vesiktillerin lokal invazyonu ile 
karakterize olan ileri evrelere ge9i~, ve 90gunlukla kemige olmak iizere metastaz 
gergekle~ir Metastatik hastallgm tedavisinde arna9, hastanm ya~am siiresini 
uzatabilmek, ve metastazm kemik agnsl gibi ba~hca semptomlarml onleyerek ya da 
kontrol altma alarak hastanm ya~am kalitesini artumaktu. Bu evrede hastalma 
genellikle hormon tedavisi uygularur [22]. Androjen sentezini bloke edici ajanlmJa 
muamele, hastahgm geli~imini bir stire geriletse de, bu tUmiirlerin hemen hemen 
hepsinde androjen yoklugunda ttimor plOgresyonu devarn eder [60,61].. Bu a~amada 
hastahgm progresyonunu yava~latrnak amaclyla sitotoksik kemoterapi veya 
glukokortikoidlerle birlikte uygulanan radyoterapiden yararlaruhr [22] 

Prostat kanserinin tedavisinde slkllkla yararJarulan radyoterapi [62] ve 
kemoterapi [63], kanser hticrelerini apoptozis yoluyla oltime giittirme prensibi ile 
9ah~Il .. Bu tedavi metodlarmm apoptotik etkinligi, p53 tUmor baskIiaYlcl proteininin 
varhgml gerektirir [64] Ancak diger bir90k ttimorde oldugu gibi, ileri eYre prostat 
kanserlerinde de, p53 geninde ilgili plOteinin fonksiyonunu inhibe edici mutasyonlar 
bildirilmi~tir [8, 56, 57] Sonuy olarak, fonksiyonel bir p53 genine sahip olmayan 
ttimorler, hem kemoterapiye hem de radyoterapiye diren91ilik giisterir [65] 

2.7. Prostat Kanserinde Gen Tedavisi 
PlOstat kanserinde mevcut tedavi yontemlerinin hastalarm ya~arn stirelerini 

uzatmada yeterli olmamasl [66], yeni tamarnlaYlcl tedavi yakla~lmlarmm 

geli~tirilmesini gerektirmektedir. Bu sebeplerden dolaYI, plOstat kanserinde gen 
tedavisi 9ah~malarl ba~larnl~tll [67] Son Yillarda, prostat kanserinde gen tedavisi 
alanmda onemli geli~meler kaydedilmi~tir Viral ve viral olmayan yontemlerle daha 
etkin gen transferi, doku spesifik DNA promotor mekanizmalarmm ge!i~tirilmesi, ve 
yeni terapotik genlerin ke~fi, bu geli~melere ornek olarak verilebilir [68] PlOstat 
dokusu, gen tedavi uygulamalarl i9in ideal bir dokudur. Gen transfer vektorlerinin 
kolay ula~abilecegi bir doku olmasmm yanmda, kendine ozgti antijenlere saiJiptir 
(om. PSA, PSMA). PlOstat kanserinde gen tedavisi i9in mevcut stratejiler, 
immunotedavi ve sitolitikiplO-apoptotik yakla~lmlall igermektedir [69] Bu 
yakla~lmlarm ba~allsmda onemli bir filktOr, etkin gen transferidir. Viral yontemler, 
kanser gen tedavisi 9ah~malannda oldukya yaygm olarak kullanllmaktadu BiI<;:ok 
diger kanserde oldugu gibi, plOstat kanserine kar~1 gen tedavi stratejilerinin 
geli~tirilmesinde de, adenoviral vektOrler elkin gen tedavi vektOrieri olarak tercih 
edilmektedir 
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2,,7.1. AdenoviJ:al VektiirIer 
Prostat kanseri gen tedavisi yah~malannda tedavi edici genlerin hiicrelere 

aktanml iyin bugiine kadar ye~itli filIklr viral vektorler kullanllml~tlI Bunlara omek 
olarak lentiviriisler [70], herpes simplex virusler [71], adena associated viriisler [72], 
ve adenovirusler [73] verilebilir Semliki Forest virusii ve Sindbis viriisii gibi diger 
bazl viriis tiirlerinin de prostat kanser hiicrelerine gen aktanmmda etkinligi 
denenmi~tir [73]. Ancak bu virusler, prostat kanser hiicrelerini etkin bir ~ekilde 
transdiiksiyona ugratmakta etkisiz kalrm~tlI Antijenik ozellikleri ve doku 
transdiiksiyon ozellikleri nedeniyle adenoviriisler, kanser gen tedavisi 
yakla~lmlarmda ve klinik denemelerde tercih edilen viral vektOrier haline gelmi~tir 
(~ekil 2. 8). Bunun yanmda, doku spesifik promotorlann ke~fi, adenovirusleri klinikte 
kullanlm iyin daha uygun hale getirmi~tir [74]. 

Bugune kadar 49 farkh Adenovirus serotipi izole edilmi~ ve 6 fiukll grup altmda 
toplanml~tlI. Gen transfer vektOrieri olarak en slk kullarulanlar, C alt grubunun 5 ve 
2 numarall serotipleridir [75] 

Gen Tedavisi Klinik Denemelerinde Kullanllan Vektorler \,i 

Retrovirus %27 (n=263) 

• Adenovirus %26 (n=262) 
• l;,pl.klpl.zmit DNA %15 (n=162) 
lID Lipozoml.r %8.6 (n=87) 

Pox Virusu %7.2 (n=73) 

lID Vaccinia Virusu %4.7 (n=53) 
Herpes Simlex Virusu %3 (n=32) 
Adeno Associated Virus %2.5 (n=27) 

lID RNA Aktanm, %1.1 (n= 12) 
Digerleri %2,2 (n=22) 

• Belirlenmemi~ %1,1 (n=12) 

~ekil 2,,8. Gen tedavisi klinik denemelerinde kullamlan vektiirler ve yUzdeleri [76] 

A B 

~ekil 2.9 .. AdenovirUsler. (A) AdenovirUslerin Elektron Mikroskopu altmda giiruntlisU [77] (B) 
Adenoviruslin ,ematize edilmi, giirlintlisli [78] 
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Adenovirusler, yakla~lk 70-100 nm yaph bir protein kapsitten, ve kapsid iyinde 
yakla~lk 36 kb uzunlugunda tek kopya yift zincirli DNA'dan olu~ur, Adenovirusler, 
konakyl hucre yiizeyine Coxsackie Adenovirus Receptor (CAR) reseptiirleri 
araclbglyla baglanll ,. CAR reseptorlerine baglanan adenovirusiin reseptOr araclh 
endositoz yoluyla hiicre iyine ahnabilrnesi iyin, aym zamanda av~ integrinlere 
baglanmasl gerektigi gosterilmi~tir (~ekil 2. 10). Hiicreye girdikten soma dl~ kapsidin 
ayl1~maSI ile virus endozomdan kayar ve sitoplazmaya salmlL Daha soma viral DNA 
nukleus iyine blraklhr Viral DNA replikasyonu, enfeksiyondan yakla~lk 7 saat soma 
ba~lar Adenoviral genom nukleus iyine bllakrldlktan soma, erken adenoviral 
genlerin (EI-E4) sentezi ba~lar Oncelikli olarak sentezlenen plOteinler, Ela ve Elb 
genleri tarafindan kodlanan plOteinlerdiL Bu plOteinler diger viral genlerin sentezini 
ve genom replikasyonunu yonetirler. DNA replikasyonu ba~ladlktan soma viral 
transkripsiyon gey promotor yoluyla geryekle~tirilir. I am virus olu~umu 

enfeksiyondan soma 20-24 saat iyinde geryekle~ir, ve hucre 2 ila 3 gun iyinde lizise 
ugrar [79]. 

Yardlmcl viriise baglmh olmayan adenoviral vektorlerin uretiminde, hucrelere 
aktarllmak istenen DNA, genomda en az Uy bolge iyine yerle~tirilebilir .. Bunlar El ve 
E3 'te birer bOlge, ve E4 ile genomun sonu arasmda kalan bir bOlgedir Birinci 
jenerasyon adenoviral vektorlerde, terapotik gene yer ayllmaSI ve viralreplikasyonun 
onlenmesi amaclyla El bolgesi ylkarrlml~tll [75] (~eki12 .. 11) 

Adenovirusleri hem in vitro hem de in vivo gen tedavi yah~malarl iyin uygun 
yapan biryok farkh ozellikleri vardll. Oncelikle, dogada yaygm olarak bulunurlar, 
C;::ok farkh tipte insan hucresini enfekte edebilir, ve diger mevcut vektiir1ere manIa 
daha yiiksek seviyelerde gen transferi geryekle~tiIebilirler Bunun yanmda, 
insanlarda patojeniteleri du~iiktiir; genellikle nezle ile ilgili hafif semptomlara neden 
olurlar Aynca insanlarda onkojenik etkileri bildirilrnemi~tiL Adenovirusler oldukya 
geni~ DNA segmentlerini ta~ryabilir ve bOliir1meyen hucreleri de transdiiksiyona 
ugratabilirler.. Adenoviral vektorlerin bir b~ka avantajl, genomlarmda yeniden 
duzenlenme oranmm du~iik olmasl, ve takllan yabancl genlerin viral replikasyon 
siiresince genellikle degi~iklige ugramadan muhafaza edilmesidir. Aynca adenoviral 
vektiir genomlannm, rekombinant DNA tekrrikleri ile manipiilasyonu kolaydll [75]. 
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~ekil 2 .. 11. Adenoviral DNA'nm yaplsl Yakla~lk 8 kb'lik yabancl DNA adenoviral vektOrlere 
yerle~tirilebilir Protein IX paketlenme il'in gereklidir, ve vektOr tiretiminde E I bolgesine 
gen yerle~tirilmesini klsltlaYlcl bir faktOrdtir 
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2 .. 7.2. Kanser Gen Tedavisinde (Hiim Ligantlarmm Kullamml 
Kanserde oliim ligantian ile gen tedavisi yakla~lmlaI1, potansiyel tedavi edici 

stratejiler olarak degerIendirilmektedir [SOl Radyoterapi ve kemoterapiden farkh 
olarak, oltim ligantiarlrun apoptozisi p53 'ten baglmslz olarak indtikledikleri 
gosterilmi~tir [Sll Apoptozis, kompleks hiicre iyi yollarm aktivasyonu ile 
geryekle~en prograrnh hiicre oltimii olarak bilinir [82].. Embriyonik donemde ve 
sonrasmda, homeostasinin anahtar bir mekanizmasldu, Prograrnh hiicre oltimiinii 
bloke eden genetik aberasyonlar, tiimor olu~umuna ve ilaca direnylilige neden olur. 
Bu nedenle, tiimor hiicrelerinde apoptozisin spesifik olarak aktivasyonu, prostat 
kanserinin tedavisinde oldukya etkili olabilir. 

INF (Tumor Necrosis Factor) ailesi iiyesi oliim ligantlarl kullarularak prostat 
kanser hiicrelerinde apoptozisin indiiklenrnesinin arnaylandlgl biryok yah~ma 

yapllml~tu Bu yah~malar arasmda, dl~aI1dan verilen Fas agonistieri, anti-Fas 
antikorlarl, ve membrana baglmh FasL'larm kullanIidlgl ya1l~malarda ba~arl 

saglanarnarnl~tlI Ote yandan, antisense oligontikleotitler kullanIiarak hiicre iyi anti­
apoptotik c-FLIP molekiiliiniin sentezinin azaltlldlgl bir yah~mada, metastatik ileri 
eyre prostat kanser hiicre hath DU145'm anti-Fas monoklonal antikoruna kar~l 
duyarh hale geldigi gosterilmi~tir [83].. Ancak bu yakla~lmla etkin hiicre oltimii 
saglanaruarnl~tu .. Adenoviriisler araclhglyla FasL'm hiicre iyi sentezinin artmldlgl 
yah~ma1ar sonucunda ise, kullarulan biryok farkh insan prostat kanser hiicre hattJrun 
% 70 ila %90'mm apoptozise ugradlgl bildirilmi~tir [84] Aynca, hiicrelerdeki bu 
ytiksek oliim oranl, klsmen apoptotik cisimcikler iyinde ve hiicresel artlklar iyinde 
ta~man FasL araclhglyla geryekle~en by-stander etkiye baglanml~tu [85]. Ancak 
LNCaP gibi bazl ileri eyre hiicre hatlarmm ise, FasL araclh Mcre iiliimiine direnyli 
oldugu gozlenrni~tir. Buna ragmen, direnyli hiicrelerde dahi, onceden IFNy 
uygularnasmm ortotropik prostat primer tiimorierini rekombinant adenoviriis araclh 
FasL aktarlmma duyarh hale getirdigi gosterilmi~tir [86]. 

FasL [87] ve bunun yanmda INF [88] ile biryok ya1l~ma yapIiml~ olmasma ve 
bu molekiillerin kanser hiicrelerinde apoptozisi etkin bir ~ekilde indiiklediklerinin 
gosterilmi~ olmasma ragmen, bu molekiillerin kanser gen tedavisinde sistemik 
kullanlmlan, yol aytlklarl sistemik toksisite nedeniyle onerilmemektedir .. Ornegin 
hayvanlara rekombinant Fas ligand veya anti-Fas mAb'm enjeksiyonu, hepatosit 
dejenerasyonuna, nekroza ve kanarnaya yol ayml~U [S9, 90].. Fas kaynakh hasar, 
yiiksek seviyede Fas sentez eden hepatositierde F as-baglmh apoptozisin 
indtiksiyonundan kaynaklamr [87]. INF ise, 1985 Yllmdan bu yana medikal 
onkolojide kullanllabilir durumdadu. Ancak INF'in ileri eYre kanser hastalarmm 
tedavisinde sistemik kullanlml, yiiksek sistemik toksisiteye neden olmu~tur Yiiksek 
sistemik toksisite, maksimum tolere edilebilir dozun azalmasma, tiimorde nadiren 
gerileme saglanabilmesine, ve organ bozukluklanna yol ayml~tII [91, 92l INF . 
inflizyonunun organizmada septik ~oka benzer oliimciil inflamatuar cevaba neden I 

olmasmm temel nedeni, INF'in vaskiiler endotelyal hiicrelerde ve makrofajlarda 
proinflarnatuar transkripsiyon faktiirii NF-kB'yi aktive etm'esidir [93] 
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TRAIL 
TRAIL, kisa stire once iki baglmslz grup tarafmdan tanlmlanan bir ba~ka TNF 

ailesi tiyesidir [94, 95].. Amino asit dizisi TNF-a'ya %23, Fas-liganda ise %28 
benzerlik gosteren TRAIL' m ke~fi, olUm ligantlarmm kanser gen tedavisinde 
kullanlmmda yeni bir devrin ba~langlcl olarak kabul edilmektedir [96], ytinkti 
TRAIL'm ttimor hticrelerinde apoptozisi indtikIedigi, aneak normal hticrelerde 
apoptotik etki gostermedigi bildirilmi~tir [97]. TRAIL' m baglanabildigi be~ fiukh 
reseptOr bulimmaktadn; TRAIL-RI, TRAIL-R2, TRAIL-R3, TRAIL-R4 ve 
osteoprotegrin [98, 99] TRAIL-RI ve TRAIL-R2 iilUm reseptOrieri olarak gorev 
yapar TRAIL bu reseptiiriere baglandlgmda apoptotik htiere olUmti indtiklenir. 
TRAIL-R3, TRAIL-R4 ve osteoprotegrin ise yalanel reseptiir olarak tanlmlann 
TRAIL bu reseptOrlere baglanabilmesine ragmen apoptotik hticre yolu indtiklenmez 
[100] ($ekil 212) 

(TRl) (TR-ll 

[lR4 DRS 

(YR-3) (rR4} 

DcRl DcR2 

OPG 

o sisteince Zengin birim 

IOlilln birimi 

~ekil 2 . .12 .. TRAIL reseptorlerinin 1ematik g6sterimi HUcre yUzeyindeki sisteince zengin birimler 
renkli oval ~ekillerle gosterilmi~tir [101] 

TRAIL, TR-I veya TR-2 oltim reseptorlerine baglandlgmda, hticrede dl~ 

apoptotik yol aktive olU! [102]. TRAIL'm baglanmasl ile TR-I ve TR-2, iilUm birimi 
iyeren adaptOr molektil Fas-Associated Death Domain-containing adaptor molecule 
(FADD) aracliIglyla, apoptozisi ba~latJcl kaspazlar olan kaspaz 8 veya kaspaz lO'u 
reseptOre yekerek aktive eder .. Kaspaz 8 ve kaspaz 10 ise, hticrenin apoptotik 
iilUmtinti saglayan efektOr kaspazlan, yani kaspaz 3, 6, ve 7'yi aktive eder. Bazl 
kanser htiere hatlannda, kaspaz 3'lin TRAIL araclh aktivasyonu, iy apoptotik yolun 
da indtiklenmesi ile artar [103-105]. Bu durumda, kaspaz 8 veya kaspaz 10, bir pro­
apoptotik Bcl-2 ailesi tiyesi olan Bid molektiltinti knarak aktive eder. Aktive olaj;l' 
Bid molektilti, Bax ve Bak molektilleri ile etkile~ime girerek, mitokondriden 
sitokrom c ve Smac/Diablo'nun sahnmaSllll saglar. Sitokrom c, Apaf~1 ile birlikte, 
ba~latlcl proteaz kaspaz 9'u aktive eder Kaspaz 9, kaspaz 3, 6, ve Tnin 
aktivasyonunu saglayan diger bir kaspazdn SmaclDiablo, Inhibitor of Apoptosis 
Protein (lAP) molektillerine baglanlr. Bu baglanma, IAP'lerin kaspaz 3'e 
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baglanmasrm engeller. Dolayrsryla kaspaz 3 'tin aktif dururnunun devarm saglanmr~ 
olU! ($ekil 2. 13) [106]. 

D1~ apoptotik); 01 

Af",2lJT RAI L 

DcR1 C..;R2 --i t . 
DR4 DRS It; Cmitokondriyel) apoptotik Y01 
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Kaspaz,8~. 10 Srtok~m c 
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Kaspaz 3 6 7 1----- L4P 

t 
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~ekil 2.13. TRAIL taIafmdan indiiklenen i9 ve dl~ apoptotik yollar [106] 

TRAIL'm tumore kaI~r fonksiyon goren bir ajan olarak aktivitesi kabul gormu~ 
olsa da, normal fizyolojik ~artlaIdaki fonksiyonu taIn olaIak ayrga yrkanlaInaInr~tlI 
[101]. TRAIL'm sitotoksik CD4+ T lenfositleri taIafmdan geryekle~tirilen hedef 
hilcre eliminasyon mekanizmasmda rol aldrgma dair bulgular mevcuttur Aynca 
TRAIL'm natural killer (NK) hilcreler ve makrofajlar taIafmdan ti.imor hilcrelerinin 
oldilrillmesinde de gorev aldrgr dil~tinillmektedir [106]. TRAIL knockout fiuelerle 
yaprlan yah~malar, TRAIL'm NK hilcreleri taIaflndan geryekle~tirilen ti.irnoral 
immun taraInada rolil oldugunu onaylamaktadn [107-109]. Aynca, kanser 
hastalaIllldan alman tilmor hucrelerinde makrofajlaIm aktive oldugu, ve aktive olan 
makrofajlarm TRAIL sentezini indi.ikledikleri gosterilmi~tir. Bu makrofajlarm aynca 
ti.imor hilcresi yiizeyinde TR-I ve TR-2 alilm reseptorlerinin sentezini aItmcr 
molekillier salgrladrklan bildirilmi~tir [110]. 

TRAIL'm biryok transforme hilcre hattmda apoptozisi indiiklemesine ragmen, 
normal dokulaIda apoptotik etki gostermemesi, sistemik kullanrmrm giindeme 
getirmi~tir [97]. TRAIL'm yaziilebilir formu hayvan modellerinde test edilmi~ ve 
sistemik kullamm sonucu herhangi bir toksisite gorillmemi~tir Ancak, tilmor 
bilyilmesini engellemek iyin yilksek miktaIlaIda yoziilebilir TRAIL kullamlmasr 
gerekmektedir <;:ozillebilir TRAIL proteinine alternatif olarak ise, TRAIL'r kodlayan 
replikasyon defektif bir adenoviral vektor ilretilmi~tir [lll]. Adenoviral vektOr1erin, 
dil~ilk titrelerinin dahi h TRAIL geni ta~ryan yok sayrda enfeksiyaz adenoviral vekt& 
iyerdigi, bu nedenle in vivo yah~malaIda lokal uygulaInasmm da avantajh olacagr 
bildirilmi~tir [112]. Geli~tirilen Ad5hTRAIL vektOrtinde Cytomegalovirus (CMV) 
promotoru kullanrlmr~tll CMV promotoru, giiylil ve silrekli ekspresyon saglaI. Bu 
p:omotorun kullamml, TRAIL proteininin lokal konsantrasyonunu aItnmak iyin ek 
blr mekanizma gorevi gormektedir [112] 
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C;:ozUlebilir TRAIL ve Ad5h TRAIL ile ve~itli hUcre hatlannda birvok vall~ma 
geryekle~tirilmi~tir. Ornegin TRAIL'a duyarh prostat tumor hUcrelerine Ad5hTRAIL 
enfeksiyonunun, Kaspaz 8 araclh apoptozisi indiikledigi gosterilmi~tir [112]. Normal 
prostat epitel hUcreleri ise Ad5h TRAIL uygularnasl sonucu apoptotik oliime 
gitmemi~tir. Bir ba~ka yall~mada, sekiz prostat kanser hUcre hattI (CWR22Rvl, 
DU145, DuPro, ICA1, LNCaP, PC3, PPCI, ve TsuPrl) ve normal prostat epitel 
hUcrelerinin primer kUltiirlerinde (PrEC), yozUlebilir TRAIL'm etkisi ara~tlI1lml~tll 
[1l3]. Bu vah~mada 100 ng/ml yOziilebilir TRAIL uygularnasmm, DU145, DuPro, 
LNCaP, T suPrl, ve PrEC hiicrelerinde apoptozisi indiiklemedigi gosterilmi~tir 

Bunun yanmda, kemoterapotik ajan doksorubisin kullaIllldlgmda hemen hemen tum 
hiicreler TRAIL araclh apoptozise duyarh hale gelmi~tir.. Ote yandan, TRAIL 
geninin biitiinUnii kodlayan bir adenoviral vektor (AdTRAIL-IRES-GFP), 
doksorubisin uygularnasl olmakslzm prostat kanser hiicrelerini ve aym zarnanda 
beklenmedik bir ~ekilde PrEC hiicrelerini de oldiirmii~tiir [113] Bu yah~ma, doku 
spesifik promotodarla birlikte kullanIldrgmda AdTRAIL-IRES-GFP gen tedavi 
yakla~lmmm prostat kanserinin tedavisinde yararh olacaglm gostermi~tiL Ancak bazl 
prostat kanser hiicrelerinin TRAIL'a direnvli oldugu gozlenmi~tir [114]. Orne gin bir 
yall~mada, ALVA3l, PC3, ve DUl45 hiicre hatlarlmn TRAIL aracIlI apoptozise 
yiiksek derecede duyarh oldugu, TSUPrl ve ICAI hUcre hatlarlmn ise orta derecede 
duyarh oldugu, LNCaP hUcrelerinin ise direnyli oldugu bildirilmi~tir [1l4]. Aktif 
lipid fosfataz PTEN'in yokluguna bagh olarak, LNCaP hiicrelerinin sii::ekli hiicre iyi 
Akt aktivitesi gosterdigi bildirilmi~tir. Akt, fosfatidilinositol (PI)3 kinazl Akt hiicresel 
yolunun negatif regiilatoriidiiL PB-kinaz inhibitorlerinin, LNCaP prostat kanser 
hiicrelerini TRAIL'a duyarh hale getirdigi bildirilmi~tir Aynca, siirekli olarak aktif 
Akt kodlayan adenoviri.islerle enfeksiyonun, wortmarmin ajanmm TRAIL araclh Bid 
aktivasyonunu giiylendirme yetenegini engelledigi bildirilmi~tir Bu dUlUm, hi.icre iyi 
sUrekli Akt aktivitesinin TRAIL araclh apoptozisi inhibe ettigini gostermi~tir [114] 

TRAIL'm etkisinin vah~lldlgl biryok ba~arlh in vitro yall~maya dayanarak 
Walczak ve ark., TRAIL'm kullaIllldlgl ilk in vivo vall~maYl geryekle~tirmi~tir 

C;:ah~mada, MDA-23 1 meme kanser hi.icreleri enjekte edilmi~ scm farelere 500 flg 
insan TRAIL proteini ve 1 mg Slyan TRAIL proteini intravenoz olarak verilmi~tir 
Deney sonucunda fare canhhgl, doku biitiinliigii ve kan saylml aylsmdan onemli 
diizeyde toksisite goriilmemi~tir. Bunun yanmda, enjeksiyondan 9-12 saat soma 
tiimor ta~lyan bolgelerde TRAIL'm indiikledigi apoptotik oliim aylkya 
gorUlebilmi~tir [115]. Bir ba~ka yah~mada, maymunlarda telaarh TRAIL sistemik 
uygulamasmm, klinik ve histopatolojik testlerde belirlenebilir dtizeyde bir 
degi~iklige yol aymadlgl bildirilmi~tir [116] 

Prostat Kanseri Hiicrelerinde Giizlenen TRAIL Dilen~liligi 
TRAIL mRNA'smm, lenfositler, dalak, prostat, over, kolon, ve plasenta gibi yok 

ye~itli hUcre ve dokularda siirekli olarak sentezlendigi gosterilmi~tir [94]. Bu dUlum, 
biryok normal hUcle tipini ozellikle TRAIL aracIll apoptozisten koruyucu fizyolojik 
mekanizmalann varhgma i~arettir Oysa TNF, lymphotoxin-a, ve FasL gibi diger 
TNF ailesi Uyelerinin sentezleri, normal hUcreler tizerinde toksik ~tki 

gosterebileceklerinden dolaYI slkl bir legUlasyona tabidir. Normal hUcrelerde gorUlen 
TRAIL'a direnylilik mekanizmasl henUz tarn olarak aylga ylkanlarnadlgl gibi, son 
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Yillalda yapllan yah~malar, bazl pIOstat kanser hucrelerinin TRAIL' a diIenyli 
oldugunu gostermi~tiL TRAIL amclh apoptozisin ve direnyliligin mekanizmasl, 
Sekil 2 .. 14'te gosterilmi~tiI Hucrelerde TRAIL'a direnyliligi aylklamak tizere iki 
fiukh hipotez geli~tirilmi~tir. ilk hipoteze gore, nOImal hucrelerde olum reseptorleli 
(TRAIL-Rl ve TRAIL-R2) ile rekabete giren yalancl reseptorier (TRAIL-R3 ve 
TRAIL-R4) bulunur, ve bu reseptoIler olUm Ieseptorierine baglanabilecek TRAIL 
ligantlarmm saYlSlm du~urerek veya hucre iyi anti-apoptotik yollarl aktive ederek 
(TRAIL-R4) TRAIL'a direnylilik saglar [117, 118].. TRAIL-R4 baglarrmasl, anti­
apoptotik NF-kB sinyal yolunu aktive edeI [119].. Aynca, kanseI hiicrelerinde 
yalancl reseptorierin sentezinin promotOI hipermetilasyonu sonucu azaldlgl 
gosterilmi~tir [120]. Bu durum, kanser hUcrelerinde TRAIL'a fiukh duyarhhklara 
sebep olur. Ancak TRAIL direnyliligi ile yalancl Iesept6r sentezleri arasmda kesin 
bir ili~ki kurulamarm~tlI [97]. Aynca, TRAIL-Rl ve TRAIL-R'2 gibi oliim 
resept6rlerinin de NF-kB yolunu stimiile edebildigi gosteIilmi~tir [121, 122]. Bu 
bulgular l~lgmda, anti-apoptotik yollarm indiiksiyonuna ragmen hiicrelerin 
apoptozise gitme nedeni tarn olarak anla~Iiarnarnl~tIr funci hipotez, TRAIL' a 
direnyli hiicrelerde apoptozisi inhibe edici molekiillerin sentezinin arttlglll 
savunmaktadu. Bu hipotez ile ili~kili olarak, biI kaspaz 8 homologu olan c-FLIP'in 
(cellular FLICE InhibitOIY Protein) TRAIL olUm ligantlarl araclhglyla ger<;ekle~en 
apoptozisi engelledigi gosterilmi~tiI [123]. Aynca NF-kB aktive edici ajanlarm c­
FLIP sentezml artndlgl gosterilmi~tir [124] Bunun yanmda, NF-kB 
aktivasyonundaki artl~m, TRAIL-R3 'iin ve apoptozisi inhibe edici bir protein olan 
Bcl-xL'in sentezini artndlgl bildirilmi~tir [125, 126].. NF-kB yollarlmn, aym 
zarnanda clAP gibi apoptozis inhibitor proteinlerinin sentezini de artmcl etki 
gosterdigi bilimnektedir [127]. Bu bulgular l~lgmda, hiicre iyi aktif NF-kB sinyal 
yolunun en az dOlt fiukh yolla hiicreleri TRAIL'a dilenyli kliabilecegi gthiilmektedir 
(SekiI214) 
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AdIKKj3KA 

TRAILR3~ 

Kaspaz 8 

! '" Aktif Kaspaz 

:~L >r APOPTOZIS 1/ 
i;iekil 2 .. 14 .. Prostat kanser hUcrelerinde NF-kB sinyal yolunun bloke edilrnesi yoluyla TRAIl'a 

diren91iligi klIrnak i9in geli~tirilrni, bir gen tedavi stratejisi [128] 

TRAIL direnyliliginde rol oynadlgl dii~i.iniilen NF-kB transkripsiyon faktoIieri, 
Rei protein ailesi iiyesi molekiillerden olu~an dimeIierdir. Bu proteinler Rei homoloji 
birimleri ile karakterizedir Rei homoloji birimleri, DNA'ya baglanmada, 
dimerizasyonda ve IkB gibi inhibitOr proteinlerle etkile~imlerde gorev alII. IkB 
proteinleri, NF-kB ile fiziksel etkile~ime girererek NF-kB'nin niiklear lokalizasyon 
sinyallerini bloke eder ve NF-kB proteinlerini sitoplazmada tutar. Bu sayede, NF­
kB'nin nukleusta geyici ve kahcl seviyelerini diizenler CSeki12J5) [129-131]. Biryok 
hiicre tipinde, hiicre uygun uyar!y! alana dek NF-kB kompleksleri yogunlukla 
sitoplazmada tutulur ve transkripsiyonel olarak inaktiftir. IkB proteinleri, INF gibi 
inflamasyon indiikleyici sitokinlerin veya bakteriyellipopolisakkaritlerin etkisiyle, N 
terminal bOlgelerinde bulunan iki serin biriminden fosforillenir [129-131].. IkB 
proteinlerinin fosforilasyonu, luzh bir ~ekilde ubiquitinlenmelerine ve sonrasmda 
26S proteazomlar tarafindan paryalanmalarma yol ayar. IkB proteinlerinin proteazom 
bag!mh paryalanmas! sonucu, NF-kB serbest kahr ve spesifik hedef genlerin 
sentezini aktive etmek iizere hiicre yekirdegine gOy eder [129-131]. IkB'nin 
fosfOlilasyonunda, IkB kinaz (IKK) molekiilleri gorev alu .. Oy alt iiniteden olu~an bi! 
kompleks ~eklinde fonksiyon goren IKK kompleksinde, kinaz aktivitesinin IKKa. ve 
IKK~' dan olu~an heterodimer tarafindan geryekle~tirildigi gosterilmi~tiJ. IKKa. ve 
IKKp'ya ek olarak, IKK kompleksi ile ili~kilendirilen bir ba~ka protein, IKKy'dll 
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IKKy'nm, IKK kompleksinin ilgili sinyal yolJan ile baglantIslm kUIan bir yaplsal 
protein oldugu dii~iiniilmektedir [131-133] 

Sitokinler ROS 

~~r-

Zaranl elmenler 

;'-~ -
alltioksidanlar 
NO 

t-
~LD 

./'f proteazorn ~
• Ub W .... MnJ proteaz'le 

...... •... /' inhibit6rleri 

inaJ...1if NF-J.:B 50 
Glukokortikoidler 
estrojen NO 

;",.-.--~~----
~-~ aktifNF··k8 ~ 
, ...... 

".~.......... .....~ .. ""---:=:::::-?'" -..... ----,---_._-

r:>ekiI2.15 .. NF-kB aktivasyon ve inhibisyon yollan [134] 

Prostat Kanser Hiicrelerinde TRAIL Diren~liIigini K1rma Yiintemleri 
Kanser hiicrelerinde TRAIL direnyliligini kllmaya yiinelik olaJak, farkh 

stratejilerin kulJamldlgl biryok yah~ma geryekle~tirilmi~tir Ornegin, toksik 
seviyelerin altmda kemoterapiitik ajanlarm kulJammmm, in vitro ve in vivo TRAIL 
etkinligini artlldlgl bildirilmi~tir [103, 135-138). Bir kemoterapiitik ajan olan 
aktinomisin D'nin (Act D) BcJXL anti-apoptotik proteininin sentezini azaitaJak 
Kaposi SaJkoma hiicrelerini TRAIL aJaclh apoptozise duyarh hale getirdigi 
giisterilmi~tir [139] Yine TRAIL ve Act D'nin biriikte kullamldlgl yakla~JmlaJla, 
TRAIL' a direnyli prostat kanser hiicrelerinde TRAIL' a duyarhhk saglanmJ~tIr [140, 
141] Bu hiicrelerde Act D'nin XIAP anti-apoptotik molekiiliiniin sentezini azalttIgJ 
gosterilmi~tir Bir ba~ka kemoterapotik ajan olan etopozitin, TR-I ve TR-2 iiliim 
resepti:irierinin sentezini artllaJak meme kanseri hiicrelerinde TRAIL araclh 
apoptozisin etkinligini iinemli derecede aJtlldlgr giisterilmi~tir [142).. TRAIL'm 
kanser hiicrelerindeki etkinligini artllmak iyin kemoterapi:itik ajanlaJm yanmda ba~ka 
yakla~Jmlar da denenmi~tir Ornegin, TRAIL'm etkinliginin, IFN-y [143], y­
radyasyon [144, 145], ve siklooksigenaz inhibitiirieri [146] ile birlikte 
kulJanJidJgmda aJtJ~ giisterdigi bildirilmi~tir Bu yakla~Jmlann, genel olaJak TRAIL 
oliim reseptiirierinin ve kaspazlaJm sentezini aJtllaJak, ve lAP ailesi iiyesi 
molekiilJerin veya anti-apoptotik c-FLIP molekiiliiniin inhibisyonunu saglaYaJak 
fonksiyon giirdiigii giisterilmi~tir [106] 
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Kanser hiicrelerinde TRAIL diren<;:liligine sebep olan, ve diger bir<;:ok diren<;:lilik 
mekanizmasml da tetikledigi bilinen hiicre i<;:i NF-kB aktivitesini engelleyecek 
yakla~lmlarm da TRAIL'm etkinligini artlIacagl ileri siiriilmii~tiir [147]. NF·,kB'yi 
stimiile edici ajanlarm TRAIL-R3 yalanclreseptortintin [148], bunun yanmda Bel-xL 
[126], clAP [127], ve cFLIP [124] gibi apoptozis inhibitorlerinin sentezlerini 
artlIdlgl bildirilmi~tir Aynca, TRAIL-R4 reseptortiniin NF-kB sinyal yolunu 
indtikleyerek TRAIL amcliI hiicre oliimiinii engelledigi bildirilmi~tir [119]. Aynca 
TRAIL'm, oliim reseptOrieri (TRAIL-Rl and TRAIL-R2) aracliIglyla da NF-kB 
yolunu aktive ettigi gosterilmi~tir [121, 122] Tiim bu bulgular, NF-kB'yi inhibe 
edici yakla~lmlarm TRAIL'a diten<;:li prostat kanser hiicrelerinde TRAIL duyarhiIgl 
saglamada olduk<;:a etkin olabilecegini gostermektedil. Prostat kanser hiicrelerinde, 
NF-kB'nin regiilatOrii olan IKK molekiiltintin yiiksek aktivitesinin yiiksek NF-kB 
aktivitesine yol a<;:tJgl bilinmektedir [149]. DolaYlslyla, etkin gen transferi saglayan 
adenoviral vektOrier araclhglyla ozellikle IKK'in katalitik alt iinitelerini inhibe edici 
genlerin aktarlml, TRAIL diten<;:liligilli klImada olduk<;:a etkili olabilecek bit 
stJatejidir (Sekil 212)., Bu stratejinin, daiJa once akciger kanser hiicrelerinde TNF 
araclh apoptozise direnci klImadaki etkisi ara~tlI1lml~, ve IKKWnm dominant negatif 
mutantlm kodlayan AdIKK~KA adenoviral vektoriintin, akciger hiicrelerini ba~anh 
bir ~ekilde TNF' e duyarh hale getirdigi g6sterilmi~tir [150, 151] Bizim 
<;:ah~mamlzda, AdIKK~KA'nm TRAIL' a diren<;:li prostat kanser hUcrelerini 
TRAIL' a duyarh hale getirme potansiyelini ara~t1Illdl 
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MATERYALveMETODLAR 

3.1. Hiicre Kiiltiirii 

<;ah~mada kullamlan DU145, PC3 ve LNCaP ve 293 hiicre hatlarl, American 
Type Tissue Culture Collection' dan (ATCC) temin edildi .. DU145, PC3 ve LNCaP, 
insan ileri evre prostat kanser hiicre hatlarldlI. Hiicrelerin ozellikleri T ablo 3 I'de 
verilmi~tir 293 hticreleri, insan embriyonik bobrek hiicre hattldlI .. 293 hiicrelerinin 
genomuna, replikasyon defektif adenoviral vektorlerin iiretilebilmesi arnaclyla, 
adenoviral replikasyon iyin gerekli olan E IA geni kahcl olarak eklemni~tiL 

Tablo 3 .. 1. <;:ah~mada kullamlan prostat kanser hUerelerinin ozellikleri (A ICC). 

Hiicre Hath Kiikeni 

DUl45 insan prostat karsinoma, beyin metastazl 
PC3 insan plOstat adenokarsinoma, 4. derece 
LNCaP insan plOstat adenokarsinoma, 

metastazl 

Kullamlan So!usyon!ar': 

Tripsin-EDTA (Biological hIdustries) 
RPMI-1640 Besiyeri: 

RPMI-I640 Toz Besiyeri (Sigma) 
%10 Fetal Bovine Serum (FBS) (Biochrom KG) 
22 gil Sodyum Bikarbonat (Sigma) 
I mM L-glutarnin (Biological Industries) 
%1 penisilin-streptomisin (Biological Industries) 

lenf 

Androjen 
Baj;mhhgl 
(-) 
(-) 

nodu (+) 

Besiyerinin hazllianmasl iyin, toz RPMI-1640 besiyeri 900 ml bidistile suda 
yoztildil. Daha soma yozi.ilmil~ besiyeri ilzerine 63 ml daha bidistile su eklendi. 
Besiyerinin pH'sl HCI ile pH4'e ayarlandl ve 121°C'de 15 dakika otoklavlandl. 
Otoklavlama somasl besiyeri soguduktan soma ilzerine 26..7 ml Na Bikarbonat, 
10,25 ml L-Glutarnin, II ml Penisilin-Streptomisin, ve 110 ml FBS eklendi .. 
Hazllianan besiyeri +4°C'de saklandl 

Hiicreler, 100 mm hilcre ktiltiirii kaplannda (Sarstedt) RPMI-1640 besiyeri 
iyinde, 37°C slcakhk ve %5 C02' Ii nemli OItarnda ilretildi 
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,3.2. Rckombinant Adcnoviral VcktiirIcrin i'rr'ctimi 

Kullamlan Solusyonlar: 

RPMI-1640: 
3 I' de tammlandlgl gibi hazulandl 

1 M Tris-CI (Amrcseo): 
24,2 g Iris 160 ml distile H20'da (dH20) yoztildii <'::ozelti dH20 ile 200 ml'ye 

tamamlandl Solusyonun pH'SI HCI ile pH 8'e ayarlandl" Otoklavlana!ak steril hale 
getirildi ve +4 0C' de saklandl 

10 mM Tris-Cl (Amrcseo): 
I M Iris-Cl'den 7,5 ml almarak solusyon dH20 ile 750 ml'ye tamamlandl. 

Otoklavlanarak steril hale getirildi ve +4°C'de saklandL 

Yogun CsCI Solusyonu (V-CsCI) (Gibeo BRL): 
42,3 g CsCl, 57,77 mIlO mM Iris-CI iyinde yoziildii Solusyonun pH'SI pH 

8'e ayadandl, Otoklavlanarak steril hale getirildi ve +4°C'de saklandL 

Hafif CsCl Solusyonu (H-CsCI) (Gibeo BRL): 
22,39 g CsCl, 77,61 milO mM Iris-Cl iyinde yoziildii Solusyonun pH'SI, 

pH 8'e ayarlandl Otoklavlanarak steril hale getirildi ve +4°C'de saklandl 

Birinci generasyon adenoviral vektOrlerde, adenoviral proliferas}onu saglayan 
ElA geni ylkarllml~tlI, Bu nedenle, adenoviral vektOrlerin iiretimi iyin, genomlarma 
replikasyon iyin gerekli viral EIA geni kal!Cl olarak eklenmi~ olan 293 saYll! insan 
embriyonik bobrek hiicre hatt! kullanlldl 

3.2.1. insan 293 Hiier'clerinin Enfeksiyonu 

insan 293 hiicreleri, RPMI-1640 besiyerinde toplam 40 adet ISO mm'lik doku 
kiiltiirii kabml kaplayacak ~ekilde iiretildi, ve hiicreler %80 yogunluga ula~t!gmda 
serUIDSUZ besiyeri ortammda viriis enfeksiyonu geryekle~tirildi, Enfeksiyondan iki 
saat soma hiicrelere mevcut besiyeri miktarl kadar (10 ml) %20 FBS iyeren besiyeri 
eklenerek, besiyeri iyindeki serum konsantrasyonu %IO'a ylkanldl Hiicrelerde 
sitopatik etki belirgin hale geldiginde (enfeksiyondan yakla~lk 30 saat soma), 
adenoviral vektOderi iyeren hiicreler toplandl ve 250 ml'lik steril tiiplere aktanldL 
Hiicreler 4oC'de 4000 rpm' de 10 dakika santrifuj edildi,. Santrifiij somaSI dokelti 
atlldl ve hiicreler 10 mM Iris-Cl iyinde, her ISO mm'lik kap i9in 0,5 ml olacak 
~ekilde yoziildii 

3.2.2. Adenoviriis Piirifikasyonu 

Adenoviriisleri hiicrelerden ylkarabilmek iyin omekler 3 kez etil alkol-kuru buz 
~amasmdan geyirilip hlZI! donma-yoziinme i~lemine tabi tutuldu Lizatlar 3000 
rpm' de 10 dakika santifiij edildi ve dokeltiler toplandl Ultrasantrifiij tiiplerine 10 ml 
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Y -CsCI koyuldu ve iizerine 10 ml H-CsCI eklendi.. En iiste viral dokelti konuldu ve 
ornekler Beckman SW28 rotoru ile 20,000 rpm'de, 4oC'de, 12 saat santifiij edildi 
Viral bantlar bir tUpe ~lIlnga yardlIll1 ile toplandl ve miktarl, 10 mM'11k T ris-Cl, 
pH 8.1 ile 4 ml 'ye (,akarlldl. I emiz bir ultrasantrifiij tUpiine 4ml Y -CsCI ve 4 ml 
H-CsCI konup iizerine sulandlIllml~ viriis bandl yiiklendi.. Bu tUpler SW41 rotoruna 
yiiklenerek 20,000 rpm'de 4°C' de, 4 saat santrifiij edildi. Santifl\j somaSI viral 
bantlar izole edildi ve konsantrasyonlarl spektrofotometrik A260 okuma ile belirIendi 
Viral vektorIerin ortalama titreleri, 1013 DNA partikiilii1ml idi. Fonksiyonel titreler 
ise 293 hiicrelerinde plak titreleme yoluyla olyiildii Partikiil/plak olu~turan birim 
oranl tipik olarak 50'ye e~itti.. Ad5hIRAIL [112], AdIKKI3KA [151], AdEGFP 
[150], AdCMVLacZ [152] ve AdNFkBLuc [151] adenoviral stoklarl, yukarlda 
tanlmlandlgl ~ekilde hazlIlandl ve lOmM Iris, %20 gliserol iyinde -80°C'de 
saklandl. 

3.3. Prostat Kanser Hiicrelerinin Rekombinant Adenoviral VektijrIer He 
Transdiiksiyonu 

<;:a11~mada kullanIlan adenoviral vektorlerin ozellikleri Tablo 3.2.. 'de verilmi~tir 

Tablo 3 . .2 .. C;ah~mada kullamlan adenoviral vektor lerin ozellikleri 

Adenoviral VektOr Ozelligi -

Ad5hTRAIL insan TRAIL genini kodlayan vektor 
AdIKKf3KA IKKf3'nm dominant negatifmutanlIm kodlayan vektor 
AdEGFP Ye~il floresan veren 'Enhanced Green Fluorescence Protein' 

kodlayan vekWr 
AdCMVLacZ Beta galaktosidaz geni ta~lyan, kontrol amayh kullamlan 

adenoviral vektor 
AdLucNFkB NF-kB araclh transiaipsiyonel indliksiyonu 6lymek iyin lusiferaz 

belirtey genini kodlayan vektiir 

Kullamlan Solusyonlar: 

Iripsin-EDIA (Biological Industries) 
Fotal Bovine Serumlu (FBS) ve FBS'siz RPMI-1640 besiyeri: 

3..1 'de tammlandlgl gibi, %10 serumlu, %20 serumlu, ve serumsuz olarak 
hazulandl 

Prostat kanser hiicre hatlan DU145, PC3, ve LNCaP, RPMI 1640 besiyerinde 
iiretildi. Hiicreler, Enhanced Green Fluorescent Protein (EGFP) reporter geni 
(AdEGFP) sentez eden adenoviral vektiirIerin artan konsantrasyonlan ile (0, 100, , 
500, 1000, 5000, ve 10000 MOl), 37"C'de FBS'siz RPMI 1640 besi ortaml iyinde 
enfekte edildi. Doku kiiltiirii besi ortammdaki serum konsantrasyonu, enfeksiyondan 
iki saat soma %20 FBS konularak %1O'a ylkanldl Iransdiiksiyon seviyesi, 
enfeksiyondan 48 saat soma floresan mikroskop altmda ve somasmdaakl~ 
sitometrisi ile EGFP( +) hiicrelerin oranma bakIlarak belirlendi. Prostat kanser 
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hiicrelerinde h TRAIL proteininin sentezini artumak iyin Ad5hIRAIL vektOrii 
kullamldl IKK aktivitesini ve bu yolla NF-kB aktivasyonunu bloke etmek iyin, kinaz 
inaktif IKKP kodlayan adenoviral vektorlerden (AdIKKPKA), tek ba~ma ve 
Ad5hTRAIL ile birlikte enfeksiyon deneylerinde yararlaruldl. Dominant negatif 
IKKP (IKKPKA) sentezi, diger IKK alt iiniteleri ile etkile~ime girerek fonksiyonel 
olarak inaktif IKK kompleksleri Olu~tulUl Iransktipsiyon aktivasyon deneyleri, 
lusiferaz reporter genine takth NF-kB regillatiir bolgelerini ta~lyan AdNFkBLuc 
vektorleri araclhglyla geryekle~tirildi Deneylerde kontrol arnayh olarak hiicreler 
AdCMVLacZ virlisti ile enfekte edildi 

.3..4. NF -kB Transkripsiyon Aktivasyon Deneyleri 

Kullamlan Kit: 
Luciferase Assay System with Reporter Lysis Buffer (Promega) 

Kullamlan Solusyonlar: 

Radioimmunoprecipitation (RIPA) Tamponu: 
100 mllXPBS 
I ml NP-40 (%1) 
I ml %10 SDS (%0 .. 01) 

Prostat kanser hticrelerinin NF-kB aktivasyon durumlanill belirlemek i9in 
AdNFkBLuc vektorleri kullanrldr AdNFkBLuc vektortinde, HSV virtistine ait 
timidin kinaz geninin TAr A-benzeri promotolU ve bu promotor a biti~ik olarak, 4 
kopya ortak NF -kB baglanma dizisini bulunmaktadrL Bu promotor, bir ate~ biicegi 
(Photinus pyra/is) lusiferaz belirtey geninin sentezini saglarnaktadn. Endojen NF-kB 
proteinlerinin kappa enhancer birimine baglanmasr ile transktipsiyon indtiklenir. 
Deneysel a~arnalarda ilk olarak, 35 mm'lik doku ktiltUrti kaplarmda (Corning) 
tiretilen hticreler 5000 MOl AdNFkBLuc virtisti ile enfekte edildi.. Viral 
enfeksiyondan 24 saat soma, RIP A tarnponu kullanrlarak hticre lizatlarl hazlliandi. 
Bunun iyin, hticreler once lXPBS ile yrkandl Uzerlerine 0,5 ml RlPA taruponu 
eklendi Doku killttirti kabr, +4°C'de 15 dakika sallanarak inktibe edildi. Kalk311 
hticreler 1,5 ml'lik mikto santrifiij tUptine aktarlldr ve 45 dakika buzda tutuldu Daha 
soma 15000 rpm'de 10 dakika santrifiij edildi Bu i~lem sonunda toplarn hticre 
lizatmr iyeren dokelti, temiz bir tlipe aktarrldl Hticre lizatlarmdaki protein 
konsantrasyonlarl, kolorimetrik Bradford Deneyi ile belirlendi [153].. Lusiferaz 
deney sistemi kullanrlarak, bu lizatlarda TRAIL varhgmda ve yoklugunda NF -kB 
aracrlr transktipsiyonel indtiksiyon olyilldti.. Olytimlerde Perkin-Elmer LSB50 
luminometre cihazmdan yararlamldr Analiz a~arnasmda standart egn 
olu~tulUlmasmda BSA protein miktarlarr kullanrldl. Lusiferaz aktivitesine yonelik. 
tUm olytimler (RLU, Relative Light Unit = Rolatif I~rk Unitesi), plOteirl 
konsantrasyonlarma normalize edildi 

3.5. Hiicre Canhhk Oranlannm Belirlenmesi 

Kullamlan Kit: 
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Cellular Viability and Cytotoxicity Kit (Eugene, OR) 

Farkl! i~lemler sonrasmda olii hiicrelerin canl! hiicrelerden aylIt edilebilmesi iyin 
hiicre canl!l!k deneyi uygulandL Bu deneyde, hiicre iyi kalsein esteraz iyin bir 
florojenik substrat olan Calsein AM, yalmzca canl! hiicrelerde, ye~il floresan veren 
bir bile~ige (kalsein) donii~iir Sadece membran biitiinliigii bozulmarm~ olan canlt 
hiicreler aktif esteraz iyerdiginden, kalseinin florometrik metodlarla belirlenmesi 
canl! hiicreler iyin bir belirtey gorevi goriir. Etidium homodimer-l (EthD-l), 
biitiinliigii bozulmarm~ hiicre membranlarmdan geyemeyen bir knmlzl floresan 
niikleik asit boyasldlL Membran biitiinliigii bozulmaml~ hiicreler EthD-I'i dl~aI1 
verirken, hasarl! membrarn olan hiicreler boyaYI ahr ve pozitif boyann .. Deneyde, 
hiicreler PBS i9inde EthD-I ve Calsein AM solusyonlan ile 50 dakika inkiibasyona 
bnakridl ve floresan mikroskop altmda canh/Olii hiicre OIanma baklldl. 

3.6. ins an TRAIL Reseptorleri i~in Kantitatif Ger~ek Zamanh RT -peR 

3.6.1. Total RNA izolasyonu 

Kullamlan Solusyonlar: 
IRIzol Reagent (Life I echnologies, Gaithersburg, MD) 
Kloroform (Sigma) 
izopropanol(Sigma) 
%75 Etanol 
steril dH20 

100 mm yaph doku kiiltiirii kaplannda yakla~lk 5-6 milyon hiicre olacak ~ekilde 
iiretilen prostat kanser hiicreleri Uzerine, 1 ml IRIzol Reagent eklendi IRIzol 
ajamnm eklenmesinden soma kendiliginden doku kiiltiirii kablmn yiizeyinden kalkan 
hiicreler, lizat halinde kiiltiir kaplarmdan toplandl.. Toplanan hiicreler homojen hale 
getirilip oda ISlsmda 5 dakika bekletildi ve iizerine 0,2 ml kloroform eklendi .. 
Omekler 13,000 rpm, 4°C'de 15 dakika santdfiij edildikten soma ii9 fillklt fiiza 
aynldl. En iistteki RNA fazl temiz bir tiipe aktarlldr, ve iizerine 0,5 ml izopropanol 
eklendi. On dakika oda ISlsmda inkiibasyon somasmda, 13,000 rpm, 4°C' de 10 
dakika santrifUj edildi. Dokelti uzakla~tlI1ldl ve 1 ml %75 etanol eklendikten soma 
tekrar 13,000 rpm, 4°C'de 5 dakika santrifUj edildi .. Olu~an RNA 90keltisi 10 dakika 
oda ISlsmda kurutuldu <;:okeltiye uygun miktarda stedl dHzO eklendi ve 90ziilmesi 
iyin 15 dakika 56°C su banyosunda tutuldu. Spektrofotometrede ODZ6o/OD280 degeri 
ol9iildii ve konsantrasyonu belirlendi 

3.6.2. eDNA Eldesi 

Kullamlan Kit: 
I aqMan Reverse I ranscription Reagents (Applied Biosystems) 

Kit ir;:erigi 
lOX Reverse Iranskripsiyon Iamponu, MgCIz (25 mM), lOX Random Hexamer 
(50 mM, 5nmol), Multiscribe Reverse Iranskriptaz (50 U/J-lI), RNaz inhibitOrii, 
niikleaz iyermeyen dH20 

27 



eDNA reaksiyonu: 
lOX Reverse T ranskripsiyon I amponu 
MgCb 
dNTP'ler 
lOX Random Hexamer 
RNaz inhibitoru 
MultiScribe Reverse I ranskriptaz 
Niikleaz iyermeyen dH20 
RNA 

5 III 
11 III 

2.5 III 
2.5 III 

3 III 
125 III 

14 . .75 III 
21lg 

Yukanda belirtilen oranlarda kan~tlIllan iyerikier, Applied Biosystems marka 
Geryek Zamanl! RT-PCR aletinde 25°C' de 10 dakika, ve 48°C' de 60 dakika RT-PCR 
reaksiyonuna tabi tutuldu 

3.6.3. TaqMan peR Reaksiyonu 

Kullamlan Solusyonlar: 
Universal Master Mix (UMM) (Applied Biosystems) 

IRAILRI ve IRAILR2 oliim reseptOrleri iyin Geryek Zamanl! Kantitatif RI­
PCR primer ve problarlmn tasarlml, bir intron iyerecek ~ekilde, daba onceden 
yaYlmlanml~ IRAIL sekanslarma bakllarak (Human Genome Project BAC clone 
RPII-1149023 ve RPRPII-875011) yapllml~tJ [154]. Ancak IRAIL-R3 ve IRAIL­
R4 yalancl reseptOrierinin Geryek Zamanh Kantitatif PCR iyin primer ve plOb 
dizileri heniiz yaymlanmadlgmdan, bu reseptOriere ait primer ve problar da yukanda 
belirtildigi ~ekilde tasariandL IRAIL reseptorierine ait tiim primer ve problann 
dizileri, a~aglda verilmi~tiL Reaksiyonda iy kontrol olarak, ikinei bir floresan boya 
bagh olan rRNA primer ve problarl kullamldL Boyleee IRAIL reseptorierinin ve 
rRNA'nm aym reaksiyon iyinde analizi saglandL I aqMan PCR reaksiyonunda, 250 
ng eDNA kahbl, 12,5 III 2XUMM, ve 0,5'er III primer ve prob kullamlarak hem 
TRAIL reseptorierinin hem de rRNA'nm mesaj miktar! aym anda beliIlendi. rRNA 
primer ve problan PE Applied Biosystems firmasmdan satm almdl 

TRAIL reseptorierine ait primer ve prob dizileI'i: 

TRAILRl-S'IGI-ACG-CCC-TGG-AGT-GAC-AI, 
TRAILRI-.3' CAC-CAA-CAG-CAA-CGG-AAC-AA, 
TRAIL RI Probe: 5'-6FAM-IGICCACAAAGAAICAGGCAAIGGACAIAAI­
TAMRA-3'; 
TRAILR2-S' CAC- I CA -C I G-GAA -I GA -CC I -CC I -I I , 
TRAILR2-3' GIG-CAG-GGA-CII-AGC-ICC-ACI-I, 
TRAIL R2 Probe: 5'-6FAM-ICACACCIGGTGCAGCGCAAGCAG-IAMRA-3'; 
TRAILR3-S' CCC-I AA -AGI -I CG- I CGI CG- I CA -T, 
TRAILR3-3' GGG-CAG- IGG- I GG-CAG-AG I -A, 
TRAIL R3 Probe: 5'6FAM-ICGCGGICCIGCIGCCAGICCIAGC-IAMRA 3'; 
TRAILR4-S' ACA-GAG-GCG-CAG-CC I -CAA , 
TRAILR4-3' ACG-GGI-IAC-AGG-CTCCAG-IAI-AII, 
TRAIL R4 Probe: 5' 6FAMAGGAGGAGIGICCAGCAGGAICICAIAGAIC­
TAMRA3' 
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T aqMan PCR reaksiyonu, yukanda belirtilen primer ve problar kUllanJlarak, 
a~aglda belirtilen ~artlarda Applied Biosystems marka Gel/;ek ZarnarJ!1 RT-PCR 
cihazl ile geryekle~tirildi: 

I) 50°C'de 2 dakika (I dongii) 
2) 95°C' de 10 dakika (I dongii) 
3) 95°C' de 15 saniye + 60°C I dakika (40 dongii) 

Analiz a~arnasmda kullanllacak standart egrinin olu~turulmasl iyin, ribozomal 
RNA'dan tiireyen klonlanml~ cDNA fragmenti kullaruldl TRAIL reseptOrlerinin 
oranlarl, Ll.LI.Ct metodu kullarularak hesaplandL 

3.7. Anneksin V Boyama 

Kullamlan Solusyonlar: 

1M NaCI (Riedel-de Haen) : 
5,844 g NaCI tartllarak, steril dH20 ile 100 ml'ye tarnarnlandl +4°C'de 

saklandl. 

1M CaCh (Sigma): 
14,702 g CaCh tartllarak, steril dH20 ile 100 ml'ye tamarnlandl +4°C'de 

saklandL 

HEPES (Amresco): 
26,030 g HEPES tartJlarak, steril dH20 ile 100 ml'ye tarnarnlandL +4°C'de 

saklandl 

Anneksin V Baglanma Tamponu: 
Stok solusyonlardan 140 mM NaC!, 2,5 mM CaCh, ve 10 mM HEPES, 100 ml 

steril dH20 iyinde karl~tJI1larak hazlIlandl +4°C'de saklandL 

Propidium Iodide (PI) (Sigma): 
1 mg/ml stok solusyondan 20 ~l allmp 980 ~I IXPBS iyinde yoziilerek son 

konsantrasyonu 20 ~g/ml olacak ~ekilde hazlIlandl +4°C'de saklandl 

Apoptozis olarak bilinen prograrnh hiicre oliimii, bir dizi hucresel morfolojik 
degi~iklik ile karakterizedir Apoptozisin en erken i~aretlerinden biri, plazma 
membramnda meydana gelen degi~ikliklerdiI. Apoptozis siireci slIasmda, bir 
membran fosfolipidi olan fosfatidilserin (FS), plazma membrammn iy klsmmdan dl~ 
klsmma donerek dl~ OItarna sunulur.. Anneksin V, Ca2+ baglmh bir fosfolipid 
baglaYlcl proteindir (35-36 kDa).. FS iyin ytiksek afinitesi olmasl nedeniyle, Mcre 
ytizeyinde FS sunulan erken apoptotik hiicrelere baglann. FS translokasyonu 
apoptozisin erken evrelerinde geryekle~tiginden, Anneksin V boyama, DNA 
fragmentasyonu gibi daha gey evrede geryekle~en degi~ikliklere dayah olan 
deneylere gore apoptozisi daha erken bir evrede belirleyebilir <;:all~marnlzda, insan 
Anneksin V proteinine kar~1 FIIC taklh fare monoklonal antikoIU (Alexis 
Biochemicals) kullamldl blii hiicrelerin erken apoptotik hiicrelerden aYlIt " 
edilebilmesi i9in, sadece olii hucreleri boyayan PI boyasl kullamldl Anneksin V 
baglanmasl ve PI boyama, akl~ sitometrisi ile izlendi ve apoptotik hucrelerin oranlarl 
yazlhm programl yardlmlyla belirlendi. 

. Bunun iyin, daha once uygun vektorlerle enfekte edilmi~ hiicreler tripsinizasyon 
lIe kaldmhp 14 ml'lik Falkon tiiplerine toplandl ve IXPBS ile Ylkandl 1600 rpm'de 
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5 dakika santriflij gergekle~tirildi. <;:okeltiler iizerine 195 /-LI Anneksin V baglanma 
tamponu ve 5 /-LI Anneksin V-FIIC monoklonal antikoru kondu. 15 dakika karanhkta 
inkiibasyon somasl yine 1600 rpm'de 5 dakika santriflij edildi ve 90kelti 190 /-LI 
anneksin V baglanma tamponunda 90ziildii. AI(!~ sitometrisi ile analiz oncesi 20 
/-Lg/ml PI boyasl eklendi ve analiz gergekle~tirildi. 

3.8. AkI~ Sitometrisi 

Kullandan Solusyonlar: 

lX AkI~ Sitometri Tamponu: 
O,IS g Na Azid (Sigma), 0,5 g Bovine Serum Albumin (BSA) (Sigma), O,IS g 

Na Bikarbonat (Sigma) tartllarak 500 mIIXPBS'te 9oziildii .. +4°C'de saklandL 

ileri eYre prostat kanser hiicreleri, 24 kuyucuklu doku kiiltiirii kaplarma, 
ortalama 2,5x105 hiicre/kuyucuk olacak ~ekilde ekildi. Bu hiicreler ertesi giin 
AdEGFP reporter vektiirii ile enfekte edildi. Enfeksiyondan 4S saat soma hiicreler 
tnpsmlze edildi ve santrifligasyon somaSI IXPBS'te sulandmldl. BD 
F ACSCALIBUR cihazl ile akl~ sitometrisi analizi gergekle~tirildi. Yiizeydeki 
TRAIL reseptor proteinlerinin sentezini belirlemek i9in, her bir TRAIL reseptor alt 
tipi i9in spesifik olan, i~aretlenmemi~ monoklonal antikorlarl igeren anti-TRAIL 
reseptiir akl~ sitometrisi seti (Cat ALX-S50-273-KIOI) kullaruldl Setin i9inde, 
100'er /-Lg TRAIL-RI (clone HSIOI, Cat S04-297A), -R2 (clone HS201, CatS04-
29SA), -R3 (clone HS301, Cat S04-344A) ve -R4 (clone HS402, Cat S04-299A) 
bulunuyordu Safla~tmlml~ fare IgG I (MOPC 31 C, Cat ANC-27S-0 10), izotip 
kontrol olarak kullanlldl. Deneysel a~amalarda, hiicreler 35 mm'lik doku kiiltiiIii 
kaplarmda, ortalama 1-1,5xI06 konsantrasyonda olacak ~ekilde iiIetildi. Hiicreler 
doku kiiltiirii kabmm yiizeyini %SO civarmda kapladlgmda, tripsinizasyon ile 
kaldmldl ve hiicre saylml somasmda 1500 rpm'de 5 dakika santrifiij edildi .. Hiicreler 
akl~ sitometri tiiplerine, 100 /-LI'de Ixl06 hiicre olacak ~ekilde 100'er /-LI dagltrldl. Bir 
tiip boya almayan kontrol, bir tiip izotip kontlol, ve 4 tiip TRAIL reseptiirleri i9in 
aynldl. 5 /-Lg/ml konsantrasyonda kullanllan primer antikorlar ile hiicreler buz 
iizerinde 30 dakika inkiibe edildi .. inkiibasyon somasl hiicreler iizerine 2'~er ml Akl~ 
Sitometri T amponu eklendi ve 2000 rpm' de 10 dakika santriflij edildi Santriflij 
a~amasl, her antikor inkiibasyonu somasl gergekle~tirildi .. Hiicreler biotin bagh anti­
fare IgGI (Cat ALX-211-202) sekonder antikoru ile 30 dakika, ve somasmda 
Streptavidin-PE (Cat ANC-253-050) ile 20 dakika inkiibe edildi. Antikor baglanma 
oranlarl, akl~ sitometrisi ile analiz edildi. 

3.9. istatistiksel Analiz 
istatistiksel analiz 19m, GraphPad Software'den (San Diego, CA) Prism 

programl kullamldl. Her bir deney i9in istatistiksel sonu9lar, ~ekil a91klamalannda 
~~~ , 
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BULGULAR 

4.1. Prostat Kanser Hiicrelerinde Bazal NF-kB Aktivasyon Seviyeleri Farkh 
Bnlundu. 
Tiimor hiicrelerinin apoptozise duyarhhglm etkileyen en onemli faktorlerden 

birinin hlicre ic,:i slirekli NF-kB aktivasyonu oldugu ileri siirlilmli~tli [128, 155-157]. 
Bundan yola c,:lkilarak, c,:ah~marmzda kullamlan tic,: finkh prostat kanser hiicre 
hattlmn (DUI45, PC], LNCaP) bazal NF-kB aktivasyon seviyeleri belirlendi .. Bu 
arnac,:la, hticreler NF-kB Lusiferaz Reporter Geni (AdNF-kBLuc) ic,:eren bir 
rekombinant adenovirus ile enfekte edildi Enfeksiyondan 24 saat soma, Reporter 
Lizis Tarnponlu Lusiferaz Deney Sistemi kullarularak NF-kB Transkripsiyon 
Aktivasyon Deneyleri gerc,:ekle~tirildi Deneyler sonucunda en yiiksek bazal NF-kB 
aktivasyon seviyesinin DUl45 hticrelerinde oldugu goriildli (Sekil 4.1) ikinci en 
yiiksek seviye PC] hticrelerinde goriiliirken, en dii~tik seviye LNCaP hticrelerinde 
goriildii .. Enfeksiyondan 48 saat soma gerc,:ekle~tirilen lusiferaz deneylerinde, c,:ok 
daha yiiksek oranda NF-kB aktivasyonu belirlerunesine ragmen, hticreler arasmdaki 
NF-kB aktivasyon seviyesi slIalarnasl degi~medi Sonuc,:larlmlz, DU145, PC3, ve 
LNCaP hiicre hatlarmda hiicre ic,:i siirekli NF-kB aktivasyon seviyelerinin farkh 
oldugunu gosterdi. 

4.2. Prostat Kanser Hiicreleri, Adenoviml Vektiirler Taraflndan E~it Olarak 
Transdiiksiyona Ugmt!ldl. 
<;ah~marnlzm ilk basarnagmda prostat kanser hiicrelerinde bazal NF-kB 

aktivasyon seviyelerinin farkh oldugu gosterilmi~ti.. Gozlenen bu farkllhklarm 
hiicrelerin adenoviruslar tarafmdan farkh transdtiksiyonuna bagh olma ihtimalini 
OItadan kaldlImak ic,:in, hlicrelerin adenoviral vektiirlerle transdiiksiyon etkinligine 
baktldl Hticreler, Enhanced Green Fluorescent Proteini (EGFP) kodlayan 
adenoviriislerle artan dozlarda enfekte edildi. Enfeksiyondan 48 saat soma, EGFP 
pozitif hticrelerin ytizdesi floresan mikroskopi ile belirlendi (Sekil 4.2) Akl~ 
sitometrisi analizi sonucu, her tic,: prostat kanseri hiicre hattmda da e~it seviyede viral 
transdtiksiyon goriildli (Sekil 43) Bu deneyle aym zarnanda prostat kanser 
hiicrelerinin adenoviral vektiirlerle etkin transdiiksiyonu ic,:in gerekli optimum 
enfeksiyon dozu da belirlendi. 5000 DNA partikiiliilhticre MOl (Multiplicity of 
Infection), hlicrelerin %90'mm transdtiksiyona ugratllmasl ic,:in yeterli oldu. 10000 
DNA partikiiliilhticre dozda ise, hlicrelerin hemen hemen %100'ti enfekte oldu .. Bu 
sonuc,:lar, her tic,: hticre hattmm da adenoviriislerle e~it oranda ve elkin bir ~ekilde 
transdiiksiyona ugratlldlgml gosterdi. DolaYlSlyla, prostat kanser hticrelerinde bazal 
NF -kB aktivasyon seviyelerinin fiukh bulunmasmm, hlicrelerin adenovirlisler, 
tarafmdan fiukh transdliksiyonuna bagh olmadlgl gorlildti. I 
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4...3. Prostat Kanser Hiicreleri Degi~ken Derecede Adenoviriis Araclh TRAIL 
Sitotoksisitesi Giisterdi. 
Prostat kanser hiicreleri, TRAIL proteinini kodlayan Ad5h TRAIL veya kontrol 

olarak AdCMVLacZ vektorleri ile artan dozlarda enfekte edildi Enfeksiyondan 48 
saat soma, hticre canlilik deneyleri geryekle~tirildi. F16resan mikroskopi ile analiz 
sonucu, prostat kanser hticreleri arasmda LNCaP ve DUI45'm, hticre ba~ma 10000 
Ad5hTRAIL vektorti verildiginde dahi olmedikleri belirlendi ($ekil 4.4). 
AdCMVLacZ enfeksiyonundan soma da hticre oltimii gozlenmedi ($ekil 4.5). Ote 
yandan, PC3 hiicrelerinde, 5000 DNA partikiiliilhticre MOl Ad5h TRAIL viriisii ile 
enfeksiyon sonucu %63 oranmda hiicre oltimii gozlendi. Viral vektol dozu 10000 
DNA partiktiliilhiicre MOl'a ylkar!ldlgmda ise, %90 oranmda hucre oliimu gozlendi 
($ekil 4..5). Bu sonuylara gore, DU145 ve LNCaP hiicre hatlar! TRAIL'a ytiksek 
derece direnyli bulundu PC3 hticre hattl, DUl45 ve LNCaP hucrelerine oranla 
onemli seviyede TRAIL duyarhhgl gosterdi 

4,,4. Prostat Kanser Hiicrelerinde Hiicre i~i NF -kB Aktivitesi, hTRAIL Sentezi 
He Artarken, IKK~KA Sentezi He Azaldl. 
TRAIL yalancl reseptorti TRAIL-R4'tin ve TRAIL olum reseptorlerinin 

(TRAIL Rl ve TRAIL-R2), NF-kB yollarml aktive ettigi daha once gosterilmi~ti 
[121, 122] Bu nedenle, hem TRAIL ile indtiklenen NF-kB aktivasyonu, hem de 
hticrenin endojen NF -kB dmumu, prostat kanserinin TRAIL aracill tedavisinde 
dikkate allnmasl gereken onemli faktorlerdendir .. <;ah~marnlzda, prostat kanser 
hiicrelerinde TRAIL sentezi ile aktive olan NFkB aktivitesi ar~tlIlldL Bu arnayla, 
DU145, PC3 ve LNCaP hticreleri AdNF-kBLuc ve Ad5hTRAIL vekt6rleri birlikte 
kullamlarak enfekte edildi Rticre oltimiiniin en az seviyede tutulabilmesi iyin, hucre 
ba~ma verilen Ad5hTRAIL dozu 1000 MOI'da sabit tutuldu, Enfeksiyondan 24 saat 
soma NFkB transkripsiyon aktivasyon deneyleri yapIldJ Sonuyta NFkB 
aktivitesinin, sadece TRAIL'm sentezinin arttlgl hticrelerde ytikseldigi goriildu 
($ekil 4.6) IKK inllibe edici strateji araclhglyla NFkB inllibisyonunun derecesini 
gorebilmek arnaclyla, prostat kanser hticre hatlarl AdIKK~KA vekt6rtiniin artarl 
dozlan ile ve aynca AdNF-kBLuc ve Ad5hTRAIL vektorleri ile birlikte enfekte 
edildi .. TRAIL ile induklenen NFkB aktivitesinin her iiy hiicre hattmda da azaldlgl, 
hatta endojen NF-kB aktivitesinin de altma du~ttigii belirlendi ($ekil 4,.6, A-C 
Panelleri) Ote yandan, hticreler kontrol oiarak AdCMVLacZ virtisti ile enfekte 
edildiginde benzer bir NFkB inllibe edici etki gozlenmedi Sonuy olarak, prostat 
kanser hiicrelerinde TRAIL sentezinin artl~l, hiicre iyi NF-kB aktivasyon 
seviyelerinde artl~a yol aytl Bunun yanmda IKK inhibe edici strateji, prostat kanser 
hiicre hatlarmda hem TRAIL araclhglyla indtiklenen NF-kB aktivitesini, hem de 
endojen NF-kB aktivitesini dti~tirticu etki gosterdi 

4.5,. IKK~KA Sentezi Y oluyla Fonksiyonel IKK inhibisyonu, Prostat Kanser 
Hiicrelerini TRAIL Aracill Hiicre Oliimiine Kar~l Duyarh Hale Getirdi. ... 
IKK~'l1ln (AdIKK~KA) [128,157] veya IkBa'nm (AcjIkBaSR) [152] dominant 

negatif mutantlaIll1l kodlayan adenoviriislerle enfeksiyonun, akciger kanser hiicre 
hatlarml TNF oliim ligandma kar~l duyarlIla~tnmada ba~aIlIi oldugu daha once 
g6sterilmi~ti Bazl kanser hiicrelerinde daha yilksek bazal NFkB aktivitesi 
oldngUIldan, NFkB bloke edici ajanlar, bu hiicreleri TRAIL'm apoptozisi indtikleyici 
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etkilerine kaqi duyarhla~tlImada etkin bir strateji olabilir.. Prostat kanser hiicre 
hatlannda IKK inhibisyonunun TRAIL'a diren9lilige kar~I etkisi:ri ar~tlImak 
arnaclyla, bu hiicre hatlarl hem Ad5h TRAIL vektOriiniin 5000 MOl sabit dozu ile, 
hem de AdIKKBKA viriisiiniin artan dozlarl ile enfekte edildi Deney sonueunda, her 
ii9 hiiere hattmm da, hiierenin ba~lang19taki endojen NFkB aktivasyonuna baglr 
olmakslzm TRAIL'a duyarh hale geldigi goriildii (~ekil 4.7). DUl45 ve LNCaP 
hiicrelerinde, TRAIL sentezi varhgmda hiicre ba~ma 1000 MOl AdIKKBKA vektOrii 
verildiginde dahi %50 eivarmda hiiere oliimii gozlendi.. PC3 hiiereleri TRAIL'a zaten 
duyarh oldugundan, DUl45 ve LNCaP hiierelerinin IKKBKA ile enfeksiyonu 
sonucu TRAIL'a duyarhla~ma dereeesi, PC3 hiierelerine mania 90k daha filzla idi 
(~ekil 4 8) ate yandan, prostat kanser hiicrcleri AdIKKBKA yerine AdCMVLacZ 
viriisii ile enfekte edildiginde, hiiere oliimii gozlenmedi.. Bu sonu9lar, IKK 
inhibisyonu yoluyla NFkB 'nin bloke edilmesinin, TRAIL diren9liligi gosteren 
prostat kanser hiicrelerini TRAIL'a duyarh hale getirmede elkin oldugunu 
gostermektedir. 

4.6. Prostat Kanser' Hiierelerinin Yalmzea AdIKKBKA Vektiirleri ile 
Enfeksiyonn Hiiere DIiimiine Y 01 AI,!madl. 
Daha onceki 9ah~malarda, prostat kanser hiicre hatlarmda gozlenen yiiksek 

NF-kB aktivitesinin, IKK aktivitesindeki bir artr~tan kaynakiandigi one siiriilmii~tii 

[149]. Bu nedenIe, bu 9ah~mada IKK aktivitesi inhibisyonunun, tek ba~ma prostat 
kanser hiicrelerinin canIlhk oraIll iizerine etkisi ara~tlIlldi Bu arna91a, prostat kanser 
hiicreleri, IKKB'nm dominant negatif mutantmi kodlayan adenoviral vektorlerin 
(AdIKKBKA) artan dozlarlyla enfekte edildi Enfeksiyondan 48 saat soma, hiiere 
canhhk oranlarl floresan mikroskop altmda belirlendi. PC3 hiicrelerinde gozlenen 
TRAIL sitotoksisitesinin tersine, prostat kanser hiicre hatlarmm hi9birinde, hiicre 
ba~ma 10000 AdIKKBKA viriisii verildiginde dahi, hiicre canhhk seviyesinde 
azalma goriilmedi (~ekil 49} Bu sonu9lar, prostat kanser hiicrelerinin AdIKKBKA 
viriisleri ile tek ba~ma enfeksiyonu sonueunda onemli derecede hiiere oliimii 
gergekle~medigini gosterdi 

4.7. Ad5hTRAIL ve AdIKKBKA'nrn Birlikte Enfeksiyonn Sonnen, Prostat 
Kanser Hiiere Hatlannda Apoptotik Dliim Gerl,!ekle~ti. 
Prostat kanser hiicrelerinde IKK inhibisyonu altmda TRAIL'm indiikledigi 

hiicre oliimiiniin molekiiler mekanizmaslmmn a9Iga 9Ikarilmasl i9in, DUl45 
hiicrelerinde AilIleksin V boyama yoluyla apoptotik oliim mani ol9iildii Bu arna9la, 
Ad5h TRAIL ve AdIKKBKA vektOrleri ayn olarak ya da birarada DU145 hiicrelerine 
enfekte edildi. Enfeksiyondan 35 saat soma AilIleksin V baglanma deneyleri 
gergekle~tirildi, ve baglanma manlarl akr~ sitometrisi ile analiz edildi Sonu9ta 
Ad5hTRAIL veya AdIKKBKA enfeksiyonu tek ba~ma onemli derecede AilIleksin V 
baglanma gostermedi. Ancak, hiicreler Ad5h TRAIL ve AdIKKBKA ile birlikte " 
enfekte edildiginde, onemli seviyede AilIleksin V baglanmasl gorlildli (~ekil 4.10). 
Bu durum, AdIKKBKA araclhglyla IKK inhibisyonu sonucu prostat kanser 
hiicrelerinin apoptotik yollu hiicre ollimiine gittiginin gostergesidir ate yandan, 
Ad5hTRAIL ile birlikte AdCMVLacZ enfeksiyonu onemli seviyede Anneksin V 
baglanma seviyesi gostermedi Boylece, IKK inhibisyonu yoklugunda DUl45 
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hiicrelerinin TRAIL 'a olduk<,:a diren<,:li oldugu goriildii TUm bu sonu<,:lar, IKK 
inhibisyonu altmda TRAIL'm indiikledigi hiicre olUm mekanizmasmm apoptozis 
oldugunu gosterdi 

4.8. Prostat Kanser Hiicre Hatlannda Birbirinden Farkh TRAIL Reseptor 
Kompozisyonlan Belirlendi. 
Prostat kanser hiicre hatlarmda TRAIL reseptOrlerinin sentez profillerinin 

belirlenrnesi i<,:in, spesifik primer ve prob setleri kullanIlarak Ger<,:ek Zamanh R T­
PCR deneyi ger<,:eklqtirildi .. Deneyler sonucunda, <,:all~llan tiim hiicre hatlarmda 
TRAIL-R2 sentez diizeyi, TRAIL-RI sentez seviyesinden olduk<,:a yiiksek bulundu 
TRAIL'a duyarh olan PC3 hiicrelerinde, TRAIL'a direnyli olan DUl45 ve LNCaP 
hiicre hatlarma gore TRAIL-R2 sentez seviyesi daha yiiksek bulundu ($ekil 4 . .11) 
PC3 hiicrelerinde yok dii~iik seviyelerde TRAIL-R3 sentezi gortilmesine ragmen, 
TRAIL-R4 sentezi gozlenrnedi. Aynca, TRAIL'a direnyli DUl45 ve LNCaP 
hiicrelerinde, her iki yalancI reseptortin de (TRAIL-R3 ve TRAIL-R4) onemli 
seviyede sentez edildigi gorilldti. 

Ger<,:ek ZamarIlI RT-PCR, mRNA seviyesinde gen sentezinin miktar tayininde 
yararh olmasma ragmen, hiicre iyindeki gen sentezi, protein bazmda hticre 
yiizeyindeki reseptOr sentezi ile mutlak uyunrlu olmayabilir .. Bu nedenIe, prostat 
kanser hticrelerinin yiizeyinde hangi TRAIL reseptorlerinin sentez edildigi ve sentez 
seviyeleri akl~ sitometrisi araclhglyla belirlendi. Analiz sonucunda, PC3 hiicrelerinin 
yiizeyinde TRAIL oliim reseptorlerinin (TRAIL-Rl ve TRAIL-R2) sentezi 
belirlendi, ancak 6l<;iilebilir yalancI reseptor sentezi gozlenrnedi ($ekil 4. 12). DUl45 
($ekil 412) ve LNCaP hiicrelerinde ($ekil 4J3) her iki tip TRAIL oli.im 
reseptoriintin de sentezinin oldugu, ancak PC3 hiicrelerinin tersine, bu hiicrelerde 
onemli miktarda TRAIL-R4 yalancI reseptor sentezi ger<;ekle~tigi gozlendi .. Aynca, 
LNCaP hiicreierinin yUzeyinde dii~iik seviyede TRAIL-R3 yalancI reseptiir sentezi 
belirlenrnesine ragmen, DU145 ve PC3 hiicrelerinde boyle bir durum gozlenrnedi. 
Sonu<; olarak, TRAIL' a diren<;li DU145 ve LNCaP hiicre hatlarmda TRAIL yalancI 
reseptor sentez seviyelerinin, TRAIL'a duyarhhk gosteren PC3 hiicre hattma gore 
belirgin oranda yiiksek oldugu goriildii .. 
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Ell>ffM LNCaP 

PCa HOcre Hatlan 
~ekil 4,1. Prostat kanser hOere hatlarmda endojen NF-kB seviyeleri Endojen NF-kB seviyeleri, 

AdNFkBlue aktivasyonundan 24 saat soma lusiferaz aktivitelerinin ol90lmesi ile 
belirlendi. Enfokte edilen hUere hatlan, x ekseninde verilmi~tir Milaogram protein ba,ma 
dO,en Rolatif I,Ik Birimi (Rl U, Relative Light Units) olarak ifade edilen lusiferaz 
aktivitesi, y ekseninde verilmi,tir Veriler, aitl bagrmslz verinin ortalamaSlni (± SEM) 
temsil etmektedir. ANOVA ve Tukey 90klu kar~Ila~tl!ma testi kullanrlarak DUI45 ile PC3 
ve lNCaP hOereleri arasmdaki istatistiksel farkhhk belirlenmi~tir *p < 0.01 
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i;lekil 4"2,, Prostat karsinoma hiicrelerinin birinci generasyon rekombinant adenoviral vektorJer ile 
transdiiksiyonu Prostat kanser hiicreleri EGFP reporter geni igeren adenoviriislerle enfekte 
edildikten 48 saat soma viral transdiiksiyon oranlanna baklldl i;lekilde, adenoviral 
transdiiksiyonlarm fioresan fotograflan goriilmektedir. Enfeksiyonda kullamlan viIiislerin 
MOl degerJeri (DNA partikiiIUlhiicre), resmin iist klsmmda verilmi~tiI 
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AdEGFP (MOl) 

c 
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'00 5~0 1000 500() lCOOO 
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~ekil 4,3. Prostat kansel hOerelelinin adenovilal vektorlerle tlansdOksiyon etkinliklerinin ak!, I 

sitometli ile degellendilmesi Panel A'da DUl45 hOelelelinin, Panel B'de PC3 hilelelelinin, 
Panel C'de ise LNCaP hOelelelinin AdEGFP ile tlansdOksiyonlannrn ak!, sitometlik analiz 
sonll(;lan gosterilmi~tir 
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~ekil4..4" Prostat kanser hilerelerinin TRAIL duyarhhk seviyeleri DU145, PC3 ve INCaP hilereleri, 
arlan konsantrasyonlarda Ad5hTRAIl ve kontrol olarak AdCMVlaeZ adenoviral vektorleri 
ile enfekte edildi Enfeksiyondan 48 saat soma hilere eanhhk deneyi ger,ekle~tirildi. Sekilde, 
Ad5h TRAIL ile enfeksiyon sonu,larl gorillmektedir Fotograflar FlrC kanahnda ,ekilmi~tir 
Seklin ilst kIsmmda, uygulanan vektor dozlan MOl olarak (DNA partikillil/hilere) verilmi~tir 
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Sekil 4,5. HOcre canltltk deneylerinin kantitatif sonu,lafl, LacZ siltunu, 10000 DNA partikOIO/hOcre , 
MOl konsantrasyonda AdCMVLacZ yekt5rO ile enfeksiyon sonU,lafinI gostermektedir 
HOcre canltltk deneyleri O,er set halinde ger,ekle~tirildi, ye iki,er kez tekrar edildi, Degerler, 
altl baglmslz yerinin ortalamaslnI (±S, EM) temsil etmektedir 
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!;Ieki! 4.6. Prostat kanser hUerelerinde h TRAIL ve lKKf3KA sentezinin NF-kB aktivasyonu uzerine 
etkisi DUl45 (Panel A), PC3 (Panel B) ve LNCaP (Panel C) hUere hallan, AdNFkBLue, 
Ad5hTRAIL, ve/veya AdIKKf3KA'nlll artan dozlan ile enfekte edildi Kontrol olarak 
AdCMVLaeZ virusleri kullamldl Enfeksiyondan 24 saat soma huerelerde NF-kB 
aktivitesine bakrldl Kullamlan viral vekWrler ve viral MOl degerleri (DNA 
partikillil/hilere), x ekseninde verilmi~tir y ekseninde lusiferaz aktivitesi (RlU/fig), 
gosterilmektedir Degerler, all! baglmSlz verinin Oltalamaslllr (±S E M) temsil etmektedir 
Hilcrelerin AdNFkBLue ile ve AdNFkBLue ve Ad5hTRAIL ile enfeksiyon sonu,lan 
arasmdaki farkhhklarm a,lga ,lkanlmaSl i,in "student's t test" kullamlml~tll *p<005 
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LNcaP PC3 DU145 

~ekil 4.7 .. Adenoyiral vektorler yoluyla lKKPKA sentezinin, prostat kanser hiiere hatlannda TRAIL 
diren9liligi iizerine etkisi. DUl45, PC3 ve lNCaP hUere hallaIl, 5000 DNA partikiiltilhiiere 
sabit MOI'da Ad5h TRAIL ile birlikte, IKKp'nm dominant negatif mutantml (AdIKKPKA) 
veya AdlKKpKA yerine kontrol olarak LaeZ'yi (AdCMVlaeZ) kodlayan adenoyiral 
vektOrlerlerin artan dozlan ile enfekte edildi ~ekilde, Ad5h TRAIL ye AdlKKpKA'nm 
birlikte kullamldrgl enfeksiyondan 48 saat soma gergekle~tirilen hiiere eanhhk deneyi 
sonu9larr goriilmektedir 

41 



A 

B 

M5hTRAI' AdIKK~Kk 
AcCMVLacZ 

c 

ACShTRA1L 
AdlKKllKA . 

Ar.I:;'t+.'NLJ.cZ 

5COO5COO5OOO50005000~SI)(OO o 100 5CO 1000 50001~ 

5000 5000 50005000 5000 rocOSGCO 
. 0 100 roo 1OC05GCO!C{)q;d3;~ 

~ekil4,8, IKK~KA senlezinin TRAIL diren,liligi Ozerine elkisinin kanlilalil olarak degeriendirilmesi 
DUl45, PC3 ve LNCaP hliereleri, Ad5hTRAIL ile birlikte AdIKK~KA ile, veya konlrol 
olarak AdIKK~KA yerine AdCMVLacZ adenoviral vekt6rleri ile enfekle edildiklen 48 saal 
soma canh hOere oranma bakildt Sekilde, floresan mikroskop allmda 20x bOytilmede eanh 
hUcre saylml sonuc;lall gortilmektedir, Uygulanan viral dozlar, x ekseninde MOl olarak 
(DNA parliktilti/hOere) verilmi,lir Degerler, alII baglmslz verinin orlalamasml (±S E M) 
lemsil elmekledir. 
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~ekil 4 .. 9, r ek ba,ma AdlKKPKA enfeksiyonunun prostat kanser hliereleri lizerindeki etkisi Prostat 
kanser hUere hatlan, artan dozlarda AdlKKPKA veya kontrol olarak AdCMVlaeZ 
adenoviral vektor jeri iIe enfekte edildi Enfeksiyondan 48 saat soma hilere eanhhk deneyi 
yaprldl Floresan fotografiarm list krsmmda, knIlaorlan viral dozlar MOl olarak (DNA 
partikliliilhliere) verilmi,tir Deneyler, li,lii setler halinde iki,er kez tekrar edilmi,tir 
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~eltiI4,IO, DUI45 prostat kanser hUere hattmda lRAIl ve IKKPKA araelh apoptozisin gosterilmesi 
DUI45 htiereleri, Ad5hlRAIl, AdIKKPKA, ve negatif kontrol olarak AdCMVlaeZ 
viriisleri ile belirtilen ~ekillerde enfekte edildi. ('ekilde aksi belirtilmedik,e viral vektorler 
5000 DNA partiktiliilhuere MOI'da kullamImwtn Enfekte edilen DU145 htiereleri, FIIC 
ile konjuge Anneksin V ve Propidium Iodide (PI) ile boyandl, ve akl~ sitometrisi ile analiz 
edildi Enfekte edilmeyen aneak FITC-Armeksin V ve PI boyah huereler kontrol olarak 
kullamldl. Her bir histogramda, 10' DU 145 htieresi analize dahil edilmi~tir Histogramlar, 
a,lkhk amaelyla iki panel halinde gosterilmi~tir. Uygulama ~artlan, Panel A'da 
gosterilmi~tir Anneksin V baglanma deneyi, ti, kez tektar edilmi~tir 
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~ekil 4,.1 L Prostat karsinoma hilere hatIarmda TRAIL reseptOr mRNA dilzeyleri Prostat kanser 
hilerelerinde TRAil reseptOrierinin sentez seviyelerini belirlemek i9in total RNA'dan 
kantitatif Gergek Zamanlr RT -PCR deneyleri gergekle~tirildi Sentez oranlarrnm 
kar~"a~tlI1lmaSl i9in standart egri yaratruak amaelyla klonlanrnr~ bi! ribozomal eDNA 
fragmenti kullamldl. Sekilde, 25 pg ribozomal eDNA'ya kar~llrk gelen TRAIL reseptor 
seviyeleri gosterilmektedir Her TaqMan deneyine i9 kontrol olarak ribozomal RNA 
primerieri ve problan eklenmi~tir Sekildeki ok, PC3 hilerelerinde TRAIl-R4 sentezinin 
yokluguna i~aret etmektedir. 

45 

, 

" 



A 
aOr-________ ~D~U~1~4=5~ ________ ~ 

60 
II) 

>, 
m 

Cf) 40 
(J) .... 
0 

.::::s 
I 20 

o· 
0 

10 

B 

49 

II) 

>, 36 
m 

Cf) 

~ 24 
o 

:::::S 
I 

12 

1 
10 

, 
10 

• 10 
PE 

PC3 

PE 
• 10 

,. 
10 

4 
10 

,. 
10 

~ekil 4 . .12.. DUl45 ye PC3 hUere yiizeylerinde TRAIL reseptOrlerinin sentez seyiyeleri TRAIL 
reseptOrlerinin DUl45 (Panel A) ye PC3 hUere (Panel 8) yiizeylerindeki sentez seyiyeleri, 
her biI TRAIL reseptOrii i9in spesifik monoklonal antikor kullamlruak belirlendL Renkli 
9izgiler, deneysel pruametreleri gostermektedir Gri: izotip spesifik kontrol, Mayi: TRAIL­
RI, KrrmlZl: TRAIl-R2, Kestane rengi: TRAIl-R3, Ye,il: TRAIL-R4 Her histogram i,in 
104 hiiere analize dahil edilmi,tir Herbir deney ii9 kez tekrar edilmi,tiI 
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~ekil 4 . .13 .. lNCaP hUere hattmda IRAIl resept6r1erinin hilere yiizeyindeki sentez seviyeleri lNCaP 
hiierelerinde TRAIL reseptbrlerinin hUere yiizeyindeki sentez seviyeleri, her bir resept6r 
i,in spesifik monoklonal antikOl kullanrlarak belirlendi. Renkli ,izgiler, deneysel 
parametreleri g6stermektedir Gri: izotip spesifik kontrol, Mavi: IRAIL-Rl, KumlZl: 
TRAIl-R2, Kestane rengi: TRAIl-R3, Ye~il: IRAIL-R4. Her histogram i,in 104 hilere 
analize dahil edilmi~tir Herbir deney ii, kez tekIar edilmi~tir 
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TARTI~MA ve SONU<;:LAR 

Prostat kanseri, batl iilkelerinde erkekler arasmda en yaygm olarak goriilen 
kanserdir, ve erkeklerde kanser sebebiyle ollimlerde ikinci siiada yer almaktadn [2] 
ileri eyre prostat kanserinin tedavisinde mevcut tedavi yontemleri hastalarm ya~am 
siiresini uzatmada yeterli olmadlgmdan, 6llim ligantlarmm adenoviral yollarla prostat 
kanser hiicrelerine aktarlml, mevcut yontemleri tamarnlaYlcl bir tedavi metodu olarak 
dii~iiniilmektedir [128].. TRAIL oliim ligandl prostat kanserinin tedavisi iyin limit 
verici bir molekiildiir .. Ancak bazl prostat kanser Mcre hatlarmm TRAIL' a direnyli 
oldugu gosterilmi~tir. Bu direnylilikten ise, hiicrelerde belirlenen sfuekli Akt kinaz 
aktivitesinin sorumlu oldugu bildirilmi~tir [114].. Demarchi ve arkada~larl tarafindan, 
NF-kB'nin Akt araclhglyla aktivasyonunda IkB Kinaz'm (IKK) rol aldlgl ileri 
sfuiilmii~tfu [159]. Aynca prostat kanser hiicrelerinde yiiksek IKK aktivitesinin 
sfuekli NF-kB aktivasyonu ile sonuylanabilecegi bildirilmi~tir [149]. <;ah~mamlzda, 
bu bulgular l~lgmda prostat kanser hiicre hatlarmm IKK~ 'mn dominant negatif 
mutantlm (AdIKK~KA) ve insan fonksiyonel TRAIL molekiiliinii kodlayan 
(Ad5hTRAIL) adenoviriislerle birlikte enfekte edilmesinin prostat kanser hiicrelerini 
TRAIL' a duyarh hale getirip getiremeyecegini test etmek istedik Hipotezimizin 
dogrulugunu ara~tllmak iyin, iiy finkh ileri eyre prostat kanser hiicre hattl kullandlk 
(DU145, PC3, LNCaP). 

iJeri eyre prostat kanseri, tedavide en yok zorluk ya~anan hastahk evresidir Bu 
evrede tlimor hiicrelerinin androjen baglmhhklarlm kaybetmeleri de, tedaviyi 
zorla~tlIlcl onemli faktiirlerdendir [60, 61] Bu nedenle, mevcut tedavi yontemlerini 
tarnamlaYlCl gen tedavi yakla~lmlarl geli~tirmeyi arnayladlglmlz yah~mamlzda, ileri 
eYre prostat kanser hiicre hatlarl kullamldL Bu hiicrelerden DU145 ve PC] androjen 
baglmslz, ve LNCaP androjen baglmh Mcre hatiarldii. Androjen baglmh ve 
baglmslz hiicre hatlarmm birarada kullarnml, androjen baglmhhk durumunun TRAIL 
direnyliligi ve TRAIL direnyliligini klIma metodlarmlll etkinligi iizerindeki etkisine 
bakmarnlzl saglarnl~tlr. Bahsedilen durumlar araslllda bir ili~ki gozlenmemi~tir. 

NF -kB transkripsiyon faktorlerinin, flUkh hiicrelerde yogunlukla apoptozisi 
bloke edici diizenleyici molekiiller olarak rol aldlklan bilinmektedir Prostat kanser 
hiicrelerinde TRAIL direnyliliginden sorumlu tutulan Akt kinaz enzimi, NF-kB 
transkripsiyon filktiiriiniin regiilatiiriidiir [160, 161). DolaYlslyla Akt aktivasyonunda 
~l~, prostat kanser hticrelerinde NF-kB aktivitesinde de artl~a yol aymaktadii. 
Omegin Oya M ve arkada~larl, TRAIL'a direnyli renal karsinoma hticre hatlarlllda 
siirekli NF-kB aktivasyonu oldugunu goste!mi~, ve NF-kB'nin, TRAIL direnylilik 
mekanizmasl altlllda yatan anahtar molekiil oldugunu bildirmi~tiL <;:ah~mada,' 
TRAIL'a duyariI renal karsinoma hticre hatlarlllda NF-kB aktivasyonu dii~iik 
bulunurken, TRAIL'a direnyli renal karsinoma hiicre hatlarlllda ise yiiksek NF-kB 
aktivasyonu gosterilmi~tir [155]. Bu nedenle yah~marnlzda birinci basarnak olarak, 
DU145, PC3, ve LNCaP prostat kanser hiicre hatlannda TRAIL direnyliliginden 
sorumlu olabilecek endojen NF -kB aktivasyon diizeyleri NF -kB transkripsiyon 
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aktivasyon deneyleri ile belirlendi (Sekil 4..l).. Deneysel ~artJaI1mlzda, en yiiksek 
endojen NF-kB aktivitesi DU145 hiicrelerinde goriiliirken, bu hiicreleri PC3 ve 
LNCaP hiicre hatlarmm izledigi goriildii .. Hiicreler arasmda hiicre iyi siirekli NF-kB 
aktivasyon seviyeleri aylsmdan farkhhk bulunmasmm yanmda, her iiy hiicre hattmda 
da yiiksek NF-kB seviyesinin bulunmasl, TRAIL direnyliligi aylsmdan onemli 
olabilir Palayoor ve ark. ile Gasparian ve arkada~larl da, Mobility Shift deneyleri 
kullandlklarl yah~malarmda bizim bulgularlmlzla uyrmtlu olarak PC3 ve DU145 
hiicrelerinde endojen NF-kB aktivitesini yiiksek bulurken, LNCaP hiicrelerinde NF­
kB aktivasyonunun daha dii~iik oldugunu bildirmi~lerdir [149, 162].. 

<;:ah~marmzm bir soruaki a~arnasmda, prostat kanser hiicre hatlarl, TRAIL' a 
direnylilikleri aylsmdan incelendi .. Hiicre canhhk deneyleri sonucunda, DU145 ve 
LNCaP hiicrelerinin Ad5hTRAIL ile indiiklenen apoptozise direnyli oldugu, PC3 
hiicrelerinin ise onemli seviyede TRAIL duyarhhgl gosterdigi goriildii.. Bizim 
bulgularlmlzm aksine, Nesterov ve arkada~larl, DU145 hiicre hattrnm yoziilebilir 
TRAIL'a yiiksek oranda duyarh oldugunu bildirmi~tir [114] Bu yah~mada PC3 
hiicre hattl da TRAIL'a yiiksek oranda duyarh bulunmu~, ancak ba~ka bir yah~mada 
PC3 hiicrelerinde orta derecede TRAIL duyarhhgl gozlenmi~tir [163]. Bu yah~mada 
da yoziilebilir TRAIL proteini kullanIlml~tlI Nesterov ve arkad~larmm 

yah~masmda LNCaP hiicre hattlrun ise, bizim bulgularlmlzla uyunrlu olarak 
TRAIL'a direnyli oldugu bulunmu~tur Bunun yanrnda, Voelkel-Johnson ve 
arkada~larl, yah~malarmda DU145 ve LNCaP hiicrelerinin Ad-IRES-TRAIL ile 
indiiklenen apoptozise duyarh oldugunu gostermi~tir [113] Aynca, Beresford ve 
ark 'run yaptrgl bir yah~mada PC3 hiicrelerinin yoziilebilir TRAIL'a direnyli oldugu 
bildirilmi~tir [164]. Nesterov ve arkada~larl ile Thakkar ve arkada~lannm yall~malarl 
ile bizim bulgularlmlz arasmdaki farkhhklarm, fonksiyonel yah~malarda kullanIlan 
farkh TRAIL formundan kaynaklandlgl dii~iirliilebiliL Bahsedilen her iki yall~mada 
da in vitro olarak safla~tlIllml~ yozii!ebilir TRAIL kullarulml~tlI Aynca kullanrlan 
TRAIL molekiillerinin bili mayadan [114], digeri de Ecoli'den safla~tlIllml~tll 

[163].. In vitro yah~malarda kullanIlan vekt6rierin, in vivo yah~malar iyin de uygun 
olmasl gerektigi aYlktll. Ancak yOziilebilir TRAIL proteininin kan dola~lmrndaki yarl 
Oll1lii smllhdlI. intravenoz olarak verilen yoziilebilir TRAIL proteinin biiyiik bir 
kisml, 5 saat iyinde atllmaktadlI, dolayrslyla tiimor olu~umunu engellemek iyin 
yiiksek miktarlarda kuJlanllmasl gerekir. Voelkel-Johnson ve arkad~larl ile 
Beresford ve arkada~lannm yah~malarmda elde edilen bulgularla bizim bulgularrmlz 
arasmdaki fiukhhklarrn ise, enfeksiyonda kuJlarulan viriisiirl fonksiyonel titresinden 
kaynaklandlgl dii~iiniilebilir. 

<;:ah~mamlzda, TRAIL'a diren91ilik gosteren DU145 ve LNCaP hiicrelerinde 
gozlenen yiiksek hiicre iyi NF -kB aktivasyonu, TRAIL direnyliligi ile uyumlu 
goriilmektedir Ancak TRAIL'a direnyli LNCaP'te hiicre iyi NF-kB aktivasyonu, 
DU145'a gore dii~iik bulunmu~tu! PC3 hiicreleri ise, LNCaP hiicrelerine gore " 
Yiiksek hiicre i9i NF-kB aktivasyonuna sahip olmasma ragmen yah~mamrzda 
TRAIL'a onemli oranda duyarhhk gostermi~tiL Bu bulgular, hiicrelerde TRAIL 
direnyliliginden tarnamen hiicre i9i NF-kB aktivasyon seviyelerinin sorumlu 
tutulamayacagrnl, bilinrneyen ba~ka fakt6rierin de bu direnylilikte etkili oldugunu 
gostermektedir 
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Onceki yah~malarda, TRAIL'a direnyli tlimiir hlicre hatlannda TRAIL-RI ve 
TRAIL-R2 ollim reseptiirlerinin ve TRAIL-R4 yalanci reseptiir aktivasyonunun da 
NF-kB sinyal yolunu stimlile ederek hlicre iyi NF-kB aktivasyonunu artuabilecegi 
bildirilmi~tir [121, 122, 156].. TRAIL indliksiyonunun hem apoptotik hem de anti­
apoptotik yollan aktive edebilmesi, TRAIL'ln da Tumor Necrosis Factor (TNF) gibi 
kendi apoptotik etkisini anti-apoptotik yollan indlikleyerek niitralize ettigine i~arettir. 
Bu bulgular 1~lgmda yah~mamlzda TRAIL'm indlikledigi NF-kB aktivasyon 
seviyeleri ara~tlllldlgmda, hlicrelere TRAIL aktarimmm, her liy hlicre hattmda da 
end()jen NF -kB aktivasyonunda artl~ meydana getirdigi giirtildii (Sekil 4 .. 6) 

Son Yillarda, kanser hiicrelerindeki apoptotik ligand direnyliligini kumak iyin, 
iyonize radyasyon ve kemoterapiitik ajanlarm kullamml gibi yiintemler iizerinde 
yah~llml~tu Ornegin Mitsiades ve ark, multiple myeloma (MM) hlicre hatlarmm, 
TRAIL uygulamasl iincesinde, TRAIL-R2 sentezini artuan Doxorubicin ile 
muamelesinin MM hlicrelerinde TRAIL duyarhhglm iinemli oranda artlIdlglm 
gostermi~tir [165]. Aynca, genotoksik ajan etopozitin epitel hUcre kiikenli kanser 
hiicre hatlarmda TRAIL-RI ve TRAIL-R2 sentezini artudlgl, ve TRAIL'a duyarhhk 
sagladlgl gosterilmi~tir [142]. Bunun yamnda, bir ba~ka apoptotik ligand olan TNF 
tarafmdan indiiklenen apoptozisin, NF-kB aktivasyonu ile engellenebilecegi 
bildirilmi~, ve farkll stratejilerle bu direuylilik klllimaya yah~lllIll~tll Ornegin 
akciger kanser hlicrelerinde adenoviriisler araclhglyla IKK~KA [ISO, 151] veya 
IkBuSR [158] aktarlml gibi NF-kB aktivitesini inhibe edici yakla~lmlarm etkisi 
ara~tllllml~tJl Bu yah~malarda, akciger hlicreleri ba~arlh bir ~ekilde TNF'e duyarh 
hale getirilmi~til Prostat kanser hiicrelerinde siirekli hiicre iyi NF -kB aktivitesinden 
lKK aktivitesindeki artl~m sorumlu oldugu bildirildiginden [149], yah~marmzda IKK 
inhibisyonunu iyeren bir gen tedavi yakla~lml kullanarak prostat kanser hiicrelerini 
TRAIL'a duyarh hale getirebilecegimizi dli~iindiik Sekil 4. Tde goriildiigu gibi, 
TRAIL'a direnyli olan DU145 ve LNCaP hlicre hatlarl, IKKWmn dominant negatif 
mutantml sentez eden bir NF -kB inhibe edici vektiir (AdIKK~KA) ile birlikte 
enfekte edildiklerinde Ad5hTRAIL araclh apoptozise duyarh hale geldi TRAIL'a 
orta derecede duyarhhk giisteren PC3 hlicreleri ise, baIJsedilen strat",ji ile TRAIL'a 
tarn duyarh hale geldi Prostat kanser hlicrelerinin AdIKK~KA virlisli ile tek ba~ma 
enfeksiyonu ise hlicre iillimiine yol aymadl (Sekil 4 . .9) 

Onceleri yapIlan yah~malarda, TRAIL-R3 ve TRAIL-R4 yalancl reseptiirlerine 
ait mRNA'larmm yogunlukla normal hlicrelerde bulundugu, ancak tiimor 
hiicrelerinde bulunmadlgl bildirilmi~ti [117, 118]. Bu nedenle, TRAIL reseptiirlerinin 
hiicrelerde daglhmmm, TRAIL araclhglyla indliklenen apoptozisi regiile eden filktiir 
oldugu dli~linlilmii~tii Bu hipotezle uyumlu olarak, endojen TRAIL-R4 yalancl 
reseptiirleri olmayan melanoma hlicrelerinde TRAIL-R4 sentezinin transfeksiyon 
deneyleri ile geri kazandlllimasmm, hlicreleri TRAIL'a duyarh fenotipten TRAIL'a 
direnyli fenotipe ges:irdigi gosterilmi~tir [166].. Ancak, fa;kh orijinli kanser hiicre I 

hatlarmda yapIlan s:ah~malar, hlicre ylizeyindeki yalancl reseptiirlerin sentezinin 
~.rtmasl veya azalmasl ile TRAIL duyarhhgl arasmda bir ili~ki giisterememi~tir 
Omegin insan melanoma hiicre hatlannda TRAIL reseptiir mRNA'lanmn seviyeleri 
ara~tlllldlgmda, TRAIL yalancl reseptiirleri ile TRAIL'a direnylilik ya da duyarhhk 
arasmda bir ili~ki gosterilememi~tir [167] Bunun yanmda, melanoma, kolon 
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karsinoma, meme adenokarsinoma, ve akciger adenokarsinoma gibi ttimor hiicre 
hatlarmda uygulanan regiiler R T -PCR deneyleri, TRAIL direnyliligi ile TRAIL 
yaianci reseptor gen sentezleri arasmda herhangi bir ili~ki aylga ylkarmaml~tll [97]. 
<;:ah~mamlzda, TRAIL direnyliligi ile ilgili olarak NF -kB dl~mda diger olasIllklarl 
ara~tllmak iyin, ileri eyre prostat kanser hiicre hatlarl TRAIL reseptor sentez 
diizeyleri aylS1ndan incelendi.. TRAIL reseptor gen sentezinin miktarlrn belirlemek 
iyin, her TRAIL reseptoriine spesifik prob setleri kullanIlarak bir kantitatif Geryek 
Zamanh RT-PCR deneyi geryekle~tirildi (~ekil 4 II).. Deneyler sonucunda, sadece 
TRAIL'a direnyli hiicre hatlan olan DU145 ve LNCaP hiicrelerinde onemli seviyede 
TRAIL-R3 ve TRAIL-R4 sentezi belirlendi .. PC3 hiicrelerinde TRAIL-R4 resept6r 
sentezinin olmamasmm nedeni heniiz bilinmemektedir.. Ancak, yakm tarihli bir 
9ah~mada, TRAIL yaianci resept6rlerinin sustmulmasma neden olan anormal 
promotor metilasyonunun prostat kanseri de dahil olmak iizere bir90k kanser tipinde 
slk olarak goriildiigii (%60) bildirilmi~tir [120] Griffith ve arkada~larlrnn 

9ah~malarmda TRAIL resept6r sentez diizeyleri, regiiler RT-PCR ile ara~tllllml~lir 
Regiiler RT-PCR deneyi hel ne kadar bilgi verici olsa da, hiicre yiizeyinde sunulan 
reseptor miktarlarl hakkmda kantitatif bilgi saglayamaz. Ancak kanser hiicrelerinde 
sentezlenen TRAIL oliim resept6rlerinin ve yaianci resept6rlerin orarn hiicrelerin 
TRAIL'a direnyliligini etkileyebilecek onemli bir fakt6rdiir. Bu nedenle, reseptor 
sentez seviyelerinin Geryek ZamarIll RT -PCR ile ara~t1l1lmaSI gerekmektedir .. 

mRNA seviyeleri, her zaman hiicre yiizeyindeki protein sentez seviyelerini 
yansltmayacagl iyin, akl~ sitometrisi analizi ile hiicre yiizeyindeki TRAIL reseptiir 
sentez seviyeleri belirlendi (~ekil 4.12, 4.13).. Sadece TRAIL'a direnyli olan DU145 
(~ekil 4.12, Panel A) ve LNCaP (~ekil 4.13) hiicrelerinde onemli miktarda 
TRAIL-R4 sentezi oldugu goriildii. TRAIL'a duyarh PC3 hiicrelerinde ise benzer bir 
durum gozlenmedi (~ekil 412, Panel B). Aynca, DU145 ve PC3 hiicrelerindekinin 
tersine, TRAIL-R3 yaianci reseptiiriiniin sadece LNCaP hiicrelerinde sentez edildigi 
belirlendi (~ekil 4 .. 13). 

Y akm tarihli bir yah~mada, Perlman ve arkada~larl, romatoid artrit sinovial 
fibroblastlannda oltim reseptorlerinin yoklugunun TRAIL direnyliligine sebep 
oldugunu bildirmi~tir [168] Bizim yah~mamlzda ise, oltim reseptorleri yoklugundan 
ziyade yaianci reseptorlerin varhgmm prostat kanser hiicrelerinde TRAIL 
direnyliligine sebep oldugu sonucuna vanldl Bu bulgularla uyumlu olarak, 
TRAIL-R3 veya TRAIL-R4 yaianci resept6rleri ile transfekte edilen TRAIL'a 
duyarh hiicrelerde apoptotik Mcre oliimiinde azalma gozlenmi~tir [117, 118]. Bunun 
yanmda, TRAIL-R4 yaianci reseptoriiniin, hiicreleri TRAIL-araClh apoptozisten 

::"!: 

korumada TRAIL-R3'e gore daha etkili oldugu bildirilmi~tir [117] Bizim ' •. 
9ah~mamlzda da, TRAIL'a direnyli hiicre hatlarl olan DU145 ile LNCaP'te 
TRAIL-R4 reseptor sentez seviyesi, TRAIL-R3 resept6r seviyesine gore olduk9a 
yiiksek bulunmu~tur (~ekiI4.12 ve ~ekil4 13) I 

'. Sonuylanmlza gore, hem TRAIL yalanci resept6r kompozisyonu, hem de hiicre 
191 NF-kB aktivitesi, prostat kanser hiicrelerinde TRAIL direnyliligine katkida 
bulunan iki onemli faktordiir Aynca, hiicrelerdeki NF-kB aktivasyon diizeyletine, 
reseptiir sentez profillerine veya androjen baglmhhk durumlanna bakilmakslZln, IKK 

51 



inhibe edici stratejilerin, TRAIL direnyliligini kumada oldukya etkili oldugu 
goriilmii~tiiL <;:ah~mamlz, prostat kanser hiicrelerinde TRAIL reseptor 
kompozisyonu ile TRAIL direnyliligi arasmda anlamh bir ili~ki aylga ylkarml~tJr 
Bunun yanmda, yah~mamlz, Ad5hTRAIL ve AdIKK~KA ikili vektor sistemi ile 
prostat kanser hiicrelerinde TRAIL duyarhhgl kazandlIan ilk yah~ma olmasl 
aylsmdan da onemlidir. Bu bulgular 1~lgmda, IKK inhibisyonu altmda adenoviral 
yolla TRAIL gen aktarlml, prostat kanserli hastalarda lRAIL'm terapotik indeksini 
geni~letmede degerli bir yakla~lm olacaktlI 
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mediated IKKPKA expression sensitizes prostate 
'Cjnomla cells to TRAIL-induced apoptosis 
:anIioglu"~" IT Koksal1
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fact that tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) can selectively induce apoptosis in cancer 

resistance in cancer cells has challenged the use of TRAIL as a therapeutic agent First, prostate carcinoma cell Hnes 
and PC3) were screened for sensitivity to adenovirus delivery of TRAIL (AdShTRAIl). As amplified Ikappa B kinase 

I is responsible for the constitutive nuclear factor-KB (NF-KB) activation leading to uncontrolled cell growth and 

a dual vector approach using both an adenovirus vector (Ad) expressing the dominant-negative mutant of IKKf3 

and AdshTRAIL was employed to determine if prostate cancer cells were sensitized to TRAIL in the setting of IKK 

I; Ir,hib,ition of the NF-KB pathway through IKK blockade sensitized all three pro'state cancer cell lines to TRAIL, regardless 
,activation or decoy receptor gene expression Moreover, a novel quantit~Xiv~,!1¥al-time RT-PCR assay and conventional 

analysis indicated that TRAIL-resistant DU145 and LNCaP cel~s;"but not TRAIL-sensitive PC3 cells, expressed 

am'Junts of TRAIL Decoy Receptor 4, In conclusion, TRAIL ~ec,oy:je~~ptor expression appeared to be the chief 
of TRAIL resistance encountered in prostate carcinoma cell lines-,"-'" " 

Therapy (2006) 0, 000-000 doi:10 1038/sj cgt , 

prostate carcinoma; TRAIL resistance; decoy receptors;;:l 

and radiotherapy are among" t~e:- mpst 
used treatment modalities for c3;ncer Tp,rnor 
gene p53 is required for, both of these 

__ methpds to function as antitumor 'agents 1 

than 50% of human tumQls, __ acquire p53 
the course of tumorigerie~is--;2' As a result, 

a functional p,5J~erieare'i:'esistant to both 
radiotherapy,:~ However, death ligands 

independent of the cells' p53 status 4 

IUduct,i', >n of cel! death through the activation 
is a viable complementary approach to 

tre"tment modalities s 6 Among the death 

'ea,;,J~~~:t:-~~;)O:;I~ factor (TNF)7 and FasL 8 
le to efficiently induce apoptosis in 

their systemic use in cancer gene therapy 
to their systemic toxicity, On the other 

apoptosis-inducing ligand (TRAIL)' 
for normal cells, but selectively induces 
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apoptosis in cancer cells 10 Despite these properties, 
TRAIL resistance observed in some cancer cell lines 
represents a handicap for any proposed gene therapy 
approach utilizing TRAIL as a death ligand. II 

Two different hypotheses have been asserted to explain 
the molecular mechanisms of TRAIL resistance, The first 
hypothesis suggests that normal cells carry decoy recep~ 
tors (TRAIL-R3, TRAIL-R4) that compete against death 
receptors (TRAIL-RI, TRAIL-R2) for binding to 
TRAIL." These receptors either dilute TRAIL ligands 
(like TRAIL-R3) or supply antiapoptotic signals (like 
TRAIL-R4) to cells. While the presence of decoy receptor 
gene expression can account for TRAIL resistance in 
normal cells, the lack of decoy receptor gene expression in 
tumor cells would be expected to lead to TRAIL 
sensiti\ity,13 The second hypothesis advocates the pre­
sence of apoptosis inhibitory substances. such as cFlIP 
(FLICE inhibitory protein), in cancer cells. 14 Intriguingly, 
chemotherapeutic agents augmented TRAIL-induced 
apoptosis in prostate cancer cells through upregulatiofl' 
of death receptors lS and/or downregulation of cFLIP 
expression 16 In addition, engagement of the TRAIL-Rl 
receptor" using an antibody in combination with doxor­
ubicin, selectively killed prostate cancer cells. 17 Despite 
these studies investigating TRAIL receptors in prostate 
cancer, a direct link between TRAIL sensitivity and the 
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Mechanism of TRAil resistance in 

of TRAIL receptor gene expression is yet to be 
for prostate cancer cells 
TRAIL-induced and the endogenous nuclear 
(NF~KB) activities present in cancer cells have 

been under heavy investigation due to NF-KB'S 
the constitution of TRAIL resistance,ls The fact 

NI'_KB-s,tlUllllatlng agents upregulated the synthesis 
Kr\'V'''" decoy receptor,19 and apoptosis inhibitors 

20 clAP" and cFLIP," suggested that NF­
Icti'vation may contribute to TRAIL resistance in at 

four different ways Interestingly, TRAIL-R4 
engagement stimulated the NF-KB signaIin~ 
and blocked TRAIL-induced cell death 2 

TRAIL binding to death receptors 
TRAIL-R2) also activated the NF-KB 

Thus, why some cancer cells still undergo 
despite the activation of the antiapoptotic NF-

is not known 
the contribution of the NF-KB pathway to 

prostate carcinoma cell lines were 
of basal NF-KB adivation using NF­

transcription activation assay 26 Following 
for TRAIL resistance, complementary gene 

me,daIiti,es targeting the NF-KB pathway through 
Ihit,itic)Q of Ikappa B kinase (IKK)27 28 were also 

to determine whether this approach is useful in 
down fRAIL resistance in prostate cancer cell 

the TRAIL receptor composition of prostate 
and its connection to TRAIL resistance were 

detail using both conventional flow cytometry 
quantitative leal-time RT-PCR techniques 

.of recombinant adenovirus vectors:" 
adenoviral stocks Ad5hTRAIL,2°AdIKKf, 

enllanced green fluorescent pro;eil), (EGFP), 7 

and AdNFkBL uc" were amplified as 
previously,3J and were s~oi¢fi in;:IOmM Tris 
glycerol at -80°C Ad!KKIiKA is a first­
adenovirus vector e:~'pr~Sl~g kinase inactive 
expression of the domInarit-negative IKKf3 
generates functionally· inactive IKK com­

interacting with other IKK subunits, The 
of adenoviiaf stocks were obtained by 
and were in the range of 1013 DNA 

whee",as functional titers were measured by 
on 293' cells and expression assays for 

pro,teirlS. Typically, the particle/plaque-forming 

of prostate cancer cells with first-
recombinant adenovirus vectors 

cell lines LNCaP, PC] and DU 145 
grown in RPMI 1640 medium supplemen-
FBS, 2 sodium bicarbonate, I mM L-

and I % mixture All 
-""""'II'loeo at 3TC in a humidified 5% COo 

Prostate cancer cell lines were transduced 

with adenoviral vectors expressing the EGFP reporter 
gene (AdEGFP) Briefly, prostate cancer cells were 
infected with an increasing multiplicity of infection 
(MOl) of AdEGFP vectors at 37T in RPMI 1640 
without F BS The serum concentration in the tissue 
culture media was increased to 10% by adding an equal 
volume of RPMI 1640 supplemented with 20% FBS 2 h 
described after the infection The level of transduction 
was determined by assessing percent GFP ( +) cells 48 h 
after the infection under fluorescent microscopy than 
using flow cytometry, Cell viability was determined by 
propidium iodide (PI) exclusion The Ad5hTRAIL 
construct was used to overexpress h TRAIL in prostate 
cancer cells .. To block IKK activity. and thereby NF-KB 
activation, an adenoviral vectOI encoding the IKKP 
dominant-negative mutant (AdIKKPKA) was utilized in 
coinfection experiments in conjunction with Ad5h­
TRAIL An AdNFkBluc construct carrying NF-KB 
regulatory sites hooked up to a Luciferase reporter gene 
was deployed to conduct NF-KB-mediated transcription 
activation assays This construct possessed a Luciferase 
reporter gene hooked up to the herpes simplex virus 
thymidine kinase gene promoter with four tandem copies 
of the NF-KB-'bj:rirligg consensus sequence 27 

NF-KB-medi~Y;,q transcription activation assay 
AdNFkBLul; w¥ employed to provide information on 
the pr:os'ia-t:(Ccancer cell's NF-KB activation status. The 
L4F;f'ci.:~s~ ::assay system with Reporter Lysis Buffer 
(I'iiii!>ega;'Inc) was used to measure NF-KB-mediated 
tral):sctiptional induction in the presence or absence of 
TRAIL expression according to the manufacturer's 
protocol. All measurements of L uciferase activity (relative 
light units) were normalized to the protein concentration 

Assessment of cell viability 
Live/dead Cellular Viability/Cytotoxicity Kit from Mole­
cular Probes (Eugene, OR) was used to discriminate the 
live cells from the dead cells In this assay, Calsein AM, a 
fluOIogenic substrate for intracellular calsein esterase, is 
modified to a green fluOIescent compound (calsein), 
which is demonstrable only in live cells Since only live 
cells with intact membranes contain active esterase, 
detection of calsein by fluOIometric methods serves as a 
marker for viable cells. Ethidium homodimer-I (EthD-I) 
is a red fluorescent nucleic acid stain that cannot 
disseminate across unharmed cell membranes While 
intact cells exclude EthD-I, cells with damaged mem­
branes take up the dye and stain positive 

Regular and quantitative real-time RT'PCR for human 
TRAIL receptors 
Iotal RNA was extracted from lNCaP, DU-145 and Pc;;-" 
3 human prostate cancer cell lines using TRCzol reagent 
(life Technologies, Gaithersburg, MD) according to the 
manufacturer's instructions, In all, 211g of total RNA was 
re\erse-transcribed into cDNA using TaqMan Re\erse 
Transcription Reagents (Applied Biosystep1s Cat 
N8080234) Regular RT-PCR reactions were carried out 
as described previously 14 Our group has recently 
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the sequences of TRAIL-RI and TRAIL-R2 
and probes in an article on neuroblastoma 32 

since TRAIL-R3 and TRAIL-R4 decoy recep­
have not been published, we designed new 

for the TRAIL decoy receptors The sequence 
decoy receptor sets is as follows: TRAILR3 - 5' 

lCG-TCG-TCA-l, TRAILR3 -
TGG-IGG-CAG-AGT-A, TRAILR3 

6F P,M-TCGCGG TCCTGCT GCCAGTCC-
3'; TRAILR4 - 5' ACA-GAG-GCG­

TRAILR4 - 3' ACG-GGI-IAC­
CTIC-l:AlJ-T A T -A IT, TRAILR4 Probe - 5' 

T CCAGCAGGA T CTCA T A-
AMRA 3' The rRNA probes were labeled with 
dye to analyze TRAIL receptors and rRNA as 

control in the same reaction. The rRNA 
and probes were purchased from PE Applied 

(Cat 4308329). A cloned eDNA fragment 
ribosomal RNA was used to construct a 

Relative quantities of TRAIL receptors 
alclolalted using the AACt method as described by 

The TaqMan PCR reaction was 
as described in the manufacturer's protocols 

Biosystems Cat N8080228) 

mouse monoclonal antibody to 
(ALX-804-100F-TlOO) was employed 

V binding using flow cytornetry. Annexin V 
assay was performed according to the manufac­

ins;tructi')lls (Alexis Biochemicals) 

CVilolTletrv analysis for adenoviru.s transduction 
del'ecl'ion of .surface TRAIL receptor expression 

cancer cells were seeded at appro?<iin,ately 
cells per well in 24-well plates and theR infected 

reporter construct At 48 h _,p'ostinfootion, 
were trypsinized and resuspe,nded' in PBS, 
centrifugation. F ACS analysis, was; carried out 
FACSCALIBUR at th~ Ak<!~niz University 
To assess TRAIL receptpr prptein expression 

surface, unlabeled monoclonal antibodies 
each TRAIL receptorsubtype were employed 

RAIL receptor flow cytometry set (Cat 
"",.JI.'_K I) from Alexis Biochemicals. The set 

100 j1g each of MAb to lRAIL-RI (clone 
804-297A)"R2 (clone HS201, Cat 804-

HS301, Cat 804-344A) and-R4 (clone 
~U'~2'19/l,) All primary antibodies were used 

cor.cerltra.tion, followed by biotinylated goat 
, [gGI (Cat ALX-211-202) and streptavidin­

:-\NC-253-050) Flow analysis was performed 
to manufacturer's protocols, Purified mouse 

31C, Cat ANC-278-01O) was used as an 

analYSis 
program from GraphPad Software (San Diego, 
used for statistical analyses The statistical 
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results for each experiment are provided in the figure 
legends 

Results 

Prostate carcinoma cell lines exhibited differential basal 
NF-KB activation levels 
As constitutive NF-KB activation is claimed to be a 
prominent factor influencing the sensitivity of tumor cells 
to the apoptosis-inducing effects of death ligands,28 33-35 

unstimulated (basal) NF-KB activation levels were ana­
lyzed using three different prostate cancer cell lines 
(DUI45, PC3 and LNCaP) Prostate cancer cell lines 
were infected with a recombinant adenovirus vector 
carrying the NF-KB-driven Luciferase reporter gene 
(AdNFkBLuc) for 24h prior to harvesting. NF-KB­
mediated transcription activation assays were performed 
using the luciferase assay system with reporter lysis 
buffer As shown in Figure I, the highest constitutive NF­
KB activation level was detected in DUI45 cells, followed 
by PC3 The lowest NF-KB activation was observed in 
LNCaP cells Luciferase assays conducted 48h following 
the infection yielded a much higher magnitude of NF-KB 
activation, but tllJs"d"id not change the order of activation, 
DUI45 Ieading-.PC3, followed by LNCaP (data not 
shown) AdCMYLacZ infection did not generate any 
readable +~citerase activity compared to uninfected 
controls (data not shown). Thus, the prostate cancer cell 
liqeir;j>C3; 'LNCaP and DU145 exhibited substantially 
diff~rent levels of constitutive NF -KB activation 

Differences in constitutive NF-KB activation levels 
. detected in prostate cancer cells were not caused by 
differential adenoviru.s transduction 
A reporter adenovirus vector encoding the enhanced 
green fluorescent gene (AdEGFP) was infected into 

~Or-------------------~ 
_OUl45 

• =PC3 
c: 
2 

300 _LNeap 

e a. 200 0> 
<c 
::> 
-' a: 100 

o 
DU145 PC3 LNCaP 

PCaCell Unes 

Figure 1 Prostate cancer cell lines display diverse NF-1\'8 activa-
tion levels Prostate cancer cell lines were infected with an MOl of 
5000 DNA particles/cell of AdNFkBLuc construct for 24 h Luciferase ' 
activity was measured as described in Materials and methods Cell 
types used in the infection arE~ provided on the x .. axis Luciferase 
activity expressed as relative light units (RLU) per microgram protein 
is given on the y-axis Data represent the mean (±s em) of six 
independent data points ANOVA followed by Tukey's r;nultiple 
comparison tests indicated the existence of a statistically significant 
difference between DU145 versus PC3 and LNCaP *P<O 01 
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2 Transduction of prostate carcinoma cell lines by first-generation recombinant adenovirus vectors Prostate carcinoma cell lines were 
with an adenovirus encoding the EGFP reporter gene (AdEGFP) at increasing MOls for 48 h as described in Materials and methods 

,. olsplaysfluorescent micrographs of such adenovirus transductions. MOl values (DNA'particles/cell) of viruses used in the infection are 
each fluorescent micrograph Corresponding results from flow cytometry are illustrated in panel b (DU145), panel c (PC3) and panel 
Numbers displayed on the x-axis represent viral doses applied in MOl values as DNA particles/cell Values represent the mean 

of three different experiments 

cancer cells at increasing MOIs to determine if 
in NF-KB activation among the prostate 

cell lines were due to differential transduction 
',adenc)vil'us vectors. Percent EGFP-positive cells were 

by fluorescent microscopy (Figure 2a) and 
by flow cytometry (Figure 2b-d) 48h following 

1~::~~~;~IFlow cytometry indicated thaI equal levels 
'a1 transduction were observed in all three 

cell lines. These re,sults clearly 
that differences in basal- NF-KB activity 

not due to differential adenovirus transduction of 
carcinoma cell lines. This experiment was also 

in determining the optimum adenoviral transduc­
of prostate carcinoma cell lines for gene therapy 

. While an MOl of 5000 DNA particles/cell of 
was sufficient to transduce more than 90% of 

carcinoma cell lines, almost 100% transduction 
was achieved when cells were infected with an 

10000 DNA particles/cell Nonetheless, all three 
carcinoma cell lines were transduced efficiently 

--'·""Y by AdEGFP, Thus, the differential transduc­
adenovirus cannot be accounted for by the 
in NF-KB activation observed in prostate 
cell lines 

carcinoma cell lines manifested diverse levels 
resistance 

cytotoxic effects of I RAIL over expression in 
cancer cell lines were examined by infecting the 

cells with increasing doses of Ad5hlRAIL or Ad­
CMVLacZ vectors. Cell viability assays were conducted 
using Molecular Probe's Live/Dead Cellular Viability/ 
Cytotoxicity Kit 48 h following the infection (Figure 3a) 
Analysis under fluorescent microscopy revealed that 
pIOstate carcinoma cell lines LNCaP and OU145 were 
highly resistant to TRAIL, even when these cells were 
infected with an MOl of 10 000 DNA particles/cell of 
Ad5hTRAIL virus. No significant cell death was observed 
upon AdCMVLacZ infection (Figure 3b). On the other 
hand, PC3 cells exhibited 63% cell death at an MOl of 
5000 DNA particles/cell and 90% cell death at an MOl of 
10 000 DNA particles/cell of Ad5hTRAIL vIrus 
(Figure 3b) Thus, the PC3 cell line showed substantially 
greater levels of TRAIL sensitivity than the DU145 or 
L NCaP cell lines 

Recently, elevated NF-KB activation in prostate car'Ci­
noma cell lines has been attributed to increased IKK 
activity 36 Therefore, we sought to determine whether 
inhibition of IKK activity might decrease the viability of 
prostate cancer cells An adenovirus expressing the 
dominant-negative mutant of IKK/i (AdIKK/iKA) was' 
infected into prostate cancer cell lines at increasing MOIl 
Cell viability was examined under the fluorescent micro­
scope 48 h following the infection Contrary to the 
TRAIL cytotoxicity observed in PC3 cells, no significant 
decrease in cell viability, even at an MOl of 10000 DNA 
particles/cell of AdIKK/iKA construct, was oliserved in 
any of the three prostate carcinoma cell lines (data not 
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cancer cells exhibit distinctive patterns of TRAIL sensitivity LNCaP, DU-145 and pe3 cells were infected with increasing 
or AdCMVLacZ constructs Cell viability was detected using Molecular Probe's Live/Dead Cellular Viability/Cytotoxicity Kit 

infection Only fluorescent micrographs of FITe channel are shown in panel a, Numbers represent viral doses applied in MOl 
i Quantitative results from the cell viability assays of prostate carcinoma cell lines are provided in panel b LacZ 

I b refer to MOls of 10000 DNA particles/cell of AdCMVLacZ vector used in the infection, Cell viability assays were performed in 
repeated at least twice to confirm the observation Values represent the mean (±s em) of six independent data points 

rberef'lte, infection with IKK inhibiting adeno­
alone did not induce cell death in prostate 

48 h following infection 

overexpression increased intracellular NF­
IKK inhibiting strategy counteracted both 

and endogenous NF-KB activity 
rec"pt,,, TRAIL_R423 and TRAIL death 

~"'L-·"I and TRAIL_R2)2425 have been 
the NF-KB pathway. If TRAIL is to be 

to induce apoptosis in cancer cells, 
LL-lndl"Ced NF-KB activation and the cell's 

status should be considered before 
study the 'extent of NF-KB activation by 

nr'ostate carcinoma cell lines, PC3, 
were coinfected with Ad­

vectors To minimize cell 
, concentration was kept constant 
DNA particles/cell and NF-KB 

were conducted 24 h following the 
, in Figure 4, NF-KB activity was 
In TRAIL-overexpressing prostate cancer 

the magnitude of NF-KB inhibition, 
cell lines were supeIinfected with 

at increasing doses in addition to 
AdNFkBLuc and Ad5hTRAIL TRAIL­
activity and basal NF-KB activities were 

in all three prostate carcinoma cell 

lines (Figure 4a--c) In contrast, no such NF-KB inhibiting 
effect was observed when cells were superinfected with 
AdCMVLacZ virus as a control 

Functional IKK inhibition via IKKPKA expression­
sensitized prostate cancer cells to TRAIL-induced cell 
death 
NF-KB-inhibiting stIategies involving the use of adeno­
virus delivery of IKKP (AdIKKPKAf' 35 or IkBa(AdIk­
Ba:SR)30 37 dominant-negative mutants have been 
successful in sensitizing lung cancer cells to TNF death 
ligand As some cancer cells have higher intrinsic NF-KB 
activity, NF-KB-blocking agents can potentially be velY 
valuable to sensitize these cells to the apoptosis-inducing 
effects of TRAIL To test whether IKK inhibition 
sensitizes prostate carcinoma cell lines to TRAIL, the 
cell lines were coinfected with bOLh Ad5hTRAIL con­
struct at a constant MOl of 5000 and increasing doses of 
AdIKKPKA virus All three prostate carcinoma cell lines 
were sensitized to TRAIL regardless of the cell's prior 
constitutive NF-KB activation status (Figure 5a) Ap­
proximately 50% cell death was observed, even at an 
MOl of 1000 AdIKKPKA virus in the presence of 
TRAIL expression in DUI45 and LNCaP cell lines As 
PC3 cells were already sensitive to TRAIL, the degree of 
TRAIL sensitization induced by IKKPKA expression in 
DUI45 and LNCaP cells were much higher than il) PC3 
cells (Figure 5b) On the other hand, no TRAIL 
sensitization was observed when prostate carcinoma cell 
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infected with AdCMVLacZ virus in place of 
Therefore, NF-KB blocking through IKK 

might be very useful in the treatment of 
cancer patients displaying TRAIL resistance 
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AdShTRAIL and AdIKK~KA coinfection-induced 
apoptotic cell death in prostate carcinoma cells 
Annexin V staining was performed using flow cytometry 
to reveal the molecular mechanism of cell death induced 
by TRAIL under the setting of IKK inhibition For this 
purpose, Ad5h TRAil and AdIKKPKA vectors were 
infected separately or in combination into the prostate 
carcinoma cell line DU145. Annexin V binding assays 
were conducted 35 h following the infection using flow 
cytometry. As shown in Figure 6a. Ad5h TRAIL or 
AdIKKPKA infection alone did not generate any 
significant degree of Annexin V binding. However, when 
the cells were coinfected with both Ad5h TRAIL and 
AdIKKPKA, considerable levels of Annexin V binding 
were observed, indicating that prostate carcinoma cells 
were undergoing apoptosis (Figure 6b). On the other 
hand, AdCMVLacZ coinfection (negative control) to­
gether with Ad5hTRAIl did not yield any substantial 
levels of Annexin V binding, suggesting that, in the 
absence of IKK inhibition, DUl45 cells were resistant to 
TRAIL expression. Taken together, these results suggest 
that the cell death induced by TRAIL in the setting of 
IKK inhibition is .. !,poptosis 

Differential TRAIL receptor expression patterns were 
observed iiJ prostate cancer cell lines 
Although RT-PCR is a quick and useful test in assessing 
whet,her'2a::t:elevant gene is expressed in a particular cell 
line,>ihe-technique does not provide quantitative informa­
tion:: regarding gene expression For this reason, a 

, 'quantitative real-time RT-PCR analysis was conducted 
using primer-probe sets specifically designed to detect 
TRAIL receptor gene expression in prostate carcinoma 
cell lines As shown in Figure 7, levels ofTRAIL-R2 gene 
expression were higher than levels ofTRAIL-RI in all the 
cell lines. PC3 cells, which are TRAIL-sensitive, expressed 
greater levels of the TRAIL-R2 receptor than did the 
DUl45 and LNCaP cell lines. which are TRAIL-resistant 
(Figure 7) While very low levels ofTRAIL-R3 expression 
were detectable in PC3 cells, no TRAIL-R4 expression 
was found. Furthermore, TRAIL-resistant DUI45 and 

Figure 4 NF-I\B activity of prostate cancer cell lines is increased by 
Ad5hTRAIL infection, but downregulated by AdIKKPKA. DU145 (a), 
PC3 (b) and LNCaP (c) cell lines were simultaneously infected with 
AdNFkBLuc, Ad5hTRAIL and/or increasing doses of AdlKKPKA 
constructs tor 24 h These cell lines were also infected with 
AdCMVLacZ as a control Cells were harvested for luciferase activity 
24 h after the infection Both the MOl values provided as DNA 
particles/cell and the types of constructs used in the infection a.re 
given on the x-axis. To avoid cell death complicating our assay 
result, the titer of Ad5hTRAIL was lowered to an MOl of 1000 DNA 
particles/cell instead of 5000 or 10000 used in cell viability assays 
The y-axis shows the 'Iuciferase activity expressed in RLU per 
microgram protein Data represent the mean (±s.e m) of six 
independent data points Student's Hest was used to reveal the 
statistical difference between AdNFkBLuc and AdNFkBLuc/Ad5h­
TRAIL coinfected cells ·P<O 05 
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expression via adenoviral vectors defeated the resistance to TRAIL~induced apoptosis in prostate carcinoma cell lines 
encoding the dominant~negative mutant of IKKP or LacZ were infected into LNCaP DU145 and PC3 cells at increasing doses 

right of fluorescent micrographs) while simultaneous infection with Ad5hTRAIL was performed at a constant MOl of 5000 DNA 
shown to the left of fluorescent micrographs) Cell viability was assessed using Live/Dead Cellular Viability/Cytotoxicity Kit from 

48 h following infection Fluorescent micrographs of cell viability assays (only FITC channel) are provided in panel a 
percent viable cell counts/ x 20 field are shown in panel b tor DU145, PC3 and LNCaP cells Numbers represent viral doses 

I values of DNA particles/cell as depicted on the x-axis. Values represent the mean (±s em) of six independent data points 

lines expressed both decoy receptors 
TRAIL-R4) at significant levels 

real-tiltle RT-PCR is useful in quantifying gene 
the mRNA level, gene expression inside the 

necessarily correlate with the receptor 
the cell surface. Therefore, we decided to 

level and type of TRAIL receptor expression 
surface using flow cytometry. Although PC) 

TRAIL death receptors (TRAIL-Rl and 
cell surface, no measurable level of 
expression was evident on the surface 

",·trlgur. 8b) Despite the fact that DUl45 
cells (Figure 8e) expressed both 

death receptors, contrary to PC3, there 
amounts of TRAIL-R4 decoy receptors 
of both cell types Furthermore, some 

. TRAIL-R3 decoy receptor expression 
In LNCaP cells, but nc>t in DUI45 or PC) 

Discussion 

Prostate cancer is one of the leading causes of cancer 
death in North American men As advanced prostate 
carcinoma is highly resistant to conventional treatments, 
adenovirus delivery of death ligands is a viable comple­
mentary gene therapy approach 28 Despite the promise of 
TRAIL death ligand for the treatment of prostate cancer, 
recent studies have demonstrated that some prostate 
cancer cell lines are TRAIL-resistant, and this resistance 
has been attributed to the constitutively active AK T 
kinase,l] a key regulator of NF-KB transcription fac­
tor 3839 Demarchi et at have demonstrated that AKT­
induced NF-KB activation requires IKK activity 40 Since 
increased IKK acti\ity results in the constitutive NF-KB 
activation observed in prostate carcinoma celilines/6 we 
hypothesized that coinfection of prostate carcinoma cell 
lines with adenovirus vectors expressing the dominant­
negative mutant form of IKKflAdIKKflKA and 'func-
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IKKPKA expression induce apoptosis in 
cancer cell line Infections with Ad5hTRAIL and 

or AdLacZ (negative control) were performed as 
Materials and methods. All virus constructs were used 
5000 DNA particles/cell unless stated otherwise jn the 

DU145 cells were stained with both FITC-conjugateej 
and PI, prior to flow analysis. Uninfected, but FITC­
and PI-stained, cells served as controls Each histogram 

DU145 cells Histograms were illustrated in two 
conditions were depicted in panel a The 

assay was repeated independently three times to 
ob"eoIaHon, and only one such representative assay 

in the figure 

(Ad5h TRAIL) would sensitize advanced 
cells to TRAIL 

diUerent prostate carcinoma cell lines (DUI45, 
were used to test this hypothesis As a 

NF-KB activation levels in prostate cancer 
revealed by NF-KB-mediated transcription 

using an adenovirus carrying NF-KB 
fused to a luciferase reporter gene 
OUI experimental conditions, DUI45 

highest levels of NF-KB activity, followed 
LNCaP cells The differences in basal NF-KB 

were not due to the differential transduc­
cancer cells by adenovirus vectors 

We screened three .prostate cancer cell 
resistance Contrary to some previous 
viability/toxicity assays indicated that 

600 -,-------------::c--, 
_TR1 

500 

100 

o 

_TR2 
_TR3 
_TR4 

Figure 7 Prostate carcinoma cell lines display distinctive TRAIL 
receptor expression patterns RT-PCR assays were performed using 
total RNA isolated from LNCaP, DU145 and PC3 cells to determine 
the level of expression (quantitative real~time) of TRAIL receptors A 
cloned ribosomal cDNA fragment was used to generate a standard 
curve for relative expression. TRAIL receptor levels per 25 pg of 
ribosomal eDNA are presented in the graph. Ribosomal RNA primers 
and probes were included in each TaqMan assay as an internal 
control. Arrow indicates the absence of TRAIL~R4 decoy receptor 
expression in PC3 cells 

DUl45 and LNCaP cells were resistant to Ad5hIRAIl­
induced apoptosis Furthermore, in contrast to a report 
hom Beresford and coworkels,42 PC3 cells exhibited 
considerable levels of fRAIL sensitivity (Figure 3) While 
some 'discrepancies can be attributed to the form of 
TRAIL used fm functional studies (purified soluble form 
versus'viral delivery), other inconsistencies might be due 
to the functional titer of the virus used in infection 
Recently, several studies have been conducted to over­
come TRAIL resistance in cancer cells For instance, 
ionizing radiation43 and chemotherapeutic agents44 have 
sensitized cancer cells to TRAIl through upregulation of 
TRAIL death receptors" As increased IKK activity was 
blamed for the constitutive NF-KB activation responsible 
for the survival of prostate caIcinoma cell lines/6 we 
sought to sensitize advanced prostate carcinoma cell lines 
to TRAIL using a complementary gene therapy modality 
involving IKK inhibition. As shown in Figure 5, TRAIL­
resistant DU145 and LNCaP prostate cancer cell lines 
were sensitized to TRAIL only when cells were coinfected 
with AdIKKjiKA virus. To rule out possibilities for 
IRAIL resistance other than NF-KB, we analyzed the 
pattern of TRAIL receptor gene expression in prostate 
carcinoma cell lines 

Previously, the use of regular R T -peR assays to screen 
human tumor cell lines, such as melanoma, colon 
carcinoma, breast adenocarcinoma and lung adenocarci­
noma, did not reveal any connection between TRAIL 
resistance and TRAIL receptor gene expression 10 Despite 
this fact, we wanted to confirm whether or not the I 

expression pattern of TRAIL receptors is connected to 
TRAIL resistance in prostate cancer cells. A quantitative 
real~time RT-PCR assay was conducted using specific 
probe sets for each TRAIL receptor (Figure 7). Sub­
stantial levels of TRAIL-R3 and TRAIL-R4' decoy 
receptor gene expressions were detected only in TRAIL-
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surface expression patterns of TRAIL receptors in 
cell lines, Surface TRAIL receptor expressions of 

and LNCaP (c) cells were detected using 
antibo,jies specific for each TRAIL receptor according to 

using flow cytometry Colored lines 
parameters, Gray: isotype-specific control, 

: TRAIL-R2, maroon: TRAIL-R3, green: TRAIL­
gated for each histogram Each assay was 
to confirm the results Only one representative 

ex~)eriment is shown 

and lNCaP cells. Why PC3 cells do not 
"'lL-K4 is yet to be determined Intriguingly, 

methylation leading to the silencing of 
'U!on~;:I~:~ (TRAIL-R3 and TRAIL-R4) 
y ~ in multiple tU.mor types. including 

(60%).45 As mRNA levels do not 
.co.rrelate with protein expression on the cell 

Mechanism of TRAil resistance in prostate cancer 
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surface" flow cytometry was employed to determine the 
le"el of TRAIL receptor protein on the cell surface 
(Figure 8) Considerable levels of TRAIl-R4 decoy 
receptor protein expression were detectable only in the 
TRAil-resistant DUl45 (Figure 8a) and lNCaP cells 
(Figure 8c), but not in TRAIL-sensitive PC3 cells 
(Figure 8b) In addition, unlike the case for DUl45 or 
PC3 cells. surface TRAIL-R3 decoy receptor was 
expressed on LNCaP cells (Figure 8c) Considering the 
fact that the absence of death receptors also led to TRAil 
resistance as shown recently for rheumatoid arthritis 
synovial fibroblasts,46 we have concluded that the 
presence of decoy receptors, but not the lack of death 
receptors, correlates with TRAIL resistance in prostate 
carcinoma These results are supported by studies 
indicating that TRAIL-sensitive target cells transfected 
with either TRAIl-R3 or TRAIL-R4 decol receptors 
display a reduction in apoptotic cell death I 47 Intrigu­
ingly, the TRAIL-R4 decoy receptor was more effective in 
protecting cells from TRAIL-mediated apoptosis than 
was TRAIl-R3 12 

These results demonstrate that both the TRAIL decoy 
receptor composition and the cell's intracellular NF-KB 
activity are two major players contributing to TRAIL 
resistance in prostate cancer cell lines. In addition, IKK 
inhibiting str'ategies overwhelmed TRAIL resistance For 
this reason, the adenovirus-mediated TRAIL gene deliv­
ery approach under the setting of IKK inhibition should 
be valuable in expanding the therapeutic index of TRAIL 
for patients with prostate carcinoma 
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Abstr'act 
Background: Tumor Necrosis Factor (TNF)-Related Apoptosis-lnducing Ligand (TRAIL) selectively 
induces apoptosis in cancer cells but not in normal cells Despite this promising feature, TRAIL resistance 
observed in cancer cells seriously challenged the use of TRAIL as a death ligand in gene therapy The 
current dispute concer ns whether or not TRAIL receptor expression pattern is the primary determinant 
of TRAIL sensitivity in cancer cells, This study investigates TRAIL receptor expression pattern and its 
connection to TRAIL resistance in breast cancer cells In addition, a DcR2 siRNA approach and a 
complementary gene therapy modality involving IKK inhibition (AdIKKI3KA) wer'e also tested to verify if 
these approaches could sensitize MCF7 breast cancer cells to adenovirus delivery of TRAIL (AdShTRAIL) 

Methods: TRAIL sensitivity assays were conducted using Molecular' Probe's Live!Dead Cellular Viability! 
Cytotoxicity Kit follOWing the infection of breast cancer cells with AdSh TRAIL The molecular mechanism 
of TRAIL induced cell death under the setting of IKK inhibition was revealed by Annexin V binding Novel 
quantitative Real Time RT-PCR and flow cytometty analysis were performed to disclose TRAIL receptor 
composition in br"east cancer cells 

Results: MCF7 but not MDA-MB-23I breast cancer cells displayed strong resistance to adenovirus 
delivery of TRAIL. Only the combinatorial use of AdShTRAIL and AdIKK~KA infection sensitized MCF7 
breast cancer cells to TRAIL induced cell death Moreover, novel quantitative Real Time RT-PCR assays 
suggested that while the level of TRAIL Decoy Receptor-4 (TRAIL-R4) expression was the highest in 
MCF7 cells, it was the lowest TRAIL receptor expressed in MDA-MB-23I cells In addition, conventional 
flow cytometry analysis demonstrated that TRAIL resistant MCF7 cells exhibited substantial levels of 
TRAIL-R4 expression but not TRAIL decoy receptor-3 (TRAIL-R3) on surface, On the contrary, TRAIL 
sensitive MDA-MB-23I cells displayed very low levels of surface TRAIL-R4 expression Furthermore, a 
DcR2 siRNA approach lowered TRAIL-R4 expression on surface and this sensitized MCF7 cells to TRAIL 

Conclusion: The expression of TRA1L-R4 decoy receptor appeared to be well correlated with TRAIL 
resistance encountered in breast cancer cells Both adenovirus mediated IKKPKA expression and a DcR2 
siRNA approach sensitized MCF7 breast cancer cells to TRAIL 
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Background 
Cancer still appears to be a challenging disease to treat 
According to most recent estimates, more than 10 million 
new cancer cases were reported in the year 2000 killing 
around 6 million people II] In addition, 10 % of all can~ 
eers appear to be the breast cancer Being the most fre­
quently diagnosed cancer type in women, the breast 
cancer claims about 370,000 deaths each year around the 
world [2[ Surgery, radiotherapy and chemotherapy are 
among the most widely used treatment methods for 
patients with breast cancer [3-5] Still, these conventional 
treatment modalities did not improve the sutvival rate of 
patients with locally advanced or metastatic breast cancer 
With standard therapy, locally advanced breast cancer has 
a five year survival rate of 55 % and a ten year survival rate 
of 35 % [6] There is a 40 % recurrence rate after ten years 
following the diagnosis and removal of primary tumor in 
patients with breast cancer ['7] For all these reasons, novel 
treatment methods are needed for the treatment of 
patients with breast cancer 

Induction of programmed cell death known as apoptosis 
[8], appears to be a viable alternative to currently 
employed treatment modalities in the fight against cancer 
[9J In order for chemotherapy and radiotherapy treat­
ment options to work as anticancer agents; tumor sup­
pressor gene, p53, is required [IOJ Unfortunately, p53 
mutations are acquired during the progression of cancer 
in more than half of the human tumors [11,12] There­
fore, the resistance to both chemotherapy and radiother­
apy is almost unavoidable in tumors lacking ps3 [13] On 
the other hand, death ligands are capable of inducing 
apoptosis independently of ps3 status of cells [14] 
Because of this reason, death ligands are currently consid­
ered as anticancer agents [15] Among the death ligands 
tested, Tumor Necrosis Factor (TNF) [16-18] and Fasl 
119] effectively induced apoptosis in cancer cells How­
ever, due to their systemic toxicity, the application of these 
agents in cancer gene therapy is very limited The discov­
ery of a novel death ligand, TRAIL [20,21 [, changed this 
view, since unlike other members of the TNF family, 
TRAIL selectively killed cancer cells without causing any 
harm to normal cells [22] Thus, treating tumor cells with 
TRAIL ligand appeared as an invaluable way of inducing 
apoptosis specifically in tumor ceils, as normal cells are 
protected against the death-inducing effects of TRAIL 
[23,24] However, the mechanism of TRAIL resistance in 
normal cells is not understood [251 and significant pro­
portions of cancer cells [26J including those of breast 
[27,28] appeared to be TRAIL resistant Consequently, 
TRAIL resistance constitutes a barrier if one wishes to use 
TRAIL as a death ligand in any breast cancer gene therapy 
approach 
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Resistance to TRAIL-induced apoptosis in normal cells 
was initially considered to be caused by the presence of 
decoy receptors (TRAIl-R3 and TRAIl-R4), which com­
pete with death receptors (IRAIl-RI and TRAIL-R2) for 
binding to TRAIL [29,30j. So far, no correlation between 
TRAIL sensitivity and the expression pattern of TRAIL 
receptors has been demonstrated in cancer cells yet [31J 
The presence of intracellular apoptosis inhibitory sub­
stances (bel-xL, c-FLIP, dAP etc) was also blamed to be 
responsible for TRAIL resistance 131-331 Intriguingly, the 
engagement of both TRAIL death receptors and TRAIL-R4 
decoy receptor also activated NF-kB pathway [24,34,35J 
Because NF-kB activation is known to hamper the apop­
totic pathways in cells by up··regulating the expression of 
various apoptosis inhibitory molecules such as cFLIP, bel­
xL, c-IAP and the decoy receptor TRAIL-R3 [34,36,37[, 
high levels of NF-kB activation might be a strong factor 
responsible for blocking apoptotic processes in order to 
establish TRAIL resistance For this reason, we analyzed 
both the TRAIL induced as well as endogenous NF-kB 
activities using Luciferase reporter gene assays in MCF7 
breast cancer cells. Because TRAIL-R1f TRAIl-R2 and 
TRAIl-R4 induced NF-kB activation has been shown to be 
primarily mediated by TRAF2-NIK-IkappaB kinase alpha/ 
beta signaling cascade [35}, MCF7 breast cancer cells were 
coinfected with adenovirus vectors encoding a dominant 
negative mutant to IKKP(AdIKKPKA) [38J and hTRAIL 
(Ad5hTRAIl) in order to test if TRAIL resistance in breast 
cancer cells is eliminated through the inhibition of IKK, a 
leading modulator of NF-kB The molecular mechanism 
of TRAIL resistance in breast cancer cells (MCF7 and 
MDA-MB-231) was studied by novel Real Time RT-PCR 
assays and conventional flow cytomeuy in order to verify 
if there is any relationship between TRAIL resistance and 
the expression pattern of TRAIL receptors Lastly, a DcR2 
siRNA approach was utilized to knock down the expres­
sion of relevant TRAIL decoy receptor in order to reveal its 
connection to TRAIL resistance 

Methods 
Recombinant adenovirus vector production 
Amplification of the vectors Ad5hTRAIl [39[, AdIKKPKA 
[17J, AdEGFP [18J, AdCMVlacZ [40[ and AdNFkBLuc 
[38[ was performed as previously described [41[. Ampli­
fied vectors were stored at _80 0 C in 10 mM T ris with 20 % 
glycerol AdIKK/3KA expresses a dominant negative 
mutant of IKK/3, which interacts with other IKK subunits 
to fOrm inactive IKK complexes The particle titers of ade­
noviral stocks were in the range of 10 1 '1 DNA particlesjml, 
whereas the typical particle/plaque forming unit ratio was 
equal to 50 
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Infection of breast cancer cells with first generation 
f'ecombinant adenovirus vector's 
Breast cancer cell lines were cultured in RPMI 1640 
medium supplemented with 10 % FBS, 22 gil sodium 
bicarbonate, 1 mM L-glutamine, and 1 % penicillin-strep­
tomycin mixture, at 37°C in a humidified 5 % CO2 
atmosphere Experimental steps of transduction of breast 
cancer cells with adenoviral vectors can be summarized as 
follows: Breast cancer cells were infected with an increas­
ing multiplicity of infection (MOl) of AdEGFP (vector 
expressing enhanced green fluorescent protein (EGFP) 
reporter gene) vector at 37°C in RPM! 1640 without FBS. 
Two hours following infection, equal volume of RPMI 
1640 supplemented with 20 % FBS was added to increase 
the serum concentration in the media to 10 % 48 hours 
after the infection, the level of transduction was detected 
by examining of the percentage of GFP (+) cells under a 
fluorescent microscopy and subsequently by flow cytom­
etry Propidium iodide exclusion technique was used to 
determine the cell viability Overexpression of hTRAIl 
was provided by Ad5hTRAIl infection, Cells were coin­
feeted with adenovirus vectors encoding IKKP dominant 
negative mutant (AdIKKPKA) and AdshTRAll in order to 
block IKK activity thereby NF-kB activation. NF-kB pro­
moter based Lucif(:~rase assay system was utilized to con­
duct NF-kB transcription activation assays using 
AdNFkBLuc construct AdCMVlacZ vector was used as a 
conuol 

NF~kB dir'ected transcription activation assays 
AdNFkBLuc construct was utilized in order to determine 
the NF-kB activation status of MCF7 cells AdNFkBLuc 
vector [38] possesses four tandem copies of the NF-kB 
consensus sequence fused to a TA'IA-like promoter from 
the herpes simplex virus-thymidine kinase gene driving 
the expression of a 1 uciferase reporter Transcriptional 
induction mediated by NF-kB in the presence or absence 
of TRAIL was measured according to the manufacturer's 
protocol using the luciferase assay system with Reporter 
lysis Buffer (Prom ega, Inc) All measurements of luci­
ferase activity expressed as relative light units were nor­
malized against the protein concentration 

Cell viability assays 
DisClimination of live cells from dead cells was performed 
using Live/Dead Cellular Viability/Cytotoxicity Kit from 
Molecular Probes (Eugene, OR) This assay is based on the 
use of Calsein AM and Ethidium homodimer-l (EthD-l) 
Calsein A.!\1 is a fluorogenic substrate for intracellular cal­
sein esterase It is modified to a green fluorescent com­
pound (calsein) by active esterase in live cells with intact 
membranes, thus serves as a marker for viable cells. 
Unharmed cell membranes do not allow EthD-l, a red 
fluorescent nucleic acid stain, to .enter inside the cell 
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However, cells with damaged membrane uptake the dye 
and stain positive 

Apoptasis detection by Annexin V binding 
Annexin V conjugated to fluorochromes such as FIrC has 
successfully been used as probes to detect cells undergo­
ing apoptosis Annex.in V binding assays were carried out 
according to manufacturer s instructions (Alexis Biochem­
icals) For this purpose, a FITC conjugated mouse mono­
clonal antibody to human Annexin V (AlX·,804-100F­
IlOO) was employed to detect apoptotic cells via flow 
cytometry 

The detection o(TRAIL receptor expreSSion profile by flow 
cytometry 
Anti-TRAIL receptor flow cytometry set (Cat ALX-8S0-
273-KIOl) was used to detect TRAIL receptor protein 
expression on cell surface This kit contains 100~gs of 
MAb to TRAll-RI (clone HSIOI, Cat 804-297A), .R2 
(clone HS201, Cat804-298A), -R3 (clone HS301, Cat 
804-344A) and -R4 (clone HS402, Cat 804-299A) Pri­
mary antibodies were used at .5 J.lgfml concentration 
Biotinylated goat anti-mouse IgGl (Cat ALX-211-202) 
was used as a secondary antibody followed by streptavi­
din-PE (Cat ANC-253-0S0) prior to flow cytometry Flow 
analysis was performed according to manufacturer's pro­
tocols using SD FACSCALIBUR at the Akdeniz University 
Hospitals Purified mouse IgGI (MOPC 31G, Cat ANC-
278-010) served as an isotype control 

Quantitative Real Time RT-PCR assay (01 human TRAIL 
receptor'S 
TRIzol reagent (life Technologies, Gaithersburg, MD) was 
used to extract total RNA from breast cancer cells, accord­
ing to the instructions from the manufacturer. Reverse 
transcription of 2 ~g of total RNA was performed using 
raqMan Reverse Transcription Reagents (Applied Biosys­
tems Cat N8080234), Despite the fact that the sequences 
for TRAIL-Rl and TRAIl-R2 primers and probes were 
recently described by our group [421, we had to design 
new probe sets for the decoy receptors Following is the 
sequence information for TRAIL decoy receptor sets: 
TRAllR3-5' CCC-TAA-AGT-TCG-TCG·T'CGcTCA-T, 
TRAIlR3-3' GGG-CAG-TGG-TGG-CAG-AGT-A, TRAIlR3 
Probe: 5' 6FAM-TCGCGGTCCTGCTGCCAGTCCTAGC­
TAMRA 3; TRAILR4-S' ACA-GAG-GCG-CAG-CCT-CAA, 
TRAIlR4-3' ACG-GGT -TAC-AGG-CTC-CAG-TAT--ATT, 
TRAIlR4 Probe: 5' 6Ffu'vl-AGGAGGAGTGTCCAGCAG­
GATCTCAHGATC-TAMRA 3 [RNA was amplified as an 
internal control in the same reaction Both the rRNA 
primers and probes were obtained from PE Applied Bio·· 
systems (Cat B08329) MCt method was llsed as 
described by Applied Biosystems to calculate the relative 
quantities of TRAIL receptors The TaqMan PCR reaqion 
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was performed as described by the manufacturer (Applied 
Biosystems Cat N8080228) 

A DcR2 siRNA approach targeting TRAIL-R4 expression 
Posttranscriptional silencing of gene expression became a 
very useful approach within the last couple of years in 
research. OcR2 siRNA experiments were performed using 
DcR2 siRNA (sc-35185), siRNA transfection medium (sc-
36868) and siRNA lransfection reagent (sc-29528) in 
MCF7 breast cancer cells as described by the manub.cturer 
(Santa Cruz Biotechnology) Flow cytometry analysis was 
performed to assess any changes in 1RAlL-R4 gene expres­
sion MCF7 cells were infected with Ad5hlRAlL or AdCM­
ViacZ vectors at increasing doses 3.5 hours following the 
transfection Molecular Probe's Live/Dead Cellular Viabil­
ity/Cytotoxicity Kit was used to assess the amount of live 
cells 48 hours following the infection 

Results 
MCF7 breast carcinoma cells wer'e effiCiently tl'ansduced 
with I'ecombinant adenovir'Uses 
In order to find out the efficacy of transduction of breast 
cancer cells by first generation adenoviral vectors, MCF7 
cells were infected with increasing Multiplicity of Infee·· 
tion (MOl) of adenovirus encoding Enhanced Green flu­
orescent Protein (AdEGFP) The transduction profiles 
were followed under fluorescent microscopy and the 
results were quantitatively analyzed by flow cytometry 48 
hours following the infection (FigUIe 1) While an MOL of 
5000 DNA particles/cell was sufficient to transduce mOle 
than 90 % of the ceils,. nearly 100 % of the cells were trans­
duced with AdEGFP at an MOl of 10,000 DNA particles/ 
cell These assays were also pivotal in obtaining the opti­
mum dose of adenovirus required for efficient transduc­
tion of MCF7 breast carcinoma celIline without observing 
deleterious cytotoxic effects These results demonstrated 
that breast cancer cells were transduced successfully with 
recombinant adenoviral vectors 

MCF7 breast cancer cells displayed complete ,'es;stance to 
TRAIL 

Although TRAIL appeared as a promising therapeutic lig­
and to ueat cancer, a variety of tumor types were reponed 
to be resistant to TRAIL-induced cell death For this rea­
son, we wanted to investigate if exogenous TRAIL expres­
sion delivered by adenovirus vectors would induce killing 
of breast cancer cells To test this, MCF'7 celts were infected 
with increasing titers of Ad5hTRAIL or AdCMVLacZ 
\mount of viable cells were detected using Molecular 
Probe s Live/Dead Cellular Viability/Cytotoxicity Kit 48 
hours following the infections (Figure 2) MCF7 cells dis­
played complete resistance to TRAIL, as no reduction in 
the level of viable cells was observed even at an MOl of 
10,000 DNA particles/cell, at which almost all cells were 
infected, rhus, it was concluded that MCF7 breast cancer 
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celts were completely resistant to adenovirus delivery of 
TRAIL Similarly, AdCMVlacZ infection alone revealed no 
significant degree of cell death either (data not shown) 

Blocking IKK induced NF~kB activation pathway alone did 
not cause any teduction in the viability of MeF7 br'east 
carcinoma cells 
Because increased NF-kB activity was claimed to be 
responsible for the resistance to death ligand induced 
cytotoxicity in some tumors [36,37j, we wanted to test if 
the inhibition of IKK activity thereby NF-kB would reduce 
the viability of breast cancer cells In order to block the 
intracellular anti-apoptotic NF-kB pathway, MCF7 cells 
were infected with increasing MOIs of adenoviral vectors 
encoding a dominant negative mutant of 
IKKP(AdIKKPKA), a key molecule involved in the activa­
tion of NF-kB Cell viability was examined 48 hours fol­
lowing the infection under fluorescent microscope (Figure 
2) Interestingly, AdlKKPKA vector alone proved ineffi­
cient in reducing the viability of MCF7 cells, even at an 
MOL of 10,000 DNA particles/cell 

Adenovir'us delivery of IKKj3KA gene expression sensitized 
MeF7 br'east cancer' cells to TRAIL-induced apoptosis 
Adenovirus-mediated delivery of IKKP (Ad IKKPKA) 
[17,181 or IkBa (Ad IkBaSR) [40,431 dominant negative 
mutants have previously been demonstrated to sensitize 
lung cancer cells to TNF death ligand Because most of the 
breast cancel cell lines tested appeared to be TRAlL resist­
ant [27,28J, NF-kB targeting strategies involving IKK inhi­
bition was employed to verify whether MCF7 breast 
carcinoma cells were sensitized to TRAIL under these cir­
cumstances To accomplish this, MCF7 cells were coin­
fected with a constant MOl of Ad5hI'RAlL construct and 
increasing doses of AdIKKPKA vector In order to better 
assess the sensitization phenomenon, Ad.5hTRAIL was 
infected at two different MOIs into MCF7 breast cancer 
ceHlines While a constant MOl of 1000 DNA particles/ 
cell of Ad.5hTRAIL was used in infection experiments 
depicted on Figure 3, infection experiments conducted at 
an MOl of 5000 DNA particles/cell are displayed in Figure 
4 The amount of viable cells was detected 48 hours fol­
lowing the infections using Molecular Probe's Live/Dead 
Cellular Viability/Cytotoxicity Kit Intriguingly, MCF7 
cells were sensitized to TRAIL only when Ad5h1RAIL was 
coinfected with AdIKKpKA vector For instance, nearly 55 
% cell death was observed when cells were coinfected with 
1000 MOl of Ad5hTRAIl and 5000 MOl of AdIKKpKA 
constructs (Figure 3). When MOl of Ad5hTRAIl was~ 

increased to 5000 as depicted on Figure 4, the death rad 
went up to 90 % On the other hand. AdCMVlacZ infec­
tion instead of AdIKK{3KA in breast cancer cells revealed 
no TRAIL sensitization (data not shown) These results 
suggested that IKK~KA expression via adenovir?-l vectors 
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First generation adenoviral vector's efficiently transduced MCF7 breast cancer cells MCF7 cells were infected with incr'easing 
MOJs of AdEGFP for 48 hours prior' to analysis The number of EGFP expressing cells was detected under fluorescent micros­
copy (Panel A), and analyzed by flow cytometry (Panel B) Numbers represent viral doses applied in MOl values as DNA 
particles/cell 
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Figure 2 
AdShTRAIL or AdIKK~KA infection alone did not decrease the viability of MCF7 breast cancer cells, MCF7 cells were infected 
with increasing MOls of either AdSh TRAIL or AdIKK~KA construct. Cell viability was detected using Molecular Probe's livel 
Dead Cellular Viability/Cytotoxicity Kit 48 hours following the infection Numbers represent vir'al doses applied, in MOl values 
as DNA particles/cell 

defeated TRAIL resistance observed in MCF 7 breast cancer 
cells 

E.xogenous TRAIL overexpres$;on elevated the basal NF­
kB activity in MCF7 cells, whereas IKKj3KA expression 
blocked both TRAIL-induced and basal NF-kB activities 
It is well known that different tumor cells display diverse 
levels of endogenous NF-kB activities. Furthermore, intra­
cellular NF-kB activity in tumor cells is upregulated by 
both TRAIL death receptors (TRAIL-Rl and TRAIL-Rl) 
134,44J as well as TRAIL decoy receptor TRAIL-R4 145J 
upon ligand binding Knowing the endogenous NF-kB 
status of cancer cells before the therapy is obviously cru­
cial for TRAIL mediated gene therapy targeting to induce 
apoptosis in cancer cells, A coinfection experiment was 
perfonned using a recombinant adenovirus vector carry­
ing NF-kB driven Luciferase reporter gene (AdNFkBLuc) 
and Ad5h TRAIL vector in order to study the extent of NF­
kB activation as a result of TRAIL overexpression in MCF7 
breast cancer cell line, NF-kB Luciferase assays were con­
ducted 24 hours following the infection in order to deter­
mine cell's NF-kB activation status As seen in Figure 5, 
Ad5hTRAIL at an MOl of 5000 DNA particles/cell (Panel 
B) but not at an MOL of 1000 DNA particles/cell (Panel A) 
stimulated NF-kB activation In order to determine the 
magnitude of NF-kB inhibition, a triple coinfection exper-

iment involving AdNFkBLuc, AdshTRAIL and AdlKKPKA 
or AdCMVLacZ was performed While IKKPKA overex­
pression in MCF 7 cells gradually reduced both the TRAIL­
induced and basal NF-kB activities in MCF7 cells, no such 
NF-kB inhibiting effect was obselVed in cells upon super­
infection with AdCMVlacZ virus as a control (Figure 5) 

Cainfectian af Ad5h TRAIL and AdIKKj3KA results in 
apoptotic cell death in MCF7 breast cancer cells 
To show that apoptosis is the mechanism of cell death 
mediated by TRAIL overexpression under the setting of 
IKK inhibition in MCF7 cells, Annexin V staining was per­
formed using flow cytometry For this purpose, MCF7 
cells were infected with Ad5hTRAIL or AdlKKPKA vectors 
alone or in combination Thirty-five hours following the 
infection, apoptotic cell death was analyzed by Annexin­
V-FITC staining As"displayed in Figure 6 Panel A, there 
was no substantial Annexin V binding generated by the 
expression of TRAIL or IKKPKA in MCF7 cells However, 
considerable levels ofAnnexin Vbindingwere observed in 
cells coinfected with Ad5hlRAIL and AdlKKPKA indicat­
ing apoptotic cell death (Figure 6, Panel B) As predicted, 
Ad5hTRAIL and AdCMVLacZ (negative control) coinfec­
tion did not yield any significant levels of Annexin V bind­
ing as MCF7 cells are resistant to TRAIL in the absence'of 
IKK inhibition These results suggested that the 
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IKK~KA expression via adenoviral vectors sensitized MCF7 cells to TRAIL-mediated apoptosis, MCF7 cells were infected with / 
increasing doses of adenoviral vectors encoding dominant negative mutant of IKK~ (as shown below each panel), while simulta-
neous infection with Ad5hTRAIL (as shown above each panel) was performed at a constant MOl of 1000" Cell viability was 
detected using Molecular Probe's Live/Dead Cellular Viability/Cytotoxicity Kit 48 hour'S following infection, Numbers r'epre-
sent viral doses applied in MOl values as DNA particles/cell Fluorescent micrographs are provided in Panel A; Panel B depicts 
quantitative analysis of such infections~ Values represent the mean (± SEM) of three different experiments, 
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AdIKK~KA infection defeated the resistance to TRAIL-induced apoptosis in MCF7 breast cancer cells These cells were coin­
feeted with a constant MOl of 5000 DNA particles/cell of AdShTRAIL (as shown above each panel) and increasing doses of 
AdIKK~KA <as shown below each panel).. Live/Dead Cellular Viability/Cytotoxicity Kit from Molecular Probe was used to 
detect TRAil cytotoxicity 48 hours (ollowing infection. Numbers represent viral doses applied, in MOl values as DNA parti­
cles/ceil" Data represent the mean of (± SEM) six independent data points (n :;;: 6). 
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Figur'e 5 I 
Distinctive regulation of NF-kB activation in MCF7 breast cancer cells by Ad5hTRAIL and/or AdIKK~KA infections. MCF7 cells 
were simultaneously infected with AdNFkBLuc. AdShTRAIL and/or increasing doses of AdIKK~KA construct for 24 hours 
AdCMVLacZ infection was also performed as a negative control The types of constructs used in the infection are shown on 
the x axis MOl values represent DNA particles/cell AdShTRAIL vector was used at two different constant MOls (MOl of 
1000 and 5000) in order to avoid cell death complicating our assay result Luciferase activity expressed in Relative Light Units 
per microgram protein is shown on yaxis Values represent the mean (± SEM) of six independent data points (n = 6) 
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Ad5hTRAIL and AdIKK~KA coinfection induced apoptosis in MCF7 breast carcinoma cells FITC conjugated Annexin V and / 
Propidium Iodide (PI) staining were utilized using MCF7 cells infected with various combinations of adenovirus constructs as 
described in Methods prior to flow cytometry Each histogram represents 104 gated MCF7 cells" Histograms were illustrated in 
two panels for clarity" Various treatment settings were provided in Panel A MOl of 5000 DNA particles/cell was used for each 
viral construct unless stated otherwise in the Figure Control line represents uninfected but FITC-Annexin V and PI stained 
MCF7 cells, Only one representative"assay out of three independent assays was provided 
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mechanism of cell death experienced by MCF7 cells is 
apoptosis following TRAIL stimulation under the setting 
of IKK inhibition 

MCF7 br'east cancer cell line displayed significant levels of 
TRAIL decoy f'eceptor-4 expression 
So far no evidence of the connection between the expres­
sion pattern oflRAU receptors and TRAIL sensitivity was 
found in cancer cells! 31 J Pan of the reason might have 
been the inability to screen all TRAIL receptors at once in 
breast cancer cells then [28J. In order to compensate this 
deficiency, quantitative novel Real Time RT-PCR assays 
were conducted using primer-probe sets specifically 
designed to detect each fRAIL receptor in MCF7 breast 
cancer cells (Figure 7, Panel A) According to our results, 
while all TRAIL receptors were expressed in MCF7 cells, 
TRAIL~R4 expression was the highest among the four In 
addition, the level of TRAIL-R2 expression was much 
higher than that of TRAll-RI Lastly, lRAIL-R3 decoy 
receptor expression was the lowest These results sug­
gested that high levels of TRAlL-R4 decoy receptor expres­
sion correlated well with TRAIL resistance, However, as 
the gene expression detected inside the cell may not nec~ 
essarily correlate with the receptor expression on cell sur­
face, we decided to perform flow cytometry analysis using 
antibodies specific to four different TRAIL receptors, As 
shown in Figure 7 Panel B, MCF7 cells expressed all TRAIL 
receptors excluding TRAIL-R3 on cell surface While simi­
lar levels of TRAIL death receptors TRAIL~Rl and TRAn~ 
R2 were expressed, there were still considerable levels of 
TRAIL~R4 decoy receptor expression on the surface of 
MCF7 cells 

TRAIL sensitive MDA-MB-23I cells displayed very low 
levels of TRAILMR4 decoy receptol expression on cell 
sUlface 
In order to solidify the importance of TRAIL-R4 expres­
sion and its connection to TRAIL resistance, another 
breast cancer cell line, MDA-MB-231, was also analyzed in 
terms of TRAIL receptor expression profile Real Time RT­
peR assays revealed that while lRAIL-R2 expression was 
the highest on transcript levels, TRAIL-R4 decoy receptor 
expression was the lowest TRAIL receptor expressed in 
MDA-MB-231 breast cancer cells (Figure 8, Panel A) Fur­
thermore, flow cytometry analysis indicated that insignif­
icant levels of TRAIL-R4 expression were detected on the 
surface of MDA-MB-231 breast cancer cells (Figure 8, 
Panel B) TRAIl-R3 decoy receptor expression, however, 
was not detectable using flow cywmetry Intriguingly, in 
contrast to what was observed with MCF7, adenovirus 
delivery of TRAlL alone killed significant proportions of 
MDA-MB-231 breast cancer cells (Figure 9) 
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Lowering of TRAIL-R4 gene expression sensitized MCF7 
breast cancel cells to TRAIL 
In order to solidify the connection between TRAlL-R4 
decoy receptor gene expression and TRAIL resistance, a 
DcR2 siRNA approach was executed in TRAlL resistant 
MCF7 breast cancer cells Flow cytometry analysis con­
ducted 35 hours following the transfection revealed that 
the level ofTRA1L~R4 protein expression on surface went 
down drastically (Figure 10, Panel A) At this stage, MCF7 
cells were further infected with either AdShTRAIl or AdC­
MVlacZ vector at increasing doses Cell viability assays 
were conducted 48 hours following the infection Only 
Ad5h TRAIL infected cells exhibited considerable amount 
of cell death following transfection (Figure 10, Panel B) 
No such effect was observed when ceils were infected with 
AdCMVLacZ virus (data not shown) 

Discussion 
Although, conventional treatment modalities could not 
satisfactorily improve the sUlvival rates of patients with 
locally advanced and metastatic disease, adenovirus deliv­
ery of death ligands represents a feasible choice for the 
treatment of patients with breast cancer However, recent 
obselVations demonstrating that a considerable portion 
of human cancers including those of the breast [2'7,28] 
were TRAIL resistant undermined the potential applica­
tion of I'RAIL against cancer Accordingly, the understand­
ing of the mechanism of TRAIL Iesistance is the key to 

resolve primary obstacles in TRAIL mediated gene therapy 
approach, Based on recent findings from our laboratory 
and others, we think that NF-kB signaling is one of the 
most crucial pathways involved in the constitution of 
TRAIL resistance [26) .. Despite the fact that TRAIL-Rl, 
TRAIL-R2 and TRAIL-R4 induced NF-kB activation has 
been shown to be primarily mediated by TRAF2-NIK-Ika­
ppaB kinase alpha/beta signaling cascade [35), there is 
some doubt on whether or not NF~kB activation can block 
TRAIL mediated apoptosis For example, in one particular 
study it was reported that NF-kB inhibition by way of Ika­
ppaBaJpha mutant expression sensitized MCF7 cells to 
TNF but not TRAIL,·induced apoptosis [35] ConsideIing 
the tact that there are different ways to activate NF-kB 
pathway (IkB dependent and independent ways) [46] we 
decided to inhibit IKK activity rather than targeting Ikap­
paBalpha itself to look for the possibility of sensitizing 
MCF7 breast cancer cells to TRAIL 

First of all, in order to find out the efficacy of adenovirus 
transduction in breast cancer cells, MCF7 cells wefe 
infected with increasing MOls of AdEGFP virus The 
transduction profiles analYL:t'd by flow cytometry showed 
that nearly 100 % of the cells were transduced with 
AdEGFP at an MOl of 10,000 DNA particles/cell (Figure 
1) The efficacy ofIRAIL in mediating apoptosi! of MCF7 
breast cancer cells was assessed using AdSh TRAIL 
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Figure 7 .r 
MCF7 breast carcinoma cell line displayed substantial levels of TRAIL-R4 decoy receptor expression, Quantitative Real Time 
RT-PCR of TRAil receptors was performed as described in Methods (Panel A) TRAil receptor levels per 25 pg of ribosomal 
eDNA are presented in the graph for clarity" Ribosomal RNA primers and probes were included in each T aqMan r'E:action as an 
internal control. Panel B depicts the surface TRAIL receptor expression pattern of MCF7 cells using flow cytometry, Experi~ 
mental parameters are defined in color'Ed lines .. I ()4 cells were gated for each histogram. Only one representative assay for each 
experiment (independently repeated three times) is shown, ' 
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MDA~MB~231 breast cancer cells displayed trivial levels ofTRAIL~R4 decoy f'eceptor expression on surface" TRAIL receptor 
composition of MDA~MB-231 breast cancer cells revealed by Real Time RT·PCR assay is displayed in Panel A Panel B illus­
trates flow cytometry analysis showing the surface expression pattern of TRAIL receptors 104 cells were gated for each histo­
gram Only one representative assay- out of three is shown 
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Figur'e 9 
MDA-MB-23I breast cancer cell line is sensitive to Ad5hTRAlL infection. MDA-MB-23I breast cancer cells were infected with 
increasing MOls of AdShTRAIL construct. Molecular' Probe's Live/Dead Cellular Viability/Cytotoxicity Kit was used to detect % 
viable cells 48 hours following the infection Numbers represent viral doses applied in MOl values as DNA particles/cell Values 
represent the mean (± SEM) of six independent data points (n = 6) 

construct Interestingly, MCF7 cells displayed complete 
resistance to TRAIL as no reduction in the level of viable 
ceils was observed even at an MOl of 10,000 DNA pani­
cles/cell (Figure 2), IKK inhibiting strategy alone proved 
inefficient in reducing the viability of MCF7 cells suggest­
ing that an apoptotic stimulus was required in order to 
induce cell killing (Figure 2) Interestingly, in order to 
break down TRAIL resistance and to induce cell death, a 
coinfection of MCF7 cells with Ad5hIRAlL and 
Ad[KK~KA was required (Figures 3 and 4) Luciferase 
assays confirmed that both the TRAIL induced and endog­
enous NF··kB activities were drastically reduced by the 
infection of MCF7 cells with AdIKK~KA virus (Figure 5) 
Moreover, IKKBKA sensitizatiGn of MCF7 breast carci­
noma cells resulted in TRAIL induced apoptosis as 

revealed by Annexin V binding assays (Figure 6) These 
results suggested that NF-kB activation pathway has a 
hampering effect on TRAIL·induced cell death in MCF7 
cells, and blocking this pathway is essential to sensitize 
breast cancer cells to TRAIL mediated apoptosis 

So far, no correlation between TRAIL resistance and TR.!Ul 
decoy receptor gene expression has been reported For 
example, analysis ofbleast cancer cell lines by just exaITI- 1"-' 

ining the expression levels of TRAIL death receptors 
(IRAlL-Rl and TRAfL·R2) and IRAIL-R3 decoy receptor 
using RNase protection 'assay did not reveal any COlmec­
tion between the expression pattern of TRAIL receptors 
and fRAfL resistance 128J But whether or not TRAJL-R4 
decoy receptor gene expression in any way contributes to 
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Knocking down TRAIL-R4 expression sensitized MCF7 br'east cancer cells to TRAIL A DcR2 siRNA approach was adminis­
tered as described in Methods using TRAIL resistant MCF7 breast cancer cell line .. Panel A depicts a flow cytometry analysis 
confirming strong attenuation of TRAIL-R4 expression on cell surface, TRAIL-R2 death receptor expression was also detected 
as a control. Sensitization of MCF7 breast cancer cells to TRAIL following a DcR2 siRNA approach is provided in Panel B 
MCF7 br'east cancer cells were infected with increasing doses of AdShTRAIL alone following a DcR2 siRNA transfection Cell 
death was detected 48 hours following the infection (Panel B) .. Data represent the mean (± SEM) of 6 independent data' points 
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TRAIL resistance in breast cancer cells remains to be tested 
yet Quantitative Real Time RT-PCR assays were 
developed in order to assess the level of TRAIL receptor 
gene expression in breast carcinoma cells While all TRAIL 
receptors were detectable in MCFl breast carcinoma cell 
line, the level ofTRAIL-R4 decoy receptor gene expression 
was the highest among the four (Figure 7, Panel A) This 
intriguing observation is consistent with a previous report 
suggesting that transient TRAIL ··R4 overexpression 
protected target cells from TRAIL induced cytotoxicity 
[45] TRAIL R4 is known to protect cells from apoptosis by 
acting both as a decoy receptor and an antiapoptotic sig­
nal provider While Real Time peR assay is useful in 
assessing the level of gene expression on mRNA levels, 
obviously this assay does not necessarily reflect TRAIL 
receptor composition on cell surface For this reason, con­
ventional flow cytometry analysis was carried out in order 
to determine the level of TRAIL receptor protein expres­
sion on cell surface Despite the presence of TRAIL death 
receptors, substantial levels of TRAIL-R4 decoy receptor 
expression were detectable on the surface of MCF7 breast 
carcinoma cells (Figure 7, Panel B). On top of that, TRAIL 
sensitive MDA-MB-231 cell line (Figure 9) displayed very 
low levels of lRAlL-R4 decoy receptor expression on cell 
surface (Figure 8, Panel B). Neither of the cell lines 
expressed detectable levels of TRAlL-R3 decoy receptor on 
surface Intriguingly, administration of a OcR2 siRNA 
approach lowered surface lRAIL··R4 expression and sensi­
tized MCF7 breast cancer cells to TRAIL (Figure 10) 

Conclusion 
Our results demonstrated that the expression of TRAIL-R4 
decoy receptor but not TRAIL-R3 appeared to correlate 
well with TRAIL resistance phenotype observed in MCF7 
breast cancer cells. Further sCIeening of another breast 
cancer cell line, MDA-MB-231, revealed that low levels of 
lRAll-R4 expression on surface were correlated with 
TRAlL sensitivity These results strengthen our argument 
that TRAll-R4 but not TRAIL-R3 is the decoy receptor 
which appeared to influence TRAIL sensitivity in breast 
cancer cells This is further confirmed by a DcR2 siRNA 
assay which suggested that down regulation of lRAIL-R4 
expression sensitized MCF7 breast cancer cells to TRAIL 
In addition, the inhibition of IKK pathway thereby NF-·kB 
sensitized MCF7 cells to TRAIL induced apoptosis despite 
the expression of TRAIl-R4 decoy receptor on cell surface 
Consequently, this complementary gene therapy 
approadl involving IKK inhibition might be necessary to 

bu~akdown TRAIL resistance encountered in patients with 
breast cancer 
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Summary 
Prostate cancer is the most fI'equently diagnosed male cancel' in the world" Like all cancer'S, prostate cancer is a 
disease of uncontrolled cell glOwth. In some cases tumors are slow growing and remain local. but in others they may 
spread rapidly to the lymph nodes, other organs and especially bone" Although surgery and radiation can cure early 
stages of organ confined pmstate carcinoma (stages I and II), there is no curative therapy at this time for locally 
advanced or metastatic disease (stages III and IV)" The likelihood of postsurgical local recurrence increases with 
capsular penetration as detecteil in 30 % of the patients at the time of radical prostatectomy, Moreover, 10-15 % of 
patients have metastatic cancer at the time of diagnosis" Considering the fact that 60 % local recurrence is observed 
in patients receiving radiation therapy with or without adjuvant hormonal ablation therapy, it is generally believed 
that androgen ablation therapy simply delays the progression of pmstate carcinoma to a more advanced stage. In 
addition, the overall ten~year' survival rate of' patients with locally recut rent prostate cancer is only around 35 %; 
thus; the ultimate progression into and['og~n independent prostate carcinoma appears to be inevitable. Gene 
therapy arose as a novel treatment modality with the potential to decrease the morbidity associated with 
conventional therapies" Therefore, gene therapy is expected to lower the incidence of tumor recunence and finally 
improve the 'Outcome of' patients with recun'ent and androgen independent prostate carcinoma. Viral vectors al'e 
most commonly used for the purpose of gene therapy. Currently, there are a total of 40 clinical lIials being 
conducted using viral vectors for the treatment of prostate carcinoma" 22 out of 40 clinical protocols (55 %) 
apploved for the treatment 'Of prostate cancel' utilize adenovirus vectors. Most of these adenovirus mediated 
therapeutic approaches employ either selectively replicating adenoviruses or suicide gene therapy approaches. In 
this review, we mainly concentrated on the progress in adenovirus mediated gene therapy approaches for prostate 
cancer. Analysis of' the death ligand mediated gene therapy approach was also discussed in detail, while our novel 
findings wer e incor pOl'ated as an example for up-to-date approaches used for adenovir us mediated gene ther apy 
against prostate carcinoma" 

I. Introduction 
Prostate cancer is the second leading cause of death 

in men from cancer following lung carcinoma with an 
annual mortality rate of 38,000 (Yeung and Chung, 2002) 
There are 200,000 newly diagnosed cases of prostate 
carcinoma every year in the United States alone (Boring et 

1994; Greenlee et a!, 200 I) As a result, prostate 
carcinoma is claimed to be the most frequently diagnosed 
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male cancer in the United States (Powell et ai, 2002) 
Despite the fact that there has been a considerable effort 
for screening and early detection of prostate cancer in 
recent years, the lifetime risk of being diagnosed with 
prostate cancer is still reported to be I in 5 (Grumet and 
Bruner, 2000) Several hundred clinical studies using 
experimental or approved chemotherapeutics failed to 
improve survival rates of patients with prostate cancer 
(Devi, 2002) Because prostate cancer is a heterogeneous 
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disease, treating patients with prostate cancer still remains 
a formidable task. In addition, the molecular mechanism 
responsible for the onset of the disease is poorly 
understood" However, earlier detection of prostate cancer 
has been associated with an improved outcome (perrotti et 
aI, 1998) .. Thus, the detection of prostate cancer at an 
earlier stage remains to be the most realistic chance for 
therapy 

For this purpose, different molecular screening 
methods (Ross et aI, 2002a, 2002b) have been employed, 
but the most effective method is yet to be established. The 
most commonly used screening assays ar'e based on the 
detection of up-regUlated prostate specific markers such as 
prostate specific antigen (PSA). Currently, prostate 
specific antigen, (Farkas et aI, 1998) when it is used in 
conjunction with other markers such as Gleason Scoring 
(Koksal et al, 2000) and TNM grading (Schroder et al, 
1992), is considered to be a valuable tool to evaluate the 
histological grade of prostate carcinomas (Xess et al, 
2001) .. As a result, patients were provided with various 
treaUDent options based on the results obtained with these . 
parameters These treatment options included but were not 
limited to operation, (Klotz, 2000b) radiotherapy, (Do et 
ai, 2002) chemotherapy (Wang and Waxman, :;001) and 
hormone therapy (Klotz, 2000a; Smith et aI, 2002).. 
Regrettably, these conventional treaUDent modalities could 
not decrease the casualties from prostate cancer (Hsieh 
and Chung, 2001) Hence, there is a great need for 
development of nove! treaUDent modalities to fight against 
prostate cancer. These remorseful facts ignited the 
initiation of gene therapy trials for prostate carcinoma 
(Sanda, 1997).. So far, various viral vectors including 
lentivirus (Yu et aI, 2001 a), herpes simplex vims 
(Jorgensen et aI, 2001), adeno-assoc!ated virus (Vieweg et 
ai, 1995) and adenovirus (Loimas et aI, 2001) were tested 
as carriers for therapeutic genes against prostate cancer. 
Other types of viruses such as Semliki Forest virus and 
Sindbis virus were also tested for gene delivery to prostate 
cancer cells (Loimas et aI, 2001), but these viruses were 
unable to transduce prostate cells efficiently .. Due to its 
antigenic properties and tissue transduction characteristics, 
adenovirus arose as a favored transporter vector The 
exploitation of the tissue specific promoter in gene therapy 
especially eased adenovirus use in clinical trials (Lu and 
Steiner, 2000).. In this review, we mainly highlighted the 
progress in adenovirus mediated prostate cancer gene 
therapy within the last three years with a particular 
emphasis in death ligand mediated gene ther apy approach 

II. Immunomodulation 
I umors exhibit some degree of immunogenicity and 

the human immune system responds to these tumor 
Specific antigens by mounting humoral and cellular 
responses, which are essential for the eradication of 
tumors Adenovirus is commonly used for the delivery of 
genes encoding tumor-associated antigens in Older to 
augment tumor-specific immune responses, However, 
antiviral immunity against adenovirus is a big concern, 
challenging its application in gene therapy. Various 
methods were employed in order to get around the 
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antiviral immunity barrier to increase the efficacy of 
adenovirus mediated gene delivery One of these methods 
involves the testing of a collagen-based matrix (Gelfoam) 
(Siemens et aI, 2001) Coinjection of Gelfoam with 
adenovirus vectors carrying prostate-specific antigen 
(Ad5-PSA) into mice naive to PSA but immune to 
adenovirus, relinquished the inhibitory effects of 
adenoviral immunity on CTL activation. Viral vectors are 
also being tested to deliver tumor specific peptides into 
dendritic cells (DCs) to evoke an immune response .. The 
degree of immune response generated relies on the 
functionality of DCs following viral transduction To 
prove this, adenovirus and retrovirus vectors weIe 
compared on the basis of their influence on the 
functionality of DCs (Lundqvist et al, 2002a). Adenovirus­
transduced monocyte-derived DCs (MO-DCs) stimulated 
allogenic lymphocytes and produced high levels of TNF 
and IL12. In addition, the expression of NF-KB and 
antiapoptotic molecules such as Bel-X(L) and Bel-2 
(Lundqvist et aI, 2002b) were also increased in 
adenovirus-transduced MO-DCs. Consequently, these 
cells became more resistant to spontaneous as weI] as Pas­
mediated cell death. In contrast, retroviruses failed even to 
transduce MO-DCs Although CD34(+) cell-derived DCs 
were transducable with retroviruses to a lesser extent, they 
were less potent in their ability to stimulate allogenic 
lymphocytes in comparison to nontransduced DCs. These 
results suggest that adenovirus transduction of DCs 
increased the survival and the potency of DC mediated 
activation of the immune system This might be important 
for prolonging the antigen presentation to generate a 
greater degree of immune response, 

Cytokine stimulated tumor infiltrating macrophages 
also playa major role in the generaiion of the cellular 
immune response against the tumor.. The role of tumor­
infiltrating macrophages in IFN-~-induced host defense 
against prostate cancer was revealed using xenograft mice 
models injected with adenovirus calIying IFN-~ gene 
(Zhang et aI, 2002a). Injection of an adenoviral vector 
encoding murine IFN-~ (AdIFN-~) directly into the tumor 
suppressed the growth of PC-3MM2 tumors as well as 
prevented metastasis and prolonged the survival of tumor­
bearing mice, Based on immunohistochemical staining, 
AdIFN-~ infection resulted in the reduction of microvessel 
density of the tumor and increased apoptotic cell death 
(Cao et aI, 2001). On the contrary, macrophage-selective 
anti-Mac-! and anti-Mac-2 antibodies significantly 
reduced the antitumor effect of AdIFN-~ induced therapy 
Therefore, it was concluded that tumor-infiltrating 
macrophages must be involved in IFN-~ induced 
suppression of tumor growth and metastasis 

III. Suicide Gene Therapy 
Suicide strategy is a combined treatment modality 

involving chemotherapy and the gene transfer technology. 
Ihe underlying prinCiple is to limit the cytotoxicity of a 
drug to the local area of the tumor To achieve this, the 
cDNA of a prodrug-converting enzyme is delivered into 
the tumor using viral vectors followed by regional or 
systemic application of the cOlIesponding prodrug. As 

, 

!:"'" 
II"" 
',","" 



Gene Therapy and Molecular Biology Vol 7, page 115 

soon as the prodIug reaches the tumor, it is taken up and 
converted to a cytotoxic drug by tumor cells expressing 
the pIOdrug-converting enzyme For example, 5-
FlulorclUHlCil (5-FU) is widely used as a chemotherapeutic 

for the treatment of various malignancies. Although 
clinical trials have been conducted, so far 5-FU manifested 
a poor therapeutic index, which drastically limited its 
clinical use for cancer therapy It is still not known 
whether the lack of success was due to problems 
associated with drug delivery or inherent insensitivity of 
cancer cells to this metabolite. However, adenovirus (Ad) 
vector-mediated cytosine deaminase (CD)/5-
fluorocytosine (5-FC) gene therapy had the potential to 
overcome pharmacokinetic issues associated with systemic 
5-FU administration Escherichia coli cytosine deaminase 
converts the prodrug 5-FC to the cytotoxic product 5-FU 
Adenovirus encoding cytosine deaminase (AdCD) gene 
was injected into the prostate cancer cells transplanted 
orthotopically on mice followed by the systemic use of 5-
FC in order to investigate the antitumor and anti­
metastatic effects of this approach (Zhang et ai, 2002c) 
An effective inhibition on tumor growth and metastasis 
was observed through in situ injection of AdCD followed 
by systemic use of 5-FC in the xenograft mouse,model of 
prostate cancer. The use of E coli uracil 
phosphoribosyltransferase (UFRT), a pyrimidine salvage 
enzyme, which modifies 5-FU into 5-fluorouridine 
monophosphate, improved the activity of AdCD through 
enhancing the anti-tumoral effect of 5-FU In order to 
assess the efficacy of the combined suicide gene therapy 
approach, two separate adenovirus constructs expressing 
either the E coli CD or K coli UFRT genes were infected 
into androgen refractory prostate cancer cell line DU145 

,bearing mice. This combined gene therapy approach 
, drastically regressed the growth of tumors in these animals 
better than what was achieved with AdCD alone (Miyagi 
et ai, 2003). 

The most commonly used prodrug-converting 
enzyme for clinical approaches is the herpes simplex virus 
thymidine kinase gene (HSV -tk). The enzyme thymidine 
kinase phosphorylates the prodrug ganciclovir (GCV) to 
ganciclovir monophosphate, which is then further 
phosphorylated by cellular enzymes to ganciclovir 
triphosphate, a toxic metabolite and inhibitor of DNA 
polymerase. The efficacy of this approach was evaluated 
in an extended phase I/II study involving 36 prostate 
cancer patients with local recurrence after radiotherapy" 
These patients received single or repeated cycles of 
replication-deficient adenoviral mediated HSV -tk plus 
GCV in situ gene therapy (Miles et ai, 2001). rhe study 
Concluded that the repeated cycles of in situ HSV -tk plus 
GCV gene therapy can safely be administered to patients 
with prostate cancer who failed radiotherapy and have a 
localized reCUIrence, The therapeutic parameters such as 
PSA doubling time (PSADT), the mean PSA reduction 
(PSAR), and return to initial PSA (TR-PSA) values were 
aU increased as a response to the treatment, indicating a 
therapeutic effect A combined gene therapy approach 
USing a recombinant adenovirus containing a fusion gene 
of CD and HSV-tk controlled by a cytomegalovirus 
(CMV) enhancer-promoter was designed t? explore new 
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frontiers in prostate cancer gene therapy (Lee et aI, 
2002b). Both of the prostate carcinoma cell lines tested 
(DU-145 or PC-3 cells) were effectively transduced and 
killed by this replication-incompetent adenovirus encoding 
CD- TK fusion protein in the presence of prodrugs The 
effect of radiation and heat treatment was also tested using 
this vector system Interestingly, heat treatment not only 
increased the expression of CD-TK but sensitized prostate 
cancer cells to radiation as well. These results suggested 
that combining heat treatment with radiation therapy 
improved the efficacy of the adenovirus mediated suicide 
gene therapy approach for prostate carcinoma rhe CD­
TK fusion fragment was also cloned into a lytic, 
replication-competent adenovirus (Ad5-CD/TKrep) and 
administered into patients with prostate carcinoma in a 
Phase I triaL This was the first gene therapy study in 
which a replication-competent virus was used to deliver a 
therapeutic gene to humans (Freytag et aI, 2002a) This 
study demonstrated that intraprostatic administration of 
the replication-competent Ad5-CD/TKrep virus followed 
by 2 weeks of 5-fluorocytosine and ganciclovir prodrug 
therapy led to the destruction of tumor cells in patients 
without safety concerns. In addition, the efficacy and the 
toxicity of replication-competent adenovirus-mediated 
double suicide gene therapy (AdCD- TK) combined with 
an external beam radiation therapy (EBRT) approach was 
tested as a trimodal treatment modality in a preclinical 
study (Freytag et aI, 2002b) Animals bearing prostate 
tumors were first injected with the lytic, replication­
competent Ad5-CDITKrep virus, then received 1 week of 
5-fluorocytosine + ganciclovir (GCV) prodrug therapy 
supplemented with EBR T The results from this study 
suggested that replication-competent adenovirus-mediated 
double suicide gene therapy combined with EBRT is very 
effective in eliminating tumor s and reducing metastasis in 
an orthotropic mouse model of prostate carcinoma 

The efficacy of another gene-directed enzyme pro­
drug therapy based on the Escherichia coli enzyme purine 
nucleoside phosphorylase (PNP) was tested in androgen­
independent prostate cancer cells .. PNP modifies the 
prodrug fludarabine to 2-fluOloadenine (Voeks et ai, 
2002). In this study, a recombinant ovine adenovirus 
vector (OAdV220) with a different receptor choice than 
that of human adenovirus type 5 carrying the PNP gene 
under the control of RSV promoter was used for functional 
studies OAdV220 manifested a higher transgene 
expression compared to human Ad5 vector in infected 
mwine RMl prostate cancer cells during in vitro studies 
Furthermore, the OAdV220 construct dramatically 
inhibited subcutaneous tumor growth when fludarabine 
phosphate was administered systemically in· 
immunocompetent mice Similar results were obtained 
using human PC3 xenografts in mice PNP is also known 
to convert the prodrug 6MPDR to a toxic purine (6MP) 
causing cell death In order to assess the efficacy of this 
approach for prostate cancer, replication-deficie~t human 
type-5 adenovirus (Ad5) carrying the PNP gene (Ad5-
SVPb-PNP) was directly injected into PC3 tumOlS 
(Martiniello-Wilks et ai, 2002) The specificity and the 
level of transgene expression from this recombinant 
adenoviral vector were controlled by the promoter from 
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(the androgen-dependent, prostate-specific rat probasin by HSV-tk gene expression and ganciclovir (GCV) 
I. (Pb) gene hooked up to the SV40 enhancer (SVPb). treatment (Hall et aI, 2002) Ihis dual treatment generated 
I Unexpectedly, the SVPb element confirmed substantial radical local and systemic growth suppression in a I prostate specificity even in the absence of androgens metastatic model of mouse prostate cancer (RM-l) Ihe 

I 
Intratumoral delivery of Ad5-SVPb-PNP followed by unification of AdHSV-tklGCV + Ad mIL-12 gene therapy 

. 6MPDR administration significantly suppressed the approaches resulted in the induction of apoptosis due to 
_ growth of human prostate tumors in nude mice Ihese increased expression of Fas and FasL and improved anti-I results suggested that Ad5-SVPb-PNP has theppeutic metastatic activity secondary to a strong NK effect Intra-
I potential even in the absence of androgens for the tumoral injection of AdHSV -tk vector followed by 
r treatment of prostate carcinoma systemic ganciclovir or local radiation therapy or the I Another non-toxic prodrug, CB1954, which is combination of gene and radiation therapy was 
I converted to a toxic metabolite by the Escherichia coli administered to subcutaneously transplanted mouse 
I nitroreductase gene (NTR), was tested as a suicide gene prostate tumors (Chhikara et aI, 2001) Ihe combined 
I therapy approach for prostate cancer. Adenovirus vector treatment reduced tumor growth by 61 % compared to 38% I expressing NTR (CTL! 02) was injected into subcutaneous obtained by single therapy modalities .. Combined therapy 
I prostate cancer xenografts followed by systemic CBI954 also increased the mean smvival time. In order to analyze 
I athninistration (Djeha et aI, 2001). A clear anti-tumor systemic anti-tumor activity, lung metastases were 
I effect of the approach was observed. In addition to all the generated by tail vein injection of RM-l prostate cancer 
1< methods mentioned above, a novel approach inspired from cells. While radiotherapy alone had no effect on the 
I radioiodine therapy for thyroid cancer was developed metastatic growth, the number of lung nodules was 
! using sodium iodide symporter (NIS). NIS is normally reduced by 37% following treatment with AdHSV-tk Ihe 
i exclusively expressed in thyroid glands. Adenovirus combinational therapy led to an additional 50% reduction 
! carrying the NIS gene (AdCMVNIS) was constructed and in lung colonization This was the first' study 
I Jested for the treatment of prostate cancer follQwing 1311 demonstrating a significant systemic effect of AdHSV-tk 
I' administration (Spitzweg et aI, 2001).. Injection of administration combined with radiation A Phase 1m study 
i;AdCMVNIS construct to prostate cancer xenografts of radiotherapy and in situ gene therapy 
I. manifested highly active radioiodine uptake resulting in a (adenovirus/herpes simplex virus thymidine kinase 
'.: •... drastlc reductlO.n. m the tumor SIze followmg 1311 gene/valacyclovir) in combination with or without 
I administration in nude mice. This new approach hormonal therapy in the treatment of prostate cancer was 
I .... represented an effective and potentially curative modality conducted recently (Teh et aI, 2001). Based on the 
I leading to the accumulation of therapeutically effective preliminary results, no serious side effect of the combined 
I radioiodine in prostate therapy was observed. This was reported as the first trial 
I Diphtheria toxin (DT) is known to be a potent of its kind in the field of prostate cancer, and is expected 
,:inhibitor of protein synthesis The fact that a single to enlargl' the cmative index of radiotherapy by merging in 
,molecule of DT can result in cell death complicated the situ gene therapy 
j>utilization of DI as a suicide gene for cancer therapy. 
1.·.·.ThUS, the feasibility of ~sing D1 gene therapy WOUld. V. Molecular signaling pathways 
I greatly be mfluenced by tlssue speCIfic gene expression 
I Adenovirus vector carrying the catalytic domain (A chain) modulating the efficacy of adenovirus 
I.of DT under the control of the prostate-specific antigen mediated therapeutic gene delivery 
I-(PSA) promoter (Ad5PSE-DT-A) induced apoptosis in 
IPSA-positive prostate cancer cells in the presence of 
I exogenous androgen (RI88I) (Li et aI, 2002a). In addition, 
I Ad5PSE-DI-A injection regressed the growth of a PSA­
I;Positive LNCaP xenograft in nu/nu mice. Non-PSA­I secreting DU-145 cells did not manifest the same effect 
_due to the lack of actlvatron of PSA promoter m these 
Icells Iher~fore, the Ad5PSE-DT-A viral gene therapy 
~approach mIght be a VIable alternatIve m the treatment of 
IPSA-secreting androgen-dependent prostate car'Cinoma 

I 
~'" I' IV. Joint approaches involving 
;illllllunomodulation-hormonal or 
Ita?i.ation therapy in combination with 
~8J1lclde gene approach 
I.. AdHSV-tk suicide gene therapy was coupled to 
@ideno . d' 2 F:~ vuus-me lated IL -I delivery as a combined gene 
lerapy approach in order to enhance NK activity induced 
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Expression of certain hormone and growth factor 
receptors as well as cytokines and related downstream 
molecules can affect the efficacy of adenovirus-mediated 
gene therapy for prostate cancer For example, 
gonadotrophin-releasing hormone (GnRH) restrains cell 
growth of reproductive tissue via gonadotrophin-releasing 
hormone receptors (GnRH-Rs) expressed in most cancers 
of reproductive tissues like that of prostate .. Unfortunately, 
endogenous GnRH-R expression was not detected in PC3 
cells, indicating that the cells are insensitive to GnRH 
Exogenous expression of high affinity GnRH-R using , 
adenovirus vectors (AdGnRH-R) facilitated 
antiproliferative effects of GnRH agonists in prostate 
cancer cells (Franklin et aI, 2003) In addition, most of the 
prostate cancer cell lines overexpress fibroblast growth 
factors (FGFs) FGF signaling controls cell prolife'ration 
and inhibits cell death A recombinant adenovirus 
expressing a dominant-negative FGF receptor 
(AdDNFGFR-l) was created in order to determine the 
biological significance of altered FGF signaling in human 
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prostate cancer (Ozen et aI, 2001). AdDNFGFR-I 
infection of LNCaP and DUI45 prostate cancer cells 
induced extensive cell death within 48 hours. Some of the 
prostate cancer cell lines are androgen dependent (LNCaP) 
whereas some are androgen independent (DU145 or PC3) 
Androgen ablation therapy, surgery, and radiation therapy 
are relatively effective in treating androgen dependent 
prostate carcinoma However thes.e treatments were 
ineffective for androgen-insensitive prostate carcinoma 
Upregulation of IL6 cytokine induced by the constitutive 
NF-KB and Jun D activation is one of the distinctive 
parameters of androgen independent cell lines (Giri et ai, 
2001). IL6 is known to function as a proliferation and 
differentiation factor for prostate carcinoma, The infection 
with adenovirus vectors encoding either the dominant 
negative form of IKBa gene or Jun D reduced IL6 gene 
expression, leading to growth suppression of prostate 
cancer cells (Zerbini et ai, 2003) .. Some but not all prostate 
cancer cells respond to vitamin D treatment la, 25-
Dihydroxyvitamin D(3) (la, 25-(OH)(2)D(3» is known to 
have significant antiproliferative effects on certain 
prostatic carcinoma (PC) cell lines. la, 25-(OH)(2)D(3) 
inhibited cell growth and upregulated p21 expression in 
PC cell lines such as AL V A-31 and LNCaP (Moffatr et ai, 
2001). Stable transfection with a p21 antisense construct 
abolished the growth inhibition of ALVA-31 cells without 
altering vitamin D receptor expression On the contrary, 
adenovirus-mediated expression of a sense p21 cDNA 
significantly reduced the proliferation of la, 25-
(OH)(2)D(3) umesponsive ISU-Prl and JCA-I prostate 
cancer cell lines Therefore, Adp21 gene therapy may be 
useful even fO! prostate cancer patients not responding to 
vitamin D treatment 

Molecular signaling pathways are also altered in 
cancer cells For instance, highly metastatic tumor cell 
lines display increased activity for focal adhesion kinase 
(FAK) The role of FAK in regulating migration of 
pIOstate carcinoma cell lines with increasing metastatic 
potential was studied in detail (Slack et ai, 2001). Highly 
tumorigenic PC3 and DUI45 cells displayed intrinsic 
migratory capacity correlating with an increased FAK 
expression and activity On the contrary, poorly 
tumorigenic LNCaP cells required a stimulus to migrate 
Inhibiting the FAKlSrc signal transduction pathway by 
over expressing FRNK (Focal adhesion kinase-Related 
Non-Kinase), an inhibitor of FAK activation, significantly 
inhibited migration of prostate carcinoma cells 
Modulation of phosphatidylinositol 3'-kinase (pI3'-kinase), 
leading to Akt activation, frequently occurs in prostate 
cancer and disrupts apoptotic signaling induced by various 
cytokines such as tumor' necrosis factor INF and INF­
related apoptosis-inducing ligand (IRAIL). Iwo prostate 
cancer cell lines with constitutively activated PI3'-kinase 
cascades (LNCaP and PC-3) were examined in order to 
study the role of P!3' phosphorylation in cellular response 
to TNF or TRAIL alone. Both INF and lRAIL failed to 
activate apoptosis in either LNCaP or PC-3 cells 
Interestingly, downregulation of PI3'-kinase/Akt signaling 
significantly enhanced the apoptotic activity of both INF 
and TRAIL in INCaP cells but not in PC-3 cells Infection 
With adenovirus delivered PTEN/MMACI. (phosphatase 
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and tensin homologue/mutated in mUltiple advanced 
cancers) reduced Akt activation, activated apoptosis and 
sensitized cells to INF but not to TRAIL in LNCaP cell 
line (Beresford et ai, 2001) Therefore, it was concluded 
that although P!3'-kinase signaling inhibits both INF and 
lRAIL mediated apoptosis, this may only represent one of 
the several apoptotic resistance mechanisms in signaling 
pathways 

Selenium compounds are known to be potential 
chemotherapeutic agents for prostate cancer NF-KB has 
been categorized as the key antiapoptotic signaling 
molecule often activated in transformed cells. Testing of 
selenium compounds on DUI45 and JCAI prostate 
carcinoma cells revealed that these compounds induced 
apoptosis through the inhibition of NF-KB pathways in 
these cell lines (Gasparian et al, 2002b). Increased IKK 
activity was blamed for constitutive NF-KB activation 
responsible for survival of androgen independent prostate 
carcinoma cell lines (Gasparian et al, 2002a). 

60-80 % of prostate cancers acquire the PTEN 
mutation dUIing tumorigenesis, Ihis results, in the 
constitutive activation of the PI3'-kinase pathway and 
prostatic cell proliferation. Ihe loss of PTEN activity is 
also correlated with the loss of activity of the FOXO 
family of forkhead transcription factors such as FKHRLI 
and FKHR Interestingly, these transcription factors are 
shown to control the expression of apoptosis inducing 
ligand IRAIL Not surprisingly, the expression of lRAIL 
was also reduced in PTEN-Iacking prostate cancer cells, 
leading to decreased apoptosis. Restoration of IRAIL 
expression using adenovirus-mediated overexpression of 
these transcription factors in LAPC4 prostate cancer ceIl 
line induced apoptosis (Modur et aI, 2002) 

• 
VI. Apoptosis Modulators 
A. The exploitation of death ligands to 

induce apoptosis in cancer cells 
Apoptosis, known as programmed cell death (Reed, 

2000) is defined as ceIl's preferred form of death under 
hectic conditions (Sears and Nevins, 2002) In reality, it is 
also a key mechanism for homeostasis throughout 
embryonic and adult life. Genetic aberrations disrupting 
programmed ceIl death underpin tumorigenesis and drug 
resistance, Therefore, the specific activation of apoptosis 
within tumor cells could be a highly effective therapeutic 
intervention for prostate cancer Currently, chemotherapy 
(Stein et ai, 2002) and radiotherapy (Wang et ai, 2002) are 
among the most commonly used treatment modalities 
against prostate cancer. Ihe tumor suppressor gene, p53, is 
required in order for both of these treatment methods to • 
work as anti-tumor agents (Levine, 1997) However, more' 
than half of the human tumors acquire p53 mutations 
during tumorigenesis (Horowitz, 1999; Zeimet et ai, 
2000) As a result, tumOls lacking p53 display resistance 
to both chemotherapy and radiotherapy (Obata et ai, 
2000). Intriguingly, death ligands induce apoptosis 
independent of p53 status of the cells (Ehlert and 
Kubbutat, 2001; Norris et ai, 2001). Ihus, these methods 
constitute somewhat of a complementary treatment 
modality to currently employed conventional treatments 
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present, death ligands are being evaluated as potential 
therapeutic agents (Herr and Debatin, 2001) 

several studies using external Fas agonists, 
'I!. ,ntH~a> antibodies and membrane-bound FasL failed to 
11l.>iD,duc'e F as L mediated apoptosis in prostate cancer cells 

the down regulation of c-FLIP expression 
through the use of anti-sense oligonucleotides sensitized 

cells to an anti-Fas )llonoclonal antibody (Hyer et 
2002), efficient cell killing was not observed by this 

approach However, intracellular expression of FasL using 
adenoviruses efficiently killed 70-90% of various human 
prostate cancer cell lines tested (Hyer et ai, 2000) 
Furthermore, part of this cell killing was attributed to the 
bystander effect mediated by FasL carried within the 
apoptotic bodies and cellular debris (Hyer et ai, 2003) 
Despite the fact that human prostate cancer cells express 
apoptotic FasL, some of the cell lines, such as lNCaP, are 
resistant to Fas L mediated cell death. Even so, prior 
exposure to lFNy sensitized orthotropic prostate primary 
tumors to recombinant adenovirus mediated FasL delivery 
(Selleck et ai, 2003). Despite the fact that tumor necrosis 
factor (INF) (Ierlikowski, 2001) and FasL (Nagata, 1997) 
have been studied extensively and were shown to 
effectively induce apoptosis in cancer cells, their systemic 
use in cancer gene therapy is not recommended due to the 
systemic toxicity 

With the discovery of a novel death ligand, 
TRAIL/Ap02L, (Wiley et ai, 1995; Pitti et ai, 1996) a new 
era emerged for the deployment of death ligands for 
cancer gene therapy (Nagane et ai, 2001) The fact that 
TRAIL does not cause any harm to normal cells but can 
selectively induce apoptosis in cancer cells brought up the 
possibility of lRAIL testing for systemic use (Griffith and 
Lynch, 1998). Five different receptors were, identified to 
interact with lRAIL; TRAIL-Rl, TRAIL-Ri, TRAIL-R3, 
TRAIL-R4 and osteoprotegrin (Abe et ai, 2000; Sheikh 
and Fomace, 2000). lRAIL-RI and TRAIl-R2 function 
as authentic death receptors inducing apoptosis while 
TRAIL-R3 and IRAIL-R4 are unable to induce such 
signaling but can serve as decoy receptors (Meng et ai, 
2000). However even today, no single mechanism has 
been found to account for TRAIL resistance observed in 
normal cells Ihe soluble form of lRAIL has successfully 
been tested and no toxicity due to systemic use was 
observed in animal models However, large quantities of 
TRAIL were needed in order to suppress the tumor 
growth A replication-deficient adenovirus encoding 
human lRAIL (INFSFlO; AdS-lRAIL) was generated as 
an alternative to recombinant, soluble TRAIL protein 
(Griffith and Broghammer, 2001).. AdS-lRAIL infection 
into IRAIL-sensitive prostate tumor cells induced 
apoptosis through the activation of Caspase 8 pathways 
Nonnal prostate epithelial cells were not harmed by AdS­
TRAIL infection. Moreover, in vivo Ad5-IRAIl 
administration suppressed the outgrowth of human 
prostate tumor xenografts in SCID mice Eight prostate 
cancer cell lines (CWR22Rvl, Du145, DuPro, TCA-I, 
LNCaP, PC-3, PPC-I, and IsuPrl) and primary cultures 
of normal prostate epithelial cells (PrEC) were tested for 
sensitivity to soluble lRAIL induced cell death in another 
study (Voelkel-Tohnson et ai, 2002) 100 ng/mL of soluble 
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lRAIL administration did not induce apoptosis in Du145, 
DuPro, LNCaP, TsuPrl, and PrEe. Interestingly, 
tIeatment with the chemotheIapeutic agent doxorubicin 
sensitized almost all prostate cancer cells to IRAIL­
induced cell death. On the other hand, an adenoviral vector 
expressing full-length IRAIl (AdIRAIl-IRES-GFP) 
killed prostate cancer cell lines and, unexpectedly, PrEC 
as well, independent of doxorubicin cotreatment Ihis 
study suggested that the AdIRAIl-IRES-GFP gene 
therapy approach, complemented with tissue-specific 
promoters, would be useful for the treatment of prostate 
carcinoma, However, the mechanism of IRAil. resistance 
in normal cells is not understood and some prostate cancer 
cells appeared to be TRAIL-resistant (Nesterov et ai, 
2001). In one study, ALVA-31, PC-3, and DU 145 cell 
lines were highly sensitive to apoptosis induced by 
IRAIL, while TSU-Prl and TCA-I cell lines were 
moderately sensitive, and the LNCaP cell line was 
resistant (Nesterov et ai, 2001). Due to the lack of active 
lipid phosphatase PTEN, LNCaP cells demonstrated a 
constitutive Akt activity. Akt is a negative regulator of the 
phosphatidylinositol (PI)3-kinase/Akt pathway PI3-kinase 
inhibitors sensitized LNCaP prostate cancer cells to 
lRAIL. In addition, adenovirus expressing a constitutively 
active Akt reve!Sed the ability of wortmannin to potentiate 
IRAIl-induced BID cleavage. This suggested that 
constitutive Akt activity inhibits TRAIL-mediated 
apoptosis (Nesterov et ai, 2001) 

B. NF-KB inhibiting approaches used to 
breakdown TRAIL resistance in prostate 
cancel' cells 

Ihe mechanism of lRAIL induced apqptosis and 
resistance is outlined in Figure 1. So far, at least two 
different hypotheses that may partly explain IRAIL 
resistance are asserted The first hypothesis advocates that 
normal cells carry decoy receptors (TRAIL-R3, TRAIL­
R4), which compete with apoptosis inducing TRAIL 
receptors (IRAIL-RI, TRAIl-R2) for binding to fRAIL 
(pan et ai, 1997; Sheridan et ai, 1997). In this hypothesis, 
it is believed that decoy receptors either function to dilute 
out IRAIL ligands (like lRAIL-R3) or supply anti­
apoptotic signals (like lRAIL-R4) to cells As reported 
previously, TRAIl-R4 binding activates the anti-apoptotic 
NF-KB signaling pathway, leading to the blockade of 
lRAIL induced apoptosis (Degli-Esposti et ai, 1997). In 
addition, the expression of decoy receptors is down­
regulated in cancer cells through promoter 
hyper methylation leading to differential sensitivity to 
TRAIL (van Noesel et ai, 2002) However, the link 
between TRAIL resistance and the expression of decoY' 
receptors has not been clearly established in human celfs 
(Griffith and Lynch, 1998). Interestingly, activation of 
death receptors such as lRAIL-RI and TRAIl-R2 also 
stimulated the NF-KB pathway (Chaudhary et ai, 1997; 
Schneider et ai, 1997) Under these circumst&nces, the 
reason(s) for cells undergoing apoptosis despite the 
induction of anti-apoptotic pathways through the same 
death receptors is not fully understood 
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•• · •• 1 Fi.ure 1: A gene therapy strategy to block anti-apoptotic NF-KB signaling pathway to induce TRAIL sensitivity in prostate cancer cells 
Activatjon of TRAIL receptor I (RI) or 2 (R2) by trimeric TRAIL ligands leads to the recruitment of Fas associated death domain 

~
~lc:~:~:::I~:(FADD) to the membran~, Then, FADD recruits procaspase 8 to form death inducing signaling complex (DISC) DISC induced 

activates caspase pathway inducing cells into apoptosis TRAIL receptor 3 (R I) and 4 (R4) serve as decoy receptors R4 
NF-KB signaling pathways as well, In addition, NF-KB pathway is also activated by R 1 and R2 via TNFR-associated death 

protein (TRADD) and receptor interacting protein (RIP). Consequently, NF-KB activation augments expressions of various anti~ 
itap>opt,otic genes such as clAP, BclxL and cFlip in addition to R3 c-Flip, a procaspase 8 homologue, competes with procaspase 8 for 

•••• I;:;;i~'~;fc)~to FADD. Thereby it inhibits apoptolic signaling, 'The expression of adenovirus delivered IKKj3KA mutant prevented the 
',','" of anti-apoptotic NF-KB signaling This method sensitized prostate cancel' cells to TRAIL 

,)1'1,. second hypothesis claims the presence of apoptosjs 
substances in these cells Such a molecufe, 

(PUCE Inhibitory Protein), a caspase 8 homologue, 
been shown to obstruct death ligand induced apoptosis 

,~ H_._' __ et ai, 1997; Griffith et ai, 1998). Intriguingly, NF­
activating agents up-regulated cFLIP synthesis (Kreuz 

ai, 2001) Furthermore, the NP-KB pathway has been 
to increase TRAIL-R3 synthesis, a decoy receptor 

TRAIL, (Bernard et ai, 2001) and the expression of 
inhibitor Bcl-xL (Hatano and Brenner, 2001; 

. et ai, 2001) resulting in the obstruction of TRAIL 
1 mediatee apoptosis. Apoptosis inhibitors such as clAP are 

activated by NF'KB pathways (Mitsiades et ai, 2002) 
on these results, we can cleady state that the active 

.INF .. "," signaling pathway may provide cells with TRAIL 
reSistance by at least foUl different ways (Figure 1) 
Additionally, it has been reported that a novel tumor 
suppressor gene, PTEN/MMACI (Steck et ai, 1997; 
Simpson and Parsons, 2001) negatively regulated TNI' 
Induced NP-KB activity (Ozes et ai, 1999; Mayo et ai, 

through the IKK complex (Gustin et ai, 2001) The 
obsel vation in which IKK activity is required for P13K­
Akt induced NF-KB activation (Burow et ai, 2000; 
Demarchi et ai, 200 I) confirmed this report (Madrid et ai, 

I; Sizemore et ai, 2002) Due to a negative correlation 
between the expression of PTEN and the progression of 
prostate cancel', advanced prostate cancer cells might have 

. higher NF-KB activity due to the proglcssive 
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loss of PTEN. Absence of PTEN function may result in, 
increased Akt activity induced by PI3K Since NF-KB is a 
downstream target for Akt, (Kane et ai, 1999; 
Romashkova and Makarov, 1999; Andjelic et ai, 2000; 
Jones et ai, 2000) TRAIL resistance would ultimately be 
ensured in cells by way of the NF-KB pathway In 
agreement with this hypothesis, PTEN sensitized prostate 
cancer cells to TRAIL induced apoptosis (Yuan and 
Whang, 2002) Thus, these possible scenarios make NF­
KB inhibiting vectors such as Ad IKK~KA (Sanlioglu et 
aI, 2001 a) or Ad lK:BaSR (Batra et ai, 1999; Sanlioglu and 
Engelhardt, (999) ideal candidates for overcoming the 
TRAIL resistance in PTEN mutant pIOstate cancer cells. In 
a similar manner, TNF induced apoptosis can also be 
prevented by NF-KB activation as reported (Beg and 
Baltimore, 1996; Van Antwerp et ai, 1996) Previously, 
NP-KB inhibiting approaches such as adenovirus mediated 
transfer of IKK~ (AdJKK~KA) (Sanlioglu et ai, 2001a, 
2001b) or IKBa (Ad.IKBaSR) (Batra et ai, I 99,?": 
Sanlioglu and Engelhardt, 1999) dominant negati ve 
mutants were successfully deployed in ordeJ to sensitize 
lung cancer cells to TNF. Since some tumor cells have 
intlinsically high NF-KB activity, which might be 
responsible for TRAIL resistance, NF-KB blocking agents 
can potentially be useful to overcome TRAIL I esistance 
For example, a constitutive NF-KB activation was 
obseJ'ved in renal carcinoma (Oya et ai, 2001) Not 
surprisingly, melanoma cells having a constitutive NF-KB 
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activity exhibit TRAIL resistance (Franco et ai, 2001) 
Resistant melanoma cells were sensitized to TRAIL either 
with proteasome inhibitors or transfections with plasmids 
encoding degradation resistant IKBa protein (Franco et ai, 
ZOOI) In accordance with these studies, we have tested if 
adenovirus mediated NF-KB inhibiting approach would 
sensitize prostate cancer cells to TRAIL. Consequently, 
adenovirus mediated delivery of IKKI3KA mutant 
(Ad.IKKI3KA) sensitized PTEN mutant prostate cancer 
cells (PC3) to TRAIL as shown in Figure 2. At first, PC3 
cells appeared to be relatively resistant to pro-apoptotic 
effects of TRAIL when cells were infected with 
adenovirus vector encoding h TRAIL (Ad .. h IRAIL) even 
at an MOl of 1000 DNA particles/cell (Figure 2 Panel A) 
Infection with Ad.IKKI3KA vector alone did not yield any 
cell death either (Figure 2, Panel B) However, when the 
dose of Ad.h TRAIL vector was kept constant at an MOl of 
1000 DNA particles/cell, increasing the amount of 
AdIKKI3KA construct sensitized PC3 cells to TRAIL 
mediated apoptosis (Figure 2, Panel C). 

C. Intracellular proapoptotic regulators 
Although caspases are the effector mediators of apoptosis, 
the expression of proapoptotic molecules such as 
procaspase 3 or '7 using adenovirus constructs did not 
induce apoptosis in prostate cancer cells due to the 
inability of these caspases to undergo autocatalytic 
activation (Li et aI, 200 I) A novel suicide gene therapy 
approach was developed using chemically inducible 
effector caspases to trigger apoptosis in prostate cancer 

A 

B 

c 

cells Cell death was mediated by replication-deficient 
adenoviral vector expressing conditional caspase-l (Ad­
G/iCasp I) or caspase-3 (Ad-G/iCasp3) and the caspase 
activation was achieved by nontoxic, lipid-permeable, 
chemical inducers of dimerization (CID) (Shmiat et ai, 
2001) Aggregation and activation of these recombinant 
caspases occurred, leading to rapid apoptosis only after 
vector transduction followed by CID administration in 
both human (LNCaP and PC-3) and murine (TRAMP-C2 
and TRAMP-C2G) prostate cancer cell lines 
Subcutaneous TRAMP-C2 tumors displayed focal but 
extensive apoptosis following direct injection of Ad­
G/iCasp I in vivo In order to express caspase 9 
exclusively in prostate, a recombinant adenovirus carrying 
iCaspase-9 was constructed with two copies of the 
androgen response region (ARR) placed upstream of the 
probasin promoter elements (ADY ARR(2)PB-iCasp9) 
(Xie et aI, 2001b) AP20I87 is a chemical dimeric ligand, 
which causes dimerization and thereby activation of 
iCaspase-9 leading to rapid apoptosis in both dividing and 
nondividing cells Testing of ADVARR(2)pB-iCasp9 
construct in LNCaP tumor xenografts demonstrated that 
this construct induces apoptosis in prostate cancer cells 
only in the presence of AP20187 

The proapoptotic members of Bcl- 2 protein family 
including Bax, Bak, Bad, and Bik also mediate apoptosis 
Apoptosis-inducing proteins were cloned into adenovirus 
constructs and shown to induce apoptosis in prostate 
cancer cell lines previously 

~'igUIC 2 Adenovirus mediated IKKj3KA expression sensitized PC3 cells to TRAIL mediated apoptosis PC3 cells were inlected with 
Increasing MOIs of either Ad5h TRAIL (Panel A) or Ad IKKj3KA (Panel B) In panel C. the dose of Ad IKKj3KA vector was increased 
gradually (stated just above each panel) while the amount or Ad5hlRAIL was kept constant (as indicated under the panel) Cell death 
Was detected using molecular probe"s Live and Death Cellular viability and toxicity kit 48 hou["s lollowino infection Numbers indicate 
viral doses as MOl values or DNA panicles/ceil eo 
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}lowever, over expression of proapoptotic genes without 
the use of tissue specific promoters could result in 
unVlaUlOU apoptosis even in normal ceHs In order to 
provide tissue specificity, an adenoviral construct was 
generated containing Bax eDNA under control of the 
probasin promoter that included two androgen response 
elements (Av-ARR2PB-Bax) Av-ARR2PB-Bax construct 
drove Bax overexpression in an androgen-dependent way 
in androgen receptor (AR)-positive cell lines of prostatic 
origin but not in others The androgen dihydrotestosterone 
activated apoptosis in lNCaP ceHs infected with Av­
ARR2PB-Bax but not in those infected with control 
vectors These results demonstrated that Av-ARR2PB-Bax 
induced apoptosis was androgen dependent and limited to 
AR positive cells of prostatic epithelium. On the other 
hand, using a binary co-transfection strategy involving 
Ad/GT Bax and Ad/PGK-GVI6; overexpression of 
proapoptotic Bax protein induced apoptosis both in 

. androgen-insensitive (DU145 and PC3), and androgen­
sensitive (lNCaP) cell lines (Honda et ai, 2002). The same 
binary approach was tested to assess the consequences of 
Bc1-2 over expression in the progression of prostate 
carcinoma leading to apoptosis-resistant and androgen­
independent phenotype in DU145, PC3 and L~CaP cell 
lines which represent models of advanced prostate 
carcinoma, Bax expression generated by the adenoviral 
co-transfection system induced apoptosis even in these 
Bcl-2 overexpressing ceHlines. These results suggest that 
the AdiG T Bax and AdJPGK-GVI6 combined expression 
system might represent a powerful gene therapy strategy 
for the tr'eatment of androgen-independent and apoptosis­
resistant prostate carcinoma" Moreover, monogene and 
polygene approaches were compared in an experimental 
prostate cancer model using apoptotic genes bad and bax 
driven by a' prostate specific promoter (ARR(2)PB) in an 
adenovirus construct (Zhang et ai, 2002b). The ARR(2)PB 
is a dihydrotestosterone (DHT)-inducible third-generation 
probasin-derived promoter In this study, animals bearing 
tumors of prostatic origin responded better to combined 
bad and bax therapy than either of the vectors alone 
Therefore, it was concluded that polygene therapy 
involving more than one apoptotic molecule is more 
effective in xenograft models of androgen··dependent or 
independent prostate cancer than monogene therapy alone 
It is also known that overexpression of anti-apoptotic 
genes such as Bcl-2 in prostate carcinoma provides 
resistance to radiation therapy and androgen ablation A 
second-generation adenoviral vector (ARR2PB.Bax GFP) 
Was constructed with the modified prostate-specific 
probasin promoter (ARR2PB) directing the expression of a 
IIA-tagged Bax gene in order to restore the balance of 
Bcl-2 family members to induce apoptosis in prostate 
cancer cells (Lowe et ai, 2001) ARR2PB Bax.GFP vector 
induced significant levels of apoptosis in lNCaP cells 48 
hours following infection even in the presence of high 
levels of Bcl-2 protein. No toxicity in liver, lung, kidney, 
and spleen was detected by systemic administration of 
ARR2PB Bax. GFP in nude mice Therefore, a second­
generation adenovirus-mediated, prostate-specific Bax 
gene therapy appeared to be a very safe and efficient 
approach for the treatment of prostate cancel. Another 
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member of the proapoptotic Bcl-2 family, namely "Bik", 
was cloned into adenovirus vectors to explore its 
therapeutic potentiaL AdBik infection also induced 
apoptosis and suppressed the growth of PC-3 xenografts 
established in nude mice (Tong et ai, 2001). 

Several other genes were also tested for their ability 
to induce apoptosis in prostate tumor cell lines as well as 
in xenograft models. The antiapoptotic protein CLN3 
negatively regulates endogenous ceramide production, an 
inducer of apoptotic cell death ClN3 protein is 
overexpressed in most of the cancer cell lines tested 
including those of prostate (Du145, PC-3, and lNCaP) 
An adenovirus-expressing antisense CLN3 (Ad-AS­
ClN3) blocked CLN3 protein expression in prostate 
cancer cell lines as demonstrated by Western Blotting 
(Rylova et ai, 2002) Ad-AS-ClN3 infection resulted in 
the inhibition of cell growth and reduction in cell viability 
of cancer cells through elevation of endogenous ceramide 
production This study revealed CLN3 as a novel target to 
induce apoptosis in prostate cancer cells .. A recombinant 
adenovirus containing pHyde eDNA gene (AdpHyde), a 
novel gene cloned from Dunning rat prostate cancer cells, 
was constructed in order to study its function (Zhang et ai, 
2001). Surprisingly, the AdpHyde construct inhibited the 
growth of human prostate cancer cells and induced 
apoptosis involving the caspase-3 pathway in human 
prostate cancer tumor xenografts in nude mice. Ionic 
movement also influences apoptosis. For instance, K+ 
efflux is an early event in apoptosis, which is regulated by 
K+ channel-associated protein (KChAP). A recombinant 
adenovirus encoding KChAP (Ad/KChAP) was 
constructed in order to determine if KChAP expression 
could induce apoptosis in prostate cancer ceHs (Wible et 
ai, 2002) Th~ LNCaP cell line displayed a reduction in 
cell size upon' infection with AdlKChAP The AdlKChAP 
construct also induced apoptosis in DU145 cells in a p53 
independent manner In addition, infection with 
Ad/KChAP prevented growth of DU145 and LNCaP 
tumor xenografts in nude mice 

VII. Tumor suppressor genes 
Aberrations in the expression of tumor suppressor 

genes have been one of the key factors affecting the 
outcome of cancer therapy. Several studies examined the 
possible use of tumor suppressor genes as therapeutic 
agents for prostate cancel. Doxorubicin (Dx) is a 
commonly used chemotherapeutic agent in recurrent 
prostate cancer and is a strong inducer of p53 expression 
leading to p21(CIPIJWAFl) transactivation As suggested 
by previous reports, p21 plays a role in the modulation of 
chemotherapy-induced apoptosis, prostate cancer, 
progression and androgen regulation Two androgen .... 
regulated human prostate cancer cell lines (MDA PCa 2b 
and LNCaP) were exposed to Dx and growth factor 
withdrawal in order to investigate if p21 plays a role in the 
survival of prostate cancer cells under stress (Martinez et 
ai, 2002) Infection with adenovirus vectors encoding the 
antisense strand of p21 reduced p21 levels, sensitized 
prostate cancer cells to Dx and facilitated apoptosis in 
response to growth factor withdrawal These results 
suggest that modulation of p21 pro-survival gene 
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expression via adenovirus constructs sensitizes prostate 
cancer cells to chemotherapeutics and androgen 
withdrawal Another tumor suppressor protein. p27. also 
known as cyclin-dependent kinase inhibitor (CDKI). is 
normally expressed in human prostate However. the 
majority of human prostate cancers have reduced levels of 
p27 The down regulation of this putative tumor 
supp\essor gene through proteolysis is mediated by 
SCFSKP2 ubiquitin ligase complex Adenovirus-mediated 
overexpression of SKP2 induced ectopic down-regulation 
of p2 7 in LNCaF prostate carcinoma cells (L u et al. 2002) 
This observation confirmed that SKP2 activity was the 
major determinant of p27 levels in human prostate cancer 
cells Based on in vitro studies. it is believed that the 
overexpression of SKP2 might be one of the mechanisms 
allowing prostate cancer cells to escape growth control 
mediated by p27. Therefore. knocking out SKP2 function 
would be a logical novel approach to fight prostate cancer. 

. In another study. an adenovirus construct carrying p27 
coding sequences Adp27(Kipl) was generated to assess 
whether the overexpression of p27 has any affect on the 
prostatic tumor growth in vivo (Katner et al. 2002). 
Injection of Adp27(Kipl) vector reduced the growth of 
LNCaF tumor xenografts in mice This study supported 
the idea that Adp27(Kipl) can serve as a 'potential 
therapeutic vector for the treatment of prostate carcinoma, 

pI4(ARF). encoded by the human TNK4a gene locus. 
is another tumor suppressor protein which is frequently 
inactivated in human cancer pI4(ARF) has recently been 
implicated in p53-independent cell cycle regulation and 
apoptosis A replication-deficient adenoviral construct 
carrying pI4(ARF) coding sequence (Ad-pI4(ARF)) was 
generated in order to explore the pro-apoptotic function of 
pI4(ARF) in relati<¥1ship to p53 function (Hemmati et al. 
2002) Ad-pI4(ARF) construct induced apoptosis in 
p53/Bax-mutated DUI45 prostate cancer cells and 
HCT116 cells lacking functional Bax expression. This 
study demonstrated that overexpressipn of pl4 through 
adenovirus vectors is sufficient to induce apoptosis in p53-
and bax -deficient prostate cancer cells Prostate carcinoma 
with p53 mutant phenotype represents a clear obstacle for 
irradiation therapy Ionizing radiation (IR) and adenoviral 
p53 gene therapy (Ad5CMV-p53) were utilized 
individually as well as in combination in order to assess 
the effectiveness of combined therapy for prostate cancer 
(Sasaki et al. 2001) In this study. IR alone did not induce 
significant levels of apoptotic cell death in DUI45 and 
PC-3 cells. However. after combined therapy. the 
proportion of apoptotic cells was greatly amplified in both 
of the cell lines tested .. Therefore. it was concluded that the 
observed synergistic effect might be useful for the 
treatment of radio-resistant prostate catdnoma 

The loss of MMACIPTEN tumor suppressor gene 
expression is frequently detected in human tumors, 
Survival signaling through the phosphatidylinositol-3 
kinase/Akt pathway is constitutively activated in cells 
lacking functional PTEN expression. Therefore. the 
functional effect of MMACIP'IEN expression was 
examined in LNCaP cells. which are devoid of a 
functional P'IEN product (Davies et al. 1999) Infection 
with an adenoviIus construct driving the expression of 
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MMACIP'IEN resulted in a specific inhibition of AktJPKB 
activation This is consistent with the phosphatidylinositol 
phosphatase activity of MMACIPTEN. Compared to 
adenovirus delivered p53 expression. MMACIPTEN 
expression induced apoptosis in LNCaF cells to a lesser 
extent Interestingly. the growth suppression properties of 
MMACIPTEN were significantly greater than those 
accomplished with p53 Moreover. BC\-2 overexpression 
in LNCaP cells blocked both the adenovirus mediated 
MMACIPTEN- and p53-induced apoptosis. but it did not 
affect the growth-suppressive properties of MMACI 
PTEN This is consistent with the fact that MMACIPTEN 
may play multiple roles in the cell Prostate cells were 
infected with adenovirus vector carrying P'IEN coding 
sequence in order to determine if supplying PTEN 
function would sensitize these cells to various apoptotic 
stimuli (Yuan and Whang. 2002) As predicted. 
adenovirus-mediated PTEN delivery sensitized LNCaP 
prostate cancer cells to apoptosis through the inhibition of 
constitutive Akt activation Since PTEN GI29E mutant 
lacking lipid phosphatase activity was unable to sensitize 
cells to apoptosis. it was concluded that the lipid 
phosphatase activity of PTEN was required for apoptosis. 
The therapeutic effect of adenoviral delivery of 
MMACIPTEN was tested on both the in vitro and in vivo 
growth of PC3 human prostate cancer cells (Davies et aI. 
2002) The in vitro growth of PC3 cells was repressed by 
adenovirus expression of MMACIPTEN via blocking of 
cell cycle progression. Although this appIOach did not 
inhibit the tumor progr'ession of orthotopically implanted 
PC3 cells. a significant reduction was observed in the 
tumor size in vivo, in addition to complete inhibition of 
metastases Therefore. it was suggested that 
MMACIPTEN might playa role mostly in the regulation 
of the metastatic potential of prostate cancer 

A considerable fiaction of prostate tumors display an 
alteration of Mxil expression, an antagonist to c-Myc 
This was confirmed by transgenic approaches in which 
prostatic hyperplasia was observed in mice deficient for 
Mxil Mxil-expressing adenovirus (AdMxi!) was 
generated to study the ability of Mxil to act as a growth 
suppressor in prostate tumor cells (Taj et al. 2001) 
Overexpression of Mxil using adenovirus vectors in the 
DUI45 prostate carcinoma cell line resulted in growth 
arrest and decreased colony formation on soft agar All 
these studies emphasize that the modulation of tumor 
suppressor gene function might be necessary for an 
optimum therapeutic response to fight against prostate 
cancer 

VIII. Cell adhesion molecules and aI}ti­
angiogenic approaches 

Cell adhesion molecules play major roles especially 
in metastasis of cancer cells Therefore, aberrant 
expression patterns of cell adhesion molecules are 
frequently associated with pOOl prognosis For instance, 
the expression of a well-known cell adhesion molecule. c­
CAMI. is downregulated during the early stages of 
prostate carcinoma in an animal model (TRAMP) (Pu et 
al. 1999) C-CAMI was cloned into an adenovirus 
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construct and its efficacy was tested both in vitta and in 
vivo using PC3 xenograft murine model (Lin et ai, 1999). 
AdC-CAMI construct manifested a strong antitumoral 
activity on PC3 tumor cells grown in nude mice, 
Iherefore, selective use of cell adhesion molecules might 
be beneficial fOi the treatment of prostate carcinoma. 
MOIeover, combining C-CAMI-based therapy with INP-
470, a potent angiogenesis inhibitor, induced greater 
growth suppression on DUI4S tumor xenografts than by 
either Ad-C-CAMI or TNP-470 application alone (Pu et 
aI,2002) 

Vascularization of a solid tumor is required fO! 
cancer growth Recently. preventing vascularization 
through inhibition of angiogenesis was a popular target fOi 
cancer gene therapy FOI example, a 16-kOa prolactin 
protein (PRL) has previously been shown to possess an 
antiangiogenic activity (Galfione et ai, 2003) Not 
surprisingly, adenovirus delivery of PRL protein 
manifested a significant antitumOial activity in vivo (Kim 
et ai, 2003). In addition, vascular endothelial growth factor 
(VEGF) receptor signaling is another relevant pathway, 
which modulates the vascularization of newly growing 
tumors Interfering with such a signaling pathway might 
be valuable in controlling the tumOi growth. In fact, when 
fused to an Fc domain and cloned into the recombinant 
adenovirus construct, the ligand-binding ectodomain of 
VEGF receptor 2 (Flkl) manifested a considerable 
reduction in tumor growth induced by a drastic decline in 
the microvessel density in SCID mice carrying human 
LNCaP xenografts (Becker et ai, 2002) 

Growth factors are needed for survival of cancer cells 
and molecular chaperones are required for functional 
production of these molecules. A new member of the heat 
shock protein family functioning as a molecular fchaperone 
in the endoplasmic reticulum was recently discovered and 
named as ISO-kOa oxygen-regulated protein (ORPISO). 
Since prostate cancer cells exhibited an upregulation of 
ORPISO protein and VEGF, adenovirus delivery of an 
antisense ORPISO cDNA approach was used to reduce 
angiogenicity and tumorigenicity through inhibition of 
VEGF secretion .. Ihis approach indeed suppressed the 
growth of DUI4S prostate carcinoma cell line in a 
xenograft model (Miyagi et ai, 2002). 

IX. Replication competent adenovirus 
vectors 

Replication competent adenoviIal vectOIs provide 
powerful means to kill cancer cells through cell lysis. 
Since they only replicate in tumor cells, the therapeutic 
range is limited to cancer cells. I wo replication-competent 
adenoviruses, CV706 and CV787, were generated in Older 
to selectively destroy PSA producing prostate cancer cells 
It has been demonstrated earlier that prostate-specific 
antigen (PSA)-selective replication-competent adenovirus 
variant CV706 specifically eliminated tumors in human 
prostate cancer xenografts in preclinical models 
(Rodriguez et ai, 1997) Since adenovirus EIA is known to 
he a potent inducer of chemosensitivity and 
radiosensitivity through pS3-dependent and independent 
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mechanisms, the potential radiosensitizing effects of 
CV706 on prostate cancer cells were evaluated (Chen et 
ai, 2001). Ihe CV706 construct demonstrated a synergistic 
antitumoral effect both on irradiated human prostate 
cancer cells and tumor xenografts, Moreover, in order to 
investigate the safety and !he functionality of intraprostatic 
delivery of CV706 for the treatment of patients with 
locally recurrent prostate cancer following radiation 
therapy, a Phase I dose-escalation study was conducted 
(DeWeese et ai, 2001). Results from this study suggested 
that even at high doses, intraprostatic delivery of the 
CV706 was relatively safe for patients and CV706 
construct demonstrated high therapeutic activity as 
reflected by the reduction in serum PSA. This was the first 
clinical trial of a prostate-specific, replication-restricted 
adenovirus for the treatment of prostate cancer. Another 
prostate-specific replication-competent adenovirus 
carrying not one, but two, cell type specific promoters 
(CV787) was constructed This construct contained EIB 
gene driven by the human prostate-specific 
enhancer/promoter and the adenovirus type S (AdS) the 
EIA gene under the control of prostate-specific rat 
probasin promoter Ihe AdS E3 region was also conserved 
in the vector to improve the efficacy .. A single tail vein 
injection of CV787 eliminated LNCaP xenografts within 4 
weeks in nude mice (Yu et ai, 1999) When the prostate 
cancer-specific adenovirus CV787 was combined with 
chemotherapeutic agents like taxanes (paclitaxel and 
docetaxel), a synergistic antitumoral effect was observed 
in mice carrying human prostate cancer xenografts (Yu et 
al,200Ib) 

Heat-inducible gene expression is another approach 
used in the context of suicide gene therapy A recombinant 
adenovirus containing the CD-IK fusion gene cdntrolled 
by the human inducible heat shock protein 70 promoter 
(Ad.HS-CDIK) was generated for this purpose. Heat 
application at 41 'c for I hour induced therapeutic gene 
expression from this vector. Despite the fact that the 
Ad HS-CDIK construct induced CD-TK expression in 
human prostate cancer cells, a therapeutic benefit was not 
observed due to lower transduction efficiency of tumors in 
vivo Instead, a replication-competent, EIB-attenuated 
adenoviral vector containing the hsp70 promoter-driven 
CD- IK gene (Ad EINHS-CDIK) was generated to 
increase CD-TK gene expression to achieve a therapeutic 
effect (Lee et ai, 2001). Contrary to replication 
incompetent Ad. HS-CD TK, replication competent 
Ad.EIA+HS-CDIK construct yielded severe cytotoxicity 
and greater levels of therapeutic index in the presence of 
prodrugs Ihis approach revealed !he beneficial effects of 
using replication competent virus complemented with a 
heat inducible suicide gene !herapy approach for prostate' 
carcinoma 

X. Adenovirus vectors with cell type 
specific and inducible promoters 

Even though adenovirus-mediated HSVIK suicide 
gene therapy approach manifested a satisfactory toxicity 
profile in Phase I clinical trials, !he toxicity studies using 
adenoviIUs vectors were very restricted in numbers 

!:;, ' 
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However, it was known that the promoter of choice might 
influence the level of toxicity In order to study the 
promoter effect on adenovims mediated ~oxicity the mouse 
caveolin 1 pIOmoter was cloned into the adenovirus HSV­
tk vector (Adcav-ltk) because this promoter was highly 
active in metastatic and androgen-resistant prostate cancer 
ceIls (Pramudji et ai, 2001) Ihe efficacy of this vector for 
suicide gene therapy was compared to those of AdHSV-tIc 
vectors carrying either cytomegalovirus (AdCMV -tk) or 
rous sarcoma virus (AdRSV-tk) promoters in mice 
transplanted with mouse prostate cancer ceIls. Following 
GCV administration, all the HSV-tk expressing vectors 
regressed the tumor growth in situ Interestingly, the 
efficacy of Adcav-I tic vector was much greater in terms of 
inducing necrosis and micIOvessel density, In Older to 
evaluate the toxicity profile of adenovirus vectors carrying 
CMV, RSV or mouse caveolin promoter-driven HSV-tIc 
transgenes, these vectors were also injected systemically 
into mice (Ebara et ai, 2002).. Adenovirus vectors with 
CMV and RSV promoters, but not caveolin promoter, 
exhibited significant levels of liver damage .. Ihese results 
suggested that the promoter selection greatly influences 
the toxicity profile of adenovirus-mediated suicide gene 
therapy approach, In order to increase the number of 
promoters available for prostate specific gene expression, 
transgenic mice weI'~ generated expressing a reporter gene 
(SV40 Tag) directed by prostate secretory protein of 94 
amino acids (PSP94) (Gabril et ai, 2002)., PSP94 gene 
promoter/enhancer region directed SV 40 lag expression 
exclusively in prostate leading to prostatic intraepithelial 
neoplasia and eventually to high-grade prostate carcinoma 
These studies suggested that this PSP94 gene 
promoter/enhancer strategy could be employed for the 
treatment of prostate carcinoma 

One conventional way to limit the toxicity of virus 
mediated suicide gene therapy is to use cell type specifiC 
promoters as suggested above Although adenovirus 
vectors with the native PSA enhancer and promoter 
(PSAP) provided prostate-specific expression, lower 
transcriptional activity observed in prostate challenged its 
use in prostate-targeted gene therapy Io improve the 
activity and specificity of the prostate-specific PSA 
enhancer for gene therapy. various studies were carried out 
by exploring the properties of the natural PSA control 
regions Chimeric PSA enhancer constructs were 
generated with tandem copies of the proximal ARE 
elements and then inserted into adenovirus constructs (Ad­
PSE-BC-Iuc) (Wu et ai, 2001) Ihis construct was highly 
inducible with androgens as shown by systemic 
administration into SCID mice carrying lAPC-9 human 
prostate cancer xenografts while retaining prostate specific 
gene expression, Furthermore, the CreioxP system was 
also utilized to enhance the activity of PSAP CD suicide 
gene therapy approach using adenoviral vectors with 
CRELoxP augmented PSAP activity effectively inhibited 
subcutaneous LNCaP tumor growth in nude mice 
(Yoshimura et aI, 2002) .. In addition, hormone refractory 
prostate cancer cells retain the expression of prostate­
Specific membrane antigen (PSMA) and prostate-specific 
antigen (PSA) An adenovirus construct with an artificial 
Chimeric enhancer (PSES) composed of two modified 

124 

regulatory elements of PSA and PSMA genes (Ad-PSES­
luc) was generated and tested for its promoter activity for 
the treatment of prostate cancer (Lee et aI, 2002a) 
Systemic injection of Ad-PSES-Iuc construct into mice 
produced very low levels of reporter gene expression in 
major organs However, when injected directly into 
prostate, only the prostate but not other tissues produced 
high levels of reporter gene expression Ihese results 
encouraged the use of PSES for the treatment of androgeu­
independent prostate carcinoma Even though prostate­
specific antigen (PSA/hK3) provided prostate specific 
gene expression, its expression displayed an inverse 
correlation with prostate cancer grade and stage, giving 
reason to doubt its effectiveness for advanced stage of 
prostate carcinoma A new approach was developed in 
order to generate gene therapy vectors targeting higher 
grades especially of prostate carcinoma. Ihe human 
glandular kallikrein 2 (hK2) is upregulated in an advanced 
form of prostate cancer with a higher grade,. Iherefore the 
hK2 promoter was cloned into adenovirus construct in 
combination with EGFP reporter gene (ADVhK2-E3/P­
EGFP) in order to obtain preferential expression of EGFP 
in prostate cancer (Xie et ai, 2001a) Indeed ADVhK2-
E3/P-EGFP injection led to a robust but tumor-restricted 
EGFP expression in subcutaneously generated lNCaP 
tumors. These results showed that adenovirus constructs 
with the hk2 multienhancer/promoter dtiven therapeutic 
genes might be a powerful tool for gene therapy of 
advanced prostate cancer 

Previous studies have shown that the bone matrix 
protein osteocalcin is predominantly expressed in prostate 
cancer epithelial cells, fibromusculm stromal cells and 
osteoblasts A conditional replication competent 
adenovirus vector carrying the osteocalcin promoter 
driven early EIA gene (AdOCEIA) was generated to co­
target both prostate cancer cells and their surrounding 
stromal cells (Matsubma et aI, 2001) Both PSA-producing 
(lNCaP) and non-producing (DU145 and PC3) human 
prostate cancer cell lines as well as human stromal cells 
and osteoblasts were effectively killed by this recombinant 
virus in vitro. In addition a single systemic intravenous 
injection of the AdOCEIA construct significantly 
destroyed prostate tumor cells transplanted in SCID mice. 
Ihis co-targeting strategy appemed to have a broader 
effect compared to other recombinant constructs tested on 
the preclinical models of human prostate cancer Ihese 
promising results initiated first gene therapy trial (phase I) 
in which adenoviruses carrying the osteocalcin promoter 
driven HSV-tk gene (AdOCHSVIK) weIe directly 
injected into prostate canceI lymph node and bone 
metastasis (Kubo et ai, 2003) The results of this trial, 
suggested that adena viruses did not display any adverse 
effects and the treatment was well tolerated in all patients 
In addition, 63 % of the patients had local cell death in 
treated lesions Further studies are suggested in order to 
assess the efficacy of this approach for androgen­
independent prostate carcinoma A new treatment 
modality to enhance adenoviral replication by vitamin D3 
in androgen-independent human prostate cancer cells and 
tumors was tested using a novel replication-competent 
adenoviral vector, Ad-hOC-EI, carrying the human 



Gene Therapy and Molecular Biology Vol 7, page 125 

osteoca1cin (hOC) plOmoter to drive both the early viral 
EIA and EIB genes (Hsieh et ai, 2002). While the 
replication plOperties of Ad-hOC-EI vector were 
restricted to OC-expressing cells, vitamin D3 exposure 
further enhanced viral replication by 10 fold. The growth 
of both androgen-dependent and androgen-independent 
plOstate cancer cells was suppressed by Ad-hOC-Ei 
infection, irrespective of the cells' androgen 
responsiveness and PSA status .. Ihis is in contrast to Ad­
sPSA-EI vector, which only replicated in PSA-expressing 
cells with androgen receptor (AR). Ad-hOC-EI injection 
inhibited the growth of DUI45 (an AR and PSA-negative 
cell line) tumor xenografts in mice .. Consequently, vitamin 
D,-enhanced Ad-hOC-EI viral replication represented an 
alternative for the treatment of localized or osseous 
metastatic prostate cancer Prostate specific antigen 
promoter (PSAP) and rat probasin (rPB) plOmoter are 
cunently employed to drive the therapeutic transgene 
expression in pIostate cancer cells .. However, since these 
promoters require the binding of androgen to androgen 
receptor for activation, they were only functional in 
androgen-dependent prostate carcinoma cells, Because 
andlOgen refractory prostate carcinoma cells lose the 
expression of androgen receptor along the way, ~onstructs 
with PSAP or rPB promoters are not useful for treating 
patients with androgen-independent prostate carcinoma. In 
order to ciremmeDt this problem. prostate specific 
promoters were modified so that they were activated in 
response to the retinoids-retinoid receptor complex in 
place of the androgen-AR complex .. As a result, retinoid 
treated andlOgen-independent prostate cancer cells were 
sensitized to HSVIK-ganciclovir gene therapy using 
promoters responding to retinoids (Furuhata et ai, 2003) 

Apart frqrn promoters providing tissue specific gene 
expression, expression inducible promoters were cloned 
into adenovirus constructs to contIol the onset and the 
duration of gene expression Tetracycline-inducible 
adenovirus vectors expressing the cytokine interleukin-12 
were successfully tested in an immunotherapy model for 
prostate cancer (Nakagawa et ai, 2001) Ihus, recombinant 
adenovirus vectors with tetracycline-inducible gene 
expression opened up new avenues while improving the 
safety of viral vector administration for cancer gene 
therapy Limitation of cytotoxic gene expression only to 
tumor cells is very much desired in adenoviIlls-mediated 
gene therapy applOach for cancer. Unfortunately, the 
expression levels of many tumor and tissue-specific 
promoters are much lower than the constitutively active 
promoters, A complex adenoviral vector was generated by 
fUSing the tetracycline transactivator gene to a prostate­
Specific ARR2PB promoter while placing a mouse FASL­
GFP fusion gene under the control of the tetracycline 
responsive promoter Ihis allowed the joining of cell-type 
Specificity with high-level regulation of transgene 
eXpression (Rubinchik et ai, 2001). Ihe doxycycline 
regulated, ARR2PB driven FASL-OFP vector generated 
higher levels of prostate-specific FASL -OFP expression 
than FASL-OFP expression directed with ARR2PB alone, 
leading to apoptosis in LNCaP cells Systemic delivery of 
both the prostate-specific and the prostate-specificltet­
regUlated vectors was well tolerated in animals at doses 
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that were lethal for adenovirus vectors with CMV-driven 
FASL-OFP expression. Ihis approach improved the safety 
and efficacy of adenovirus-mediated cytotoxic gene 
delivery for the treatment of prostate carcinoma 

The prostate-specific adenovirus gene expression 
technology can also be used for the identification of 
metastatic lesions of prostate cancer through the use of 
non-invasive imaging A prostate-specific adenovirus 
vector expressing a luciferase reporter gene (AdPSE-BC­
luc) and a charge-coupled device-imaging system were 
employed for this purpose (Adams et ai, 2002). A robust 
expression from AdPSE-BC-Iuc construct was found in 
the plOstate, especially in the androgen-independent 
tumors. Furthermore, metastatic lesions in the lung and 
spine with prostatic origin were identified successfully 
through repetitive imaging over a three-week period after 
AdPSE-BC-Iuc injection into tumor-bearing mice These 
results demonstrate that adenovirus gene delivery specific 
to the prostate can be coupled to a non-invasive imaging 
modality for therapeutic and diagnostic strategies for 
prostate cancer 

XII. Adenovirus vectors for 
vaccination and adjuvant gene therapy 

CAR receptolS and MHC class I heavy chains are 
important mediators of adenovirus entry into tumor cells 
Contrary to the cell lines derived flOm other malignancies, 
down regulation of CAR or MHC class I expression is 
relatively rare in both human and murine prostate 
carcinoma cells .. Ihis brought the possibility of developing 
vaccine strategies for prostate cancer based on the 
modification of prostate cancer cells using recom~inant 
adenovirus vectors (Pandha et ai, 2003) The expreSSIOn of 
plOstate-specific antigen (PSA) is highly restricted to 
prostatic epithelial cells .. In fact, 95 % of patients with 
prostate carcinoma express PSA, making this antigen a 
good candidate for targeted immunotherapy. A 
recombinant PSA adenovirus type 5 (Ad5-PSA) was 
generated in order to activate PSA-specific T-cell response 
with the potential of eliminating plOstate cancer cells 
(Elzey et ai, 2001). Ad5-PSA immunized mice displayed a 
PSA-specific cellular immunity involving CDS+ I 
lymphocytes .. Ihis approach deterred subcutaneous tumor 
formation with RMII prostate cancer cells expressing 
PSA (RMllpsa) However, this did not affect the growth 
of existing RMllpsa tumolS On the contrary, Ad5-PSA 
administration followed by intratumoral injection of 
recombinant canarypox viruses (AL V AC) encoding 
interleukin-12 (1L-12), IL-2, and tumor necrosis factor-a 
effectively eliminated established RMllpsa tumors. , 

Surgery is one of the conventional treatment 
modalities used against solid tumors Due to the fact that 
minor residual tumors following surgical operation may 
result in local recurrence, surgery is neither efficient nor 
plausible for the treatment of metastatic disease Although 
AdHSV-tk gene therapy followed by ganciclovir 
administration has been evaluated extensively as a 
potential treatment modality for numerous tumors, it has 
not yet been proven to achieve a complete cure on its own 
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prostate-derived tumor models were used to evaluate the 
effects of AdHSV-tk gene therapy as an adjuvant to 
surgery (Sukin et ai, 2001) Lung nodules of prostate 
cancer cells were generated by intravenous injection of 
tumor cells in order to evaluate systemic effects 
Following resection of subcutaneous tumors, AdHSV-tk 
was delivered to the resection site I oxicity, local tumor 
recurrence, survival, and lung nodule formation were 
evaluated in animals; increased survival and decreased 
recunence accompanied by no systemic toxicity were 
observed Adjuvant AdHSV-tk gene therapy resulted in a 
significant reduction in lung nodules as well This study 
suggested that AdHSV -tk gene therapy might be beneficial 
as an adjuvant for patients undergoing surgical treatment 
of cancer, 

XIII. Current progress to overcome 
rate-limiting steps in adenovirus-mediated 
gene therapy for prostate carcinoma 

Ihe success of adenovirus mediated gene therapy for 
prostate carcinoma is effected by several factors including 
the level of expression of the receptor which facilitates the 
entry of the viral vectors into the cells, penetration of 
transgenes to sUIIounding tissues, and finally the 
expression of the delivered gene .. Enhancing these factors 
has been the focus of many laboratories working on 
adenovirus-mediated gene therapy for prostate carcinoma. 
Although a limited number of studies have been 
completed regarding these issues, effectiveness of prostate 
cancer gene therapy will certainly benefit from the 
progress in this field. 

A. Receptor abundance 
Ihe presence of the coxsackie adenovilUs cell 

surface receptor, CAR, is required for an effective 
adenovilUs infection of target cells .. CAR expression 

of normal prostate and prostate carcinoma were 
compared using immunohistochemical approaches in order 
to assess the feasibility of adenovilUS mediated gene 
therapy for prostate cancer (Rauen et ai, 2002) While a 

>"OVUM membrane staining for CAR was detected in the 
metastatic prostate specimens with higher Gleason scores, 

lumenal and lateral cell membrane staining were 
detected in the benign prostate epithelia Iherefore, 
adenovirus mediated gene delivery should be more 
effective for aggressive prostate tumors than it is for 
benign cases 

B. Penetration of hybrid therapeutic 
transgenes to the surrounding tissue 

Despite the fact that adenovirus could transduce cells 
efficiently in vitro, adenovirus mediated gene 

is restricted by the inefficient transduction of 
SUtrounding cells for a given tumor In order to overcome 

obstacle, an important intercellular transport protein 
VP22, was first fused to the therapeutic transgene 

interest (p53 gene) and then cloned into adenovirus 
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vector (Roy et ai, 2002) Infection of p53 negative human 
prostate cancer cells (LNCaP) by this approach generated 
very efficient gene delivery of p53, inducing apoptosis not 
only in the infected cells but also in the surrounding 
uninfected cells. 

c. Enhancement of transgene expression 
through transcriptional regulation 

Although the use of prostate specific promoters is 
necessary to limit the transgene toxicity, the low level of 
transgene expression directed by these promoters 
represents a barrier to gene therapy. Ihe observation, 
which led to the idea that chemotherapeutics enhanced the 
transgene expression from viral promoters, represented a 
new approach to overcome this banier Two recombinant 
adenovirus constructs were used to deliver p21 W AF­
I/CIPI and p53 protein c-DNA under the control of 
cytomegalovirus promoter to the metastatic androgen 
independent prostate cancer cells treated with 
chemotherapeutic agents docetaxel or paclitaxel (Li et ai, 
2002b). Both chemotherapeutics appeared to enhance 
adenovirus mediated transgene expression in androgen 
independent prostate cancer cell lines, This increase in 
transgene expression was attributed to the enhancement of 
CMV promoter activity rather than the increased viral 
uptake .. Therefore, the observed synergy of gene therapy 
with these chemotherapeutics may become useful when 
the transgene expression is a limiting facto! for the 
treatment of the metastatic androgen independent prostate 
cancer The possible use of other chemotherapeutic agents 
and their effect on prostate specific promoters should also 
be explored. 

XIV. Summary of clinical trials 
There are 636 clinical protocols involving 3496 

patients employed in gene therapy worldwide as reported 
to the Journal of Gene Medicine website by the year 2002. 
403 clinical studies (634 %) with regard to gene therapy 
for cancer were tested on 2392 (68.5 %) patients. 
Adenovirus was the vector of choice in 171 of these 
protocols (27 %), and 644 patients (l8A %) received the 
adenovirus vector for gene therapy .. 22 out of 171 clinical 
protocols were engaged in adenovirus mediated gene 
therapies targeting the prostate only as summarized in 
Table 1 13 of these were reported to be in Phase I, 3 trials 
in Phase II and the rest (5) were in Phase IIII There is no 
Phase III clinical study reported using adenovirus vectors 
targeting prostate yet Some of the adenovirus mediated 
gene therapy approaches were complemented either with 
radiotherapy or radical prostatectomy The percentage of' 
the choice of gene therapy modalities targeting prostate is 
provided in Figure 3. The use of selectively replicating 
adenovirus constructs leads other approaches followed by 
suicide gene therapy Ihis is partly because not 19n9 ago 
astonishing results were obtained with selectively 
replicating adenovirus constructs in the preclinical animal 
models It is also interesting to note that two of these 
clinical trials utilize suicide gene therapy in combination 
with the selectively replicating adenovirus approach 
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(Figure 3) No clinical studies have been carried out using 
the death ligand-mediated gene therapy appIOach and 
adenovirus vectors up to date However we should not be 
surprised if such trials are being initiated and we encounter 
some of these in the near future Although preliminary 
results are very encouraging from these clinical 
investigations, clear conclusions can be drawn only upon 
completion of these studies 

gene therapy for prostate carcinoma has been made within 
the last 3 years While the molecular mechanisms 
responsible for prostate carcinoma are not fully 
understood, the effectiveness of gene therapy is still quite 
amazing As more data become available on the 
understanding of prostate carcinoma, we anticipate that 
more effective treatment modalities will be developed 
using adenovirus to target prostate cancer, 

Considering all these preclinical and clinical studies, 
we concluded that great pIOgress in adenovirus mediated 

Table 1.. A summary of ongoing clinical trials of adenoviIUs mediated gene therapy targeting prostate as of 2002 The data 
was collected from the Iournal of Gene Medicine web site (www.wiley co. uk/genmedlclinical) and published with the 
permission from ©Iohn Wiley and Sons 2002 

USA 

USA 

Neo-adjuvant suicide gene therapy (HSV-tk) + radical prostatectomy 

Tumor suppressor gene therapy (p53) 

gene prostatectomy 

Jonathan W Simons Selectively replicating adenovirus (CN706) 

Thomas A Gardner Suicide gene therapy (HSV-tk) 

Iae Ho Kim gene therapy (CD/Tk) with selectively replicating adenovirus + 
radiotherapy 

Selectively replicating adenovirus with osteocalcin promoter (Ad-OC­
EIA) 

Selectively 

gene therapy (CD/Tk) with selectively replicating 
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I 

I 

I 

I 
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iii Tumor suppressor gene 

l1li Replicating adenovirus 

Figure 3" Adenovirus mediated clinical gene therapy modalities fo~ prostate I'~e t~pes of clinical gene therap~ modalities for prostate 
are represented as percentages in a pie graph in order to better appreciate the contributIOn of each treatment modality 
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