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OZET

Adenoviral yolla aktarilan TRAIL aracih gen tedavi yaklasimlari, ileri evre
prostat kanserlerinde apoptozisi indiikleyici gii¢lii potansiyel terapétik yaklasimlar
olarak degerlendirilmektedir. Ancak bazi prostat kanser hiicrelerinin TRAIL aracili
apoptozise direngli oldufunun gozlenmesi nedeniyle, TRAIL direnclilik
mekanizmalanmin  aragtiilmast ve bu direngliligi kiracak vyeni yaklasmmlarin
geligtirilmesi, TRAIL’mn ileride etkili bir tedavi yaklasimu olarak Kklinige
kazandirilmasi a¢isindan olduk¢a 6nemlidir.

Bu nedenlerden dolay: caligmamizda ¢ farkli ileri evie prostat kanser hiicre
hattinda (DU145, PC3, LNCaP) TRAIL’a direnglilikten sorumiu olabilecek
mekanizmalardan olan hiicre i¢i bazal ve TRAIL aracihigiyla indiiklenen NF-kB
TRAIL duyarlilifa ile iligkisi aragtinidi, Bunun yaninda, prostat kanserlerinde ilk kez
denenen AdShIRAIL ve AdIKKPKA ikili vekts: sisteminin hiicrelerde gézlenen
TRAIL direngliligini kirmaktaki etkinligi arastirtldi.

Sonug¢lanimiz, TRAIL yalanci reseptdr kompozisyonunun ve hiicre i¢i NF-kB
aktivitesinin prostat kanser hiicrelerinde TRAIL direngliligine katkida bulunan iki
Snemli faktoér oldugunu gdstermistit. Bunun yaninda, IKKBKA aracili IKK inhibe
edici  stratejilerin, hiicrelerde TRAIL  direngliligini  kumada, direnclilik
mekanizmasina bagimh olmaksizin etkili oldugu goriilmiigtiir. Aragtirmamiz, prostat
kanser hiicrelerinde TRAIL yalanci reseptétlerinin sentez seviyesi ile TRAIL
direncliligi arasinda anlaml: bir iligki a¢iga ¢ikarmistir. Bulgularimiz, Ad5ShTRAIL
ve AdIKKBKA ikili vekttt sistemi ile prostat kanser hiicrelerinde TRAIL
direngliliginin kirilabilecegini gosteren ilk ¢alisma olmas: agisindan da dnemlidiz. Bu
bulgular 1s18anda, IKK inhibisyonu altinda adenoviral yolla TRAIL gen aktarimui,
ileri evre prostat kanserinde TRAIL 1n terapétik indeksini genisletmede degerli bir
yaklagim olacaktir.

Anahtar Kelimeler: TRAIL, prostat kanseri, gen tedavisi, NF-kB, adenoviral
vektorler.




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 NE-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 AAIKKBKA in breaking down the TRAIL resistance in cells was
investigated.

Qur results 1evealed that TRAIL decoy receptor composition and intracellular
NF-kB activity are two important factors leading to TRAIL resistance in advanced
prostate cancer cells. Furthermore, IKKPKA-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 AdShTRAIL and AdIKKPBKA 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 cancers

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




TESEKKUR

Doktora ¢alismam boyunca vyol gostericiligi ve destedi i¢in, ve tez calismamda
{iniversitemiz Tip Fakiiltesi Hastanesi’nde kurmus oldugu Gen Tedavi Unitesi’nin
imkanlanndan yararlanmami sagladigy i¢in saymn damisman hocam Dog¢.Dr. Salih
SANLIOGLUna,

(Calismada ikinci damgmanim olarak gorev aldig: slire boyunca verdigi destek ve
tezime katkilar: icin sayin D1. Bahii KARACAY a,

Tez caligmama Onerileri ile katkida bulunan ve destek ve ilgisini esirgemeyen
sayin hocam Prof Dr. Giiven LULECT ye,

Tez caligmamin klinik bilgi gerektiren konulaninda danigmanhify ve her zaman
yakin ilgisi ve destegi i¢in sayin Do¢.Dr Tiitker KOKSAL’a,

Tez savunma smavimda juri tyeligi yapan sayin hocalarim Prof. Dr. Engin
YILMAZ’a ve Dog. Dr. Ibrahim KESER’e, ve yedek jiiri iiyeleri olan sayn
hocalanim Prof. Dr. Ugur OZBEK ve Dog¢.Dr. Sibel BERKER KARAUZUM e,

Doktora tez ¢alismam ile ilgili resmi iglemleri yiiriiten Akdeniz Universitesi
Saghik Bilimleri Enstitiisii ¢alisanlarina,

Cabgmam siiresince destekleri ve yardmmlan igin  Akdeniz Universitesi
Hastanesi Gen Tedavi Unitesi elemanlarina ve Tip Fakiiltesi Tibbi Biyoloji ve
Genetik Anabilim Dali ekibine,

Yogun ¢alisma gerektiren doktora siirecinde inanglan ve goéstermis olduklar:
sabir ve destek i¢in sevgili egime ve tiim aileme igten tesekkiirlerimi sunarim

vi




ICINDEKILER DIZiNi

OZET

ABSTRACT

TESEKKUR

ICINDEKILER DiZiNi

SIMGELER ve KISALTMALAR DiZiNi
SEKILLER DIZINi

TABLOLAR DiziNi

GIRIS ve AMAC

GENEL BILGILER
2.1, Prostat Bezinin Yapisi
2.2. Prostat Kanserinin Tanim ve Siiflandiriimas:
2.3. Prostat Kanserinin Epidemiyolojisi
2.3.1 Yag
2.3.2. Cografya ve Cevresel Faktorler
2.3.3. Ailesel Yatkinlik
2.3.4. Steroid Hormonlarin Rolii
2.4. Prostat Kanserinde Tam Yéntemleri
2.3. Prostat Kanserinin Gelisiminde Molekiiler Mekanizmalar
2.5.1. Prostat Kanserinin Erken Evreleri
2.5.2. Prostat Kanserinin Progresyonu
2.5.3. Metastatik Hastaliga Gegis
2.6. Prostat Kanserinin Tedavisinde Kullanilan Mevcut Yaklagimlar
2.7. Prostat Kanserinde Gen Tedavisi
2.7.1. Adenoviral Vektorler
2.7.2. Kanser Gen Tedavisinde Oliim Ligantlarmn Kullanimi

MATERYAL ve METODLAR

3.1. Hiicre Kitltiirii

3.2. Rekombinant Adenoviral Vektorlerin Uretimi

3.2.1. [nsan 293 Hiicrelerinin Enfeksiyonu

3.2.2. Adenoviriis Plirifikasyonu

3.3. Prostat Kanser Hiicrelerinin Rekombinant Adenoviral Vektorler
ile Transdiiksiyonu

3.4. NF-kB Iranskripsiyon Aktivasyon Deneyleri

3.5, Hiicte Canlilik Oranlarinin Belirlenmesi

3.6. Insan TRAIL Reseptorleri icin Kantitatif Gergek Zamanh
RI-PCR

3.6.1. Total RNA Izolasyonu

3.6.2. cDNA Eldesi

3.6.3. TagMan PCR Reaksiyonu

vii

Sayfa
iv

vi
vii
ix
xi
xiii

N QOO0 - 1NN W




3.7. Anneksin V Boyama 29

3.8. Akis Sitometrisi 30
3.9. Istatistiksel Analiz 30
BULGULAR 31
4.1. Prostat Hiicrelerinde Bazal NF-kB Aktivasyon Seviyeleri
Farkli Bulundu. 31
4.2, Prostat Kanser Hiicreleri, Adenovital Vektorler Tarafindan Esit
Olarak Transdiiksiyona Ugratild1 31
4.3. Prostat Kanser Hiicreleri Degigken Derecede Adenoviriis Aracth
TRAIL Sitotoksisitesi Gosterdi. 32
4.4, Prostat Kanser Hiicrelerinde Hiicre i¢i NF-kB Aktivitesi, hTRAIL
Sentezi ile Artarken, IKKBKA Sentezi ile Azald. 32
4.5. IKKBKA Sentezi Yoluyla Fonksiyonel IKK Inhibisyonu, Prostat
Kanser Hiicrelerini TRAIL Aracih Hiicre Oliimiine Kars1 Duyarli
Hale Getirdi. 32
4.6. Prostat Kanser Hiicrelerinin Yalmzca AJIKKBKA Vektorleri
ile Enfeksiyonu Hiicre Oliimiine Yol A¢madi. 33
4.7, AAShTRAIL ve AdIKKBKA 'nin Birlikte Enfeksiyonu Sonucu,
Prostat Kanser Hiicte Hatlarinda Apoptotik Oliim Gergeklesti 33
4.8. Prostat Kanser Hiicre Hatlarinda Birbirinden Farkli TRAIL
Reseptoér Kompozisyonlari Belirlendi. 34
TARTISMA ve SONUCLAR 48
KAYNAKLAR 53
OZGECMIS 66

EKLER

Ek-1. Adenovirus-mediated IKKBKA expression sensitized prostate carcinoma cells
to TRAIL-induced apoptosis. Ahter D. Sanlioglu, I Turker Koksal, Bahri Katacay,
Mehmet Baykara, Guven Luleci, Salih Sanlioglu. Cancer Gene Therapy dergisinde
basim asamasinda.

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
Lulect, Bahri Karacay, Salih Sanlioghu. Gene Ther Mol Biol, Vol 7, 113-133, 2003.

viil




.
=

AMACR
AR
BPH
CAPB
CAR
¢-FLIP
CGH
CMV
EGF
EGFP
ELAC2
ETVé6
FGF
FBS
FISH
IAP
IFN-y
IGF
IKK

IEPCa

SIMGELER ve KISALTMALAR DIiZiNi

: Atipik Adenomatéz Hiperplazi

: Alpha-Methylacyl-GA Racemase

: Androjen Reseptoru

: Benign Prostatik Hiperplazi

: Cancer of Prostate and Brain

: Coxsackie Adenovirus Receptor

: Cellular FLICE-Inhibitory Protein

. Comparative Genomic Hybridization
: Cytomegalovirus

: Epidermal Growth Factor

: Enhanced Green Fluotrescent Protein
: elaC homolog 2 (E coli)

: ETS (Erythroblastosis) Variant 6

: Fibroblast-derived Growth Factor

: Fotal Bovine Serum

: Fluorescent In Situ Hybridization

: Inhibitors of Apoptosis Protein

: Interferon-gamma

: Insulin-like Growth Factor

: IkBa Kinase

- [leri Evre Prostat Kanseri

ix




HCP1
HKLK3
NF-kB
OSPCa
PACP
PIN
PSA
PSMA

PTEN

Rb
RNASEL
RT-PCR
SCID
TiB

TNF
TRAIL

TRUS

: High-Affinity cAMP-specific Phosphodiesterase Gene
: Human Glandular Kallikrein 3

: Nuclear Factor-kB

: Organa Sinitli 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

: INF-Induced Apoptosis Inducing Ligand

: Transrektal Ulirason




SEKILLER DiZiNi

ekil
2.1. Insan prostat bezinin sematik gésterimi (sagital kesit).

2.2. Insan prostat bezini olusturan hiicre tiplerinin sematik olarak
gosterilmesi.

2.3. Prostat kanserinin prostat bezinde yetlesiminin sematik olarak
gésterilmesi.

2.4. Gleason derecelendirme sistemi

2.5. INM evrelendirme sistemine gore lokal prostat tiimdr bilylimesinin
dort farkli evresi.

2.6. Insan prostat dokusunun histolojik incelemesi.

2.7. Insanda prostat kanseri gelisim basamaklari.

2.8. Gen tedavisi klinik denemelerinde kullanilan vektdrler ve yiizdeleri.

2.9. Adenovirtisler.

2.10. Adenoviriislerin hayat déngiisii.

2.11. Adenoviral DNA’nin yapisi

2.12. TRAIL reseptorlerinin sematik gésterimi.

2,13. TRAIL tarafindan indiiklenen i¢ ve dis apoptotik yollar

2.14. Prostat kanser hiicrelerinde NF-kB sinyal yolunun bloke edilmesi
yoluyla TRAIL a direngliligi kumak i¢in gelistiritmis bir gen
tedavi stratejisi.

2.15. NF-kB aktivasyon ve inhibisyon yollar:.

4.1. Prostat kanser hiicre hatlarinda endojen NF-kB seviyeleri

4.2, Prostat katsinoma hiicrelerinin birinci jenerasyon rekombinant
adenoviral vektorler ile transdiiksiyonu.

x1

12

12

14

14

16

17

20

21

35

36




4.3. Prostat kanser hiicrelerinin adenoviral vektotlerle
transdiiksiyon etkinliklerinin akis sitometri ile degerlendirmesi.

4.4. Prostat kanser hticrelerinin TRAIL duyarlilik seviyeleri.
4.5. Hiicre canlilik deneylerinin kantitatif sonuclar1,

4.6. Prostat kanser hilcrelerinde hTRAIL ve IKKBKA sentezinin
NF-kB aktivasyonu {izerine etkist.

4.7. Adenovizal vektdrler yoluyla IKKBKA sentezinin, prostat
kanser hticre hatlarinda TRAIL direngliligi {izerine etkisi,

4.8. IKKBKA sentezinin TRAIL direngliligi {izerine etkisinin kantitatif
olarak degerlendirilmesi.

4.9. T'ek bagina AJIKKPBKA enfeksiyonunun prostat kanser hiicreleri
tizerindeki etkisi.

4.10. DU145 prostat kanser hiicre hattinda TRAIL ve IKKBKA
aracili apoptozisin gésterilmesi.

4.11. Prostat karsinoma hiicre hatlarinda TRAIL reseptér mRNA diizeyleri.

4.12, DU145 ve PC3 hiicre yiizeylerinde TRAIL reseptérlerinin
sentez seviyeleri.

4.13. LNCaP hiicre hattinda TRAIL reseptotlerinin hiicre yiizeyindeki
sentez seviyeleri.

X1

37

38

39

40

41

42

43

44

46

47




TABLOLAR DIiZiNi

Tablo Sayfa
2.1. Prostat kanseri (PCa) gelisimi ile ilgili baglica yatkinlik genleri. 7
3.1. Calismada kullanilan prostat kanser hiicrelerinin 6zellikleri. 23

3.2. Calismada kullamlan adenoviral vektorlerin 6zellikieri. 25




GIiRIS VE AMAC

Ileri evie prostat kanserinin tedavisinde kullanilan geleneksel tedavi
metodlanndan olan kemoterapi, etkinligini p33 tiimér baskilayici protein araciligiyla
gergeklestirir. Ancak ileri evre prostat kanserlerinin dnemli bir boliimiinde p53
geninde mutasyonlar oldugu bilinmektedir. TNF ailesi dyesi 6lim lgantlarinin
(INF-a, FasL, vb.) ise, apoptozisi p53 bagimsiz yollarla indiikleyebildikleri
bildirilmigtir. Bu nedenle, bu ligantlarin ileri evre prostat kanserinin tedavisinde
kullammlar  giindeme gelmigtir. Oltim  ligantlan araciligtyla prostat kanser
hiicrelerinde apoptozisin inditklenmesini amaglayan baganli ¢ahismatar yapilmig
olmasma ragmen, ciddi yan etkilerle karsilagilmas:i, bu molekiillerin sistemnik
kullammlarim smilayan nemh bir faktor olmustur. Bir bagka TNF ailesi iiyesi olan
TRAIL 1n ise, digetlerinden farkli olarak tiimér hiicrelerinde apoptozisi indiiklerken
normal hiicrelerde apoptotik etki gdstermedigi bildirilmistir. Bu nedenle, TRAIL 1n
sistemik kullanimimin giivenli olacag diistintilmiis, ve bu yaklagimin giivenli oldugu
birgok ¢ahigma ile kamitlanmigtir. TRAIL ile ilgili tiim bu umut verici gelismelere
ragmen, baz: prostat kanser hiicrelerinin TRAIL’a direngli oldugu bildirilmistit Bu
nedenle, hentiz tam olarak bilinmeyen TRAIL direnglilik mekanizmalarimm aciga
kavusturulmas1 ve ditencliligi kiracak yeni tedavi metodlarimn geligtirilmesi,
TRAIL 1 prostat gen tedavisine kazandirilabilmesi agisindan kritik dneme sahiptir.

[leri evie prostat kansetinin, hastaligin tedavide en ¢ok zorlamlan agamasi
olmasi nedeniyle, bu ¢aligmada ileti evre prostat kanser hiicre hatlan (DU145, PC3,
LNCaP) kullamldi TRAIL’a ditencli hiicre hatlaninda, direnglilige sebep olabilecek
mekanizmalar olan bazal ve TRAIL aracihigiyla indiiklenen NF-kB aktivasyon
seviyesinin, ve TRAIL &lim ve yalanci reseptér sentez oranlarmm hiicrelerde
TRAIL duyarhligy ile iligkisinin agiga ¢ikanlmas amaglandi. Bunun yaninda, prostat
kanserlerinde ilk kez denenen bir ikili vektsr (AdShTRAIL ve AdIKKBKA)
sisteminin, hiicrelerde gozlenen TRAIL direngliligini kirmaktaki etkinliinin
aragtiritmasi hedeflendi.




GENEL BIiLGILER

Prostat kansezi, prostat bezinde ¢ogunlukla adenokarsinoma olarak ortaya ¢ikan,
heterojen ve genellikle gok odakli olarak seyreden bir hastahktir [1]. Batili tilkelerde
erkekler arasinda en yaygin kanserdir, ve erkeklerde kanser sebebiyle oliimlerde
ikinci sirada yer almaktadir [2] Amerika Birlesik Devletleri’nde her yil ortalama
200,000 kisiye prostat kanseri tamsi konmaktadir [3, 4]. Prostat spesifik antijen
(PSA) taramalan, dijital rektal muayene, ve lokalize prostat kanserinin erken tedavisi
gibi metodlatla son yillarda prostat kanserinden &liim oranlarinda azalma
saglanmigtir [4] Ancak tim cabalara ragmen, bugiin yetiskin bir erkek bireyin
yasami siiresince prostat kanserine yakalanma riskinin 5’te 1 oldugu, bu vakalar
arasinda metastatik prostat kanseri nedeniyle 8lim riskinin ise 30°da 1 oldugu
bilditilmigtir [5]. Bu bulgular 1sifinda, 6zellikle ileri evie prostat kanserinde
hastalann yagam siirelerini uzatabilmek igin meveut tedavi yontemlerini tamamlayici
yeni tedavi stratejileri gelistirilmesi gerekmektedir

2.1. Prostat Bezinin Yapisi

Insanda prostat bezi, mesanenin hemen altinda yer alu. Prostat bezinin orta
kismindan, idrar bosaltiminda rol alan iiretra geger. Prostati olustwran hiicrelerin
yapu salgl, seminal stvinin bir boliimiinii olusturur. McNeal, insan prostat icinde
beg farkli morfolojik bolge tammlamigtir: periferik bslge, transizyon bélgesi, santral
bélge, preprostatik sfinkter ve anterior fibromiiskiiler stroma [6, 7] Sekil 2 1'de,
bahsedilen farkli bélgelerden ticli gésterilmistir.

transizyon
béigesi "<y "““

eﬁ santraf balge
i ard e
G ~"

F7 periferik biige

Sekil 2.1, Insan prostat bezinin sematik gosterimi (sagital kesit) [&]

Prostat epiteli icinde, morfolojik ozellikleri, fonksiyonel durumlan ve .
karsinogenezle iligkileri agisindan en az ig farkli hiicre tipi ayt edilebilir (Sekil
2.2). En yaygin olarak bulunan hiicre tipleri, salg1 yapan luminal hiicrelerdir. Bu
hiicre tipleri androjen bagimhdir ve prostatik salgi maddelerini tiretir. Molekiiler
seviyede, luminal hiicreler androjen reseptér sentezi, sitokeratin 8 ve 18, ve hiicre
yiizey belirtegi CD57 ile tanumlanabilir [9-13] Ikinci Snemli epitelyal hiicte tipi,
bazal hiicrelerdir Bu hiicreler, luminal hiicreler ile bazal membran arasimnda bulunur,




ve prostat dokusunda luminal hiicreleri ¢evreleyen bir katman olusturur. Bazal
hitcreler, sitokeratin 5 ve 14, CD44, ve distk seviyede androjen salgilar, ancak
prostatik salgi proteinlerini tretmezler [9-14]. Bazal hiicrelerin aym: zamanda,
potansiyel kok hiicreler olabilecekleri diistiniilmektedir. Bu hiicreler, muhtemel kék
hiicre profiline uygun olarak, DNA hasarina kars: koruyucu molekiiller sentezler. Bu
molekillere drnek olarak anti-apoptotik Bel2 proteini verilebilir [14, 15]. Uciincii
prostatik epitelyal hiicre tipi ise, embriyonik kokeni tam olarak bilinmeyen
noroendokrin hiicrelerdir. Bu hiicrelerin, luminal hiicrelerin biiyiimesini saglayan
parakrin sinyaller trettikleri disiintiimektedir [16, 17] Noroendokrin hiicreler,
androjen bagimsiz hiicrelerdir. Bazal katmanda daginik olarak bulunutlar ve
kromogranin A, serotonin, ve ¢esitli ndropeptitler sentezlerler [8].

néroendokrin hiicre \ bazal lamina

Sekil 2.2, Insan prostat bezini olusturan hiicre tiplerinin sematik olarak gosterilmesi [8]

Prostat dokusunda tammlanan farkli hiicre tiplerinin koéken iliskilerinin
bilinmesi, prostat kanserinin olusum mekanizmasimin agiga ¢ikarilmasi agisindan
6nemlidit  Prostat kanser hiicreleri genellikle bazal hiictelere spesifik molekiiller
sentezler Ancak prostat kanserinde bazal hiicre katmani kaybedilir [18, 19] Ayrica,
Prostat Spesifik Antijen (PSA) sadece luminal hiicreler tarafindan salgilandigidan,
kanser hiicreleri en azindan kismen luminal fenotipe sahiptir Bu duruma muhtemel
bir ag¢iklama olarak, neoplastik transformasyonda, luminal hiicrelerin bazal hiicre
fenotipine benzeyen daha az farkhilagmis bir hiicre tipine déniisttigi ileti stirilmiistiir

18]

2.2. Prostat Kanserinin Tamimi ve Simiflandirilmas:

Prostat Kkanseri, timdriin baskisi sonucu sik idrara ¢tkma, hematiiri,
hematospermi ya da postejakiilatér agn gibi semptomlarla ortaya ¢ikan bir kanserdir -
(Sekil 2.3) Ileti evrede lenf nodlarna, kemige ya da diger organlara metastazi”
tipiktiz.
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Sekil 2.3. Prostat kanserinin prostat bezinde yerlesiminin sematik olarak gosterilmesi.

Prostat tiimdrleri ¢ogunlukla adenokarsinomlardir. Prostat adenokarsinoma,
prostat bezinin epitel hatlarindan koken alw. Radikal prostatektomi orneklerinin
incelenmesi, olgularmn %85’inde gok merkezli gelisim oldugunu gostermistir Prostat
kanseri olduk¢a heterojen bir kanserdir. Prostat kanser dokusunun histolojik
incelemesi sonucunda, aym alanda benign bezler, prenoeplastik odaklar (PIN), ve
farkh derecelerde neoplastik odaklar birarada géritlebilir (Sekil 2.6) Bu heterojenite
ile iigili olarak, Gleason bugiin iyi bir prognostik indikatér olarak kabul gérmiis olan
bir derecelendirme sistemi gelistirmigtir [20]. Bu sistemde glandiiler yap1
degerlendirilir. Gleason dereceleri 1 ile 5 arasinda degismekte olup, en sik goriilen
derece ile ikinci siklikta gériilen derecenin toplam Gleason skor’unu olusturur (Sekil
2.4). Gleason skor 2 ile 10 arasinda degismektedir Birinci derece tiimérler normale
yakin bir Ozellik gosteritken, 5 derecede herhangi bir glandiiler yapt
gortilmemektedir. Kiigtik ve iyi diferansiye tiimorler (1. ve 2. derece) genelde organa
sinirl: iken, biiyik (4 cm’’ten biiyiik) ve kotii diferansiye tiimérler (4. ve 5. derece)
genellikle lokal ileri evre ya da metastatiktirler. Gleason skor 2-4 iyi diferansiye
tiimdr, Gleason skor 5-7 orta derecede diferansiye tiimor, Gleason skor 8-10 ise kotit
diferansiye tiimorii temsil eder [21]

G.radt}

Sekil 2.4, Gleason derecelendirme sistemi [22],




Prostat kanserinin evrelendirilmesinde, Tumor, Nod, Metastaz (INM) sistemi de
siklikla kullamtmaktadir. Bu sistemde, lokal tiimér biiyiimesi, T1 ile T4 arasinda dért
evrede tammlamir. T1 evresinde tiimér dijital rektal muayene veya ultrasonla tespit
edilemez, ancak transiiretral 1ezeksiyon veya PSA testi sonrasi biyopsi ile
tammlanabilir. T4, tiimériin komsu organlan tuttugu ileri evresini temsil eder. Nodal
evreler (NO-N1) ve metastatik evreler (M0-M1C), hastaligin sirasiyla lenf nodlarina
ve uzak bolgelere klinik yayilimim (metastaz) tamimlar [22]

Sekil 2.5. TNM evielendirme sistemine gore lokal prostat timor bilyiimesinin dort farkli evresi.
Noktali olarak gésterilen kisimlar, timor dokusunu temsil etmektedir [22]

Prostat kanseri, genel anlamda Organa Sinith Prostat Kanseri (OSPCa) ve Ileri
Evie Prostat Kanseri (IEPCa) olarak simiflandirilabilir. Prostat kanseri, genellikle
periferik bolgede olugur. IEPCa ise cogunlukla kemige ve lenf noduna olmak iizere
metastazla sonuglanir Bunun yaninda erkeklerde, yas iletledikge sikhifi artan, prostat
bezinde bilylime ile karakterize olan iyi huylu bir hastalik olarak ifade edilen Benign
Prostatik Hiperplazi (BPH) gelisebilir. BPH genellikle transizyon bolgesinde ortaya
¢ikar Bazal katmanin genislemesi ve stromal hiperproliferasyon ile tipiktir [8].
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Sekil 2.6. Insan prostat dokusunun histolojik incelemesi A ve B panellerindeki gériintiiler
hematoksilen-ecozin boyama ile elde edilmigtir. (A) Fotografta prostat dokusunun
heterojenitesi, ayni alanda bulunan Benign Prostat Hiperplazi (BPH), Prostatik Intraepitel
Neoplazi (PIN), ve iyi diferansive adenokarsinoma (CaP) ile gorlilebilmektedir. (B) Panel
A’dan bir bdlgenin mikroskop altinda yitksek biiyiitmede goriintiistl verilmistir.

2.3. Prostat Kanserinin Epidemiyolojisi

2.3.1. Yas

Prostat kanserinin gelisiminde, yag ¢ok dnemli bir faktordin. Yasa bagli olarak
prostat kanseri nedeniyle olim orami artar Frkeklerde 65 ila 70 yaslannda
100.000°de 358 olan prostat kanseri insidansi, 80 yas ve iizerinde 100.000°de 1035’
¢ikar Her iki grupta 8liim oranlan ise sirasiyla %21 2 ve %40 olarak bildirilmistir

[21].

2.3.2. Cografya ve Cevresel Faktorler

Prostat kanseri insidansiin cografik dagilimi oldukga heterojendir. Ornegin
Tayland’ta prostat kanserinden 6lim oram 100.000°de 0.1 iken, Bati Hindistan’mn
baz1 bolgelerinde 100 000°de 30°dur. Hastaligin genel insidansi da oldukea ¢esitlilik
gosterit. Prostat kanserinin goriilme sikhigi Cin’de 100.000°de 0.8 iken, Kuzey
Amerika’da yasayan zenci populasyonda 100.000°de 100°diir. Diinya genclinde
gozlenen bu farkliliklann agiklamasinda, cevresel faktétlerin irksal faktsrlerden tam
olarak ayut edilemeyecegi agiktir, ancak gd¢ eden toplumlar iizerine yapilan
calismalar, gevresel faktdtlerin uksal orijinlerden daha 6nemli oldugunu ortaya
koymustur [21]. Omegin Asya kokenli iilkelerde prostat kanseri insidansi ¢ok
distikken, Ametika Bitlesik Devletleri’nde prostat kanseri insidansi bu iilkelere gore
6nemli oranda yiksektir. Amerika Birlesik Devletleri'nin Asya kokenli iilkelerden
yliksek oranda goi¢ aldign bilinmektedit Bu nedenle, diyet ve cevresel faktérlerin,
diger epitel kanserlerde oldugu gibi, prostat karsinogenezinde de anahtar rol oynadig
kabul edilmektedir [8].

2.3.3. Ailesel Yatkinhk

Kalitsal faktorler, prostat kanserlerinin oldukga kii¢iik bir ylizdesinden (%10)
sorumiu  tutulmakta ve erken yasta ortaya ¢ikan prostat kanseri ile
iligkilendirilmektedir Ancak pozitif aile hikayesi, prostat kanseri icin en giiclii
- epidemiyolojik risk faktsrleri arasinda sayilmaktadir. Birgok kromozomal bélgenin
. prostat kanserine yatkinlikta rol aldign diisiiniilmektedir [8]. Prostat kanserine




yatkinhigin poligenik mekanizmalar icerdigi, ve Mendelian kalitimin farkli modelleri,
eksik penetrans ve etnik varyasyonlar araciliiyla gerceklestigi diisiiniilmektedir.
Linkaj analizi yoluyla, 1, 10, ve 17 nolu kromozomlarda ve X kromozomunda
birgok lokus prostat kanserinde ailesel yatkinhk ile iligkilendirilmistir Ozellikle 1
no.lu kromozom izerinde ¢ahisilmigtiz. Bu kromozomun muhtemel prostat kanseri
yatkinlik genlerini banndirabilecek en az 3 alt bolge (HCP1, PACP, ve CAPB)
icerdigi ileri stirtilmuistiir [23]. Tablo 2.1°de prostat kanserine yatkinhik genleri olarak
tanimianan genlerin listesi verilmigtir.

Tablo 2.1. Prostat kanseri (PCa) gelisimi ile ilgili baglica yatkinlik genleri.

Gen ismi Yatkinhk ile ilgili 6zellikleri

Andojen Reseptorii (AR) CAGQG tekrarlarmin PCa’ne yatkmnlik ile ilgiti
oldugu diistiniilmektedir.

MSR1 (Makrofaj Siipiiriicii Reseptir) Yedi 6nemli gen mutasyonu bulunmustur,

ELAC2 Mutasyon tagiyicilatinda PCa geligtirme riski
yiiksektir,

BRCA2 PCa’nin erken evrelerinde rol aldig:
diisiiniilmektedir.

RNASEL (riboniikleaz L’yi kodlayan gen) | Mutant allel agisindan heterozigot erkeklerde
PCa gelistirme riski %50 artar.,

ETV6 (tiimdr supresér gen) Mutasyonel inaktivasyon PCa ile
sonug¢lanabilir.

AMACR/P5048 (alfa metil-CoA | Tamimlanan onyedi dizi varyanti, PCa’ne

Racemase) yiiksek riskle ilgili olabilir.

2.3.4. Steroid Hormonlarm Rolii

Steroid hoimon resepttr sinyal yollari, prostat karsinogenezinin her evresinde
tnemli rol oynamaktadur. Erkeklerde androjen/estrojen orammin yasla biilikte
azalmasi, prostat kanserinin ortaya ¢ikmasinda 6nemli bir faktér olarak
diisiiniilmektedir {8]

2.4. Prostat Kanserinde Tami Yiéntemleri

Prostat kanseri heterojen bir hastaliktir ve zellikle ileri evrede ve metastatik
hastalikta mevcut tedavi yontemleri, hastalarin yasam stirelerini uzatmada vetersiz
kalmaktadir. Bu nedenle prostat kanserinin erken teshisi, tedavide yiiksek basar1
agisindan  son derece Onemlidit [24]. Bu amagla farkh tarama metodlan
kullamlmaktadir [25, 26]:

Dijital Rektal Muayene: Dijital rektal muayene, prostat kanseri taramalarinda rutin

olarak kullanilan bir tekniktir. Supheli dijital rektal muayene, serum prostat spesifik -

antijen (PSA) diizeyleri ile birlikte degerlendirildiginde taramalarda prostat kanseri’
tant oranimu yitkseltir. Elli yas tizeri goniillii erkekleile yapilan iki ¢alismada, dijital
rektal muayene, 0,5 m>’ten bilyiik intiakapsiiler tiimérletin teshis edilme ihtimalini

1,5 ila 2 kat, ekstrakapsiiler timérlerin teshis edilme ihtimalini ise 3 ila 9 kat
artirmistiz [27]
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Prostat Spesifik Antijen (PSA): PSA, 33 kDa aguhfinda bir prostatik salg:
glikoproteinidir. Kromozom 19 iizerinde hKLK3 geni tarafindan kodlanan, tripsin ve
kimotripsin benzeri aktiviteye sahip bir serin esterazdir. PSA sentezi androjen
bagimhdir, ve androjenler yoklugunda azalu. Prostat kanserinde, serum PSA
seviyeleri, benign prostatik hiperplazidekine oranla yitksektir [21] Ancak
farklilasmamis androjen bagimsiz prostat kanser hiicreleri PSA tiretemez. Bu durum,
hormona direngli hastalanin  bir kisminda PSA  artisuun  gorilmemesini
agiklamaktadir [28]. Tek bagina ¢ok giiglii diagnostik degeri olmamasina ragmen,
Gleason skor [29] ve klinik evrelendirme [30] ile birlikte degerlendirildiginde, PSA
seviyesinin 6l¢iilmesi prostat kanserlerinin histolojik derecesini belirlemede degerli
bir yéntemdir [31].

Diger Tam Yontemleri: Prostat kanserinin tamsinda, dijital rektal muayene ve
serum PSA diizeylerine bakilmasi yaninda Transrektal Ultrason (TRUS) ve esliginde
Transrektal Igne Biyopsisi (TIB) de yaygin olarak kullanilan yéntemlerdendir.
Yiiksek PSA seviyesi belitlenen veya dijital 1ektal muayenesinde normal dig1 durum
gozlenen hastalara, genellikle transrektal ultrason biyopsisi uygulanmr [21}

2.5. Prostat Kanserinin Gelisiminde Molekiiler Mekanizmalar

Prostat kanserinin ortaya ¢ikigindan ve progresyonundan sorumlu mekanizmalar
tamamen ag¢iga c¢ikarilamanugtu, ancak timdt progresyonunda birgok degisik
faktériin (sinyal iletim vyollannda, anjiogenez ve adhezyon molekiillerinde
degisiklikler gibi) dnemli 10l oynadif1 diigiiniilmektedir (Sekil 2.7).

normalepitel .. .5, Prostatikintraepitel inveziv ey MetaStaZ
neoplazi {PIN) karginoma :
bazal hijerelorin kayh bazal lamina kayb: androjen bagimsizligy
821 kaybi 10g kaybe 134 haybi 17p kayh
MKA3 1 PTEN Rb p53

Sekil 2.7. Insanda prostat kanseri gelisim basamaklari Gelisim asamalan, spesifik kromozom
bilgelerinin ve aday tiimér baskilayict genlerin kayb ile gergeklesir [8]

2.5.1. Prostat Kanserinin Erken Evreleri .

Prostat kanserlerinde gergeklestirilen histopatolojik calismalar sonucu, insan
prostat kanserinin primer Onciisii olduguna inamlan spesifik bir lezyon tipi
tanumlanmigtir (Sekil 2.6). Prostatik Intraepitelyal Neoplazi (PIN) adi verilen bu
lezyon tipi, atipik hiicresel dzellikler ve niiklear polimorfizm ile belirgindit, ve diigiik
dereceli wve vyiiksek dereceli formlann aiasmmda b gegis formu olarak
nitelendirilmektedir Yiiksek dereceli PIN’in, erken invaziv karsinomanin hemen




onceki agsamasini temsil ettigi diistiniiliir. PIN lezyonlar, prostat epitelinde gériilen
BPH ve Atipik Adenomatdz Hiperplazi (AAH) gibi diger baz: histopatolojik
abnormalitelerinden yapisal ve sitolojik olarak ayirt edilebilmektedir. BPH ve AAH,
PIN’in tersine, prostat kanserinin dncii evieleri olarak diistiniilmemektedir [32]

Prostat kanserinde siklikla goriilen molekiiler diizeyde degisikliklerden biri, 8.
kromozomun spesifik bolgelerinde ger¢eklesen delesyonlardir. Bu tiir diizensizlikier,
FISH, CGH, ve allelik dengesizlik analizi teknikleri ile prostat timérlerinin
%80’inde, bunun yaminda kolorektal ve akciger kanserlerinin belirli bir ytizdesinde
de belirlenmistir [33, 34]. Delesyonlarin 6zellikle 8p12-21 ve 8p22’ve karsilik gelen
iki bolgede meydana geldigi bildirilmigtir [35] 8pi12-21 kaybimin prostat
karsinogenezinde erken evrede ortaya ¢iktifi ve hem PIN hem de erken invaziv
karsinomada tanimlandigi bildirilirken, 8p22 delesyonlarimn ise ge¢ dénemde
meydana geldigi bildirilmistir. 8p12-21 lokusunda bulunan NKX3.1 homeobox geni,
prostat kanseri gelisimi ile ilgili aday gen olarak bildirilmistir [36].

2.5.2. Prostat Kanserinin Progresyonu

Prostat kanserinin progresyonunda rol oynadifi dustintilen farkl: kromozomal
diizensizlikler bildirilmistir Omegin 10q kromozomal bolgesinde, daha gok prostat
karsinomada tanimlanmig olan, PIN lezyonlaninda ise nadir olarak gériilen
delesyonlar bildirilmigtic.  10g23 bolgesinde bulunan PTEN/MMACI tiimor
baskilayic: geni, prostat kanser progresyonunda rol aldig: diigiiniilen genler
arasindadir. Prostat kanserlerinin yamnda glioblastoma, meme, ve endometrial
kanserler gibi birgok farkli kanser tiiriinde 10923 bélgesinde kayiplar bildirilmistir
[8]. PTEN proteininin kaybimn, insan prostat karsinogenezinde anahtar rol oynadig:
diistintilmektedir. Bu bulgu ile uyumlu olarak, Vliestra ve arkadaslari, birgok prostat
kanser hiicre hattinda ve ksenograftta PTEN kaybi oldugunu géstermislerdir [37].

Prostat kanserinin gelisiminde 6nemli 1ol oynadig: diisliniilen bir baska faktor,
Retinoblastoma (Rb) geninin bulundugu 13q kromozomal bélgesinde meydana gelen
kayiplardu. Prostat kanserlerinin  %50’sinde, 13q bolgesinde delesyonlar
bildirilmistir [38]. Bookstein ve arkadaslari, Rb eksikligi olan prostat kanser
hiicrelerine retroviriis aracih gen transferi yoluyla Rb proteinini kodlayan gen
aktardiklarinda timdr olusumunun engelledigini gostermislerdir [39] Sonraki
calismalarda, organa sinith ve ileri evie prostat kanserlerinde de Rb proteininin
yoklugu bildirilmistir [40] Rb proteininin, &zellikle androjene cevapta prostat
hiicrelerinde apoptozisi diizenleyici 1ol oynadif bildirilmistir. Ancak bir ¢ok diger
calismada Rb gen mutasyonlan gosterilememistir [38, 41]. Bu dwrum, prostat
karsinonogenezinde, 13q’da Rb geni disinda diger bir genin delesyonunun daha
Snemli olabilecegini géstermektedir.

Vs

Diger bir¢ok tiimdrde oldugu gibi, prostat kanserinde de hiicte dongiistiniin
kontrolii ile ilgili genlerde meydana gelen degisikliklerin hastaligin progresyonunda
belirgin rol oynadig diistiniilmektedir Normal sartlarda, prostat epitelinde oldukga
diistik oranda gerceklesen hiicre cogalmasi, yine diigitk oranda gerceklesen apoptozis
ile dengede tutulur [42] Buna karsin, PIN ve erken invaziv karsinomalarda hiicre




gogalma oranmda 7 ila 10 kat artis oldugu, ileri evre ve/veya metastatik prostat
kansetlerinde de apoptozis oraninda yaklagik %60 azalma oldugu gosterilmistir. Bu
nedenle, organa smirh hastalifin ilerlemesinde hiicre dongiistiniin  kontroliiniin
kaybedilmesinin dnemli 10l oynadig1, apoptoziste meydana gelen diizensizliklerin ise
ileri evie kanserde daha ©nemli oldugu distintilmektedir. Hiicre déngisiini
diizenleyici rol oynayan genler arasinda, CDK4 inhibitérii olan p27k’p" *de fonksiyon
kaybi, prostat tiimorlerinde siklikla gériilmektedir, ve prognostik belirte¢ olarak
fonksiyon gorebilecegi bildirilmistir [8] p27kip’ geni, 12p12-13.1 bolgesinde
bulunmaktadir [43] Bu bolgenin ileri evre prostat kanserinde siklikla delesyona
ugradigr bildirilmistir [44].

Yiiksek dereceli PIN’den erken invaziv karsinomaya geciste en kritik
faktorlerden birinin yaslanma oldugu bilinmektedir Yaslanma ile hastalik ilerleyigi
arasindaki bu giclii iligki, prostat epitelinin diisiik proliferasyon oranindan ve
transformasyonun olusabilmesi igin ge¢mesi gereken siireden kaynaklanabilir PIN
lezyonlar1 ve prostatik karsinomada telomer uzunluklarimn azaldifi ve telomeraz
aktivitesinin arttifi gézlenirken, BPH’ta benzer bir durumdan sz edilmemektedir
[45]

2.5.3. Metastatik Hastahga Gecis

Prostat kanserinde metastatik hastalifa gegisle birlikte androjen bagimliliginin
kaybolmas1 sik goriilen bir durumdur. Prostat kanser hiicrelerinin baslangigtaki
androjen bagimhliklanim nasil kaybettikleri tam olarak a¢iga kavusturulmamistir
Onceleri androjen bagimsiz tiimér gelisiminin androjen reseptér (AR) mRNA’smm
ve proteininin kaybi ile gerceklestigi diigtiniilmekteydi [46]. Ancak sonralan, AR
proteininin primer tiimdrlerde, tekrarlayan lokal tiimérierde, ve hatta metastatik
tiimérlerde oldukga homojen olarak sentezlendigi gozlenmistir [47-49]. Bu bulgular,
kanser hiicielerinin AR sentezinin azaltilmasindan bagimsiz bir mekanizma ile
androjen bagimhhigini kaybettiklerini gostermektedir. Hiicrelerin  androjen
bagimsizligr edinmesinde birgok mekanizma rol oynayabilir. AR aktivitesinde,
fonksiyonunda, ve/veya ozgiinliigiinde degisiklikler meydana gelebilir. Prostat
kanser hiicre hatlarinda ve primer tiimérlerde yapilan ¢alismalarda, androjen reseptor
geninde hormon baglama bdlgesinde mutasyonlar bildirilmistir [50, 51]. AR
aktivitesini etkileyebilecek difer mutasyonlara orek olarak, CAG tekrarlarimn
amplifikasyonu ve tiim genin amplifikasyonu verilebili. CAG tekrarlatinin
uzunlugu, androjen fonksiyonu ile ters orantihidr [52] Tim genin
amplifikasyonunun ise, hastaligin tekrar ile 1iliskili olabilecegi diisiiniilmektedir.
Son olarak, androjen kaynagmin sinui oldugu durumlarda (androjen sentezini inhibe
edici tedavi yaklasimlarinda oldugu gibi), hormon bagimliliklannin, androjen
reseptortiniin  IGF, FGF, ve/veya EGF gibi biiyiime fakttrleri ile sinerjistik
aktiviteleri ile asilabilecegi bildirilmistir [8, 53].

;

lleri evre prostat kanserinde ve metastatik hastalikta, pS3 tiimér baskilayic
genini iceren 17p kromozomal bélgesinin delesyonu bildirilmistir [54, 55] p53’tn
immunositokimyasal lokalizasyonunun belirlendigi veya ditek olarak mutasyon
analizi yapilan ¢alismalarda, ileri evre prostat kanserinde ve tekrarlavan metastatik
hastaltkta p53 geninde ¢esitli mutasyonlar tammlanmigtir [8, 56, 57]
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2.6. Prostat Kanserinin Tedavisinde Kullanilan Mevcut Yakiasimlar

Prostat kanserinde tamida belirlenen histolojik derecelere goére hastalar farkh
stratejiler ile tedavi edilmektedir. Hastaliin organa sinith olarak seyrettifi erken
evrelerde, tedavide genellikle operasyon ve/veya radyasyon tedavisi uygulamr [58,
59] Tiimériin artik prostat bezi ile siurl olmadidi, ancak metastatik yayilima dair
belirtiye rastlanilmayan asama, lokal ileti evre olarak tamimlanmir. Lokal ileri evre
hastahiin tedavisinde amag¢, metastatik yayim ve doku invazyonu riskini
diigtirmektir. Bu evrede, tedavide genellikle radyoterapi ve hormon tedavisinin
birlikte kullamldig: yaklasimlardan yararlamlir. Ancak, hastalik erken evrede teshis
edilemediginde ya da agresif formlarda, seminal vesikiillerin lokal invazyonu ile
karakterize olan ileri evrelere gecis, ve gogunlukla kemige olmak iizere metastaz
gerceklesir. Metastatik hastalifin  tedavisinde amag¢, hastanin yagam siiresini
uzatabilmek, ve metastazin kemik agris1 gibi baglica semptomlarini dnleyerek va da
kontrol altina alarak hastamn yasam kalitesini artirmaktiz. Bu eviede hastalara
genellikle hormon tedavisi uygulanir [22]. Androjen sentezini bloke edici ajanlarla
muamele, hastalifin gelisimini bir siire geriletse de, bu tiimérlerin hemen hemen
hepsinde androjen yoklugunda tlimér progresyonu devam eder [60, 61]. Bu asamada
hastabfin progiesyonunu vyavaglatmak amaciyla sitotoksik kemoterapi veya
glukokortikoidlerle birlikte uygulanan radyoterapiden yararlambir {22]

Prostat kanserinin tedavisinde siklikla yararlamian radyoterapi [62] ve
kemoterapi [63], kanser hiicrelerini apoptozis yoluyla Slime gotiirme prensibi ile
caligir. Bu tedavi metodlarimin apoptotik etkinlifi, p5S3 tiimér baskilayici proteininin
vatligin gerektirir [64] Ancak diger birgok tiimdrde oldugu gibi, ileri evre prostat
kansetlerinde de, p53 geninde ilgili proteinin fonksiyonunu inhibe edici mutasyonlar
bildirilmigtir [8, 56, 57] Sonug olarak, fonksiyonel bir p53 genine sahip olmayan
tiimdrler, hem kemoterapiye hem de radyoterapiye direnclilik gosterir [65].

2.7. Prostat Kanserinde Gen Tedavisi

Prostat kanserinde mevcut tedavi yontemlerinin hastalarin yasam siirelerini
uzatmada yeterli olmamas: [66], yeni tamamlayici tedavi yaklasimlarimn
gelistirilmesini gerektirmektedir. Bu sebeplerden dolayi, prostat kanserinde gen
tedavisi ¢aligmalar baglamustir [67] Son yillarda, prostat kanserinde gen tedavisi
alanimda Snemli gelismeler kaydedilmigtir Vital ve viral olmayan yontemleile daha
etkin gen transferi, doku spesifik DNA promotor mekanizmalarinmm gelistirilmesi, ve
yeni terapdtik genlerin kesfi, bu gelismelere 6rnek olarak verilebilir [68] Prostat
dokusu, gen tedavi uygulamalar: igin ideal bir dokudur. Gen transfer vektérlerinin
kolay ulasabilecegi bir doku olmasimin yaninda, kendine §zgli antijenlere sahiptir
(oin. PSA, PSMA) Prostat kanserinde gen tedavisi ig¢in mevcut stratejiler,
immunotedavi ve sitolitik/pro-apoptotik  yaklasimlann igermektedir [69] Bu
vaklagimlarin basarisinda 6nemli bir faktor, etkin gen transferidir. Viral yontemler,
kanser gen tedavisi caligmalaninda oldukca yaygin olarak kullanilmaktadir Birgok
diger kanserde oldugu gibi, prostat kanserine karsi gen tedavi stratejilerinin
gelistirilmesinde de, adenoviral vektdrler etkin gen tedavi vektérleri olarak tercih
edilmektedir
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2.7.1. Adenoviral Vektirler

Prostat kanseri gen tedavisi galismalarinda tedavi edici genlerin hiicrelere
aktarimu icin bugiine kadar gesitli farkli viral vektorler kultanilmistir. Bunlara drnek
olarak lentivirtisler [70], herpes simplex viriisler {71], adeno associated viriisler [72],
ve adenoviriisler [73] verilebilir Semliki Forest virtisii ve Sindbis viriisii gibi diger
bazi viris tiirlerinin de prostat kanser hiicrelerine gen aktariminda etkinligi
denenmigtir [73]. Ancak bu viriisler, prostat kanser hiicrelerini etkin bir sekilde
transdilksiyona ufratmakta etkisiz kalmigtu. Antijenik 6zellikleri ve doku
transditksiyon ~ 6zellikleri nedeniyle adenoviriisler, kanser gen tedavisi
yaklagimlarinda ve klinik denemelerde tercih edilen viral vektérler haline gelmistir

(Sekil 2.8). Bunun yaninda, doku spesifik promotorlarin kesfi, adenoviriisleri klinikte
kullanim igin daha uygun hale getirmistiz [74].

Bugiine kadar 49 farkl: Adenoviriis setotipi izole edilmis ve 6 farkls grup altinda

toplanmigtir. Gen transfer vektérleri olarak en sik kullamlanlar, C alt grubunun 5 ve
2 numarali serotipleridir [75]

Gen Tedavisi Klinik Denemeierinde Kullanilan Vektsrier s

e

Retrovirlis %27 {n=263}
2 Adenovirils %26 {n=262)
@ Ciplakiplazmit DHA %15 (n=152)
& Lipozomlar %8,6 [n=87)
& Pox Virisit %7,2 (n=73)
- @ Vaccinia Viriisii %4,7 (n=53)
#. Herpes Simlex Virisd %3 (n=32)
& Adeno Associated Viris %2,5 (n=27}
& RNA Aktanm %11 (n=12)
& Digereri %2,2 {n=22)
@ Belirlenmemis %1.1 {n=12)

Sekil 2.8. Gen tedavisi klinik denemelerinde kullanilan vektorler ve yitzdeleri [76]

A

Sekil 2.9. Adenoviriisler. (A) Adenoviriislerin Elektron Mikroskopu altinda goriintiisi [77] (B)
Adenoviriisiin sematize edilmis goriintiisi [78].

i2

P nd

st i M L A R R By




Adenoviriisler, yaklasik 70-100 nm gapli bir protein kapsitten, ve kapsid i¢inde
yaklasik 36 kb uzunlugunda tek kopya cift zincirli DNA’dan olugur. Adenovirtisler,
konak¢: hiicre yiizeyine Coxsackie Adenovirus Receptor (CAR) reseptérleri
aracihifiyla baglanu. CAR reseptorlerine baglanan adenoviriisiin reseptr aracili
endositoz yoluyla hicre igine alinabilmesi igin, aym zamanda ovp integrinlere
baglanmas: gerektigi gdsterilmistir (Sekil 2.10). Hiicreye girdikten sonra dis kapsidin
ayrismasi ile viriis endozomdan kagar ve sitoplazmaya salumr. Daha sonra viral DNA
nukleus igine birakilir. Viral DNA replikasyonu, enfeksiyondan yaklagik 7 saat sonra
baslar. Adenoviral genom nukleus igine birakildiktan somia, erken adenoviral
genlerin (E1-E4) sentezi baslar. Oncelikli olarak sentezlenen proteinler, Ela ve Elb
genleri tarafindan kodlanan proteinlerdir. Bu proteinler diger viral genlerin sentezini
ve genom replikasyonunu yonetirlet. DNA replikasyonu basladiktan sonra viral
transkripsiyon ge¢ promotor yoluyla gerceklestirilir. Tam virlis olusumu
enfeksiyondan sonra 20-24 saat iginde gergeklesit, ve hiicre 2 ila 3 giin icinde lizise
ugrar [79].

Yardime virlise bagiml olmayan adenoviral vektorlerin iiretiminde, hiicrelere
aktarilmak istenen DNA, genomda en az {i¢ bolge igine yetlestirilebilit. Bunlar E1 ve
E3’te birer bdlge, ve E4 ile genomun sonu arasinda kalan bir bélgedir. Birinci
jenerasyon adenoviral vektorlerde, terapdtik gene yer agilmast ve viral replikasyonun
snlenmesi amaciyla E1 bolgesi ¢ikanimugtur [75] (Sekil 2.11)

Adenoviriisleri hem in vitro hem de in vivo gen tedavi caligmalar i¢in uygun
yapan birgok farkln 6zellikleri vardir, Oncelikle, dogada yaygm olarak bulunurlar.
Cok farkl: tipte insan hiicresini enfekte edebilir, ve diger meveut vektorlere otanla
daha vyiksek seviyelerde gen transferi gergeklestirebilirler. Bunun yaninda,
insanlarda patojeniteleri ditgiiktiir; genellikle nezle ile ilgili hafif semptomlara neden
olurlar Ayrica insanlarda onkojenik etkileri bildirilmemistir. Adenoviriisler oldukga
genis DNA segmentlerini tagiyabilit ve boliinmeyen hiicreleri de transdiiksiyona
ugratabilitler. Adenoviral vektdrlerin bir bagka avantaji, genomlarinda yeniden
diizenlenme orammn diisiik olmasi, ve takilan yabanci genlerin viral replikasyon
stiresince genellikle degisiklige ugramadan muhafaza edilmesidir. Aynica adenoviral
vektor genomlarinin, rekombinant DNA teknikleri ile maniptilasyonu kolaydir [75].
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Sekil 2.10. Adenoviriislerin hayat déngiisi [75]
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Sekil 2.11. Adenoviral DNA’min yapist Yaklastk 8 kb'lik yabanct DNA adenoviral vektorlere :
yetlestirilebilir Protein IX paketlenme igin gereklidir, ve vektdr tiretiminde E1 boigesine
gen yerlestirilmesini kisitlayic1 bir faktordir



2.7.2. Kanser Gen Tedavisinde Oliim Ligantlarmin Kullanim

Kanserde oliim ligantlan ile gen tedavisi yaklasimlan, potansiyel tedavi edici
stratejiler olarak degerlendirilmektedir [80] Radyoterapi ve kemoterapiden farki:
olarak, oOlim ligantlanimin apoptozisi p53’ten bafmmsiz olarak indiikledikleri
gosterilmigtir  [81] Apoptozis, kompleks hiicrte i¢i yollann aktivasyonu ile
gerceklesen programli hiicre 6limi olarak bilinir [82]. Embriyonik dénemde ve
sontasinda, homeostasinin anahtar bir mekanizmasidu. Programli hiicre 6limiini
bloke eden genetik aberasyonlar, timé6r olusumuna ve ilaca direnglilige neden olur.
Bu nedenle, timdr hiicrelerinde apoptozisin spesifik olarak aktivasyonu, prostat
kanserinin tedavisinde oldukga etkili olabilir.

INF (Tumor Necrosis Factor) ailesi tiyesi 8lim ligantlart kullamilarak prostat
kanser hiicrelerinde apoptozisin indiiklenmesinin amaglandigi birgok ¢alisma
yapumistir Bu calismalar arasinda, diganidan verilen Fas agonistleri, anti-Fas
antikotlari, ve membrana bagiml FasL’larm kullanildigi ¢alismalarda basan
saglanamarmgtit. Ote yandan, antisense oligontikleotitler kullamlarak hiicre i¢i anti-
apoptotik ¢-FLIP molekiiliinlin sentezinin azaltiidif: bir ¢alismada, metastatik ileri
evre prostat kanser hiicre hatti DU145’m anti-Fas monoklonal antikoruna kars:
duyarhi hale geldigi gosterilmistir [83]. Ancak bu yaklasimla etkin hiicre oliimii
saglanamamigtir. Adenoviriisler aracilifiyla Fasl.’in hiicre i¢i sentezinin artinldig
calismalar sonucunda ise, kullamlan birgok farkh insan prostat kanser hiicre hattinin
%70 ila %901n apoptozise ugradifi bildirilmistir [84] Avyrica, hiicrelerdeki bu
yiiksek 6lim orani, kismen apoptotik cisimeikler iginde ve hiicresel artiklar icinde
taginan Fasl aracihifiyla gerceklesen by-stander etkiye baglanmmgtir [85]. Ancak
LNCaP gibi baz: ileri evre hiicre hatlanmin ise, FasL aracili hiicre Sliimiine direncli
oldufu gozlenmigtir. Buna ragmen, direngli hiicrelerde dahi, énceden IFNy
uygulamasinin ortotropik prostat primer tiimérlerini rekombinant adenoviriis aracili
FasL aktarimina duya:li hale getirdigi gdsterilmistiz [86].

FasL [87] ve bunun yaminda TNF [88] ile birgok galigma yapiloms olmasina ve
bu molekiillerin kanser hiicrelerinde apoptozisi etkin bir sekilde indiiklediklerinin
gosterilmis olmasina ragmen, bu molekiillerin kanser gen tedavisinde sistemik
kullamimlan, yol agtiklari sistemik toksisite nedeniyle 6nerilmemektedir. Ornegin
hayvanlara rekombinant Fas ligand veya anti-Fas mAb’in enjeksiyonu, hepatosit
dejenerasyonuna, nekroza ve kanamaya yol agmistir {89, 90]. Fas kaynakh hasar,
yiksek seviyede Fas sentez eden hepatositlerde Fas-bagimli apoptozisin
. indiiksiyonundan kaynaklanir [87]. INF ise, 1985 yilindan bu yana medikal
. onkolojide kullamlabilit durumdadir. Ancak TNF’in ileri evre kanser hastalarmin
~ tedavisinde sistemik kullanimi, yiiksek sistemik toksisiteye neden olmustur. Yiiksek

~sistemik toksisite, maksimum tolete edilebilir dozun azalmasina, tiimdrde nadiren
gerileme saglanabilmesine, ve organ bozukluklarina yol agmustu [91, 92]. TNF
inflizyonunun organizmada septik soka benzer 6limeiil inflamatuar cevaba neden
olmasmin temel nedeni, TNF’in vaskiiler endotelyal hiicrelerde ve makrofajlarda
proinflamatuar transkripsiyon faktérit NF-kB’yi aktive etmesidir [93]
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TRAIL

TRAIL, kisa siire 6nce iki bagimsiz grup tarafindan tanimlanan bir bagka TNF
ailesi dyesidir [94, 95]. Amino asit dizisi TNF-a’ya %23, Fas-liganda ise %28
benzerlik gdsteren TRAIL’in kesfi, 6lim ligantlanmn kanser gen tedavisinde
kullamminda yeni bir devrin baglangici olarak kabul edilmektedir [96], ¢linkii
TRAIL 1n tiimdr hiicrelerinde apoptozisi indiikledigi, ancak normal hiicrelerde
apoptotik etki gdstermedigi bildirilmigtir [97]. TRAIL 1n baglanabildigi bes farkh
reseptdr  bulunmaktadir; TRAIL-RI, TRAIL-R2, TRAIL-R3, TRAIL-R4 ve
osteoprotegrin [98, 99]. TRAIL-R1 ve TRAIL-R2 &liim reseptérleri olarak gérev
yapar TRAIL bu reseptorlere baglandifinda apoptotik hiicre 8liimii indiiklenir,
TRAIL-R3, IRAIL-R4 ve osteoprotegrin ise yalanci resept6r olarak tammlanir
TRAIL bu reseptorlere baglanabilmesine ragmen apoptotik hiicze yolu indiiklenmez
[100] (Sekil 2.12).

GPG

(TR-3} (IR4)

(TR} {IR-2
(IR} {IR-2) DeR1 DeR2

R4 DR3

Sekil 2,12, TRAIL reseptorlerinin sematik gosterimi Hiicre yiizeyindeki sisteince zengin birimler
renkli oval gekillerle gisterilmistir [101]

TRAIL, IR-1 veya TR-2 o6lim reseptorlerine baglandiginda, hiictede dis
apoptotik yol aktive olur {102]. TRAIL 1n baglanmasi ile TR-1 ve TR-2, &liim birimi
ieren adaptor molekiil Fas-Associated Death Domain-containing adaptor molecule
(FADD) araciligryla, apoptozisi baslatict kaspazlar olan kaspaz 8 veya kaspaz 10°u
reseptére g¢ekerek aktive eder. Kaspaz 8 ve kaspaz 10 ise, hiiczenin apoptotik
6limiinii saglayan cfektdr kaspazlan, yani kaspaz 3, 6, ve 7°yi aktive eder. Bazi
kanser hiicre hatlarinda, kaspaz 3’tin TRAIL aracih aktivasyonu, i¢ apoptotik yolun
da indiiklenmesi ile artar [103-105]. Bu durumda, kaspaz 8 veya kaspaz 10, bir pro-
apoptotik Bcl-2 ailesi iiyesi olan Bid molekiiliinti kirarak aktive eder. Aktive olag’
Bid molekiilii, Bax ve Bak molekiilleri ile etkilesime girerek, mitokondriden
sitokrom ¢ ve Smac/Diablo’nun salinmasim saglar. Sitokrom ¢, Apaf-1 ile birlikte,
baslatici proteaz kaspaz 9u aktive eder. Kaspaz 9, kaspaz 3, 6, ve 7’nin
aktivasyonunu saglayan diger bir kaspazdir Smac/Diablo, Inhibitor of Apoptosis

o 33

Protein (IAP) molekiilletine baglanr Bu baglanma, IAP’lerin kaspaz 3’e
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baglanmasim engeller. Dolayistyla kaspaz 3’tin aktif durumunun devanu saglanmig
olur (Sekil 2.13) [106].

Das apoprouk vol
ApoZLTRAIL
DcR1. DeR2 ———
DR4 DRS I¢ {mitokondnyel} apoptotk yol
FADD o BTN pawBak pe— Bol-2 BaXL
sFLIP —— | Mitokondri
Kaspaz 8 10 ) ¥
Sitokrom ¢
Apaf-1

Smac Dialso
Kaspaz 9

Kaspaz 3 6 7 &P

Apoptozis

Sekil 2.13. TRAIL tarafindan indiiklenen i¢ ve dis apoptotik yollar [106].

TRAIL’1n tiimére karsi fonksiyon géren bir ajan olarak aktivitesi kabul gérmiis
olsa da, normal fizyolojik sartlardaki fonksiyonu tam olarak acifa ¢ikarilamamustr
[101]. TRAIL'mm sitotoksik CD4" T lenfositleri tarafindan gergeklestirilen hedef
hiicte eliminasyon mekanizmasinda rol aldifina dair bulgular mevcuttur Ayrica
TRAIL’1n natural killer (NK) hiicreler ve makrofajlar tarafindan tiimér hiicrelerinin
oldiiriilmesinde de gorev aldipi diistiniilmektedir [106]. TRAIL knockout farelerle
yapilan calismalar, TRAIL’in NK hiicreleri tarafindan gergeklestirilen tiimdral
© immun taramada rolii oldufunu onaylamaktadir [107-109]. Aynca, kanser
. hastalarindan alinan tiimér hiicrelerinde makrofajlarin aktive oldugu, ve aktive olan
makrofajlarin TRAIL sentezini indiikledikleri gésterilmistir. Bu makrofajlarin ayrica
tiimdr hiicresi yiizeyinde TR-1 ve TR-2 §lim reseptdilerinin sentezini artirici
- molekiiller salgiladiklan bildirilmigtir [110].

: TRAIL 1n birgok transforme hiicre hattinda apoptozisi indiiklemesine ragmen,
normal dokularda apoptotik etki gostermemesi, sistemik kullammini glindeme
getirmistir [97]. TRAIL1in ¢oziilebilir formu hayvan modellerinde test edilmis ve
'sistemik kullanim sonucu herhangi bir toksisite goriilmemistir Ancak, timor
‘biiylimesini engellemek i¢in ytiksek miktarlarda ¢ozillebilit TRAIL kullanmilmas:
‘gerekmektedir. Coziilebilir TRAIL proteinine alternatif olarak ise, IRAIL’1 kodlayan
‘replikasyon defektif bir adenoviral vekt6r tiretilmistir {111]. Adenoviral vektorlerm‘
-dusiik titrelerinin dahi hTRAIL geni tagiyan ¢ok sayida enfeksiy6z adenoviral vektdr
Igerdigi, bu nedenle in vivo calismalaida lokal uygulamasimn da avantajh olacag:
_'bllduﬂmlsm [112]. Gelistirilen AdShTRAIL vektériinde Cytomegalovirus (CMV)
‘promotoru kullamlmist. CMV promotoru, giiglii ve siirekli ekspresyon saglar. Bu
-promotorun kullanimi, TRAIL proteininin lokal konsantrasyonunu artumak igin ek
.bir mekanizma gorevi gérmektedir [112].



Cozitlebilit TRAIL ve AdShTRAIL ile gesitli hiicre hatlaninda birgok ¢ahigma
gerceklestirilmistir. Omegin TRAIL’a duyarl: prostat tiimér hiicrelerine AdShTRAIL
enfeksiyonunun, Kaspaz 8 aracih apoptozisi indiikledigi gosterilmigtir [112]. Normal
prostat epitel hiicreleri ise AdShTRAIL uygulamasi sonucu apoptotik Oliime
gitmemistir Bir bagka ¢aligmada, sekiz prostat kanser hiicre hatti (CWR22Rvl,
DU145, DuPro, JCA1l, LNCaP, PC3, PPCl, ve TsuPrl) ve normal prostat epitel
hiicrelerinin primes kiiltiirterinde (PrEC), ¢oziilebilit TRAIL m etkisi aragtinlmigti
[113]. Bu ¢aligmada 100 ng/ml ¢oziilebilir TRAIL uygulamasimin, DU145, DuPro,
LNCaP, TsuPrl, ve PtEC hiicrelerinde apoptozisi indiiklemedigi gosterilmigtir
Bunun yaninda, kemoterapétik ajan doksorubisin kullanildiginda hemen hemen tiim
hiicreler TRAIL aracili apoptozise duyarli hale gelmistir. Ote yandan, TRAIL
geninin  biitiiniinit  kodlayan bir adenoviral vektdr (AdTRAIL-IRES-GEP),
doksorubisin uygulamast olmaksizin prostat kanser hiicrelerini ve aym zamanda
beklenmedik bir sekilde PrEC hiicrelerini de sldiirmiigtiiz [113] Bu galisma, doku
spesifik promotorlarla birlikte kullamldifinda AJdTRAIL-IRES-GEFP gen tedavi
yaklasiminin prostat kanserinin tedavisinde yararli olacagim gdstermigtir. Ancak bazi
prostat kanser hiicrelerinin TRAIL’a direngli oldufu gézlenmigtir [114] Omegin bix
calismada, ALVA31, PC3, ve DU145 hiicre hatlarmin TRAIL aracihi apoptozise
yiiksek derecede duyarli oldugu, TSUPr1 ve JCA1 hiicre hatlaninin ise orta derecede
duyarl: oldugu, LNCaP hiicrelerinin ise direngli oldugn bildirilmigtir. [114]. Aktif
lipid fosfataz PTEN’in yokluguna bagl: olarak, LNCaP hiicrelerinin siizekli hiicre igi
Akt aktivitesi gosterdigi bildirilmigtir. Akt, fosfatidilinositol (PI)3 kinaz/Akt hiicresel
yolunun negatif regiilatoriidiic. PI3-kinaz inhibit6rlerinin, LNCaP prostat kanser
hiicrelerini TRAIL’a duyarl: hale getirdigi bildirilmistir Ayrica, siirekli olarak aktif
Akt kodlayan adenoviriislerle enfeksiyonun, wortmannin ajaninin TRAIL aracil: Bid

aktivasyonunu gii¢lendirme yetenegini engelledigi bildirilmistir. Bu durum, hiicre igi
stirekli Akt aktivitesinin TRAIL aracili apoptozisi inhibe ettigini gdstermistir [114]

TRAIL 1n etkisinin ¢alisildigi birgok bagartlt in vifro ¢alismaya dayanarak
Walczak ve atk., TRAIL’in kullamldipa ilk in vive ¢ahismayr gergeklestirmistit
Caligmada, MDA-231 meme kanser hiicreleri enjekte edilmig SCID farelere 500 pg
insan TRAIL proteini ve 1 mg sigan TRAIL proteini intravendz olarak verilmistir
Deney sonucunda fare canhligi, doku bitinitgli ve kan saymm agisindan 6nemli
diizeyde toksisite gorillmemistir. Bunun yamnda, enjeksiyondan 9-12 saat sonia
tim6é: tastyan bolgelerde TRAIL’m indiikledigi apoptotik 6liim  agikea
gortilebilmistiz [115]. Bir bagka ¢alismada, maymunlarda tekrarh TRAIL sistemik
uygulamasimn, klintk ve histopatolojik testlerde belitlenebilir diizeyde bir
degisiklige vol agmadig: bildirilmigtir [116].

Prostat Kanseri Hiicrelerinde Gozlenen TRAIL Direngliligi

TRAIL mRNA’sinin, lenfositler, dalak, prostat, over, kolon, ve plasenta gibi ¢ok
cesitli hiicre ve dokularda stirekli olarak sentezlendigi gosterilmistir [94] Bu durum,
bircok normal hiicre tipini 6zellikle TRAIL aracili apoptozisten koruyucu fizyolojik
mekanizmalarin varlifina isarettir. Oysa INF, lymphotoxin-a, ve FasL gibi diger
INF ailesi iyelerinin sentezleri, normal hiicreler {izerinde toksik etki
gosterebileceklerinden dolayt siki bir regiilasyona tabidir. Normal hiicrelerde gomlen
TRAIL’a direnglilik mekanizmas: heniiz tam olarak agi3a ¢ikarilamadift gibi, son




yillarda yapilan caligmalar, bazi prostat kanser hiicrelerinin TRAIL’a direnghi
oldugunu gostermistir. TRAIL aracill apoptozisin ve direngliligin mekanizmasi,
Sekil 2.14°te gosterilmistir Hiicrelerde TRAIL a direngliligi agiklamak tzere iki
farkli hipotez geligtirilmigtir. flk hipoteze gore, normal hiicrelerde 6liim reseptorleri
(TRAIL-R1 ve TRAIL-R2) ile rekabete giten yalanci reseptotler (TRAIL-R3 ve
TRAIL-R4) bulunur, ve bu reseptdiler olum reseptérlerine baglanabilecek TRAIL
ligantlarinin sayisini diigiirerek veya hiicre ic anti-apoptotik yollar: aktive ederek
(TRAIL-R4) TRAIL’a direnglilik saplar [117, 118} TRAIL-R4 baglanmasi, anti-
apoptotik NF-kB sinyal yolunu aktive eder [119]. Aynca, kanser hiicrelerinde
yalanci reseptoilerin sentezinin promotor hipermetilasyonu  sonucu azaldigi
gosterilmigtir [120]. Bu durum, kanser hiicrelerinde TRAIL’a farkli duyarhhiklara
sebep olur. Ancak TRAIL direncliligi ile yalanci 1eseptor sentezleri arasinda kesin
bir iliski kurulamamistir [97] Aytca, TRAIL-R1 ve TRAIL-R? gibi &lim
reseptorlerinin de NF-kB yolunu stimitle edebildigi gosterilmistir [121, 122]. Bu
bulgular 1g1fnda, anti-apoptotik  yollarn inditksiyonuna ragmen hiicreletin
apoptozise gitme nedeni tam olarak anlagilamamigtit ikinci hipotez, TRAIL’a
direngli hiicrelerde apoptozisi inhibe edici molekiillerin sentezinin arttigim
savunmaktadir Bu hipotez ile iligkili olarak, bir kaspaz 8 homologu olan c-FLIP’in
(cellular FLICE Inhibitory Protein) TRAIL §liim ligantlart araciligiyla gergeklesen
apoptozisi engelledigi gosterilmistit [123]. Aynca NF-kB aktive edici ajanlarin c-
FLIP sentezini arturdifi gosterilmistir  [124] Bunun vyaminda, NE-kB
aktivasyonundaki artigin, TRAIL-R3in ve apoptozisi inhibe edici bir protein olan
Bel-xL’in sentezini artirdify bildirilmistir [125, 126]. NE-kB yollanmn, ayn
samanda cIAP gibi apoptozis inhibitdr proteinlerinin sentezini de artirict etki
gosterdigi bilinmektedir [127]. Bu bulgular 1518mmda, hiicre ici aktif NF-kB sinyal
yolunun en az dort farkh yolla hiicreleri TRAIL a direncli kilabilecegi goriilmektedir
(Sekil 2.14).
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Sekil 2.14. Prostat kanser hiicrelerinde NF-kB sinyal yolunun bloke edilmesi yoluyla TRAIL’a
direncliligi kirmak igin geligtirilmis bir gen tedavi siratejisi [128]

TRAIL direngliliginde rol oynadign diisiiniilen NF-kB transkripsiyon fakté1leri,

Rel protein ailesi tiyesi molekiillerden olusan dimetlerdir Bu proteinler Rel homoloji
birimleri ile karakterizedir. Rel homoloji birimleri, DNA’ya baglanmada,
dimerizasyonda ve 1kB gibi inhibitér proteinletle etkilesimlerde gdrev alir. kB
proteinleri, NF-kB ile fiziksel etkilesime girererek NF-kB’nin ntiklear lokalizasyon
sinyallerini bloke eder ve NF-kB proteinletini sitoplazmada tutar. Bu sayede, NF-
kB’nin nukleusta gegici ve kalici seviyelerini diizenler (Sekil 2.15) [129-131]. Bircok
hiicre tipinde, hiicre uygun uyany: alana dek NF-kB kompleksleri gogunlukla
sitoplazmada tutulur ve transkripsiyonel olarak inaktiftir. IkB proteinleri, TNF gibi
inflamasyon indiikleyici sitokinlerin veya bakteriyel lipopolisakkaritlerin etkisiyle, N
terminal bolgelerinde bulunan iki serin biriminden fosforillenir [129-131]. IkB
proteinletinin fosforilasyonu, hizli bir sekilde ubiquitinlenmelerine ve sonrasmda
268 proteazomlar tarafindan pargalanmalarina yol agar. 1kB proteinlerinin proteazom
- bagimli parcalanmasi sonucu, NF-kB serbest kalir ve spesifik hedef genlerin
sentezini aktive etmek iizere hiicre gekirdefine gog eder [129-131] IkB’nin

- fosforilasyonunda, TkB kinaz (IKK) molekiilleri gorev alir. Ug alt tiniteden olusan bir
- kompleks geklinde fonksiyon goren IKK kompleksinde, kinaz aktivitesinin IKK o, ve
. IKKP’dan olugan heterodimer tarafindan gerceklestirildigi gosterilmistin. IKKea ve
“IKKP’ya ek olarak, IKK kompleksi ile iliskilendirilen bir baska protein, IKKy’dir
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IKKy mn, IKK kompleksinin ilgili sinyal yollan ile baglantismi kuran bir yapisal
protein oldugu diistiniilmektedir [131-133].
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Sekil 2.15. NF-kB aktivasyon ve inhibisyon yoilari [134]

Prostat Kanser Hiicrelerinde TRAIL Direncliligini Kirma Yéntemleri

Kanser hiicrelerinde TRAIL direngliligini kirmaya yonelik olatak, farkl:
stratgjilerin - kullamldigi  birgok ¢ahsma gergeklestirilmistir  Ornegin, toksik
seviyelerin altinda kemoterapttik ajanlarn kullamminin, in vitro ve in vivo TRAIL
etkinligini artiedin bildirilmistir [103, 135-138]. Bir kemoterapstik ajan olan
aktinomisin D’nin (Act D) BelXL anti-apoptotik proteininin sentezini azaltarak
Kaposi Satkoma hiicrelerini TRAIL aracih apoptozise duyarh hale getirdigi
gosterilmigtir [139] Yine TRAIL ve Act D’nin bitlikte kullamildig yaklasimlarla,
TRAIL’a direngli prostat kanser hiicrelerinde TRAIL’a duyarhihk saglanmstir [140,
141] Bu hiicrelerde Act D’nin XIAP anti-apoptotik molekiiltiniin sentezini azalttig:
gosterilmistis  Bir bagka kemoterapdtik ajan olan etopozitin, TR-I ve TR-2 6liim
reseptorlerinin  sentezini artwarak meme kanseri hiicrelerinde TRAIL aracih
apoptozisin etkinligini 6nemli derecede artudign gdsterilmistit [142]. IRAIL’mn
kanser hiicrelerindeki etkinligini artirmak igin kemoterapotik ajanlarin yaninda baska
yaklasimlar da denenmigtin Ornegin, TRAILin etkinliginin, IFN-y [143], -
radyasyon [144, 145], ve siklooksigenaz inhibitdrleri [146] ile birlikie
kullanildiginda artig gosterdigi bildirilmistir Bu yaklagimlarin, genel olarak TRAITL
6lim reseptorlerinin ve kaspazlann sentezini artwarak, ve IAP ailesi iiyesi
molekiillerin veya anti-apoptotik c-FLIP molekiiliiniin inhibisyonunu saglayarak
fonksiyon gérdiigti gosterilmistir [106].
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Kanser hiicrelerinde TRAIL direngliligine sebep olan, ve diger birgok direnglilik
mekanizmasim da tetikledigi bilinen hiicre i¢i NF-kB aktivitesini engelleyecek
yaklagimlarin da TRAIL"in etkinligini artiracag ileri siiriilmiistiir [147]. NE-kByi
stimiile edici ajanlarin TRAIL-R3 yalanc: reseptértiniin [148], bunun yaminda Bel-xL
[126], cIAP [127}, ve cFLIP [124] gibi apoptozis inhibitrlerinin sentezlerini
artirdif:  bildirilmigtir.  Ayrica, TRAIL-R4 reseptoriiniin NF-kB sinyal yolunu
indiikleyerek TRAIL aracilt hiicre 6liimiinii engelledigi bildirilmistir [119]. Ayrica
TRAIL"n, 6liim reseptéileri (TRAIL-R1 and TRAIL-R2) aracihgiyla da NE-kB
yolunu aktive ettigi gosterilmistir {121, 122] Tum bu bulgular, NF-kB’yi inhibe
edici yaklagimlarin TRAIL'a direngli prostat kanser hiicrelerinde TRAIL duyarlihig
saflamada oldukea etkin olabilecegini gistermektedir. Prostat kanser hiicrelerinde,
NF-kB’nin regiilatérii olan IKK molekiiliiniin yiiksek aktivitesinin yiiksek NF-kB
aktivitesine yol actifi bilinmektedir [149]. Dolayisiyla, etkin gen transferi saglayan
adenoviral vektérler aracilifryla 6zellikle IKK’in katalitik alt iinitelerini inhibe edici
genlerin aktanimi, TRAIL direngliligini kirmada oldukca etkili olabilecek bir
stratejidir (Sekil 2.12). Bu stratejinin, daha 6nce akciger kanser hiicrelerinde TNF
aracili apoptozise direnci kirmadaki etkisi aragturilmug, ve IKKB’mn dominant negatif
mutantint kodlayan AJIKKBKA adenoviral vektériiniin, akciger hiicrelerini basarilt
bir gekilde INF’e duyarh hale getirdigi gosterilmistir [150, 151] Bizim
¢ahismamizda, AdIKKBKA'min TRAIL’a direngli prostat kanser hiicrelerini
TRAIL’a duyath hale getirme potansiyelini arastirildr.
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3.1. Hiicre Kiiltiirii -

Calismada kullanilan DU145, PC3 ve LNCaP ve 293 hiicre hatlari, Ametican
Type Tissue Culture Collection’dan (ATCC) temin edildi. DU145, PC3 ve LNCaP,
insan ileri evre prostat kanser hiicte hatlandir. Hiicrelerin 6zellikleri Tablo 3 1°de
verilmigtir. 293 hiicreleri, insan embriyonik bdbrek hiicre hattidir. 293 hiicrelerinin
genomuna, replikasyon defektif adenoviral vektérlerin {iretilebilmesi amacryla,
adenoviral replikasyon i¢in gerekli olan E1A geni kalic1 olarak eklenmistir.

Tablo 3.1. Caligmada kullamlan prostat kanser hiicrelerinin 6zellikleri (ATCC)

Hiicre Hath | Kokeni Androjen
Bagimhihd
DU145 Insan prostat karsinoma, beyin metastazi (-)
PC3 Insan prostat adenokarsinoma, 4. derece (-)
LNCaP Insan prostat adenokarsinoma, lenf nodu | (+)
metastazi
Kullamilan Solusyonlar: o
[ I
Tripsin-EDTA (Biological Industries)

RPMI-1640 Besiyeri: o
RPMI-1640 Toz Besiyeti (Sigma)
%10 Fetal Bovine Serum (FBS) (Biochrom KG)
2.2 g/l Sodyum Bikarbonat (Sigma)
1 mM L-glutamin (Biological Industries)
%01 penisilin-streptomisin (Biological Industries)

Besiyerinin hazirlanmasi i¢in, toz RPMI-1640 besiyeri 900 ml bidistile suda
¢oziildii Daha sonra ¢ozillmils besiyeri iizerine 63 ml daha bidistile su eklendi.
Besiyerinin pH’s1 HCI ile pH4’e ayarlandi ve 121°C’de 15 dakika otoklavland.
Otoklavlama sonrasi besiyeri sofuduktan sonra iizerine 26.7 ml Na Bikarbonat,
10,25 ml L-Glutamin, 11 ml Penisilin-Stieptomisin, ve 110 ml FBS ekiendi.
Hazirlanan besiyeri +4°C’de sakland

Hiicreler, 100 mm hiicre kiiltinti kaplaninda (Sarstedt) RPMI-1640 besiyeri
icinde, 37°C sicaklik ve %5 CO»’li nemli ortamda tiretildi.

g mmmaTET w o v Ta

23



3.2. Rekombinant Adenoviral Vektorlerin Uretimi
Kullanilan Selusyoniar:

RPMI-1640:
3 1°de tammlandig: gibi hazirlandi

1 M Tris-Cl (Amresco):

24.2 g Tris 160 m! distile H,0’da (dH,0) ¢ozildl. Cozelti dH;0 ile 200 ml’ye
tamamland: Solusyonun pH’si HCl ile pH 8’e ayarlandi. Otoklavlanarak steril hale
getirildi ve +4°C’de sakland1.

10 mM Tris-Cl (Amresco):
1 M Tris-Cl’den 7,5 ml alinarak solusyon dH,O ile 750 ml’ye tamamlandi.

Otoklavlanarak steril hale getirildi ve +4°C’de saklandu.

Yogun CsCl Solusyonu (Y-CsCl) (Gibeo BRL):
42,3 g CsCl, 57,77 ml 10 mM Tris-Cl iginde ¢6ziildii Solusyonun pH’s1  pH
8¢ ayarlandi. Otoklavlanarak steril hale getirildi ve +4°C’de sakland:.

Hafif CsCl Solusyonu (H-CsCl) (Gibco BRL):
22,39 g CsCl, 77,61 ml 10 mM Tris-Cl iginde ¢oziildi Solusyonun pH’si,
pH 8’e ayarlandi. Otoklavlanarak steril hale getirildi ve +4°C’de sakland

Birinci generasyon adenoviral vektorlerde, adenoviral proliferasyonu saglayan
E1A geni ¢ikarlmigtir. Bu nedenle, adenoviral vektorlerin tiretimi igin, genomlarma
replikasyon i¢in gerekli viral EIA geni kalic1 olarak eklenmis olan 293 sayili insan
embriyonik bobrek hiicre hath kullanild

3.2.1. Insan 293 Hiicrelerinin Enfeksiyonu

Insan 293 hiicreleri, RPMI-1640 besiyerinde toplam 40 adet 150 mm’lik doku
kiiltiind kabini kaplayacak sekilde iiretildi, ve hiicreler %80 yogunluga ulastifinda
serumsuz besiyeri ortaminda viriis enfeksiyonu gerceklestirildi. Enfeksiyondan iki
saat sonra hiicrelere mevcut besiyeri miktar: kadar (10 ml) %20 FBS igeren besiyeri
eklenerek, besiyeri igindeki serum konsantrasyonu %10°a ¢ikanildi Hilcrelerde
sitopatik etki belirgin hale geldiginde (enfeksiyondan yaklasik 30 saat sonra),
adenoviral vektorleri igeren hiicreler toplandi ve 250 ml’lik steril tiiplere aktanld.
Hiicreler 4°C’de 4000 rpm’de 10 dakika santrifuj edildi. Santriftij sonrast dokelti

sekilde ¢oziildi
3.2.2, Adenoviriis Piirifikasyonu
Adenoviriisleri hiicrelerden ¢ikarabilmek i¢in dmekler 3 kez etil alkol-kuru buz

asamasindan gegirilip hizli donma-¢dziinme islemine tabi tutuldu Lizatlar 3000
rpm’de 10 dakika santifiij edildi ve dokeltiler toplandi Ultrasantrifiyj tiiplezine 10 ml

atildr ve hiicreler 10 mM Tris-Cl iginde, her 150 mm’lik kap icin 0,5 ml olacak
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Y-CsCl koyuldu ve iizerine 10 ml H-CsCl eklendi. En iiste viral dékelti konuldu ve
ornekler Beckman SW28 rotoru ile 20,000 rpm’de, 40C’de, 12 saat santifiij edildi.
Viral bantlar bir tiipe sinnga yardimu ile topland: ve miktari, 10 mM’Iik Tris-Cl,
pH 81 ile 4 ml’ye ¢ikanldi Temiz bir ultrasantrifiij tiiptine 4ml Y-CsCl ve 4 m]
H-CsCl konup iizerine sulandinlmig virtis bandi yitklendi. Bu tiipler SW41 rotoruna
yitklenerek 20,000 rpm’de 4°C’de, 4 saat santrifij edildi. Santifiij sonras1 viral
bantlar izole edildi ve konsantrasyonlar: spektrofotometrik Ajg okuma ile belirlendi.
Viral vektérlerin ortalama titreleri, 10'> DNA partikiili/ml idi. Fonksiyonel titreler
ise 293 hiicrelerinde plak titreleme yoluyla Slgiildii Partikiil/plak olusturan birim
oram tipik olarak 50°ye esitti. AAShTRAIL [112], AJIKKBKA [151], AJEGFP
[150], AdCMVLacZ [152] ve AdNFkBLuc [151] adenoviral stoklari, yukanda

tanimlandify sekilde hazulandi ve 10mM Tris, %20 gliserol icinde -80°C’de
sakland.

3.3. Prostat Kanser Hiicrelerinin Rekombinant Adenoviral Vektorler ile
Transdiiksiyonu

Calismada kullanilan adenoviral vektorlerin 6zellikleri Tablo 3.2.’de verilmistir.

Tablo 3.2. Calismada kullanilan adenoviral vektorlerin zellikleri

Adenoviral Vektor Ozellizi -

AdShTRAIL Insan TRAIL genini kodlayan vektdr

AdIKKBKA IKKB’nin dominant negatif mutantimi kodlayan vektsr

AJEGFP Yesil fléresan veren ‘Enhanced Green Fluorescence Protein’
kodlayan vektor

AdCMVLacZ Beta galaktosidaz geni tastyan, kontrol amacli kullamlan
adenoviral vektor

AdLucNFkB NF-kB aracil transkripsiyonel indiiksiyonu 6lgmek igin Iusiferaz
belirtec genini kodlayan vektor

Kullanilan Selusyonlar:

Iripsin-EDTA (Biological Industries)
Fital Bovine Serumlu (FBS) ve FBS’siz RPMI-1640 besiyeri:

3.1’de tamumlandigi gibi, %10 serumlu, %20 serumlu, ve serumsuz olarak
hazirlandi

Prostat kanser hiicre hatlar1 DU145, PC3, ve LNCaP, RPMI 1640 besiyerinde
uretildi. Hticreler, Enhanced Green Fluorescent Protein (EGFP) reporter geni
(AdEGFP) sentez eden adenoviral vektorlerin artan konsantrasyonlar: ile (0, 100,
500, 1000, 5000, ve 10000 MOI), 37°C’de FBS’siz RPMI 1640 besi ortamu iginde
enfekte edildi. Doku kiiltiirii besi ortamindaki serum konsantrasyonu, enfeksiyondan
iki saat sonra %20 FBS konularak %10’a ¢ikanldi Transdiiksiyon seviyesi,
enfeksiyondan 48 saat sonra flétesan mikroskop altinda ve sonrasinda akis
sitometrisi ile EGEFP(+) hiicreletin oramna bakilarak belirlendi. Prostat kanser
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hiicrelerinde hIRAIL proteininin sentezini artirmak icin AdShTRAIL vektdrii
kuilamldr. IKK aktivitesini ve bu yolla NF-kB aktivasyonunu bloke etmek 1¢in, kinaz
inaktif IKKPB kodlayan adenoviral vektorlerden (AdIKKBKA), tek basina ve
AdShIRAIL ile birlikte enfeksiyon deneylerinde yararlanildi. Dominant negatif
IKKf (IKKBKA) sentezi, diger IKK alt iiniteleri ile etkilesime girerek fonksiyonel
olarak inaktif IKK kompleksleri olugturur. Transkripsiyon aktivasyon deneyleri,
lusiferaz reporter genine takih NF-kB regiilator bélgelerini tagryan AdNFkBLuc
vektorleri aracilifiyla gergeklestirildi Deneylerde kontrol amach olarak hiicreler
AdCMVLacZ viriisii ile enfekte edildi

3.4. NF-kB Transkripsiyon Aktivasyon Deneyleri

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

Kullamlan Solusyonlar:

Radioimmunoprecipitation (RIPA) Tamponu:
100 ml 1XPBS
1 ml NP-40 (%1)
1 mi %10 SDS (%0.01)

Prostat kanser hiicrelerinin NF-kB aktivasyon durumlarim belirlemek igin
AdNFkBLuc vektérleri kullanildi. ANFkBILuc vektdriinde, HSV viriisiine ait
timidin kinaz geninin TATA-benzeri promotoru ve bu promotora bitisik olarak, 4
kopya ortak NF-kB baglanma dizisini bulunmaktadir Bu promotor, bir ateg bcegi
(Photinus pyralis) lusiferaz belirteg geninin sentezini saglamaktadir. Endojen NF-kB
proteinlerinin kappa enhancer bitimine baglanmasi ile transkripsiyon indiiklenir.
Deneysel agsamalarda ilk olarak, 35 mm’lik doku Kkiiltirii kaplannda (Corning)
tretilen hticreler 5000 MOI AdNFkBLuc viriisii ile enfekte edildi. Viral
enfeksiyondan 24 saat sonta, RIPA tamponu kullamlarak hiicre lizatlar hazmlandi.
Bunun i¢in, hiicreler 6nce 1XPBS ile yikandr Ugzerlerine 0,5 ml RIPA tamponu
eklendi Doku kiiltiirii kabi, +4°C’de 15 dakika sallanarak inkiibe edildi Kalkan
hiicreler 1,5 mI’lik mikro santrifiij tiipiine aktarildi ve 45 dakika buzda tutuldu Daha
sonra 15000 rpm’de 10 dakika santrifiij edildi Bu islem sonunda toplam hiicre
lizahm iceren dokelti, temiz bir tipe aktanldi Hiicre lizatlanndaki protein
konsantrasyonlar, kolorimetrik Bradford Deneyi ile belitlendi [153]. Lusiferaz
deney sistemi kullamlarak, bu lizatlarda TRAIL varlifinda ve yoklugunda NF-kB
aracih  transkripsiyonel indiksiyon 6lctildii. Olgimlerde Perkin-Elmer LSB350
luminometre  cihazindan yaratlanildi.  Analiz  asamasinda  standart egri
olusturulmasmda BSA protein miktarlart kullanild:. Lusiferaz aktivitesine yinelik,
tim Slglimler (RLU, Relative Light Unit = Rélatif Isik Unitesi), proteist
konsantrasyonlarina normalize edildi

3.5. Hiicre Canhihk Oranlarmm Belirlenmesi

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

Farkli igslemler sonrasinda &lii hiicrelerin canli hiicrelerden ayirt edilebilmest i¢in
hiicre canlilik deneyi uyguland:. Bu deneyde, hiicre i¢i kalsein esteraz igin bir
florojenik substiat olan Calsein AM, yalmzca canl hiicrelerde, yesil fléresan veren
bir bilesige (kalsein) doniigiz. Sadece membran biitlinliigii bozulmamig olan canh
hiicreler aktif esteraz igerdifinden, kalseinin florometrik metodlarla belirlenmesi
canli hiicreler i¢in bir belirte¢ goérevi goriir. Etidium homodimer-1 (EthD-1),
biitiinliigi bozulmamig hiicre membranlanindan gecemeyen bir kumiz floresan
niikleik asit boyasidir. Membian biitiinliigli bozulmamis hiicreler EthD-1°1 disan
verirken, hasarli membrani olan hiicreler boyay: alu ve pozitif boyanir. Deneyde,
hiicreler PBS i¢inde EthD-1 ve Calsein AM solusyonlar ile 50 dakika inktibasyona
birakildi ve fléresan mikroskop altinda canli/61i hiicre oranina bakildi.
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3.6. Insan TRAIL Reseptorleri igin Kantitatif Ger¢ek Zamanh RT-PCR
3.6.1. Total RNA Izolasyonu

Kullanilan Solusyonlar:
TRIzol Reagent (Life Technologies, Gaithersburg, MD)
Kloroform (Sigma)
Izopropanol (Sigma)
%75 Etanol
steril dH,O

o, T

100 mm ¢apli doku kilttirti kaplarinda yaklagik 5-6 milyon hiicre olacak sekilde
- lretilen prostat kanser hiicreleri tizerine, 1 ml TRIzol Reagent eklendi TRIzol
.- ajaninin eklenmesinden sonra kendiliginden doku kiiltiirii kabinin yiizeyinden kalkan
- hiicreler, lizat halinde kiiltiir kaplarindan toplandi. Toplanan hiicreler homojen hale
- getirilip oda 1s1sinda 5 dakika bekletildi ve iizerine 0,2 ml kloroform eklendi.
- Omekler 13,000 1pm, 4°C’de 15 dakika santrifiij edildikten sonra ii¢ farkh faza
< aynldir En iistteki RNA fazi temiz bir tiipe aktarildi, ve tizerine 0,5 ml izopropanol
. eklendi. On dakika oda sisinda inkiibasyon sonrasinda, 13,000 rpm, 4°C’de 10
dakika santrifiij edildi. Dokelti uzaklastirildi ve 1 ml %75 etanol eklendikten sonra
tekrar 13,000 rpm, 4°C’de 5 dakika santrifij edildi. Olusan RNA ¢okeltisi 10 dakika
- oda 1s1sinda kurutuldu Cokeltiye uygun miktarda steril dH,O eklendi ve ¢ozillmesi
i¢in 15 dakika 56°C su banyosunda tutuldu. Spektiofotometrede OD240/OD1g0 degeri
ol¢iildi ve konsantrasyonu belitlendi.
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_:3.6.2. ¢DNA Eldesi

Kullanilan Kit: g
© TagMan Reverse Transcription Reagents (Applied Biosystems)

Kit icerigi |

10X Reverse Transkripsiyon famponu, MgCl, (25 mM), 10X Random Hexamer
(50 mM, 5nmol), Multiscribe Reverse Transkriptaz (50 U/ul), RNaz Inhibitrii,
nitkleaz igermeyen dI,O
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c¢DNA reaksiyonu:

10X Reverse Transkripsiyon Tamponu Sul
MgCly 11l
dNTP’ler 25ul
10X Random Hexamer 2.5ul
RNaz Inhibitorii 3ul
MultiScribe Reverse Transkriptaz 1.25 pl
- Niikleaz icermeyen dH»O 14.75 pl

RNA 2 g

Yukarida belirtilen oranlarda kanstinlan igerikler, Applied Biosystems marka
Gergek Zamanh RT-PCR aletinde 25°C’de 10 dakika, ve 48°C’de 60 dakika RT-PCR
reaksiyonuna tabi tutaldu

3.6.3. TagMan PCR Reaksiyonu

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

TRAILRI ve TRAILR2 8liim reseptorleri icin Gergek Zamanh Kantitatif RT-
"PCR primer ve problarmin tasarimu, bir intron i¢erecek sekilde, daha 6nceden
yayimlanmis TRAIL sekanslarina bakilarak (Human Genome Project BAC clone
RP11-1149023 ve RPRP11-875011}) yapilmista [154]. Ancak TRAIL-R3 ve TRAIL-
R4 yalanct reseptdrlerinin Gergek Zamanh Kantitatif PCR igin primer ve prob
dizileri heniiz yaymlanmadigindan, bu reseptorlere ait primer ve problar da yukanda
belirtildigi sekilde tasarlandi. TRAIL reseptérlerine ait tiim primer ve problarn
dizileri, agagida verilmistir. Reaksiyonda i¢ kontrol olarak, ikinci bir floresan boya
bagh olan tRNA primer ve problart kullamldi. Boylece TRAIL reseptétlerinin ve
1RNA’nin aym reaksiyon iginde analizi saglandi TagMan PCR reaksiyonunda, 250
ng cDNA kalibi, 12,5 pl 2XUMM, ve 0,5’er pl primer ve prob kuilanilarak hem
TRAIL reseptorlerinin hem de itRNA’nin mesaj miktar1 aym anda belitlendi. tRNA
primer ve problat: PE Applied Biosystems firmasindan satin alindi

- TRAIL reseptoilerine ait primer ve prob dizileri:
"TRAILR1-5' TGI-ACG-CCC-TGG-AGT-GAC-AT,
. TRAILRI-3' CAC-CAA-CAG-CAA-CGG-AAC-AA,
- TRAIL R1 Probe: 5-6FAM-TGTCCACAAAGAATCAGGCAATGGACATAAT-
"TAMRA-3';
' TRAILR2-5' CAC-TCA-CTG-GAA-TGA-CCT-CCT-TT,
' TRAILR2-3' GIG-CAG-GGA-CIT-AGC-ICC-ACI-T,
. TRAIL R2 Probe: 5'-6FAM-TCACACCTGGTGCAGCGCAAGCAG-TAMRA-3";
TRAILR3-5' CCC-TAA-AGT-ICG-TCGICG-TCA-T,
TRAILR3-3' GGG-CAG-TGG-TGG-CAG-AG T-A,
3_-_TRAIL R3 Probe: 5'"6FAM-TCGCGGICCTGCTIGCCAGICCTAGC-TAMRA 37;
_'TRAILR4 5' ACA-GAG-GCG-CAG-CCI-CAA,
TRAILR4-3' ACG-GGT-TAC-AGG-CTCCAG-TAT-ATT,

TRAIL R4 Probe: 5 6FAMAGGAGGAGTGICCAGCAGGATCTCAIAGATC-
TAMRA 3°
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TagMan PCR reaksiyonu, yukarida belirtilen primer ve problar kullanilarak,
agagida belirtilen sartlarda Applied Biosystems marka Gergek Zamanli RT-PCR
cihazt ile gerceklestirildi:
1) 50°C’de 2 dakika (1 dongii)
2) 95°C’de 10 dakika (1 dongt)
3) 95°C’°de 15 saniye + 60°C 1 dakika (40 déngi)

Analiz asamasinda kullanilacak standart egrinin olusturulmasi igin, ribozomal
RNA’dan tiireyen klonlanmis cDNA fragmenti kullamildi. TRAIL reseptérlerinin
oranlar1, AACt metodu kullamlarak hesapland:.

3.7. Anneksin V Boyama

Kuflamilan Solusyonlar:

1M NaCl (Riedel-de Haen) :
5,844 g NaCl tartilarak, steril dH,O ile 100 ml’ve tamamland: +4°C’de
saklands.

1M CaCl; (Sigma):
: 14,702 g CaCl, tartilarak, steril dH,O ile 100 mi’ye tamamland: +4°C’de
- sakland,

'HEPES (Amresco):
26,030 g HEPES tartilarak, steril dH,O ile 100 ml’ve tamamland:. +4°C’de

- Stok solusyonlardan 140 mM NaCl, 2,5 mM CaCls;, ve 10 mM HEPES, 100 ml
steril dH;0 ig¢inde kanigtirilarak hazirlandi. +4°C’de saklandi.

. Propidium Iodide (PI) (Sigma):
1 mg/ml stok solusyondan 20 pl almip 980 pl 1XPBS i¢inde ¢oziilerek son
konsantrasyonu 20 pg/ml olacak sekilde hazirlandi +4°C’de saklandr.

Apoptozis olarak bilinen programli hiicre &liimii, bir dizi hiicresel morfolojik
degisiklik ile karakterizedir Apoptozisin en erken isaretlerinden biri, plazma
‘membraninda meydana gelen degisikliklerdir Apoptozis siireci sirasinda, bit
- membran fosfolipidi olan fosfatidilserin (FS), plazma membranimin i¢ kismindan dig
kismmma dénerek dis ortama sunulur. Anneksin V, Ca®™ bagimli bir fosfolipid
baglayie1 proteindir (35-36 kDa). FS icin yiiksek afinitesi olmast nedeniyle, hiicre
_Yizeyinde FS sunulan erken apoptotik hiicrelere baglan FS translokasyonu
apoptozisin erken evrelerinde gergeklestiginden, Anneksin V boyama, DNA
fragmentasyonu gibi daha ge¢ evrede gerceklesen degisikliklere dayali olan
eneylere gbre apoptozisi daha erken bir eviede belirleyebilir. Calismamizda, insan
A{}_neksin V proteinine kargt FITC takili fare monoklonal antikoru (Alexis
Biochemicals) kullamld: Olit hiicrelerin  erken apoptotik hiicrelerden ayirt,
edilebilmesi i¢in, sadece 6li hiicreleri boyayan Pl boyast kullanildi Anneksin V
aglanmas: ve PI boyama, akis sitometrisi ile izlendi ve apoptotik hiicrelerin oranlari
yazilim programi yardimiyla belirlendi.

- Bunun i¢in, daha énce uygun vektorletle enfekte edilmis hiicreler tripsinizasyon
le.__kaldmhp 14 mi’lik Falkon tiiplerine toplandi ve 1XPBS ile yikandi 1600 rpm’de
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5 dakika santriflij gerceklestirildi. Cékeltiler tizerine 195 ul Anneksin V baglanma
tamponu ve 5 ul Anneksin V-FITC monoklonal antikoru kondu. 15 dakika karanlikta
inkiibasyon sonrasi yine 1600 rpm’de 5 dakika santrifiij edildi ve ¢okelti 190 pl
anneksin V baglanma tamponunda ¢ozilldii Akis sitometrisi ile analiz 6ncesi 20
pg/ml PI boyasi eklend: ve analiz gergeklestirildi.

3.8. Akis Sitometrisi
Kullanilan Solusyonlar:

. 1X Akas Sitometri Tamponu:
0,18 g Na Azid (Sigma), 0,5 g Bovine Serum Albumin (BSA) (Sigma), 0,18 g
- Na Bikarbonat (Sigma) tartilarak 500 ml 1 XPBS’te ¢oziildii. +4°C’de saklandi.

Ileri evre prostat kanser hiicreleri, 24 kuyucuklu doku kiltiirii kaplarina,
ortalama 2,5%10° hiicre/kuyucuk olacak sekilde ekildi. Bu hiicreler ertesi giin
AdEGFP reporter vektoril ile enfekte edildi. Enfeksiyondan 48 saat sonra hiicreler
tripsinize edildi ve santrifiigasyon somast 1XPBS’te sulandinldi. BD
- FACSCALIBUR cihazi ile akis sitometrisi analizi gerceklestirildi. Yiizeydeki
- TRAIL reseptd1 proteinlerinin sentezini belirlemek igin, her bir TRAIL reseptér alt
tipi i¢in spesifik olan, isaretlenmemis monoklonal antikorlan igeren anti-TRAIL
reseptdr akig sitometrisi seti (Cat. ALX-850-273-KI01) kullanildi Setin iginde,
. 100%er pg TRAIL-R1 (clone HS101, Cat. 804-297A), -R2 (clone HS201, Cat 804-
- 298A), -R3 (clone HS301, Cat 804-344A) ve -R4 (clone HS402, Cat. 804-299A)
bulunuyordu. Saflastmilmis fare IgGl (MOPC 31C, Cat ANC-278-010), izotip
kontrol olarak kullanildi Deneysel agsamalarda, hiicreler 35 mm’lik doku kiiltiiri
kaplarinda, ortalama 1-1,5x10° konsantrasyonda olacak sekilde uretildi. Hiicreler
doku kiiltiird kabmm ylizeyini %80 civaninda kapladiginda, tripsinizasyon ile
kaldirildr ve hiicre sayim: sonrasinda 1500 rpm’de 5 dakika santrifiij edildi. Hiicreler
akig sitometri tiiplerine, 100 ul’de 1x10° hiicre olacak sekilde 100°er pl dagitilds Bir
tiip boya almayan kontrol, bir tiip izotip kontrol, ve 4 tilp TRAIL reseptérleri igin
ayuldi 5 pg/ml konsantrasyonda kullamilan primer antikorlar ile hiicreler buz
tizerinde 30 dakika inkiibe edildi. Inkiibasyon sonras: hiicreler iizerine 2’ser ml Ak
Sitometri Tamponu eklendi ve 2000 rpm’de 10 dakika santrifiij edildi Santrifiij
asamasl, her antikor inkitbasyonu sonrast gerceklestirildi. Hiicreler biotin bagl anti-
fare IgGl (Cat. ALX-211-202) sekonder antikoru ile 30 dakika, ve sonrasmda
Streptavidin-PE (Cat. ANC-253-050) ile 20 dakika inkiibe edildi. Antikor baglanma
oranlari, akis sitometrisi ile analiz edildi.

3.9. Istatistiksel Analiz

Istatistiksel analiz igin, GraphPad Software’den (San Diego, CA) Prism
program: kullanild: Her bir deney igin istatistiksel sonuglar, sekil aciklamalarinda
verilmistir.
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BULGULAR

4.1. Prostat Kanser Hiicrelerinde Bazal NF-kB Aktivasyon Seviyeleri Farkh
Bulundu.

: Tiimér hiicrelerinin apoptozise duyarlilifim etkileyen en 6nemli faktorlerden
" birinin hiicre igi siirekli NF-kB aktivasyonu oldugu ileri sitriilmiistii [128, 155-157],
Bundan yola cikilarak, calismamizda kullamilan ti¢ farkli prostat kanser hiicre
hatttun (DU145, PC3, LNCaP) bazal NF-kB aktivasyon seviyeleri belirlendi. Bu
. amagla, hiicreler NF-kB Lusiferaz Reporter Geni (AdNF-kBLuc) igeren bir
- rekombinant adenovirus ile enfekte edildi. Enfeksiyondan 24 saat sonra, Reporter
- Lizis Tamponlu Lusiferaz Deney Sistemi kullanilarak NF-kB Transkripsiyon
- Aktivasyon Deneyleri gergeklestirildi Deneyler sonucunda en yiiksek bazal NF-kB
aktivasyon seviyesinin DU145 hiicrelerinde oldugu goriildii (Sekil 4.1). Ikinci en
“yiiksek seviye PC3 hiicrelerinde goriiliitken, en diisikk seviye LNCaP hiicrelerinde
: gbriildii. Enfeksiyondan 48 saat sonra gergeklestirilen lusiferaz deneylerinde, ¢ok
- daha yitksek oranda NF-kB aktivasyonu belirlenmesine ragmen, hiicreler arasindaki
- NF-kB aktivasyon seviyesi siralamasi degismedi Sonuglarimiz, DU145, PC3, ve
“LNCaP hiicre hatlarinda hiicre igi siirekli NF-kB aktivasyon seviyelerinin farkls
“oldugunu gosterdi.

-4.2. Prostat Kanser Hiicreleri, Adenoviral Vektérler Tarafindan Esit Olarak
Transdiiksiyona Ugratildi.

Calsmamzin ik basama@inda prostat kanser hiicrelerinde bazal NE-kB
“aktivasyon seviyelerinin farkli oldugu gosterilmisti. Gézlenen bu farkliliklarn
“hiicrelerin adenoviruslar tarafindan farkl: transdiiksiyonuna bagli olma ihtimalini
ortadan kaldirmak igin, hiicrelerin adenoviral vektorlerle transdiiksiyon etkinliine
bakildi. Hiicreler, Enhanced Green Fluorescent Proteini (EGFP) kodlayan
“adenoviriislerle artan dozlarda enfekte edildi Enfeksiyondan 48 saat sonra, EGFP
-pozitif hiicrelerin yiizdesi floresan mikroskopi ile belirlendi (Sekil 4.2). Akis
~sitometrisi analizi sonucu, her ii¢ prostat kanseri hiicre hattinda da esit seviyede viral
transditksiyon goriildii (Sekil 43) Bu deneyle aym zamanda prostat kanser
hiicrelerinin  adenoviral vektérlerle etkin transdiiksiyonu igin gerekli optimum
cnfekswon dozu da belirlendi. 5000 DNA partikiilivhiicre MOI (Multiplicity of
nfection), hiicrelerin %90’ min transdiiksiyona ugratilmasi i¢in yeterli oldu. 10000
DNA partikiilivhiicre dozda ise, hiicrelerin hemen hemen %1001 enfekte oldu. Bu
‘Sonuglar, her {i¢ hiicte hattinin da adenoviriislerle esit oranda ve etkin bir sekilde
-transdilksiyona ugratildifim gosterdi. Dolayisiyla, prostat kanser hiicrelerinde bazal
NF-kB aktivasyon seviyelerinin farkli bulunmasmnm, hiicrelerin adenoviriisler -
arafindan farkl transdiiksiyonuna bagli olmadig: gortildii.
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4.3. Prostat Kanser Hiicreleri Degisken Derecede Adenoviriis Aracth TRAIL

Sitotoksisitesi Gosterdi.

Prostat kanser hiicreleri, TRAIL proteinini kodlayan AdShTRAIL veya kontrol
otarak AACMVLacZ vektorleri ile artan dozlarda enfekte edildi. Enfeksiyondan 48
saat sonra, hiicre canlilik deneyler gerceklestirildi. Fléresan mikroskopi ile analiz
sonucy, prostat kanser hiicreleri arasinda LNCaP ve DU145%1n, hiicre basina 10000
AdShTRAIL wvektorii  verildiginde dahi 6lmedikleri  belirlendi (Sekil 4.4).
AdCMVLacZ enfeksiyonundan sonra da hiicre 8liimii gdzlenmedi (Sekil 4.5). Ote
vandan, PC3 hiicrelerinde, 5000 DNA partikiilivhiicre MOI AdShTRAIL viriisii ile
enfeksivon sonucu %63 oraminda hiicre 6liimil gézlendi. Viral vektor dozu 10000
DNA partikiilii‘hiicre MOI’a ¢ikanldifinda ise, %90 oraninda hiicre 6liimi gézlendi
(Sekil 4.5). Bu sonuglara gére, DU145 ve LNCaP hiicre hatlarnn TRAIL a yiiksek
derece direncli bulundu PC3 hiicre hatti, DU145 ve LNCaP hiicrelerine oranla
dnemli seviyede TRAIL duyarlilify gésterdi

4.4. Prostat Kanser Hiicrelerinde Hiicre ici NF-kB Aktivitesi, hTRAIL Sentezi
ile Artarken, IKKPKA Sentezi ile Azald.

TRAIL yalanci reseptdiii TRAIL-R4’iin ve TRAIL &liim 1eseptSrlerinin
(TRAIL R1 ve TRAIL-R2), NF-kB yollarn aktive ettii daha Once gosterilmigti
[121, 122] Bu nedenle, hem TRAIL ile inditklenen NF-kB aktivasyonu, hem de
hiicrenin endojen NF-kB durumu, prostat kanserinin TRAIL aracili tedavisinde
dikkate alinmas1 gereken Onemli faktorlerdendir. Calismamizda, prostat kanser
hiicrelerinde TRAIL sentezi ile aktive olan NFkB aktivitesi arastirildi. Bu amagla,
DU145, PC3 ve LNCaP hiicreleri AANF-kBLuc ve AAShTRAIL vektérleri birlikte
bagina verilen AAShTRAIL dozu 1000 MOI’da sabit tutuldu. Enfeksiyvondan 24 saat
sonta NFkB transkripsivon aktivasyon deneyleri yapildi Sonugta NFkB
aktivitesinin, sadece TRAIL’1n sentezinin arttify hticrelerde yiikseldigi goriildii
(Sekil 4.6) IKK inhibe edici strateji araciligiyla NFkB inhibisyonunun derecesini
gorebilmek amaciyla, prostat kanser hiicre hatlani AJIKKPBKA vektoriinlin artan
dozlan ile ve ayrnica AANF-kBLuc ve AdShTRAIL vektorleri ile birlikte enfekte
edildi. TRAIL ile indiikienen NFkB aktivitesinin her ii¢ hiicre hattinda da azaldigy,
hatta endojen NF-kB aktivitesinin de altina diistiigii belirlendi (Sekil 4.6, A-C
Panelleri) Ote yandan, hiicreler kontrol oiarak AJCMVLacZ viriisii ile enfekte
edildiginde benzer bir NFkB inhibe edici etki gézlenmedi. Sonu¢ olarak, prostat
kanser hiicrelerinde TRAIL sentezinin artisi, hiicte i¢i NF-kB aktivasyon
seviyelerinde artisa yol agti Bunun yaninda IKK inhibe edici strateji, prostat kanser
hticre hatlarinda hem TRAIL araciliiyla indiiklenen NF-kB aktivitesini, hem de
endojen NF-kB aktivitesini diigtirticii etki gosterdi.

4.5, IKKBKA Sentezi Yoluyla Fonksiyonel IKK Inhibisyonu, Prostat Kanser
Hiicrelerini TRAIL Aracily Hiicre Oliimiine Karsi Duyarli Hale Getirdi.
IKKB mn (AJIKKPKA) [128, 157] veya IkBo'nin (AdIkBaSR) [152] dominant

negatif mutantlarini kodlayan adenoviriisleile enfeksiyonun, akcifer kanser hiicre

hatlarim TNF &liim ligandina kargt duyarlilastumada basanih olduge daha once
gosterilmisti. Bazi kanser hiicrelerinde daha yiiksek bazal NFkB aktivitesi
oldugundan, NFkB bloke edici ajanlar, bu hiicreleri TRAIL 1n apoptozisi indiikleyici
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etkilerine karsi duyarhlastirmada etkin bir strateji olabilir. Prostat kanser hiicre

hatlannnda IKK inhibisyonunun TRAIL’a direnglilige kaisi etkisini arastumak e
amactyla, bu hiicre hatlann hem Ad5hTRAIL vektériiniin 5000 MOI sabit dozu ile, =4
hem de AAIKKBKA viriisiintin artan dozlar ile enfekte edildi Deney sonucunda, her ~y
iig hiicre hattimn da, hiicrenin baglangigtaki endojen NFkB aktivasyonuna bagl: :;§
olmaksizin TRAIL’a duyarh hale geldigi goriildii (Sekil 4.7). DU145 ve LNCaP ?é

hiicrelerinde, TRAIL sentezi varhginda hiicre basina 1000 MOI AdIKKBKA vektoiii a
verildiginde dahi %50 civarinda hticre 8liimii gézlendi. PC3 hiicreleri TRAIL’a zaten
duyarli oldugundan, DU145 ve LNCaP hiicrelerinin IKKBKA ile enfeksiyonu

sonucu TRAIL’a duyarlilagma derecesi, PC3 hiicreletine oranla ¢ok daha fazla idi

(Sekil 4 8) Ote yandan, prostat kanser hiicreleri AAIKKBKA yerine AdCMVLacZ

viriisit ile enfekte edildiginde, hiicre oliimi goézlenmedi. Bu sonuglar, IKK
inhibisyonu yoluyla NFkB’nin bloke edilmesinin, TRAIL direngliligi gosteren

prostat kanser hiicrelerini TRAIL’a duyarlt hale getirmede etkin oldugunu
gostermektedir.

4.6. Prostat Kanser Hiicrelerinin Yalmzca AdIKKBKA Vektirleri ile

Enfeksiyonu Hiicre Oliimiine Yol A¢madh.

Daha onceki calismalarda, prostat kanser hiicre hatlaninda gézlenen yitksek
NE-kB aktivitesinin, IKK aktivitesindeki bir artigtan kaynaklandigi one siirtilmiistii
[149]. Bu nedenle, bu ¢aligmada IKK aktivitesi inhibisyonunun, tek basina prostat
kanser hiicrelerinin canlilik oram tizerine etkisi arastirildi. Bu amagla, prostat kanser
hiicreleri, IKKp’nm dominant negatif mutantimi kodlayan adenoviral vektétlerin :
(AdIKKPKA) artan dozlariyla enfekte edildi Enfeksiyondan 48 saat sonra, hiicre )
canlilik oranlar floresan mikroskop altinda belirlendi. PC3 hiicrelerinde gézlenen
TRAIL sitotoksisitesinin tersine, prostat kanser hiicte hatlanmn higbirinde, hiicre g
~ basina 10000 AdIKKPKA viriisii verildiginde dahi, hiicre canlibk seviyesinde ‘j.ff;-‘;
- azalma goriilmedi (Sekil 4.9) Bu sonuglar, prostat kanser hiiczelerinin AJIKKBKA 3
- virisleri ile tek bagina enfeksiyonu sonucunda 6nemli derecede hiicre oliimii
gergeklesmedigini gésterdi.

4.7. AdShTRAIL ve AdIKKBKA’nmn Birlikte Enfeksiyonu Sonucu, Prostat

Kanser Hiicre Hatlarinda Apoptotik Oliim Gerceklesti.

Prostat kanser hiicrelerinde IKK inhibisyonu altinda TRAIL’in indiikledigi
hiicre 6liimiintin  molekiller mekanizmasimnin agiga c¢ikanlmast icin, DU145
- hticrelerinde Anneksin V boyama yoluyla apoptotik 6liim oram 6l¢iildii Bu amacla,
AdShTRAIL ve AJIKKBKA vektorleri ayr1 olarak ya da birarada DU145 hiicrelerine
. enfekte edildi. Enfeksiyondan 35 saat sonra Anneksin V baglanma deneyleri
gergeklestirildi, ve baglanma oranlan akis sitometrisi ile analiz edildi Sonugta i
AdShTRAIL veya AJIKKBKA enfeksiyonu tek bagina énemli derecede Anneksin V |
baglanma gostermedi. Ancak, hiicreler AdShTRAIL ve AdIKKBKA ile birlikte ,
enfekte edildiginde, snemli seviyede Anneksin V baglanmas1 gorildi (Sekil 4.10).
Bu durum, AdIKKBKA aracilipiyla IKK inhibisyonu sonucu prostat kanser :
- hiicrelerinin apoptotik yollu hiicre Sliimiine gittiginin gostergesidit Ote yandan, ;’

AdShTRAIL ile birlikte AdCMVLacZ enfeksiyonu Snemli seviyede Anneksin V
baglanma seviyesi gostermedi. Boylece, TKK inhibisyonu yoklugunda DU145 ;
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hiicrelerinin TRAIL ’a olduk¢a direngli oldugu gérildi Tim bu sonuglar, IKK
inhibisyonu altinda TRAIL’1n indiikledigi hiicre 6liim mekanizmasinin apoptozis
oldugunu gosterdi

4.8. Prostat Kanser Hiicre Hatlarinda Birbirinden Farkh TRAIL Reseptir

Kompozisyonlar: Belirlendi.

Prostat kanser hiicre hatlarmda TRAIL r1eseptdrlerinin sentez profillerinin
belirlenmesi i¢in, spesifik primer ve prob setleri kullamlarak Gergek Zamanh RT-
PCR deneyi gergeklestirildi. Deneyler sonucunda, ¢alhisilan tiim hiicre hatlarninda
" TRAIL-R2 sentez diizeyi, TRAIL-R1 sentez seviyesinden oldukea yiiksek bulundu
" TRAIL’a duyarl olan PC3 hiicrelerinde, TRAIL’a direncli olan DU145 ve LNCaP
* hiicre hatlarma gére TRAIL-R2 sentez seviyesi daha yitksek bulundu (Sekil 4.11)
PC3 hiicrelerinde ¢ok diisiik seviyelerde TRAIL-R3 sentezi gbriilmesine ragmen,
TRAIL-R4 sentezi gozlenmedi. Aynica, TRAIL’a direngli DU145 ve LNCaP
" hiicrelerinde, her iki yalanci reseptdrin de (TRAIL-R3 ve TRAIL-R4) 6nemli

Gergek Zamanh RT-PCR, mRNA seviyesinde gen sentezinin miktar tayininde
yaratli olmasmna rafmen, hiicre igindeki gen sentezi, protein bazinda hiicre
- ylizeyindeki teseptor sentezi ile mutlak uyumlu olmayabilir. Bu nedenle, prostat
kanser hiicrelerinin ylizeyinde hangi TRAIL reseptérlerinin sentez edildigi ve sentez
seviveleri akig sitometrisi aracilifiyla belirlendi. Analiz sonucunda, PC3 hiicrelerinin
yizeyinde TRAIL oliim reseptorlerinin (TRAIL-RI ve TRAIL-R2) sentezi
belirlendi, ancak 6l¢iilebilir yalanci reseptdr sentezi gézlenmedi (Sekil 4.12). DU145
(Sekil 412) ve LNCaP hiicrelerinde (Sckil 4.13) her iki tip TRAIL 6lim
reseptortiniin de sentezinin oldugu, ancak PC3 hiicrelerinin tersine, bu hticrelerde
onemli miktarda TRAIL-R4 yalanc: reseptdr sentezi gergeklestifi gbzlendi. Ayrica,
. LNCaP hiicrelerinin ylizeyinde diigiik seviyede TRAIL-R3 yalanci reseptor sentezi
~ belirlenmesine ragmen, DU145 ve PC3 hiicrelerinde boyle bir durum gozlenmedi
Sonug olarak, TRAIL’a direncli DU145 ve LNCaP hiicre hatlarinda TRAIL yalanci
reseptdr sentez seviyelerinin, TRAIL’a duyarlilik gdsteren PC3 hiicre hattina gére
belirgin oranda yiiksek oldugu goriildii.
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.o Sekil 4.1. Prostat kanser hiicre hatlarinda endojen NF-KB seviyeleri Endojen NF-kB seviyeleri,

AdNFkBLuc aktivasyonundan 24 saat somia lusiferaz aktivitelerinin dlgiilmesi ile
belirlendi. Enfekte edilen hiicre hatlar1, x ekseninde verilmistit. Mikrogram protein basma
disen Roélatif Igtk Birimi (RLU, Relative Light Units) olarak ifade edilen lusiferaz
aktivitesi, y ekseninde verilmistit Veriler, alt1 bagimsiz verinin ortalamasimi (+ SEM)
temsil etmektedir. ANOVA ve Tukey ¢oklu karsilastirma testi kullanilarak DU1435 ile PC3
ve LNCaP hiicreleri arasindaki istatistiksel farklilik belirlenmistir *p <0.01

35

a4 B

]
!
:



500 1000 5000 10000

Sekil 4.2, Prostat karsinoma hiicrelerinin birinci generasyon rekombinant adenoviral vektérler ile
transditksiyonu Prostat kanser hiicreleri EGEP reporter geni iceren adenoviriislerle enfekte
edildikten 48 saaf sonra viral transdilksiyon oranlarina bakildi Sekilde, adenoviral
transdiiksiyonlarmn fldresan fotografian goriilmektedir Enfeksiyonda kuBanilan virtislerin
MOI degerleri (DNA partikitliivhiicre), resmin st kisminda verilmistir.
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'zsé_kil 4.3. Prostat kanser hiicrelerinin adenoviral vektorlerle transdiiksivon etkinliklerinin akis
' sitometri ile degerlendirmesi Panel A’da DU145 hiicrelerinin, Panel B*de PC3 hiicrelerinin,

Panel C’de ise LNCaP hiicrelerinin AJEGFP ile transdiiksiyonlarnin akis sitometrik analiz

sonuglart gosterilmistir
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Sekll 4.4. Prostat kanser hiicreletinin TRAIL duyarlilik seviyeleri DU145, PC3 ve LNCaP hiicreleri,
artan konsantrasyonlarda AdShTRAIL ve kontrol olarak AdCMV]_ acZ adenoviral vektérleri
ile enfekte edildi. Enfeksiyondan 48 saat sonra hiicre canhihk deneyi gerceklestirildi. Sekilde,
AdShTRAIL ile enfeksiyon sonuglart goriilmektedir Fotograflar FITC kanalmda cekilmistir.
Seklin iist kisminda, uygulanan vektér dozlart MOI olarak (DNA partikiilivvhiicre) verilmigtir
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MOI konsantrasyonda AJCMVLacZ wvektérii ile enfeksiyon sonuclarmi gdstermektedir o
Hilcre canliltk deneyleri iiger set halinde gergeklestirildi, ve ikiser kez tekrar edildi. Degerler,
altr bagimsiz verinin ortalamasmmi (£S.E M) temsil etmektedir.
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Sekil 4.6. Prostat kanser hitcrelerinde hTRAIL ve IKKBKA sentezinin NF-kB aktivasyonu lizetine :
etkisi DU145 (Panel A), PC3 (Panel B) ve LNCaP (Panel C) hiicre hatlar;, AdNFkBLuc, .
Ad5ShTRAIL, ve/veya AdIKKBKA’nin artan dozlari ile enfekte edildi Kontrol olarak o
AdCMV1LacZ viriisleri kullamldi Enfeksiyondan 24 saat somra hiicrelerde NF-kB

aktivitesine bakildi Kuflanilan viral vektéiler ve viral MOl degerleri (DNA .
partikiilit/hiicre), x ekseninde verilmistir y ekseninde iusiferaz aktivitesi (RLU/ug},
ststerilmektedit. Degerler, alt bagimsiz verinin ortalamasini (S E M) temsil etmektedir P
Hiicrelerin AdNFkBLuc ile ve AdNFkBLuc ve AdShTRAIL ile enfeksiyon sonuglar -
arasindaki farkliliklarm agiga ¢ikarilmasi igin “student’s t test” kullanilmigtir *p<0.05 ‘

suaatiey
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PC3

direngliligi iizerine etkisi DU145, PC3 ve LNCaP hiicre hatlari, 5000 DNA partikiilivhiicre
sabit MOI’da AdShTRAIL ile birlikte, IKKB nin dominant negatif mutantin (AJIKKBKA)
veya AdIKKBKA yerine kontrol olarak LacZ’yi (AJCMVLacZ) kodlayan adenoviral
vekibrlerlerin artan dozlan ile enfekte edildi. Sekilde, AAShTRAIL ve AdJIKKBKA nin

birlikte kullanildig: enfeksiyondan 48 saat sonra gerceklestirilen hiicre canhihk deneyi
sonuglarr gdrillmektedir
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Sekli 4.8. IKKBKA sentezinin TRAIL direncliligi izerine etkisinin kantitatif olarak degerlendiriimesi.
DU145, PC3 ve LNCaP hiicreleri, AdShTRAIL ile birlikte AdIKKBKA ile, veya kontrol
olarak AJIKKBKA yerine AACMVLacZ adenoviral vektorleri ile enfekte edildikten 48 saat
sonra canlt hiicre oramna bakildl $ekilde, fléresan mikroskop altinda 20x bityiitmede canl
hitcre sayimi sonuglari géritlmektedir. Uygulanan viral dozlar, x ekseninde MO! olarak
(DNA partikiitivhiicre) verilmistir Degerler, alti bagimsiz vermm ortalamasmi (zS.E M)
temsil etmektedir.
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Sekil 4.9. Tek basina AJIKKPKA enfeksiyonunun prostat kanser hiicreleri iizerindeki etkisi Prostat
' kanser hiicre hatlar;, artan dozlarda AdIKKPKA veya kontrol olarak AACMVLacZ
adenoviral vektorleri ile enfekte edildi Enfeksiyondan 48 saat sonra hilcre canhlik deneyi
yapildi. Floresan fotografiarin tist kisminda, kullamlan viral dozlar MOI olarak (DNA
partikiiliiVhiicre) verilmistir. Deneyler, tighii setler halinde ikiser kez tekrar edilmistir.
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DU145 hiicreleri, AdShTRAIL, AdIKKBKA, ve negatif kontrol olarak AdCMVLacZ
viriisleri ile belirtilen sekillerde enfekte edildi. Sekilde aksi belirtilmedikge viral vektérler
5000 DNA partikiilivhiicre MOI'da kullanitmigtir. Enfekte edilen DU145 hiicreleri, FITC
ile konjuge Anneksin V ve Propidium Iodide (P1) ile boyandi, ve akis sitometrisi ile analiz
edildi Enfekte edilmeyen ancak FITC-Anneksin V ve PI boyal hiicreler kontrol olarak
kullamld: Her bir histogramda, 10* DU145 hiicresi analize dahil edilmistir, Histogramlar,
agikhk amacryla iki panel halinde gosterilmistin. Uygulama sartlari, Panel A’da
gosterilmistir Anneksin V baglanma deneyi, iic kez tekrar edilmigtir
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Sekil 4.11. Prostat karsinoma hiicre hatlarinda TRAIL reseptor mRNA diizeyleri. Prostat kanser
hilcrelerinde TRAIL reseptorierinin sentez seviyelerini belirlemek igin total RNA’dan
kantitatif Ger¢ek Zamanh RI-PCR deneyleri gergeklestirildi Sentez oranlarinin
kargilastinlmas: igin standart egri yaratmak amaciyla klonlanmis bir ribozomal ¢DNA

seviyeleri gosterilmektedir Her TagMan deneyine i¢ kontrol olarak ribozomal RNA

primerleri ve problari eklenmisti Sekildeki ok, PC3 hiicrelerinde TRAIL-R4 sentezinin
yokluguna isaret etmektedir.
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fragmenti kullaruldi. Sekilde, 25 pg ribozomal cDNA’ya karsilik gelen TRAIL reseptor
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Sekil 4.12. DU145 ve PC3 hiicre yiizeylerinde TRAIL reseptorlerinin sentez seviyeleri. TRAIL
o reseptorlerinin DU145 (Panel A) ve PC3 hiicre (Panel B) yiizeylerindeki sentez seviyeler],
her bir TRAIL reseptdril igin spesifik monoklonal antikor kullanilarak belirlendi. Renkli
¢izgiler, deneysel parametieleri gdstermektedir Gri: izotip spesifik kontrol, Mavi: TRAIL-
R1, Kirmizi: TRAIL-R2, Kestane rengi: TRAIL-R3, Yesil: TRAIL-R4 Her histogram icin
10* hiicre analize dahil edilmistit Herbir deney fi¢ kez tekrar edilmistir.
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Sekil 4.13. LNCaP hiicre hattinda IRAIL reseptorletinin hiicre yiizeyindeki sentez seviyeleri LNCaP
: hiicrelerinde TRAIL reseptorlerinin hiicre ylizeyindeki sentez seviyeleri, her bir reseptor
i¢in spesiftk monoklonal antikor kullamlarak belirlendi. Renkli gizgiler, deneysel
parametreleri gostermektedir. Gri: Izotip spesifik kontrol, Mavi: TRAIL-RI, Kmmz:
TRAIL-R2, Kestane rengi: TRAIL-R3, Yesil: TRAIL-R4. Her histogram igin 10* hiicre
analize dahil edilmistir Herbir deney ii¢ kez tekrar edilmistir
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TARTISMA ve SONUCLAR

Prostat kanseri, bati iilkelerinde erkekler arasinda en yaygin olarak goriilen
kanserdir, ve erkeklerde kanser sebebiyle 6liimlerde ikinci sirada yer almaktadir [2]
ileri evre prostat kanserinin tedavisinde mevcut tedavi yontemleri hastalarin yasam
stiresini uzatmada yeterli olmadigindan, §ltim ligantlarimin adenoviral yollarla prostat
kanser hiicrelerine aktarimi, mevcut yéntemleri tamamlayici bir tedavi metodu olarak
diigiiniilmektedir [128]. TRAIL o6liim ligandi prostat kanserinin tedavisi igin {imit
verici bir molekiildiir. Ancak baz1 prostat kanser hiicre hatlarmm TRAIL’a direngli
oldugu gdsterilmistiz. Bu direnglilikten ise, hiicrelerde belitlenen stirekli Akt kinaz
aktivitesinin sorumiu oldugu bildirilmigtir [114]. Demarchi ve arkadaglan tarafindan,
NF-kB’nin Akt aracilifiyla aktivasyonunda IkB Kinaz’in (IKK) rol aldigi ileri
Cstirlilmustir [159]. Ayrica prostat kanser hiicrelerinde yiiksek IKK aktivitesinin
- siirekli NF-kB aktivasyonu ile sonuglanabilecegi bildirilmistir [149]. Calismamizda,
bu bulgular isifinda prostat kanser hiicre hatlaninin IKKB’nin dominant negatif
mutantini  (AJIKKBKA) ve insan fonksiyonel TRAIL molekiilini kodlayan
(AdShTRAIL) adenoviriislerle birlikte enfekte edilmesinin prostat kanser hiicrelerini
"TRAIL’a duyarh hale getirip getiremeyecegini test etmek istedik Hipotezimizin
dogrulugunu aragtirmak i¢in, iic farkl ileri evie prostat kanser hiicre hatt1 kullandik
(DU145, PC3, LNCaP).

fleri evre prostat kanseri, tedavide en cok zorluk yasanan hastalik evresidir Bu
‘evrede tlimdr hiicrelerinin androjen bagmmlihklanm kaybetmeleri de, tedaviyi
zorlastiric1 6nemli faktorlerdendir [60, 61] Bu nedenle, meveut tedavi yéntemlerini
tamamliayic1 gen tedavi yaklasimlan gelistirmeyi amacladifimiz ¢alismamizda, ileri
evre prostat kanser hiicre hatlari kullamldi. Bu hiicrelerden DU145 ve PC3 androjen
vagimsiz, ve LNCaP androjen bafimli hiicre hatlandir. Androjen bagimli ve
bagimsiz hiicre hatlarimin birarada kullanimi, androjen bagimlilik durumunun TRAIL
renclilii ve TRAIL direngliligini kirma metodlanmin etkinligi {izerindeki etkisine
bakmarmz saglamistir. Bahsedilen durumlar arasinda bir iliski gzlenmemistir.

= NF-kB transkripsiyon faktdilerinin, farkl: hiicrelerde g¢ogunlukla apoptozisi
bloke edici diizenleyici molekiiller olarak rol aldiklan bilinmektedir Prostat kanser
hiicrelerinde TRAIL direngliliginden sorumlu tutulan Akt kinaz enzimi, NF-kB
transkripsiyon faktériiniin regiilatoridiir [160, 161]. Dolayisiyla Akt aktivasyonunda
artig, prostat kanser hiicrelerinde NF-KB aktivitesinde de artisa yol agmaktadir.
Omegin Oya M ve arkadaglart, TRAIL’a direncli 1enal karsinoma hiicte hatlaninda
stirekli NF-kB aktivasyonu oldugunu gdstermis, ve NF-kB’nin, TRAIL direnclilik
mekanizmas: altinda yatan anahtar molekiil oldugunu bildirmistir. Calismada,
TRAIL’a duyarli renal karsinoma hiicre hatlarinda NF-kB aktivasyonu digiik

lunurken, TRAIL’a direngli renal karsinoma hiicre hatlarinda ise yitksek NF-kB
aktivasyony gosterilmigtir [155] Bu nedenle ¢alismanmzda birinci basamak olarak,
DU145, PC3, ve LNCaP prostat kanser hiicre hatlarinda TRAIL direngliliginden
Sorumiu olabilecek endojen NF-kB aktivasyon diizeyleri NF-kB transkripsiyon
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aktivasyon deneyleri ile belitlendi (Sekil 4.1). Deneysel sartlarimizda, en yiiksek
endojen NE-kB aktivitesi DU145 hiicrelerinde goritliirken, bu hiicreleri PC3 ve
LNCaP hiicre hatlaninin izledigi goriildii. Hilcreler arasinda hiicre i¢i stirekli NF-kB
aktivasyon seviyeleri agisindan farkliik bulunmasmin yamnda, her ti¢ hiicre hattinda
da yitksek NF-kB seviyesinin bulunmasi, TRAIL direnclilifi acisindan &nemli
olabilir Palayoor ve ark. ile Gasparian ve arkadaslar1 da, Mobility Shift deneyleri
kullandiklan ¢alismalarinda bizim bulgulanmizia uyumlu olarak PC3 ve DU145
hiicrelerinde endojen NF-kB aktivitesini yilksek bulurken, LNCaP hiicrelerinde NF-
kB aktivasyonunun daha diigiik oldugunu bildirmiglerdir [149, 162].

Calismamizin bir sonraki asamasinda, prostat kanser hiicre hatlar, TRAIL'a
direnglilikleri acisindan incelendi. Hiicre canlilik deneyleri sonucunda, DU145 ve
LNCaP hiicielerinin AJdShTRAIL ile indiklenen apoptozise direncli oldugu, PC3
- hiicrelerinin ise 6nemli seviyede TRAIL duyarlilifs gosterdigi goriildi. Bizim
bulgutarimizin aksine, Nesterov ve arkadaslar, DU145 hiicre hattinin ¢oziilebilix
- TRAIL’a vilksek oranda duyarli oldugunu bildirmigtir [114] Bu calismada PC3
. hiicre hatt1 da TRAIL’a yliksek oranda duyarli bulunmus, ancak baska bir ¢alismada
 PC3 hiicrelerinde orta derecede TRAIL duyarliligi gdzlenmigtir {163]. Bu ¢ahsmada
da c¢ozilebilir TRAIL proteini kullanilmistir. Nesterov ve arkadaslarin
. ¢alismasimnda LNCaP hiicre hattinin ise, bizim bulgularimizla uyumlu olarak
- TRAIL’a direngli oldugu bulunmustur. Bunun yaninda, Voelkel-Johnson ve
! arkadaglari, ¢alismalarinda DU145 ve LNCaP hiicrelerinin Ad-IRES-TRAIL ile
- indiiklenen apoptozise duyarli oldugunu gdstermistir [113]. Ayrica, Beresford ve
ark nin yaptig1 bir calismada PC3 hiicrelerinin ¢6zillebilir TRAIL a direngli oldugu
- bildirilmistir [164]. Nesterov ve arkadaslan ile Thakkar ve arkadaslarinin ¢alismalari
" ile bizim bulgularimiz arasindaki farkliliklann, fonksiyonel ¢alismalarda kullanilan
- farkls TRAIL formundan kaynaklandipi disiiniilebilir. Bahsedilen her iki ¢alismada
da in vitro olarak saflastinlmig ¢ozilebilit TRAIL kullanilmigtir Aynica kuillanilan
- TRAIL molekiillerinin biri mayadan [114], digeii de E.coli’den saflagtilmgtir
- [163]. In vitro galismalarda kullamlan vektorlerin, in vivo galismalar i¢in de uygun |
olmas: gerektigi aciktir. Ancak ¢oziilebilir TRAIL proteininin kan deolagimindaki yar:
omrii sinirhidir. Intravendz olarak verilen ¢oziilebilir TRAIL proteinin bilyik bir
kismi, 5 saat icinde atilmaktadir, dolayisiyla tiimé: olusumunu engellemek igin
- yiiksek miktarlarda kullamlmasi gerekir. Voelkel-Tohnson ve atkadaglan ile
- Beresford ve arkadaslanmin galismalarnda elde edilen bulgularla bizim bulgularimiz
- arasindaki farkliliklarin ise, enfeksiyonda kullanilan viriisiin fonksiyonel titresinden
kaynaklandig diisiiniilebilir.

L
-y

Calismamizda, TRAIL’a ditenglilik gosteren DU145 ve LNCaP hiicrelerinde

- gOzlenen yiiksek hiicre igi NF-kB aktivasyonu, TRAIL direncliligi ile uyumlu

- griilmektedir. Ancak TRAIL’a direngli LNCaP’te hiicre i¢i NF-kB aktivasyonu,

DU145’a gore diistik bulunmustur. PC3 hiicreleri ise, LNCaP hiicielerine gére «
~yiksek hiicre i¢i NF-kB aktivasyonuna sahip olmasma ragmen c¢alismamizda

“TRAIL’a 6nemli oranda duyarhlik géstermistin. Bu bulgular, hiicrelerde TRAIL

- direngliliginden tamamen hiicre i¢i NF-kB aktivasyon seviyelerinin sorumlu

- tutulamayacagim, bilinmeyen bagka faktérlerin de bu direnglilikte etkili oldugunu

- gostermektedir
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Onceki galigmalarda, TRAIL’a direngli tiimor hiicre hatlannda TRAIL-R1 ve
TRAIL-R2 0lim reseptérlerinin ve TRAIL-R4 yalanct reseptér aktivasyonunun da
NF-kB sinyal yolunu stimiile ederek hiicre i¢ci NF-kB aktivasyonunu artirabilecegi
pildirilmigtir [121, 122, 156]. TRAIL indiiksiyonunun hem apoptotik hem de anti-
apoptotik yollan aktive edebilmesi, TRAIL in da Tumor Necrosis Factor (TNF) gibi
kendi apoptotik etkisini anti-apoptotik yollan indiikleyerek nétralize ettifine isarettir.
Bu bulgular 1sifinda ¢alismarmzda TRAIL’1n indiikledigi NF-kB aktivasyon
seviyelen arastirildifinda, hiicrelere TRAIL aktariminin, her ti¢ hiicre hattinda da
endojen NF-kB aktivasyonunda artig meydana getirdigi goriildii (Sekil 4.6)

Son yillarda, kanser hiicrelerindeki apoptotik ligand direngliligini kirmak igin,
iyonize radyasyon ve kemoterapdtik ajanlarn kullammi gibi ySntemler iizerinde
caligtlmistir Ornegin Mitsiades ve ark., multiple myeloma (MM) hiicre hatlarnin,
"TRAIL uygulamasi o6ncesinde, TRAIL-R2 sentezini artitan Doxorubicin ile
* 'muamelesinin MM hiicrelerinde TRAIL duyarliifimi 6nemli oranda artirdigime
gostermistir [165). Ayrica, genotoksik ajan etopozitin epitel hiicre kokenli kanser
hiicre hatlarinda TRAIL-R1 ve TRAIL-R2 sentezini artirdig, ve TRAIL’a duyarhlik
sagladify gosterilmistir [142]. Bunun yaninda, bir bagka apoptotik ligand olan ITNF
tarafindan  inditklenen apoptozisin, NF-kB aktivasyonu ile engellenebilecegi
bildirilmis, ve farkli stratejilerle bu direnclilik kinlmaya caligilmistir  Ornegin
akciger kanser hiicrelerinde adenovirtisler araciligiyla IKKBKA [150, 151] veya
IkBaSR [158] aktarinn gibi NF-kB aktivitesini inhibe edici yaklasimlann etkisi
aragtiniimigtir. Bu ¢aligmalarda, akciger hiicreleri basanli bir sekilde TNF’e duyarl:
hale getirilmistir. Prostat kanser hiicrelerinde siirekli hiicre i¢i NF-kB aktivitesinden
IKK aktivitesindeki artisin sorumlu oldugu bildirildiginden [149], calismanuzda IKK
inhibisyonunu igeren bir gen tedavi yaklagimi kullanarak prostat kanser hiicrelerini
TRAIL’a duyarh hale getirebilecegimizi diigtindilk. Sekil 4.7°de goriildugii gibi,
TRAIL’a direngli olan DU145 ve LNCaP hiicre hatlan, IKKB nin dominant negatif
mutantim sentez eden bir NF-kB inhibe edici vektér (AJIKKBKA) ile bitlikte
enfekte edildiklerinde AdShTRAIL aracili apoptozise duyarh hale geldi TRAIL’a
_orta detecede duyarliik gosteren PC3 hiicreleri ise, bahsedilen strateji ile TRAIL’a
tam duyarh hale geldi Prostat kanser hiicrelerinin AAIKKBKA viriisii ile tek basina
-enfeksiyonu ise hiicre 8liimiine yol agmadi (Sekil 4.9).

- Onceleri yapilan ¢alismalarda, TRAIL-R3 ve TRAIL-R4 yalanci reseptorlerine
ait mRNA’lannin  ¢ogunlukla normal hiicrelerde bulundugu, ancak timéot
 hiicrelerinde bulunmadig: bitdirilmisti [117, 118]. Bu nedenle, TRAIL reseptérlerinin
hiicrelerde dagiliminin, TRAIL aracihifiyla indiiklenen apoptozisi regiile eden faktsr
oldugu distiniilmiigtic Bu hipotezle uyumlbu olarak, endojen TRAIL-R4 yalanci
reseptdrleri olmayan melanoma hiicrelerinde TRAIL-R4 sentezinin transfeksiyon
§1€neyleri ile geri kazandinlmasmin, hiicreleri TRAIL a duyarli fenotipten TRAIL a
direng:li fenotipe gecirdigi gosterilmistir [166]. Ancak, farklr orijinli kanser hiicre
hatlarinda yapilan ¢alismalar, hiicte yiizeyindeki yalanci reseptérlerin sentezinin
Itmast veya azalmasi ile TRAIL duyarhligi arasinda bir iliski gosterememistir.
vmegin insan melanoma hiicre hatlaninda TRAIL reseptsr mRNA’larinin seviyeleri
arastirtldiginda, TRAIL yalanc: reseptotleri ile TRAIL a direnclilik ya da duyarfilik
arasinda bir iliski gosterilememistir [167] Bunun yaninda, melanoma, kolon
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karsinoma, meme adenokarsinoma, ve akcifer adenokarsinoma gibi tiimér hiicre
hatlaninda uygulanan regiiler RT-PCR deneyleri, TRAIL direngliligi ile TRAIL
yalanci reseptdr gen sentezlen arasinda herhangi bir iliski agifa ¢ikarmamstur [97].
Cahigmamizda, TRAIL direngliligi ile ilgili olarak NF-kB diginda diger olasiliklan
arastumak 1¢in, ilen evre prostat kanser hiicre hatlari TRAIL reseptdr sentez
diizeyleri agisindan incelendi. TRAIL reseptor gen sentezinin miktanm belirlemek
icin, her TRAIL reseptdriine spesifik prob setleri kullamlarak bir kantitatif Gergek
Zamanlt RT-PCR deneyi gerceklestirildi ($ekil 4 11). Deneyler sonucunda, sadece
TRAIL’a direngli hticre hatlar1 olan DU145 ve LNCaP hiicrelerinde Snemli seviyede
TRAIL-R3 ve TRAIL-R4 sentezi belitlendi. PC3 hiicrelerinde TRAIL-R4 reseptor
sentezinin olmamasmn nedeni heniiz bilinmemektedir. Ancak, yakin tarihli bir
¢alismada, TRAIL yalanci reseptbrlerinin susturulmasina neden olan anormal
promotor metilasyonunun prostat kanseri de dahil olmak tizere bir¢ok kanser tipinde
- sik olarak goriildiigd (%60) bildirilmigtir [120] Griffith ve atkadaslanmn
. caligmalaninda TRAIL reseptor sentez dtizeyleri, regiiler RI-PCR ile arastirilmigtu
- Regiiler RT-PCR deneyi her ne kadar bilgi vetici olsa da, hiicre yiizeyinde sunulan
- reseptor miktarlan hakkinda kantitatif bilgi saglayamaz Ancak kanser hiicrelerinde
sentezlenen TRAIL 6lim reseptorlerinin ve yalanci reseptorlerin oram hiicrelerin
TRAIL’a direngliligini etkileyebilecek onemli bir faktdrdiir. Bu nedenle, resepté:
‘sentez seviyelerinin Gergek Zamanli RT-PCR ile arastirilmasi gerekmektedir.

mRNA seviyeleri, her zaman hiicre yilizeyindeki protein sentez seviyelerini
yansitmayacag1 i¢in, akig sitometrisi analizi ile hiicre yiizeyindeki TRAIL reseptor
sentez seviyeleri belirlendi (Sekil 4.12, 4 13). Sadece TRAIL’a direngli olan DU145
(Sekil 4.12, Panel A) ve LNCaP (Sckil 4.13) hiicrelerinde &nemli miktarda
-TRAIL-R4 sentezi oldugu gériildti. TRAIL’a duyarhi PC3 hiicrelerinde ise benzer bit
‘durum gézienmedi (Sekil 4.12, Panel B). Ayrica, DU145 ve PC3 hiicrelerindekinin
tersine, TRAIL-R3 yalanci reseptériiniin sadece LNCaP hiicrelerinde sentez edildigi
belirlendi (Sekit 4.13).

_ Yakin tarihli bir ¢aligmada, Perlman ve arkadaslari, rdmatoid artrit sinovial
fibroblastlarinda 6liim  reseptérlerinin yoklugunun TRAIL direncliligine sebep
oldugunu bildirmigtit [168] Bizim ¢alismammzda ise, 6liim reseptérleri yoklugundan
ziyade yalanci reseptorlerin varhmin prostat kanser hiicrelerinde TRAIL
direngliligine sebep oldugu sonucuna vanldi Bu bulgularla uyumlu olarak,
TRAIL-R3 veya TRAIL-R4 yalanci reseptorleri ile transfekte edilen TRAIL’a
__duyarll hiicrelerde apoptotik hiicre éliimiinde azalma gézlenmistir [117, 118]. Bunun
Yaninda, TRAIL-R4 yalanci reseptoriiniin, hiicreleri TRAIL-aracili apoptozisten
'_kQ_rumada IRAIL-R3’e gore daha etkili oldugu bildirilmistit [117]  Bizim
i_q:allsmarnxzda da, TRAIL’a direncli hiicre hatlan olan DU145 ile LNCaP’te
TRAIL-R4 reseptdr sentez seviyesi, IRAIL-R3 reseptdr seviyesine gére oldukca
Yiksek bulunmustur (Sekil 4.12 ve Sekil 4 13),

- Sonuglarimiza gore, hem TRAIL yalanci reseptér kompozisyonu, hem de hiicre
161 NF-kB aktivitesi, prostat kanser hiicrelerinde TRAIL direngliligine katkida
'.bullma.n iki onemli faktordiir Ayrca, hiicrelerdeki NF-kB aktivasyon diizeyletine,
eptor sentez profillerine veya androjen bagimlilik durumlarina bakilmaksizin, IKK
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.inhibe edici stratejilerin, TRAIL direngliliini kirmada oldukga etkili oldugu
‘goriilmiigtiir.  Cahigmanmz,  prostat  kanser hiicrelerinde  FRAIL  1eseptdr
kompozisyonu ile TRAIL direngliligi arasinda anlamlt bir iligki a¢ifa gtkarmustir
Bunun yaninda, ¢alismamiz, AJShTRAIL ve AdIKKBKA ikili vekitr sistemi ile
prostat kanser hiicrelerinde TRAIL duyarlih@g kazandwran ilk calisma olmasi
agismdan da 6nemlidir. Bu bulgular 1s13inda, IKK inhibisyonu altinda adenoviral
“yolla TRAIL gen aktarumy, prostat kanserli hastalarda IRAIL"n terapdtik indeksini
‘genisletmede degerli bir yaklagim olacakiur.
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virus-mediated IKKSKA expression sensitizes prostate

2 IT Koksal'?, B Karacay'*, M Baykara'”, G Luleci'? and S Sanlioglu'+

Gene Therapy Unit, Akdeniz University, Faculry of Medicine, Antalya, Turkey, Departmen! of
Biology and Genetics, Akdeniz University, Faculty of Medicine, Antalya Turkey, *Department of
kdeniz University, Facully of Medicine, Antalya, Turkey and *Center for Gene Therapy at the

ity of Iowa, lowa City, IA, USA

o fact that tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) can selectively induce apoptosis in cancer
A IL resistance in cancer cells has challenged the use of TRAIL as a therapeutic agent First, prostate carcinoma cell lines
LNCaP and PC3) were screened for sensitivity to adenovirus delivery of TRAIL (AdShTRAIL). As amplified lkappa B kinase
fy is responsible for the constitutive nuclear factor-xB (NF-xB) activation leading to uncontrolled cell growth and

ual vector approach using both an adenovirus vector (Ad) expressing the dominant-negative mutant of IKKf
nd AdShTRAIL was employed to determine if prostate cancer cells were sensitized to TRAIL in the setting of IKK
nhibition of the NF-xB pathway through IKK blockade sensitized all three prostate cancer cell lines to TRAIL, regardless
ctivation or decoy receptor gene expression Moreover, a novel quantntatw -time RT-PCR assay and conventional
etry. analysis indicated that TRAIL-resistant DU145 and LNCaP celis,' not TRAIL-sensitive PC3 cells, expressed
nounts of TRAIL Decoy Receptor 4. In conclusion, TRAIL decoy; receptor expression appeared to be the chief
t of TRAIL resistance encountered in prostate carcinoma cell lin
ne: Therapy (2006) 0, 000-000 doi:10 1038/sj cgt. 7700877,

rostate carcinoma; TRAIL resistance; decoy receptors; 1KK

apoptosis in cancer cells'® Despite these properties,
TRAIL resistance observed in some cancer cell lines
tepresents a handicap for any proposed gene therapy
approach utilizing TRAIL as a death ligand. !

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-R1, TRAIL-R2) for binding to

py and radiotherapy are among the_ most
_sed treatment modalities for canc "{umor
gene p53 is required for  both'of these
ethpds to function as antxtur_nor agents

than 50% of human tumoys acquire p33
“the course of tumongene is ~ As a result,
thout a functional pa3; gcne aré'resistant to both

apy.and radlotherapy However, death hgdnds
sis independent of the cells’ p53 status

duction of celt death through the activation
tors is.-z viable compfementary approach to
treatment niodalities *® Among the death
uitior necrosis factor (TNF)’ and FasL®
ns_tr_a_ted to efficiently induce apoptosis in
heir systemic use in cancer gene therapy
ue to their systemic toxicity. On the other
ated apoptosis-inducing ligand (TRAIL)®
for normal cells, but selectively induces

meessor S Sanlioglu Akdeniz University. Faculty
Block, 15t floar, Campus, Antalya 07070. Turkey
r_ﬂdkdemz edu.tr

2005; revised 20 April 2005; accepted 1 May

TRAIL.” These receptors either dilute TRAIL ligands
{like TRATL-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
sensitivity.'” The second hypothesis advocates the pre-
sence of apoptosis 1nh:b1tory substances, such as cFLIP
(FLICE inhibitory protein), in cancer cells.'* Intriguingly,
chemotherapeutlc agents augmented TRAIL-induced
apoptosis in prostate cancer cells through upreguldtloﬁ
of death receptors’® andjor downregulation of cFLIP
expression '® In addition, engagement of the TRAIL-R1
receptor, using an antibody in combination w1th doxor-
ubicin, selectively killed prostate cancer celis.'” Despite
these studies investigating TRAIL receptors in prostate
cancer, a direct link between TRAIL sensitivity and the
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-of TRAIL receptor gene expression is yet to be
or prostate cancer cells
. TRAIL-induced and the endogenous nuclear
B (NF-xB) activities present in cancer cells have
iy been under heavy investigation due to NF-kB's
i the constitution of TRAIL resistance.'® The fact
NF-xB-stimulating agents upregulated the synthesis
L-R3 decoy reccptor ® and apoptosis inhibitors
cl-xL,2? cIAP? and cFLIP,” suggested that NF-
ivation may contribute to TRAIL resistance in at
four different ways. Interestingly, TRAIL-R4
¢-engagement stimulated the NF-«B sxgnal:ng
ay. and blocked TRAIL-induced cell death?
ore, TRAIL binding to death receptors
I:R1 and TRAIL-R2) also activated the NF-xB
ay.2*?* Thus, why some cancer cells still undergo
sis, despite the activation of the antiapoptotic NF-
hway, is not known
xamine the contribution of the NF-xB pathway to
‘resistance, prostate carcinoma cell lines were
n terms of basal NF-xB actlvatlon using NF-
diated transcription activation assay ** Following
ecning for TRAIL resistance, complementary gene
modalities targeting the NF-xB pathway through
ibition of Ikappa B kinase (IKK)*"*® were also
o determine whether this approach is useful in
own TRAIL resistance in prostate cancer cell
v, the TRAIL receptor composition of prostate
lis and its connection to TRAIL resistance were
detail using both conventional flow cytometry
quantitative real-time RT-PCR techniques.

rid methods

oni:of recombinant adenovirus vector
ant adenoviral stocks AdShTRAIL,? Ad]KKZﬁ
d enhanced green fluorescent progein, (EGFP),¥’
'LacZ* and AdNFkBLuc were amplified as
d previously,”’ and were st_or;:’d ini 10mm Tris
lycerol at —80°C AQIKKBKA is a first-
denovirus vector expressing kinase inactive
The expression of the domitant-negative IKKf
cA)generates func enally inactive IKK com-
other TKK subunits. The
of adenovzral"stocks were obtained by
gs, and-'were in the range of 10> DNA
hercas funictional titers were measured by
ng:on 293 cells and expression assays for

teins. Typmally, the particle/plague-forming
50

N of prostate cancer cells with first-
ecombinant adenovirus vectors

acer cell lines LNCaP, PC3 and DUIL45
grown in RPMI 1640 medium supplemen-
FBS, 22g/l sodium bicarbonate, | mm L-
nd 1% pemcllhn—stxeptomycm mixture. All
Otained at 37°C in a humidified 5% CO-
rostate cancer cell lines were transduced

NPG.CGT.7700877

with adenoviral vectors expressing the EGFP reporter
gene (AdEGFP) Briefly, prostate cancer cells were
infected with an increasing multiplicity of nfection
(MOI) of AJEGFP vectors at 37°C in RPMI 1640
without FBS. The serum concentration in the tissue
culture media was increased to 10% by adding an equal
volume of RPMI 1640 supplemented with 20% FBS 2h
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 AdSHTRAIL
construct was used to overexpress hTRAIL in prostate
cancer cells. To block IKK activity, and thereby NF-xB
activation, an adenoviral vector encoding the IKKp
dominant-negative mutant (AdIKKSKA) was utilized in
coinfection experiments in conjunction with AdSh-
TRAIL An AdNFkBLuc construct carrying NF-xB
regulatory sites hooked up to a Luciferase reporter gene
was deployed to conduct NF-xB-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-xB-biading consensus sequence:

ranscription activation assay

as employed to provide information on
cancer cell’'s NF-xB activation status. The
ssay system with Reporter Lysis Buf'fer

- transcriptional induction in the presence or absencc of

TRAIL expression according to the manufacturer’s

E protocol. All measurements of Luciferase 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
fluorogenic substrate for intracellular calsein esterase, is
modified to a green fluorescent compound (calsein),
which is demonsirable only in live cells Since only live
cells with intact membranes contain active esterase,
detection of calsein by fluorometric methods serves as a
marker for viable cells. Ethidium hoinodimer-1 (EthD-1)
is a red fluorescent nucleic acid stain that cannot
disseminate across unharmed cell membranes While
intact cells exclude EthD-1, cells with damaged mem-
branes take up the dyve and stain positive.

Regular and quantitative real-time RT-PCR for human
TRAIL receptors

Total RNA was extracted from LNCaP, DU-145 and PG/
3 human prostate cancer cell lines using TRIzol reagent
(Life Technologies, Gaithersburg, MD) according to the
manufacturer’s instructions. In all, 2 ug of total RNA was
reverse-transcribed into ¢cDNA using TagMan Reverse
Transcription Reagents (Applied Biosystems Cat
N8080234) Regular RT-PCR reactions were carried out
as described previously ** Our group has recently
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Jished the sequences of TRAIL-R! and TRAIL—R%
srand probes in an article on neuroblastoma *2
ver, since TRAIL-R3 and TRAIL-R4 decoy recep-
obes have not been published, we designed new
sets for the TRAIL decoy receptors The sequence
ATL decoy receptor sets is as follows: TRAILR3 - &
A-AGT-TCG-TCG-TCG-TCA-T, TRAILR3 -
GG-CAG-TGG-TGG-CAG-AGT-A, TRAILR3
5 SFAM-TCGCGGTCCTGCTGCCAGTCC-
AMRA 3'; TRAILR4 - 5 ACA-GAG-GCG-
CCT-CAA, TRAILR4 - 3 ACG-GGI-TAC-
C-CAG-TAT-ATT, TRAILR4 Probe - 5
(GGAGGAGTGTICCAGCAGGATCTCATA-

‘AMRA 3 The tRNA probes were labeled with
ond dye to analyze TRAIL receptors and tRNA as
iornal control in the same reaction. The rRNA
and probes were purchased from PE Applied
ms (Cat 4308329). A cloned ¢DNA fragment
from ribosomal RNA was used to construct a
dard curve Relative quantities of TRAIL receptors
calcitlated using the AACt method as described by
:Biosystems. The TagMan PCR reaction was
ut as described in the manufacturer’s protocois

iosystems Cat. N8080228)

binding

TC-conjugated mouse monoclonal antibody to
Annexin V (ALX-804-100F-T100) was employed
sin V binding using flow cytometry, Annexin V
assay was performed according to the manufac-
structions {Alexis Biochemicals)

ometry analysis for adenovirus transduction. ...
detection of surface TRAIL receptor expression
ancer cells were sceded at approximately.
cells per well in 24-well plates and then infected
EGFP reporter construct. At 48h pestinfection,
lls ‘were trypsinized and resuspended”in PBS,
ng centrifugation. FACS analysis was: carried out
BD FACSCALIBUR at the “Akdeniz University
tals; To assess TRAIL recepfor protein expression

I surface, unlabeled monocional antibodies
or-each TRAIL receptor siibtype were employed
anti-TRAIL receptor flow cytometry set (Cat.
73-KI01) from: Alexis Biochemicals. The set
100 ug each -of'MAb to TRAIL-RI (clone
t. 804-297A), "-R2 {(clone HS201, Cat 804-
3 (clorié HS301, Cat 804-344A) and-R4 {clone
At 804-299A) All primary antibodies were used
ncentration, followed by biotinylated goat
8G1 (Cat. ALX-211-202) and streptavidin-
NC-253-050) Flow analysis was performed
0 manufacturer's protocols. Purified mouse

EC131C, Cat ANC-278-010) was used as an
trol.

rogram from GraphPad Software (San Diego,
sed for statistical analyses The statistical

Mechanism of TRAIL resistance in prostate cancer
AD Sanltogly et af

results for each experiment are provided in the figure
legends

Results

Prostate carcinoma cell lines exhibited differential basal
NF-xB activation levels

As constitutive NF-xB activation is claimed to be a
prominent factor influencing the sensitivity of tumor cells
to the apoptosis-inducing effects of death ligands, 8335
unstimulated (basal) NF-xB activation levels were ana-
lyzed using three different prostate cancer cell lines
(DU145, PC3 and LNCaP) Prostate cancer cell lines
were infected with a recombinant adenovirus vector
carrying the NF-xB-driven Luciferase reporter gene
(AdNFkBLuc) for 24h prior to harvesting NF.xB-
mediated transcription activation assays were petformed
using the Luciferase assay system with reporter lysis
buffer As shown in Figure 1, the highest constitutive NF-
kB activation level was detected in DU145 cells, followed
by PC3 The lowest NF-xB activation was observed in
LNCaP cells. Luciferase assays conducted 48 h following
the infection yieldéd a much higher magnitude of NF-xB
activation, but this did not change the order of activation,
DU145 leading:, PC3, followed by LNCaP (data not
shown) AdCMVLacZ infection did not generate any
readable "I\.@ﬁcifé?ase activity compared to uninfected
contrals (data not shown). Thus, the prostate cancer cell
e $"LNCaP and DUI45 exhibited substantially

ent levels of constitutive NF-xB activation.

" Differences in constitutive NF-xB activation levels

“detected in prostate cancer cells were not caused by
differential adenovirus transduction

A reporier adenovirus vector encoding the enhanced
green fluorescent gene (AJEGFP) was infected into

400

R DU145
» {3IPCa

g 300 1 2O | NCaP

B

S 200 - - -

2

v}

—d

T 100

DU145 PC3 LNCaP
PCa Cell Lines

Figure 1 Prostate cancer cell lines display diverse NF-xB activa-
tion levels Prostate cancer cell lines were infected with an MO of
5000 DNA partictes/cell of AdNFkBLuc construct for 24h Luciferase
aclivity 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 proteins
is given on the y-axis Data represent the mean {tse m) of six
independent data points ANOVA followed by Tukey's multipie
comparison tests indicated the existence of a statistically significant
difference between DU145 versus PC3 and LNCaP *P<0 g1
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m.) of three different experiments

ences in NF-«B activation among the prostate
ioma cell lines were due to differential transduction

rmined by fluorescent microscopy (Figure-2a) and
ted by flow cytometry (Figure 2b—d) 48h following
infection Flow cytometry indicated that’ equal levels
idenoviral transduction were observed in-all three
tostate carcinoma cell lines. These results clearly
onstrated that differences in basal NF-xB activity
¢ not due to differential adenov:rus transduction of
state carcinoma cell lines. This experiment was also
fal in determining the optimum adenoviral transduc-
i dose of prostate carcinoma cell lines for gene therapy
s. While an MOIL-of 5000 DNA particles/cell of
“GFP was sufficient to transduce more than 90% of
te carcinoma cell lines, almost 100% trapsduction
leficy was. achieved when celis were infected with an
of 10000 DNA particles/cell Nonetheless, all three
Stale carcinoma cell lines were transduced efficiently
qually by AGEGFP. Thus, the differential transduc-
by adenovirus cannot be accounted for by the

¥-in NF-xkB activation obsetved in prostate
OIBa cell lines.

e carcinoma cell lines manifested diverse levels
RAIL resistance

CYtotoxic effects of TRAIL overexpression in
Mate cancer cell lines were examined by infecting the
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te cancer cells at increasing MOIs to determine if ...

enovirus vectors. Percent EGFP-positive cells were™
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2 Transduction of prostate carcinoma cell lines by first-generation recombinant adenovirus vectors Prostate carcinoma cell lines were
ted with an adenovirus encoding the EGFP reporter gene (AdEGFP) at increasing MQOls for 48 h as described in Materials and methods.
isptays fiuorescent micrographs of such adenovirus transductions. MOI values (DNA pamcles/celi) of viruses used in the infection are
ibove each fluorescent micrograph Corresponding results from flow cytometry are’ zllustrated in panel b (DU145), panel ¢ (PC3) and panel
_'aP) Numbers displayed on the x-axis represent viral doses applied in MOI valuesas DNA particles/cell Values represent the mean

~ ‘cells with increasing doses of AdShTRAIL 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
prostate carcinoma cell lines LNCaP and DUI145 were
highly resistant to TRAIL, even when these cells were

infected with an MOT of 10000 DNA particles/cell of

AdShTRAIL virus. No significant cell death was observed
upon AdCMVLacZ infection (Figure 3b). On the other
hand, PC3 cells exhibited 63% cell death at an MOI of

5000 DNA particles/cell and 90% cell death at an MOI of

10000 DNA particlesfeell of AdShTRAIL virus
(Figure 3b). Thus, the PC3 cell line showed substantially
greater levels of TRAIL sensitivity than the DUI145 or
LNCaP cell lines

Recently, elevated NF-xB activation in prostate carci-
noma cell lines has been attributed to mcreased IKK
activity *® 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 IKKf (AdIKKﬁKA) was
infected into prostate cancer cell lines at increasing MOIs"
Cell viability was examined under the fluorescent micro-
scope 48h following -the infection Contrary to the
TRAIL cytotoxicity observed in PC3 cells, no significant
decrease in cell viability, even at an MOI of 10000 DNA
particles/cell of AJIKKBKA construct, was observed in
any of the three prostate carcinoma cell lines (data not
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51 ale cancer cells exhibit distinctive patterns of TRAIL sensitivity LNCaP, DU- 145 and PC3 cells were infected with increasing
AlL or AACMVLacZ constructs Cell viahility was detected using Molecular Probe s Live/Dead Cellular Viability/Cytotoxicity Kit
& infection Only fluorescent micrographs of FITC channel are shown in panel a_, Numbers represent viral doses applied in MOl
articles/cell. Quantitative results from the cell viability assays of prostate carginoma cell lines are provided in panel b LacZ
b refer to MOls of 10 000 DNA particles/cell of AdCMVEacZ vector used in the infection. Cell viability assays were performed in
peated at least twice to confirm the observation Values repre_se_r'it-the _mean {+s.e m) of six independent data points

_']'iineé' {Figure 4a—). In contrast, no such NF-xB inhibiting
-effect was observed when cells were superinfected with
AdCMV]LacZ virus as a control

Functional KK inhibition via IKKBKA expression-
sensitized prostate cancer cells to TRAIL-induced cell
death

NF-xB-inhibiting strategies invelving the use of adeno-
virus delivery of IKKf (AJIKK K AP or IkBa(AdIk-
BaSR)**?7  dominant-negative mutants have been
successful in sensitizing lung cancer cells to TNF death
ligand As some cancer cells have higher intrinsic NF-xB
activity, NF-xB-blocking agents can potentially be very
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 both AdShTRAIL con-
struct at a constant MOT of 5000 and increasing doses of
AdIKK KA virus. All three prostate carcinoma cell lines
were sensitized to TRAIL regardless of the cell’s prior
constitutive NF-xB activation status (Figure 5a) Ap-
proximately 50% cell death was observed, even at an
MOI of 1000 AJIKKFKA virus in the presence of
TRAIL expression in DU145 and LNCaP cell lines As
PC3 cells were already senditive to TRAIL, the degree of
TRAIL sensitization induced by IKKSKA expression in
DUI145 and LNCaP cells were much higher than i 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
B;‘('A Therefore, NF-xB blocking through TKK
might be very useful in the treatment of
ancer patients displaying TRAIL resistance.

Ad5hTRAIL and AdIKKBKA 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, AdShTRAIL and AdIKKSKA vectors wete
infected separately or in combination into the prostate
carcinoma cell line DU145 Annexin V binding assays
U145 were conducted 35h following the infection using flow
cytometry. As shown in Figure 6a. AdShTRAIL or
AdIKKSKA infection alone did not generate any
significant degree of Annexin V binding. However, when
the cells were coinfected with both AdShTRAIL and
AdIKKSKA, considerable levels of Annexin V binding
were observed, indicating that prostate carcinoma cells
were undergoing apoptosis (Figure 6b). On the other
hand, AACMVLacZ coinfection (negative control) to-
gether with AdShTRAIL did not vield any substantial
levels of Annexin V binding, suggesting that, in the
absence of IKK inhibition, DU145 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 apoptosis.

5000 5000 5000 5000 5000 5000
0 100C 1600 1000 1000 1000
0 0 1000 5000 10000 o
0 0 0 o 0 10000

PC3 il TRAIL receptor expression patterns were
ved | présfate cancer cell lines
Altho' gh RT-PCR is a qu1ck and useful test in assessing
~#'televant gene is expressed in a particular cell
_____:lme, he-technique does not provide quantitative informa-
‘tiolt: regarding gene expression For this reason, a
‘quantitative real-time RT-PCR analysis was conducted
“Yusing primer-ptobe sets specifically designed to detect
TRAIL receptor gene expression in prostate carcinoma
cell lines As shown in Figure 7, levels of TRAIL-R2 gene
expression were higher than levels of TRAIL-R1 in all the
cell lines. PC3 cells, which are TRAIL-sensitive, expressed
greater levels of the TRAIL-R2 receptor than did the
5000 5000 DU145 and LNCaP cell lines, which are TRATL -resistant
1600 1000 (Figure 7). While very low levels of TRAIL-R3 expression
0 were detectable in PC3 cells, no TRAIL-R4 expression
10000 was found. Furthermore, TRAIL-resistant DU145 and

4
Figure 4 NF-xB activity of prostate cancer cell lines is increased by
AdShTRAIL infection, but downregulated by AJIKKEKA. DU145 (a),
PC3 (b) and LNCaP (c) celf lines were simultaneously infected with
AdNFkBLuc, AdSHTRAIL and/or increasing doses of AdIKKAKA
constructs for 24h These cell lines were aiso infected with
AdCMVLacZ as a contral Cells were harvested for luciferase activity
24 h after the infection Both the MOQI values provided as DNA
particles/cell and the types of constructs used in the infection are
given on the x-axis. To avoid cell death complicating our asséy
result, the titer of AAShTRAIL 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 'fuciferase activity expressed in RLU per
microgram protein Data represent the mean (+sem) of six
independent data points Student's ttest was used to reveal the
statistical difference between AdNFkBLuc and AdNFKBLuc/AdSh-
TRAILL coinfected cells *P<005
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‘and TRAIL-R4) at significant levels
al-time RT-PCR is useful in quantifying gene
the mRNA level, 'gene expression inside the
Ot ‘necessarily correlate with the receptor
nithe cell surface. Therefore, we decided to
level and type of TRAIL receptor expression
face-using flow cytometry. Although PC3
TRAIL death receptors (TRAIL-RI and
nthe cell surface, no measurable level of
gene expression was evident on the surface
Figure 8b) Despite the fact that DUI45
LNCaP cells (Figure 8c) expressed both
IL death receptors, contrary to PC3, there
‘amounts of TRAIL-R4 decoy receptors
> 0f both cell types Furthermore, some
¢ TRAIL-R3 decoy receptor expression
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!K_KBKA expression via adenoviral vectors defeated the resistance to TRAIL-induced apoptosis in prostate carcinoma cell lines
ciors encoding the dominant-negative mutant of IKKS or LacZ were infected into LNCaP DU145 and PG3 cells at increasing doses
ht of flucrescent micrographs) while simultaneous infection with AdShTRAIL was performed at a constant MOI of 5000 DNA
{as shown to the left of fluorescent micrographs) Ce!l viability was assessed using Live/Dead Cellular Viability/Cyictoxicity Kit from
nes 4B8h following infection Fluorescent micrographs of cell viability assays (only FITC channel) are provided in panel a
ercent viable celt counts/ x 20 field are shiown in panel b for DU145, PC3 and LNCaP cells Numbers represent viral doses
Jl-values of DNA particles/cell as depicted on thé xaxis. Values represent the mean {+s.e m ) of six independent data points

Discussion

Prostatle cancer is one of the leading causes of cancer
death in North American men As advanced prostate
carcinoma is highly resistant o conventional treatments,
adenovirus delivery of death ligands is a viable comple-
mentary gene therapy approach *® Despite the promise of
TRAIL death ligand for the treatment of prostate cancer,
recent studies have demonstrated that some prostate
cancer cell lines are TRATL-resistant, and this resistance
has been attributed to the constitutively active AKT
kinase,!’ a key regulator of NF-xB transcription fac-
tor % Demarchi er o have demonstrated that AKT-
induced NF-xB activation requires IKK activity. ** Since
increased TKK activity results in the constitutive NI-xB
activation observed in prostate carcinoma cell lines,* we
hypothesized that coinfection of prostate carcinoma cell
lines with adenovirus vectors expressing the dominant-
negative mutant form of IKKSAJIKKAKA and func-
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Annexin V

AnnexinV

TRAIL and IKKAKA expression induce apoptosis in
‘Materials and methods. All virus constructs were used

and Pi, prior to fiow analysis. Uninfected; but: FITC-
nd Pl-stained, cells served as controls Each histogram
'-1{)_f‘ gated DU145 cells Histograms wers iffustrated in two
clatity Treatment conditions were depicted in panela The
‘binding assay was repeated indepéndently, three times to
& observation, and only one such representative assay
ded in the figure

RAIL (AdShIRAIL) would sensitize advanced
cancer cells to TRAIL.
ifferent prostate carcinoma cell lines (DU145,
CaP) were used to test this hypothesis As a
sal NF-xB activation levels in prostate cancer
vere revealed by NF-xB-mediated transcription
854ys using an adenovirus carrying NF-xB
ites fused to a Luciferase reporter gene
N our experimental conditions, DU145
e highest levels of NF-xB activity, followed
dLNCaP cells The differences in basal NF-xB
levels were not due to the differential transduc-
Ostate cancer cells by ademovirus vectors
Next we screened three Jprostate cancer cell
RAIL resistance Contrary to some previous
lhular viability/toxicity assays indicated that

stale cancer cell line Infections with AdShTRAIL and ..
or AdlacZ (negative control) were performed as

5000 DNA particles/cell unless stated otherwisa in the:
2d DU145 cells were stained with both FITC-gonjugated -
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Figure 7 Prostate carcinoma cell lines display distinctive TRAIL
recepior expression patterns RT-PCR assays wers 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 25pg of
ribosomal ¢cDNA are presented in the graph. Ribosomal RNA primers
and probes were included in each TagMan assay as an internal
confrol. Arrow indicates the absence of TRAIL-R4 decoy receptor
expression in PC3 cells

DU145 PC3

DU145 and LNCaP cells were resistant to AdShIRAIL-
induced apoptosis “Furthermore, in contrast to a report
from Beresford and coworkers,” PC3 cells exhibited
considerable levels of TRAIL sensitivity (Figure 3) While
some “discrepancies can be attributed to the form of
TRAIL used for functional studies (purified soluble form

..versus viral delivery), other inconsistencies might be due
.$o 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 radiation® and chemotherapeutic agents* have
sensitized cancer cells to TRAIL through upregulation of
TRAIL death receptors. As increased IKK activity was
blamed for the constitutive NF-xB activation responsible
for the survival of prostate carcinoma cell lines,*® 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 AdIKKAKA virus. To rule out possibilities for
TRAIL resistance other than NF-xB, we analyzed the
pattern of TRAIL receptor gene expression in prostate
carcinoma cell lines

Previcusly, the use of regular RT-PCR assays to screen
human tumor cell lines, such as melanoma, colon
carcinoma, breast adenocarcinoma and lung adenocarci-
noma, did not reveal any comnection between TRAIL
resistance and TRAIL receptor gene expression. ' Despite
this fact, we wanted to confirm whether or not the
expression pattern of TRAIL receptors is connected to
TRAIL resistance in prostate cancer cells. A quantitative
reai-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 TRAJL-




DU145
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I'surface expression pattetnis of TRAIL receplors in
icinoma cell lines. Surface TRAIL receptor expressions of
(k) and LNCaF (¢} cefls were detected using
ibedies specific foreach TRAIL receptor according to
I's protocol using flow cytometry Colored fines
ental parameters. Gray: isotype-specific control,
red: TRAIL-R2, maroon: TRAIL-R3, green: TRAIL-
were"gated: for each histogram Each assay was
imes to confirm the results Only one representative
Xperimient is shown
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5 and I NCaP cells. Why PC3 cells do not
IL-R4 is yet to be determined Intriguingly,
Moter methylation leading to the silencing of
93_(5__ feceptors (TRAIL-R3 and TRAIL-R4)
tonfirmed in multiple tumor types, including
Icer (60%).* As mRNA levels do not
relate with protein expression on the cell
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surface, flow cylometry was employed to determine the
level of TRAIL receptor protein on the cell surface
(Figure 8) Considerable levels of TRAIL-R4 decoy
receplor protein expression were detectable only in the
TRATL -resistant DU145 (Figure 8a) and LNCaP cells
(Figure 8c), but not in TRAIL-sensitive PC3 cells
(Figure 8b) In addition, unlike the case for DU145 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,*® we have concluded that the
presence of decoy receptors, but not the lack of death
teceptors, 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 decoy receptors
display a reduction in apoptotic cell death '“*7 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-xB
activity are two.:major players contributing to TRAIL
resistance in prostate cancer cell lines. In addition, IKK
inhibiting strategies 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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Abstract

Background: Tumor Necrosis Factor (TNF)-Related Apoptosis-Inducing 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 concerns 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 (AdIKKBKA) were 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 AdShTRAIL. The molecular mechanism
of TRAIL induced cell death under the setting of KK inhibition was revealed by Annexin V binding Novel
quantitative Real Time RT-PCR and flow cytometry analysis were performed to disclose TRAIL receptor
composition in breast cancer cells

Results: MCF7 but not MDA-MB-231 breast cancer cells displayed strong resistance to adencvirus
delivery of TRAIL Only the combinatorial use of AdShTRAIL and AdIKIKBKA infection sensitized MCF7
breast cancer cells to TRAIL induced cell death. Moreover, novel quantitative Real Time RT-PCR assays
suggested that while the fevel of TRAIL Decoy Receptor-4 (TRAIL-R4) expression was the highest in
MCF7 cells, it was the lowest TRALL receptor expressed in MDA-MB-23| cells. In addition, conventional
flow cytomatry analysis demonstrated that TRAIL resistant MCF7 cells exhibited substantial levels of f
TRAIL-R4 expression but not TRAIL decoy receptor-3 (TRAIL-R3) on surface. On the contrary, TRAIL

sensitive MDA-MB-231 cells displayed very low levels of surface TRAIL-R4 expression Furthermore, a -
DeR2 siRNA approach lowered TRAIL-R4 expression on surface and this sensitized MCF7 cells to TRAIL

Conclusion: The expression of TRAIL-R4 decoy receptor appeared to be well correlated with TRAIL
resistance encountered in breast cancer cells Both adenovirus mediated IKKBKA 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 [1] In addition, 10 % of all can-
cers 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 treatmment methods for
patients with breast cancer [3-5] Still, these conventional
treatment modalities did not improve the survival 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 afier 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
patienits 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
[9] In order for chemotherapy and radiotherapy treat-
ment options to work as anticancer agents; HIMor sup-
pressor gene, p53, is required [10} 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 p53 [13} On
the other hand, death ligands are capable of inducing
apoptosis independently of p53 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 (INF) [16-18] and Fasl
[19] 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 INF family,
TRAIL selectively killed cancer cells without causing any
harm to normal ceils [22] Thus, treating tumor cells with
TRAIL ligand appeared as an invaluable way of inducing
apoptosis specifically in tumor cells, 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 [25] and significant pro-
portions of cancer cells [26] including those of breast
(27,28] appeared to be TRAIL resistant Consequently,
TRAIL resistance constitutes a barrier if one wishes to use
TRAIJL 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-R1 and TRAIL-R2} for
binding to TRAIL [29,30]. So far, no correlation between
TRAIL sensitivity and the expression pattern of TRAIL
receptors has been demonstrated in cancer cells yet [31]
The presence of intracellular apoptosis inhibitory sub-
stances (bel-xL, ¢-FLIP, cIAP etc ) was also blamed to be
responsible for TRAIL resistance [31-33] Intriguingly, the
engagement of both TRAIL death receptors and TRAIL-R4
decoy receptor also activated NF-kB pathway [24,34,35}
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, ¢-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 MCF?
breast cancer ceifls Because TRAIL-R1, TRAIL-R2Z and
TRAIL-R4 induced NE-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 IKKB(AdIKKBKA} [38] and hTRAIL
(AdShTRAIL) 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 (MCF? and
MDDA-MB-231) was studied by novel Real Time RT-PCR
assays and conventional flow cytometry in order to verify
if there is any relationship between TRAIL resistance and
the expression pattern of TRAII 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 TRAII resistance

Methods

Recombinant adenovirus vector production

Amplification of the vectors AAShTRAIL [39], AIKKBKA
[17], AAEGFP [18], AdCMVIacZ [40] and AdNFkBLuc
[38] was performed as previously described [41]. Ampii-
fied vectors were stored at -80°C in 10 mM Tris with 20 %
glycerol AdIKKBKA expresses a dominant negative
mutant of KK, which interacts with other IKK subunits
to form inactive IKK complexes The particle titers of ade-
noviral stocks were in the range of 103 DNA particles/ml,
whereas the typical particle/plaque forming unit ratio was
equal te 50
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Infection of breast cancer cells with first generation
recombinant adenovirus vectors

Breast cancer cell lines were cultured in RPMI 1640
medium supplemented with 10 % FBS, 2 2 g/l sodium
bicarbonate, 1 mM L-glutamine, and 1 % penicitlin-strep-
tomycin mixture, at 37°C in a humidified 5 % CO,
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 (MOI) of AdEGFP (vector
expressing enhanced green fluorescent protein (EGFP)
reporter gene) vector at 37°C in RPMI 1640 without EBS,
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 AdShTRAIL infection. Cells were coin-
fected with adenovirus vectors encading IKKB dominant
negative mutant (AdIKKBKA} and AdShTRAIL in order to
block TKK activity thereby NF-kB activation. NE-kB pro-
moter based Luciferase assay system was utilized to con-
duct NF-kB 1transcription  activation assays using
AdNFkBLuc construct AACMVIacZ vector was used as a
control.

NF-kB directed 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 TATA-like promoter from
the herpes simplex virus-thymidine kinase gene driving
the expression of a Luciferase reporter Transcriptional
induction mediated by NF-kB in the presence or absence
of TRAII was measured according to the manufacturer's
protocol using the Luciferase assay system with Reporter
Lysis Buffer (Promega, Inc) All measurements of Luci-
ferase activity expressed as relative light units were nor-
malized against the protein concentration

Cell viability assays

Disciimination of live ceils from dead cells was performed
using Live/Dead Cellular Viability/Cytotoxicity Kit from
Malecular Probes (Eugene, OR) This assay is based on the
use of Calsein AM and Ethidium homodimer-1 (EthD-1).
Calsein AM is a flucrogenic substrate for intracellular cal-
sein esterase It is modified 1o a green fluorescent com-
pound (calsein) by active esterase in live ceils with intact
membranes, thus serves as a marker for viable cells.
Uinharmed ceil membranes do not allow EthD-1, 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

Apoptosis detection by Annexin Y binding

Annexin V conjugated 10 fluorochromes such as FITC has
successfully been used as probes to detect cells undergo-
ing apoptosis Annexin V binding assays were carried out
according to manufacturer s instructions {Alexis Biochem-
tcals). For this purpose, a FITC conjugated mouse mono-
clonal antibody to human Annexin V (ALX-804-100F-
T100) was employed to detect apoptotic cells via flow

cytometry

The detection of TRAIL receptor expression profile by flow
cytometry

Anti-TRAIL receptor flow cytometry set (Cat ALX-850-
273-KI01) was used to detect TRAIL receptor protein

expression on cell surface This kit contains 100ugs of

MAD to TRAIL-RI (clone HS$101, 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 ug/mi concentration
Biotinylated goat anti-mouse IgG1 (Cat ALX-211-202)
was used as a secondary antibody followed by streptavi-
din-PE (Cat ANC-253-050} prior to flow cytometry Flow
analysis was performed according to manufacturer's pro-
tocols using BD FACSCAIIBUR at the Akdeniz University
Hospitals Purified mouse IgG1 (MOPC 31C, Cat ANGC-
278-010) served as an isotype control

Quantitative Real Time RT-PCR assay for human TRAIL
receptors

TRIzol reagent (Life Technologies, Gaithersburg, MDY} was
used 10 extract total RNA from breast cancer cells, accord-
ing to the instructions from the manufacturer. Reverse
transcription of 2 ug of total RNA was performed using
TagMan Reverse Transcription Reagents (Applied Biosys-
terns Cat. N8080234). Despite the fact that the sequences
for TRAIL-R1 and TRAIL-R2 primers and probes were
recently described by our group [42], we had to design
new probe sets for the decoy receptors Following is the
sequence information for TRAIL decoy receptor sets:
TRAILR3-5' CCC-TAA-AGT-TCG-TCG-TCG-TCA-T,
IRAILR3-3' GGG-CAG-TGG-TGG-CAG-AGI-A, TRAILR3
Probe: 5' 6FAM-TCGCGGTCCTGCTGCCAGICCTAGE-
TAMRA 3; TRAILR4-5' ACA-GAG-GCG-CAG-CCT-CAA,
TRAILR4-3! ACG-GGT-TAC-AGG-CTC-CAG-TAT-ATT,
IRAILR4 Probe: 5' GFAM-AGGAGGAGIGTCCAGCAC-
GATCTCATAGATC-TAMRA 3 rRNA was amplified as an
internal control in the same reaction Both the rRNA
primers and probes were obtained from PE Applied Bio-
systems (Cat  4308329) AACt method was used as
described by Applied Biosystems to calculate the relative
quantities of TRAIL receptors The TagMan PCR reaction
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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. DcR2 siRNA experiments were performed using
DcR2 siRNA (s¢-35183), siRNA wransfection medium (sc-
36868) and siRNA uansfection reagent (sc-29528) in
MCF7 breast cancer cells as described by the manufacturer
(Santa Cruz Biotechnology) Flow cytometry analysis was
performed to assess any changes in TRAIL-R4 gene expres-
sion. MCF7 cells were infected with AdShTRAIL or AACM-
VLacZ vectors at increasing doses 35 hours following the
transfection Molecular Probe's Live/Dead Cellutar Viabil-
ity/Cytotoxicity Kit was used to assess the amount of live
cells 48 hours following the infection.

Results

MCFT breast carcinoma cells were efficiently transduced
with recombinant adenoviruses

In order to find out the efficacy of transduction of breast
cancer cells by first generation adenaovital vectors, MCF7
cells were infected with increasing Multiplicity of Infec.
tion (MOI) 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 {Figure 1} While an MOI of
5000 DNA particles/cell was sufficient to transduce more
than 90 % of the cells. nearly 100 % of the cells were trans-
duced with AAEGFP at an MOI of 10,000 DNA particles/
cell These assays were also pivotal in obtaining the opti-
mum dose of adenovirus required for efficieat transduc-
tton of MCF? breast carcinoma cell line without observing
deleterious cytotoxic effects These results demonstrated
that breast cancer cells were transduced successfully with
recombinant adenoviral vectors

MCFT breast cancer cells displayed complete resistance to
TRAIL

Although TRAIE appeared as a promising therapeutic lig-
and 1o treat cancer, a vatiety of tumor types were reported
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, MCF7 cells were infected
with increasing titers of AdShTRAIL or AdCMVIacZ
Amount of viable cells were detected using Molecular
Probes Live/Dead Celiular Viability/Cytotoxicity Kit 48
hours foliowing 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 MOI of
10,000 DNA particles/cell, at.which almost all cells were
infected. Thus, it was conclided that MCF7 breast cancer
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cells were completely resistant to adenovirus delivery of
TRAH. Similarly, AdCMV0acZ 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 reduction in the viability of MCF7 breast
carcinoma cells

Because increased NF-kB activity was claimed to be
responsible for the resistance to death ligand induced
cytotoxicity in some tumors [36,37], we wanted 1o 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 MOls of adenaviral vectors
encoding a dominant negative mutant of
IKKR(AIKKBKA), 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, AAIKKBKA vector alone proved ineffi-
cient in reducing the viability of MCF7 cells, even at an
MOI of 10,000 DNA particles/cell

Adenovirus delivery of IKKJKA gene expression sensitized
MCFT breast cancer cells to TRAIL-induced apoptosis
Adenovirus-mediated delivery of IKKB (AdIKKBKA)
f17,18] or IkBa: (Ad IkBaSR) [40,43] dominant negative
mutants have previously been demonstrated to sensitize
lung cancer cells to TNF death ligand Because most of the
breast cancer celt lines tested appeared to be TRAIL resist-
ant [27,28], 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 MOI of AdShIRAIL construct and
increasing doses of AdIKKBKA vector In order to better
assess the sensitization phenomenon, AdShTRAIL was
infected at two different MOls into MCF7 breast cancer
cell lines While a constant MOI of 1000 DNA particles/
cell of AdSKTRAIL was used in infection experiments
depicted on Figure 3, infecticn experiments conducted at
an MOI 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 AdShTRAIL was
coinfected with AAIKKBKA vector For instance, nearly 55
% celi death was observed when cells were coinfected with
1000 MOT of AdShTRAIL and 5000 MOI of AdIKKBKA
constructs (Figure 3). When MOI of AdShTRAIL was®
increased to 5000 as depicted on Figure 4, the death raté
went up 10 90 % On the other hand AdCMVl1acZ infec-
tion instead of AAIKKBKA in breast cancer cells revealed
ne TRAIL sensitization (data not shown) These results
suggested that IKKGKA expression via adenoviral vectors
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Figure i

First generation adenoviral vectors efficiently transduced MCF7 breast cancer cells MCF7 cells were infected with increasing
MOls 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 (Panef B). Numbers represent viral doses z2pplied in MOI vaiues as DNA
particles/cell.
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AdShTRAIL or AJIKKBKA infection alone did not decrease the viability of MCF7 breast cancer cells. MCF7 cells were infected
with increasing MOlIs of either AJShTRAIL or AdIKKBKA construct, Cell viability was detected using Molecular Probe's Live/
Dead Cellular Viability/Cytotoxicity Kit 48 hours following the infection. Numbers represent viral doses applied, in MOI values

as DNA particles/cell.

defeated TRAIL resistance observed in MCF7 breast cancer
cells

Exogenous TRAIL overexpression elevated the basal NF-
kB activity in MCFT cells, whereas IKKKA expression
blocked both TRAIL-induced and basal NF-kB activities
Itis well known that different tumor cells display diverse
levels of endogenous NF-kB activities. Furthermore, intra-
cellular NF-kB activity in wmor cells is upregulated by
~ both TRAIL death receptors (IRAIL-R1 and TRAIL-R2)
[34,44] as well as TRAIL decoy receptor TRAIL-R4 I45]
upon ligand binding Knowing the endogenous NE-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
performed using a recombinant adenovirus vector carry-
ing NF-KB driven Luciferase repotter gene {AANFkBLuc)
and AdShTRAIL vector in order to study the extent of NF-
kB activation as a result of TRAIL overexpression in MCE7
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 MOI of 5000 DNA particles/cell (Panel
B) but not at an MOI of 1000 DNA particles/cell {Panel A)
stimulated NF-kB activation In ordér to determine the
fagnitude of NF-kB inhibition, a triple coinfection exper-

iment involving AANFkBLuc, AdShTRAIL and AdIKKBKA
or AdCMVIacZ was performed While IKKBKA overex-
pression in MCF7 cells gradually reduced both the TRAIL-
induced and basal NF-kB activities in MCF7? cells, no such
NE-kB inhibiting effect was observed in cells upon super-
infection with AdCMVLacZ virus as a control (Figure 5)

Coinfection of Ad5hTRAIL and AdIKKKA 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, MCF?
cells were infected with AAShTRAIL or AAIKKBKA 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 IKKBKA in MCF7 cells However,
considerable levels of Annexin V binding were observed in
cells coinfected with AdShTRAI and AdIKKBKA 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 MCF?7 cells are resistant to TRAIL in the absence of
IKK inhibition  These results suggested that the
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Figure 3

IKKBKA expression via adenoviral vectors sensitized MCF7 cells to TRAIL-mediated apoptosis. MCF7 celis were infected with
increasing doses of adenoviral vectors encoding dominant negative mutant of IKKB (as shown below each panel), while simulta-
neous infection with AdShTRAIL (as shown above each panel} was performed at a constant MOl of [000. Cell viability was
detected using Molecular Probe's Live/Dead Cellular Viability/Cytotoxicity Kit 48 hours following infection. Numbers repre-
sent viral doses applied in MOI values as DNA particles/cell Fluorescent micrographs are provided in Panel A; Pane! B depicts
quantitative analysis of such infections. Values represent the mean ( SEM) of three different experiments.
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Figure 4

AdIKKBKA infection defeated the resistance to TRAIL-induced apoptosis in MCF7 breast cancer cells These cells were coin-
fected with a constant MOI of 5000 DNA particles/cell of AdShTRAIL {as shown above each panel) and increasing doses of
AdIKKBKA (as shown below each panel). Live/Dead Cellular Viability/Cytotoxicity Kit from Molecular Probe was used to
detect TRAIL cytotoxicity 48 hours following infection. Numbers represent viral doses applied, in MOI values as DNA parti-
cles/cell. Data represent the mean of (+ SEM) six independent data points (n = 6},
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Figure 5

Distinctive regulation of NF-kB activation in MCF7 breast cancer cells by AdShTRAIL and/or AdIKKBKA infections, MCF7 eefls
were simultaneously infected with AdNFkBLuc. AdShTRAIL and/ar increasing doses of AdIKKBKA construct for 24 hours,
AdCMVLacZ infection was also performed as a negative contral The types of constructs used in the infection are shown on
the x axis MOI values represent DNA particles/cell AdShTRAIL vector was used at two different constant MOIs (MO 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 y axis Values represent the mean (+ SEM) of six independent data points (n=6)
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Figure 6

AdShTRAIL and AdIKKBKA coinfection induced apoptosis in MCF7 breast carcinoma cells FITC conjugated Annexin V and
Propidium lodide {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 iliustrated in
two panels for clarity. Various treatment settings were provided in Panel A MOI 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 Pl 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 [KK inhibition

MCFT breast cancer cefl line displayed significant levels of
TRAIL decoy receptor-4 expression

So far no evidence of the connection between the expres-
sion pattern of TRAH receptors and TRALL sensitivity was
found in cancer cells [31] Part of the reason might have
been the inability 1o screen all TRAIL receptors at once in
breast cancer cells then [28]. In order to compensate this
deficiency, quantitative novel Real Time RT-PCR assays
were conducted using primer-probe sets specifically
designed 10 detect each TRAIL 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 TRAII-R] Lastly, TRAIL-R3 decoy
teceptor expression was the lowest These results sug-
gested that high levels of TRAIL-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 celis expressed all TRAIL
receptors excluding TRAIL-R3 on cel} surface While simi-
lar levels of TRAIL death receptors TRAIL-R1 and IRAIL-
R2 were expressed, there were still considerable levels of
TRAIL-R4 decoy receptor expression on the surface of
MCEF7 cells

TRAIL sensitive MDA-MB-231 cells displayed very low
levels of TRAIL-R4 decoy receptor expression on cell
surface

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-
PCR assays revealed that while TRAIL.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 cytomerry Intriguingly, in
contrast te what was observed with MCE?, adenovirus
delivery of TRAIL alone killed significant proportions of
MDA-MB-231 breast cancer cells (Figure 9)

http:/iwww biomedcentral com/1471-2407/5/52

Lowering of TRAIL-R4 gene expression sensitized MCF7
breast cancer celis to TRAIL

In order to solidify the connection between TRAIL-R4
decoy receptor gene expression and TRAIL resistance, a
DcR2 siRNA approach was executed in TRAIL resistant
MCF7 breast cancer cells Flow cytometry analysis con-
ducted 35 hours following the transfection revealed that
the level of TRAIL-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
AdShTRAIL infected cells exhibited considerable amount
of cell death following transfection (Figure 10, Panel B)
No such effect was observed when cells were infected with
AdCMVLacZ virus (data not shown)

Discussion

Although, conventional treatment modalities could not
satisfactorily improve the survival 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
observations demonstrating that a considerable portion
of human cancers including those of the breast [27,28]
were TRAIL resistant undermined the potential applica-
tion of TRAIL against cancer Accordingly, the understand-
ing of the mechanism of TRAIL resistance is the key to
tesolve 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-R1,
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-
ppaBalpha mutant expression sensitized MCF7 cells to
INF bur not TRAIL -induced apoptosis [35] Considering
the fact 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 [kap-
paBalpha itself to look for the possibility of sensitizing
MCF?7 breast cancer cells to TRAIL.

First of all, in order to find out the efficacy of adenovirus
transduction in breast cancer ceils, MCF7 cells were
infected with increasing MOIs of AAEGFP virus The
transduction profiles analyzed by flow cytometry showed
that nearly 100 % of the cells were transduced with
AdEGEP at an MOI of 10,000 DNA particles/cell {Figure
1) The efficacy of TRAIL in mediating apoptosis of MCE7?
breast cancer ceils was assessed using AdShTRAIL
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Figure 7

MCF7 breast carcinoma cell ine 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
cDNA are presented in the graph for clarity. Ribosomal RNA primers and probes were included in each TagMan reaction as an
internal control Panel B depicts the surface TRAIL receptor expression pattern of MCF7 cells using flow cytometry. Experi-
mentzl parameters are defined in colored lines. 104 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-23| breast cancer cells displayed trivial levels of TRAIL-R4 decoy receptor 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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MDA-MB-231 breast cancer cell line is sensitive to AdShTRAIL infection. MDA-MB-231| breast cancer cells were infected with
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viable cells 48 hours fallowing the infection Numbers represent viral doses applied in MOI values as DNA particles/cell Values
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Figure 9

construct. Interestingly, MCF7 cells displayed compiete
resistance to TRAIL as no reduction in the level of viable
cells was observed even at an MOI of 10,000 DNA parti-
cles/cell (Figure 2). IKK inhibiting strategy alone proved
inefticient in reducing the viability of MCE7 cells suggest-
ing that an apoptoetic 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 MCF? cells with AdShIRAIL and
AdIKKBKA was required (Figures 3 and 4) Luciferase
assays confirmed that both the TRAIL induced and endog-
enous NF-kB activities were drasticaily reduced by the
infection of MCF7 cells with AdIKKBKA virus {Figure 5)
Mareover, IKKBKA sensitization 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 MCEF7
cells, and blocking this pathway is essential 1o sensitize
breast cancer cells to TRAIL mediated apoptosis

So far, no correlation between TRAIL resistance and TRAIL
decoy receptor gene expression has been reported For
example, analysis of breast cancer cell lines by just exam-
ining the expression levels of TRAIL death receplors
(TRAIL-R1 and TRAIL-R2) and TRAIL-R3 decoy receptor
using RNase protection assay did not reveal any connec-
tion between the expression pattern of TRAIL receplors
and TRAIL resistance [28] But whether or not TRAIL-R4
decoy receptor gene expression in any way contributes to
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Figure 10

Knocking down TRAIL-R4 expression sensitized MCF7 breast 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 breast 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 datx points.
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TRAIL resistance in breast cancer cells remains 1o be tested
vet Quantitative Real Time RTI-PCR assays were
developed in order to assess the level of TRAIL receptor
gene expression in breast carcinoma cells While ali TRAIL
receptors were detectable in MCF7 breast carcinoma cell
line, the level of TRAIL-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 PCR assay is useful in
assessing the level of gene expression on mRNA levels,
obviously this assay does not necessarily reflect TRAH.
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 celf 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 TRAIL-R4 decoy receptor expression on cell
surface (Figure 8, Panel B). Neither of the cell lines
expressed detectable levels of TRAIL-R3 decoy receptor on
surface Intriguingly, administration of a DcR2 siRNA
approach lowered surface TRAIL-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 screening of another breast
cancer cell line, MDA-MB-231, revealed that low levels of
IRAIL-R4 expression on surface were correlated with
TRAIL sensitivity These results strengthen our argument
that TRAIL-R4 but not TRAIL-R3 is the decoy recepior
which appeared to influence TRAIL sensitivity in breast
cancer cells This is further confirmed by a DeR2 siRNA
assay which suggested that down regulation of TRAIN -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
approach involving IKK inhibition might be necessary to
breakdown TRAIL resistance encountered in patients with
breast cancer
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Summary

Prostate cancer is the most frequently diagnosed male cancer in the world. Like ail cancers, prostate cancer is a
disease of uncontrolled cell growth. 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 prostate carcinoma (stages I and 1), there is no curative therapy at this time for locally
advanced or metastatic disease (stages ITI and IV). The likelihood of postsurgical local recurrence increases with
capsular penetration as detectedl in 30 % of the patients at the time of radical prostatectemy. Moreover, 10-15 % of
patients have metastatic cancer at the time of diagnosis. Considering the fact that 60 % local recur rence 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 prostate carcinoma to a more advanced stage, In
;iddition, the overail ten-year survival rate of patients with locally recurrent prostate cancer is only around 35 %;
thus; the ultimate progression into androgen independent prostate carcinoma appears to be inevitable. Gene
therapy arose as a novel treatment modality with the potential to decrease the morbidity associated with
. tonventional therapies. Therefore, gene therapy is expected to lower the incidence of tumor recurrence and finally

mprove the outcome of patients with recurrent and androgen independent prostate carcinoma. Viral vectors are

Most commonly used for the purpose of gene therapy. Currently, there are a total of 40 clinical trials being

tonducted using viral vectors for the treatment of prostate carcinoma. 22 out of 40 clinical protocols (55 %)

his review, we mainly concentrated on the progress in adenovirus m
tancer, Analysis of the death ligand mediated gene therapy approac
Indings were incorporated as an example for up-to
gainst prostate carcinoma.

ediated gene therapy approaches for prostate
h was also discussed in detail, while our novel
~date approaches used for adenovirus mediated gene therapy

£

. male cancer in the United States (Powell et al, 2002).
L IntrOducuon 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 1 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

Prostate cancer is the second leading cause of death
i men from cancer following lung carcinoma with an
inual mortality rate of 38,000 (Yeung and Chung, 2002).
here are 200,000 newly diagnosed cases of prostate
&cinoma every year in the United States alone (Boring et

v 1994 Greenlee et al, 2001). As a result, prostate
rcinoma is claimed to be the most frequently diagnosed
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disease, treating patients with prostate cancer still remains
3 formidable task. In addition, the molecular mechanism
responsible for the onset of the disease is pootly
undetstood. However, earlier detection of prostate cancer
tias been associated with an improved outcome (Perrotti et
al, 1998). Thus, the detection of prostate cancer at an
earlier stage remains to be the most realistic chance for
ﬂaeIaPY-

- For this purpose, different molecular screening
methods (Ross ot al, 2002a, 2002b) have been employed,
but the most effective method is yet to be established. The
most commonly used screening assays are based on the
etection of up-regulated prostate specific markers such as
prostate specific antigen (PSA). Currently, prostate
pecific antigen, (Farkas et al, 1998) when it is used in
onjunction with other markers such as Gleason Scoring
. (Koksal et ai, 2000} and TNM grading (Schroder et al,
.1992), is considered to be a valuable tool to evaluate the
istological grade of prostate carcinomas (Xess et al,
001). As a result, patients were provided with various

(=9

_parameters. These treatment options included but were not
imited to operation, (Klotz, 2000b) 1adiotherapy, (Do et
al, 2002) chemotherapy (Wang and Waxman, 2001) and
ormone thetapy (Klotz, 2000a; Smith et al, 2002).
egrettably, these conventional treatment modalities could
ot deciease the casualties from prostate cancer (Hsich
nd Chung, 2001) Hence, there is a great need for
evelopment of novel treatment modalities to fight against
- prostate cancer. These remorseful facts ignited the
initiation of gene therapy trials for prostate carcinoma
Sanda, 1997). So far, various vital vectors including
entivitus (Yu et al, 2001a), herpes simplex virus
Torgensen et al, 2001), adeno-associated virus (Vieweg et
» 1995) and adenovitus (Loimas et al, 2001) were tested
s 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 al, 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 gepe therapy approach.

I1. Immunoemodulation

: Tumors exhibit some degree of immunogenicity and
the human immune system 1esponds to these tumor
Specific antigens by mounting humoral and cellular
esponses, which are essential for the eradication of
tmors. Adenovirus is commonly used for the delivery of
genes encoding tumor-associated antigens in order to
dugment tumor-specific immune responses. However,
Antiviral immunity against adenovirus is a big concern,
challenging its application in gene therapy. Vatious
methods were employed in order to get around the

_ treatrent options based on the results obtained with these -
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antiviral immunity barrier to increase the efficacy of
adenovirus mediated gene delivery One of these methods K
involves the testing of a collagen-based matrix (Gelfoam)

(Siemens et al, 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 e
also being tested to deliver umor specific peptides into e
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 were
compared on the basis of their influence on the
functionality of DCs (Lundgvist et al, 2002a). Adenovitus-
transduced monocyte-derived DCs (MO-DCs) stimulated
allogenic lymphocytes and produced high levels of TNF
and 1L12 In addition, the expression of NF-xB and
antiapoptotic molecules such as Bel-X(L) and Bel-2
(Lundgvist et al, 2002b) were also increased in
adenovirus-transduced. MO-DCs. Consequently, these
cells became more resistant to spontaneous as well as Fas-
mediated cell death. In contrast, retroviruses failed even to
transduce MO-DCs  Although CD34(+) celi-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 tramsduction 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 geneiate a
greater degree of immune response.

Cytokine stimulated tumor infiltrating macrophages
also play a major role in the generation of the cellular
immune response against the tumor. The role of fumor-
infiltrating macrophages in IFN-B-induced host defensc
against prostate cancer was revealed using xenograft mice
models injected with adenovirus carrying IFN-B gene
{Zhang et al, 2002a). Injection of an adenoviral vector
encoding murine IFN-f (AdIFN-B) directly into the tumor
suppressed the growth of PC-3MM?2 tumots as well as
prevented metastasis and prolonged the survival of tumor-
bearing mice. Based on immunohistochemical staining,
AdIFN-B infection resuited in the reduction of microvessel
density of the tumor and increased apoptotic ceil death
(Cao et al, 2001). On the contiary, macrophage-selective
anti-Mac-1 and anti-Mac-2 antibodies significantly
reduced the antitumor effect of AAIFN-J induced therapy
Therefore, it was concluded that tumor-infiltrating
maciophages must be involved in IFN-B induced
suppression of tumor growth and metastasis. -

ITL. Suicide Gene Therapy

Suicide strategy is a combined treatment modality
involving chemotherapy and the gene transfer technology.
The underlying principle is to limit the cytotoxicity of a
drug to the local area of the tumor To achieve this, the
¢DNA of a prodrug-convesting enzyme is delivered into
the tumor using viral vectors followed by regional oz
systemic application of the cowresponding prodrug. As
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soon as the prodrug reaches the tumor, it is taken up and
converted to a cytotoxic drug by tumor cells expressing
the prodrug-converting enzyme. For example, 5-
Fluorouracil (5-FU) is widely used as a chemotherapeutic
agent 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)
yector-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 prodiug 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 al, 2002¢)
An effective inhibition on temor growth and metastasis
was observed through in situ injection of AACD followed
by systemic use of 5-FC in the xenograft mouse,model of
prostate  cancet. The wuse of E. coli wracil
phosphoribosyltransferase (UPRT), a pyrimidine salvage
enzyme, which modifies 5-FU into 35-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 adenovirns constructs expressing
either the E. coli CD ot E. coli UPRI genes were infected
into androgen refractory prostate cancer cell line DU145
bearing mice. This combined gene therapy appioach
drastically regressed the growth of tumors in these animals
better than what was achieved with AICD alone (Miyagi
et al, 2003).

_ The most commonly used ptodrug-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 VI study involving 36 prostate
cancer paticnts with local recurrence after radiotherapy.
These patients 1eceived single or 1epeated cycles of
replication-deficient adenoviral mediated HSV-tk plus
GCV in situ gene therapy (Miles et al, 2001). The 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 1adiotherapy and have a
ocalized recurrence, The therapentic parameters such as
PSA doubling time (PSADT), the mean PSA reduction
{PSAR), and return to initial PSA (IR-PSA) values were
alt increased as a response to the treatment, indicating a
herapeutic effect. A combined gene therapy approach
Uing a recombinant adenovirus containing a fusion gene
of CD and HSV-tk controlled by a cytomegalovirus
CMWV) enhancer-promoter was designed to explore new
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frontiers in prostate cancer gene therapy (Lee et al,
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-IK fusion protein in the presence of prodiugs 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 The CD-
TK fusion fragment was also cloned into a Iytic,
teplication-competent adenovirus (AdS-CD/TKiep) 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 al, 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 bearn radiation therapy (EBRT) approach was
tested as a trimodal treatment modality in a preclinical
study (Freytag et al, 2002b). Animals bearing prostate
tumors wete first injected with the Iytic, replication-
competent Ad5-CD/TKrep virus, then received 1 week of
5-fluorocytosine + ganciclovit (GCV) prodrug therapy
supplemented with EBRI. The results from this study
suggested that replication-competent adenovirus-mediated
double suicide gene therapy combined with EBRT is very
effective in eliminating tumors 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-fluoroadenine (Voeks et al,
2002), In this study, a recombinant ovine adenovirus
vector (OAdV220) with a different receptor choice than
that of human adenovirus type 5 canrying the PNP gene
under the control of RSV promoter was used for functional
studies OAdV220 manifested a higher transgene
expression compared to human Ad35 vector in infected
muiing RMI 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 prodiug 6MPDR to a toxic purine (6MP)
causing cell death In order to assess the efficacy of this
approach for prostate cancer, replication-deficient human
type-5 adenovirus (AdS5) carrying the PNP gene (Ad5-
SVPb-PNP) was directly injected into PC3 tumors
(Martinielio-Wilks et al, 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 1at probasin
/{Pb) gene hooked up to the $V40 enhancer {(SVPb).
Unexpectedly, the SVPb element confirmed substantial
rostate specificity even in the absence of androgens
tratumoial delivery of AdS-SVPb-PNP followed by
MPDR  administration significantly suppressed the
owth of human prostate tumoers in nude mice These
sults suggested that Ad5-SVPb-PNP has therapeutic
otential even in the absence of androgens for the
eatment of prostate carcinoma.

Another non-toxic prodrug, CB1954, which is
onverted to a toxic metabolite by the Escherichia coli
oreductase gene (NTR), was tested as a suicide gene
erapy approach for prostate cancer. Adenovirus vector
_expressing NTR (CTL102) was injected into subcutaneous
ostate cancer xenografts followed by systemic CB1954
dministration (Djeha et al, 2001). A clear anti-tumor
ffect of the approach was observed. In addition to all the
ethods mentioned above, a novel approach inspired from
diciodine therapy for thyroid cancer was developed
ing sodium iodide symporter (NIS). NIS is normally
clusively expressed in thyroid glands. Adenovirus
artying the NIS gene (AJCMVNIS) was constructed and
tested for the treatment of prostate cancer following I
ministration (Spitzweg et al, 2001). Injection of
dCMVNIS constiuct to prostate cancer xenografts
anifested highly active 1adioiodine uptake resulting in a
astic reduction in the tumor size following ™!
ministtation in nude mice. This new approach
presented an effective and potentially curative modality
ading to the accumulation of therapeutically effective
ioiodine in prostate.

Diphtheria toxin (DT) is known to be a potent
hibifor of protein synthesis The fact that a single
olecule of DT can result in cell death complicated the
lization of DI as a suicide gene for cancer therapy.
us, the feasibility of using DT gene therapy would
catly be influenced by tissue specific gene expression
Adenovitus vector carrying the catalytic domain (A chain)
DT under the control of the prostate-specific antigen
PSA) promotet (AdSPSE-DT-A) induced apoptosis in
PSA-positive prostate cancer cells in the presence of
~xogenous androgen (R1881) (Li et al, 2002a). In addition,
SPSE-DI-A injection regressed the growth of a PSA-
ive LNCaP xenograft in nu/nn mice. Non-PSA-
feting DU-145 cells did not manifest the same effect
e to the lack of activation of PSA promoter in these
Is. Therefore, the AdSPSE-DT-A viral gene therapy
toach might be a viable alternative in the treatment of
A-secreting andr ogen-dependent prostate carcinoma

IV. Joint approaches involving
‘munomodulation-hormonal or

AdHSV-tk suicide gene therapy was coupled to
% Novirus-mediated IL-12 delivery as a combined gene
*Tapy approach in order to enhance NK activity induced
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by HSV-tk gene expression and ganciclovir (GCV)
treatment (Hall et al, 2002). This dual treatment generated
1adical local and systemic growth suppression in a
metastatic model of mouse prostate cancer (RM-1) The
unification of AJHSV-tk/GCV + Ad miL-12 gene thetapy
apptoaches resulted in the induction of apoptosis due to
increased expression of Fas and Fasl, and improved anti-
metastatic activity secondary to a stzong NK effect Intra-
tumoral injection of AJHSV-tk vector followed by
systemic ganciclovir or local radiation therapy or the
combination of gene and radiation therapy was
administered to subcutaneously transplanted mouse
prostate tumors (Chhikara et al, 2001) The combined
treatment reduced tumor growth by 61% compared to 38%
obtained by single therapy modalities. Combined therapy
also increased the mean survival time. In order to analyze
systemic anti-tumor activity, lung metastases were
generated by tail vein injection of RM-1 prostate cancer
cells. While radiotherapy alone had no effect on the
metastatic growth, the number of lung nodules was
reduced by 37% following treatment with AJHSV-tk. The
combinational therapy led to an additional 50% reduction
in lung colonization ‘This was the first study
demonstrating a significant systemic effect of AJHSV-tk
administration combined with radiation. A Phase I/II study
of radiotherapy and in situ gene therapy
(adenovirus/herpes simplex virus thymidine kinase
gene/valacyclovir) in combination with or without
hormonal therapy in the treatment of prostate cancer was
conducted recently (Teh et al, 2001). Based on the
preliminary results, no serious side effect of the combined
therapy was observed. This was reported as the first trial
of its kind in the field of prostate cancer, and is expected
to enlarge the curative index of 1adiotherapy by merging in
situ gene therapy.

V. Molecular signaling pathways
modulating the efficacy of adenovirus
mediated therapeutic gene delivery

Expression of certain hormone. and growth factor
teceptors 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 al, 2003) In addition, most of the
prostate cancer cell lines overexpress fibroblast growth
factors (FGFs) FGF signaling controls cell proliferation
and inhibits cell death A 1ecombinant adenovirus
expressing a dominant-negative FGF 1eceptor
(AdDNFGFR-1) was created in order to determine the
biological significance of altered FGE signaling in human
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- ptostate cancer (Ozen et al, 2001). AdDNFGER-1
- infection of LNCaP and DU145 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
re relatively effective in weating androgen dependent
- prostate carcinoma However these treatments were
- ineffective for androgen-insensitive prostate carcinoma
" Upregulation of IL6 cytokine induced by the constitutive
: NE-xB and Jun D activation is one of the distinctive
© parameters of androgen independent cell lines (Giri et al,
: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 TkBo gene or JTun D reduced IL6 gene
" expression, leading to growth suppiession of prostate
- cancer cells (Zerbini et al, 2003). Some but not all prostate
- cancer cells respond to vitamin D treatment. lo, 25-
: Dihydroxyvitamin D(3) (1o, 25-(0OH)2)D(3)) is known to
~have significant antiproliferative effects on certain
¢ prostatic carcinoma (PC) cell lines. 1o, 25-(OH}2)D(3)
- inhibited cell growth and upregulated p21 expression in
< PC cell lines such as ALVA-31 and LNCaP (Moffatt et al,
- 2001). Stable uansfection 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 p2l cDNA
ignificantly reduced the proliferation of le, 25-
(OH)(2)D(3) umesponsive TSU-Prl and JCA-1 prostate
- cancer cell lines Therefore, Adp21 gene therapy may be
: useful even for prostate cancer patients not responding to
¢ vitamin D treatment

Molecular signaling pathwaSIS are also altered in

- cancer cells For instance, highly metastatic tumor cell
- lines display increased activity for foeal adhesion kinase
- (FAK) The role of FAK in regulating migration of
© prostate carcinoma cell lines with increasing metastatic
- potential was studied in detail (Slack et al, 2001). Highly
- tumorigenic PC3 and DU145 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 FAK/Sic signal transduction pathway by
verexpiessing FRNK (Focal adhesion kinase-Related
on-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
- cancet and disrupts apoptotic signaling induced by various
‘tytokines such as tumor necrosis factor INF and TNFE-
-Telated apoptosis-inducing ligand (IRAIL). Two prostate
-cancer cell lines with constitutively activated PI3'-kinase
ascades (LNCaP and PC-3) were examined in order to
tudy the role of PI3' phosphorylation in cellular response
to INF or TRAIL alone. Both INF and TRAIL failed to
activate apoptosis in either LNCaP or PC-3 cells
“Interestingly, downregulation of P13"-kinase/Akt signaling
: Significantly enhanced the apoptotic activity of both TNF
and TRAIL in LNCaP cells but not in PC-3 cells Infection
With adenovirus delivered PTEN/MMAC1 (phosphatase
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and tensin homologue/mutated in multiple advanced
cancers) reduced Akt activation, activated apoptosis and
sensitized cells to TNF but not to TRAIL in LNCaP cell
line (Beresford et al, 2001) Therefore, it was concluded
that aithough PI3"-kinase signaling inhibits both INF and
TRAIL 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-xB has
been categorized as the key antiapoptotic signaling
molecule often activated in transformed cells. Testing of
selenium compounds on DU145 and JCAL prostate
carcinoma cells revealed that these compounds induced
apoptosis through the inhibition of NF-xB pathways in
these cell lines (Gasparian et al, 2002b). Increased IKK
activity was blamed for constitutive NF-k¥B activation
responsible for survival of androgen independent prostate
carcinoma cell lines {(Gasparian et al, 2002a).

60-80 % of prostate cancers acquire the PTEN
mutation during tumorigenesis. This results in the
constitutive activation of the PI3'-kinase pathway and
prostatic cell proliferation. The loss of PTEN activity is
also correlated with the loss of activity of the FOXO
family of forkhead franscription factors such as FKHRI.1
and FKHR Interestingly, these transcription factors are
shown to control the expression of apoptosis inducing
ligand TRAIL Not surprisingly, the expression of TRAIL
was also reduced in PTEN-lacking prostate cancer cells,
leading to decreased apoptosis. Restozation of TRAITL
expression using adenovirus-mediated overexpression of
these transcription factors in LAPC4 prostate cancer cell
line induced apoptosis (Modur et al, 2002).

VI. Apoptesis Modulators

A. The exploitation of death ligands to
induce apoptosis in cancer cells

Apoptosis, known as programmed cell death {Reed,
2000) is defined as cell’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 cell 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 Cuirently, chemotherapy
(Stein et al, 2002) and radiotherapy (Wang et al, 2002) are
among the most commonly used treatment modalities
against prostate cancer. The 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, 199%; Zeimet et al,
2000) As a result, tumots lacking p53 display resistance
to both chemotherapy and radiotherapy (Qbata et al,
2000). Intriguingly, death ligands induce apoptosis
independent of p53 status of the cells (Ehlert and
Kubbutat, 2001; Norris et al, 2001). Thus, these methods
constitute somewhat of a complementary treatment
modality to currently employed conventional treatments.
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At present, death ligands are being evaluated as potential
ncel therapeutic agents (Herr and Debatin, 2001)
eviously, several studies using external Fas agonists,
f-Fas antibodies and membrane-bound FasL failed to
duce Fas L mediated apoptosis in prostate cancer cells
lthough the down regulation of c-FLIP expression
ough the use of anti-sense oligonucleotides sensitized
U145 cells to an anti-Fas monoclonal antibody (Hyer et
, 2002), efficient cell killing was not observed by this
proach. However, intracellular expression of Fasl. using
enoviruses efficiently killed 70-90% of various human
ostate cancer cell lines tested (Hyer et al, 2000)
rthermorte, part of this cell killing was attributed to the
stander effect mediated by FasL carried within the
optotic bodies and cellular debris (Hyer et al, 2003)
espite the fact that human prostate cancer cells express
optotic FasL, some of the cell lines, such as LNCaP, are
fesistant to Fas L mediated cell death. Even so, prior
‘gxposure to IFNY sensitized orthotropic prostate primary
“fumors to recombinant adenovirus mediated Fasl. delivery
(Selleck et al, 2003). Despite the fact that tumor necrosis
ctor (TNF) (Terlikowski, 2001} and FasL (Nagata, 1997)
ave been studied extensively and were shown to
fectively induce apoptosis in cancer cells, their systemic
e in cancer gene therapy is not recommended due to the
stemnic toxicity

With the discovery of a novel death ligand,
TRAIL/Apo2L, (Wiley et al, 1995; Pitti et al, 1996) a new
a emerged for the deployment of death ligands for
ncet gene therapy (Nagane et al, 2001) The fact that
RAIL does not cause any harm to normal cells but can
lectively induce apoptosis in cancer cells brought up the
ossibility of TRAIL testing for systemic use (Griffith and
ynch, 1998). Five different receptors were, identified to
teract with TRAIL; TRAIL-R1, TRAIL-R2, TRATL-R3,
RAIL-R4 and osteoprotegrin (Abe et al, 2000; Sheikh
d Fornace, 2000). TRAIL-R1 and TRAIL-R2 function
as authentic death receptors inducing apoptosis while
TRAIL-R3 and TRAIL-R4 are unable to induce such
-signaling but can serve as decoy receptors (Meng et al,
2000). However even today, no single mechanism has
‘been found to account for TRAIL resistance observed in
normal cells The soluble form of TRAIL has successfully
‘been tested and no toxicity due to systemic use was

TRAIL were needed in order to suppress the tumor
owth A r1eplication-deficient adenovirus encoding
“human TRAIL (INESF10; Ad5-TRAIL) was generated as
alternative to recombinant, soluble TRAIL protein
Griffith and Broghammer, 2001). Ad5-TRAIL infection
nto TRAIL-sensitive piostate tumor cells induced
optosis through the activation of Caspase 8 pathways.
‘Normal prostate epithelial cells were not harmed by Ad5-
TRAIL infection. Moreover, in vivo Ad5-TRAIL
‘administration suppressed the outgtowth of human
ostate tumor xenografts in SCID mice Eight prostate
ncer cell lines (CWR22RvI, Dulds, DuPio, ICA-1,
NCaP, PC-3, PPC-1, and IsuPrl) and primary cultures
:0f normal prostate epithelial cells (PtEC) were tested for
Sensitivity to soluble TRAIL induced cell death in another
Study (Voelkel-Tohnson et al, 2002) 100 ng/mL of soluble

bserved in animal models However, large quantities of
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IRAIL administration did not induce apoptosis in Dul45,
DuPro, LNCaP, TsuPrl, and P1EC Interestingly,
treatment with the chemotherapeutic agent doxorabicin
sensitized almost all prostate cancer cells to TRAIL-
induced cell death. On the other hand, an adenoviral vector
expressing full-length TRAIL (AdTRAIL-IRES-GFP)
killed prostate cancer cell lines and, unexpectedly, PrEC
as well, independent of doxorubicin cotreatment This
study suggested that the AJTRAIL-IRES-GFP gene
therapy approach, complemented with tissue-specific
promoters, would be useful for the treatment of prostate
carcinoma, However, the mechanism of TRATL resistance
in normal cells is not understood and some prostate cancer
cells appeared to be TRAIL-resistant (Nesterov et al,
2001). In one study, ALVA-31, PC-3, and DU 145 cell
lines were highly sensitive to apoptosis induced by
IRAIL, while TSU-Pr1 and JCA-1 cell lines were
moderately sensitive, and the LNCaP cell line was
resistant (Nesterov et al, 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 (PT)3-kinase/Akt pathway PI3-kinase
inhibitors sensitized LNCaP prostate cancer cells to
IRAH . In addition, adenovirus expressing a constitutively
active Akt reversed the ability of wortmannin to potentiate
IRAIL-induced BID cleavage. This suggested that
constitutive Akt activity inhibits TRAIL-mediated
apoptosis (Nesterov et al, 2001).

B. NF-xB inhibiting approaches used to
breakdown TRAIL resistance in prostate
cancer cells

The mechanism of TRAIL induced apgptosis and
resistance is outlined in Figure 1. So far, at least two
different hypotheses that may partly explain TRAIL
resistance are asserted The first hypothesis advocates that
normal cells carry decoy receptors (I'RAIE-R3, TRAIL-
R4), which compete with apoptosis inducing TRAIL
receptors (TRAIL-R1, TRAIL-R2) for binding to TRAITL
(Pan et al, 1997; Sheridan et al, 1997). In this hypothesis,
it is believed that decoy receptors either function to dilute
out TRAIL ligands (like TRAIL-R3} or supply anti-
apoptotic signals (like TRAIL-R4) to cells As reported
previously, FRAIE -R4 binding activates the anti-apoptotic
NF-xB signaling pathway, leading to the blockade of
I'RAIL induced apoptosis (Degli-Esposti et al, 1997). In
addition, the expression of decoy receptors is down-
tegulated in cancer cells through promoter
hypermethylation leading to differential sensitivity fo
TRAIL (van Noesel et al, 2002) However, the link
between TRAIL 1esistance and the expression of decoy-
receptors has not been clearly established in human cells
(Griffith and Lynch, 1998). Interestingly, activation of
death receptors such as TRAIL-R1 and TRAIL-R2 also
stimulated the NF-xB pathway (Chaudhary et zl, 1997;
Schneider et al, 1997) Under these circumstances, 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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gure 1: A gene therapy strategy to block anti-apoptotic NF-kB signaling pathway to induce TRAIL sensitivity in prostate cancer cells
tivation of TRAIL receptor 1 (RI) or 2 (R2) by trimeric TRAIL ligands leads to the recruitment of Fas associated death domain
otein (FADD) to the membrang. Then, FADD recruits procaspase § to form death inducing signaling complex (DISC) DISC induced
ignaling activates caspase pathway inducing cells into apoptosis TRAIL receptor 3 (R1} and 4 (R4) serve as decoy receptors. R4
ivates NF-xB signaling pathways as well In addition, NF-kB pathway is also activated by R1 and R2 via TNFR-associated death
domain protein (TRADD) and receptor interacting protein (RIP). Consequently, NF-kB activation augments expressions of various anti-
apoplotic genes such as ¢IAP, BelxL and cFlip in addition to R3 e-Flip, a procaspase 8 homologue, compeles with procaspase 8 for
inding to FADD. Thereby it inhibits apoptotic signaling. The expression of adenovitus delivered IKKBKA mutant prevented the
ivation of anti-apoptotic NF-xB signaling. This method sensitized prostate cancer cells io TRAIL

e second hypothesis claims the presence of apoptosis loss of PTEN. Absence of PTEN function may result in
ibitory substances in these cells Such a molecule, increased Akt activity induced by PI3K Since NF-xB is a
LIP (FLICE Inhibitory Protein), a caspase 8 homologue, downstream target for Akt, (Kane et al, 1999;
has been shown to obstruct death ligand induced apoptosis Romashkova and Makarov, 1999; Andjelic et al, 2000;
mler et al, 1997; Griffith et al, 1998). Intriguingly, NF- Jones et al, 2000) TRAIL resistance would ultimately be
xB activating agents up-regulated cFLIP synthesis (Kreuz ensured in cells by way of the NE-kB pathway In
et al, 2001). Furthermore, the NF-kB pathway has been agreement with this hypothesis, PTEN sensitized prostate
froven to increase TRAIL-R3 synthesis, a decoy receptor cancer cells to TRAIL induced apoptosis (Yuan and
for TRAIL, (Bernard et al, 2001) and the expression of Whang, 2002) Thus, these possible scenarios make NF-
dpoptosis inhibitor Bel-xL (Hatano and Brenner, 200!, KB inhibiting vectors such as Ad IKKBKA (Sanlioglu et
Ravi et al, 2001) resulting in the obstruction of TRAIL al, 2001a) or Ad IxBaSR (Batia et al, 1999; Sanlioglu and
diated apoptosis. Apoptosis inhibitors such as cIAP are Engelhardt, 1999) ideal candidates for overcoming the
ilso activated by NF-xB pathways (Mitsiades et al, 2002) TRAIL resistance in PTEN mutant prostate cancer cells. In
Based on these results, we can clearly state that the active a similar manner, INF induced apoptosis can also be
NF—KB signaling pathway may provide cells with TRAIL prevented by NE-xB activation as reported (Beg and
fesistance by at least four different ways (Figure 1) Baltimore, 1996; Van Antwerp et al, 1996) Previously,
{\_dditionally, it has been reported that a novel tumor NF-kB inhibiting approaches such as adenovirus mediated
Mppressor gene, PTEN/MMACI (Steck et al, 1997, transfer of IKKJ (Ad.IKKBKA) (Sanlioglu et al, 20014,
Simpson and Parsons, 2001) negatively regulated INF 2001b) or IxBo (Ad.IxBaSR) (Batra et al, 199?';
Mduced NF-kB activity (Ozes et al, 1999; Mayo et al,  Sanlioglu and Engelhardt, 1999) dominant negative
202) through the IKK complex (Gustin et al, 2001). The mutants were successfully deployed in order to sensitize
Shservation in which IKK activity is required for PI3K- lung cancer cells to TNF. Since some tumor celis have
Akt induced NE-xB activation (Burow et al, 2000; intrinsically high NF-xB activity, which might be
Demarchi et al, 2001) confirmed this report (Madrid et al, responsible for TRAIL resistance, NF-kB blocking agents
2001 Sizemore et al, 2002) Due to a negative correlation can potentially be useful to overcome TRAIL resistance
Ween the expression of PTEN and the progression of For example, a constitutive NF-kB activation was
E?Fostate cancer, advanced prostate cancer cells might have observed in renal carcinoma (Oya et al, 2001) Not

Mrinsically higher NF-kB activity due to the progiessive stiptisingly, melanoma cells having a constitutive NE-xB
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activity exhibit TRAIL resistance (Franco et al, 2001).
. Resistant melanoma cells were sensitized to TRAIL either
- with proteasome inhibitors or transfections with plasmids
encoding degradation resistant IKBot protein (Franco et al,
2001). In accordance with these studies, we have tested if
~adenovirus mediated NF-kB inhibiting approach would
© gensitize prostate cancer cells to TRAIL. Consequently,
- adenovirus mediated delivery of IKKBKA mutant
: (AdIKKBKA) sensitized PTIEN matant prostate cancer
: cells (PC3) to TRAIL as shown in Figure 2. At first, PC3
“ cells appeared to be relatively resistant to pro-apoptatic
. effects of TRAIL when cells were infected with
adenovirus vector encoding hTRAIL (Ad hTRAIL) even
- at an MOI of 1000 DNA particles/cell (Figure 2 Panel A).
 Infection with Ad IKKBKA vector alone did not yield any
: cell death either {Figure 2, Panel B). However, when the
: dose of Ad hTRAIL vector was kept constant at an MOT of
-1000 DNA particles/cell, increasing the amount of
- AAIKKBKA 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
rocaspase 3 or 7 using adenovirus constructs did noi
:induce apoptosis in prostate cancer cells due to the
.inability of these caspases to undergo autocatalytic
“activation (Li et al, 2001). A novel suicide gene therapy
approach was developed using chemically inducible
“effector caspases to trigger apoptosis in prostate cancer

'vt"‘
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000

cells Cell death was mediated by replication-deficient
adenoviral vector expressing conditional caspase-! (Ad-
G/iCaspl) or caspase-3 (Ad-G/iCasp3) and the caspase
activation was achieved by nontoxic, lipid-permeable,
chemical inducers of dimerizaticn (CID) (Shariat et al,
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 mwrine (IRAMP-C?2
and ITRAMP-C2G) prostate cancer cell lines
Subcutaneous TRAMP-C2 tumors displayed focal but
extensive apoptosis following direct injection of Ad-
G/iCaspl 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 1egion (ARR) placed upstream of the
probasin promoter elements (ADV ARR(2}PB-iCasp®)
(Xie et al, 2001b) AP20187 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 ADV ARR(2)PB-iCasp?
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

500

£

1000 1000

! igure 2. Adenovirus mediated IKKBKA expression sensitized PC3 cells to TRAIL mediated apoptosis PC3 cells were inlected with
ereasing MOIs of either AdShTRAIL (Panel A) or Ad IKKBKA (Panel B) In panel C, the dose of Ad IKKBKA vector was increased

fadually (stated just above each panel) while the amount of AAShTRAIL. 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 hours following infection Numbers indicate

ral doges as MOI values of DNA parlicles/cell.




However, overexpression of proapoptotic genes without
the use of tissue specific promoters could result in
inwanted apoptosis even in normal cells In order to
I","rovide tissue specificity, an adenoviral construct was
generated containing Bax cDNA under control of the
probasin promoter that included two androgen response
slements (Av-ARR2ZPB-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 cells infected with Av-
ARRZPB-Bax but not in those infected with control
yectors These results demonstrated that Av-ARR2PB-Bax
induced apoptosis was androgen dependent and limited to
AR positive cells of prostatic epithelium. On the other
tiand, using a binary co-transfection strategy involving
Ad/GT Bax and Ad/PGK-GV16; overexpression of
proapoptotic Bax protein induced apoptosis both in
androgen-insensitive (DU145 and PC3), and androgen-
sensitive (LNCaP) cell lines (Honda et al, 2002). The same
binary approach was tested to assess the consequences of
Bel-2 overexpression in the- progression of prostate
carcinoma ieading to apoptosis-resistant and androgen-
ndependent phenotype in DU145, PC3 and LNCaP cell
ines which represent models of advanced prostate
carcinoma. Bax expression generated by the adenoviral
co-transfection system induced apoptosis even in these
Bel-2 overexpressing cell lines. These results suggest that
the Ad/GT Bax and Ad/PGK-GV16 combined expression
ystem might represent a powetful gene therapy strategy
or the treatment of androgen-independent and apoptosis-
csistant 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
denovirus construct (Zhang et al, 2002b). The ARR(2)PB
s 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 mote than one apoptotic molecule is more
ffective in xenograft models of androgen-dependent or
ndependent prostate cancet than monogene therapy alone
t is also known that overexpression of anti-apoptotic
enes such as Bcel-2 in prostate carcinoma provides
esistance to radiation therapy and androgen ablation. A
econd-generation adenoviral vector (ARR2PB.Bax GFP)
was constructed with the modified prostate-specific
. Probasin promoter (ARR2PB) directing the expression of a
- HA-tagged Bax gene in order to restore the balance of
- Bel-2 family members to induce apoptosis in prostate
; cancer cells (Lowe et al, 2001) ARR2PB Bax.GEP vector
_f":induced significant levels of apoptosis in I NCaP ceils 48
hours following infection even in the presence of high
“levels of Bel-2 protein. No toxicity in liver, lung, kidney,
.ind spleen was detected by systemic administration of
“ARR2PB.Bax.GFP in nude mice Therefore, a second-
:rii:Btneration adenovirus-mediated, prostate-specific Bax
" gene therapy appeared to be a very safe and efficient
/. "pproach for the treatment of prostate cancer. Another
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member of the proapoptotic Bel-2 family, namely "Bik",
was cloned into adenovirns 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 al, 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 1egulates 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 (Dul45, PC-3, and LNCaP).
An adenovirus-expressing antisense CLN3 (Ad-AS-
CLN3) blocked CLN3 protein exptession in prostate
cancer cell lines as demonstrated by Western Blotting
(Rylova et al, 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 ¢cDNA gene (AdpHyde), a
novet gene cloned from Dunning rat prostate cancer cells,
was constructed in order to study its function (Zhang et al,
2001). Surprisingly, the AdpHyde construct inhibited the
growth of human prostaie cancer cells and induced
apoptosis involving the caspase-3 pathway in human
prostate cancer tumor xenogiafts in nude mice. Ionic
movement also influences apoptosis. For instance, K*
efflux is an eatly 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 cells (Wible et
al, 2002). Thg LNCaP cell line displayed a reduction in
cell size upon' infection with AC/KChAP The Ad/KChAP
construct also induced apoptosis in DU145 cells in a p53
independent manner In addition, infection with
Ad/KChAP prevented giowth 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 cancer. Doxorubicin (Dx) is a
commonly vsed chemotherapeutic agent in recunrent
prostate cancet and is a strong inducer of p53 expression
leading to p21(CIP1/WAF1) 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
al, 2002) Infection with adenovirus vectors encdding the
antisense strand of p21 reduced p2l levels, sensitized
prostate cancer cells to Dx and facilitated apoptosis in
response to growth factor withdrawal These results
suggest that modulation of p2l pro-survival gene




“expression via adenovirus constructs sensitizes prostate
ancet cells to chemotherapeutics and androgen
ithdrawal Another tumor suppressor protein, p27, also
own as cyclin-dependent kinase inhibitor (CDKI), is
ormally expressed in human prostate. However, the
ajority of human prostate cancers have reduced levels of
27. The down regulation of this putative tumor
uppiessor gene through proteolysis is mediated by
CFSKP2 ubiquitin ligase complex Adenovirus-mediated
verexpression of SKP2 induced ectopic down-regulation
{f p27 in LNCaP prostate carcinoma cells (Lu et al, 2002)
:This observation confirmed that SKP2 activity was the
ajor determinant of p27 levels in human prostate cancer
ells. Based on in vitro studies, it is believed that the
overexpression of SKP2 might be one of the mechanisms
‘afllowing 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
:LNCaP 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
p14(ARF), encoded by the human INK4a gene locus,
‘is another tumor suppressor protein which is frequently
‘inactivated in human cancer pl4(ARF) has recently been
‘implicated in p53-independent cell cycle regulation and
‘apoptosis. A replication-deficient adenoviral construct
-carrying pl4(ARF) coding sequence (Ad-pl4(ARF)) was
“generated in order to explore the pro-apoptotic function of
- p14(ARF) in relationship to p53 function (Hemmati et al,
:2002) Ad-pl4(ARF) constiuct induced apoptosis in
p33/Bax-mutated DU145 prostate cancer cells and
‘HCT116 cells lacking functional Bax expression. This
study demonstrated that overexpression 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

.. p53 gene therapy (Ad5CMV-p53) wete 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 DU145 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 carcinoma

The loss of MMAC/PETEN 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 MMAC/PIEN expression was
: examined in LNCaP cells, which are devoid of a
- functional PTEN product (Davies et al, 1999). Infection
. With an adenovirus construct driving the expression of

- irradiation therapy. lonizing radiation (IR) and adenovizal.

122

Sanlioglu et al: Adenovirus mediated gene therapy for prostate carcinoma

MMAC/PTEN resulted in a specific inhibition of Akt/PKB
activation This is consistent with the phosphatidylinositol
phosphatase activity of MMAC/PTEN. Compared to
adenovirus delivered p53 expression, MMAC/PTEN
expression induced apoptosis in LNCaP cells to a lesser
extent. Interestingly, the growth suppression properties of
MMAC/PTEN were significantly greater than those
accomplished with p53 Moreover, Bel-2 overexpression
in LNCaP cells blocked both the adenovirus mediated
MMAC/PTEN- and p53-induced apoptosis, but it did not
affect the growth-suppressive properties of MMAC/
PTEN. This is consistent with the fact that MMAC/PTEN
may play multiple roles in the cell Prostate cells were
infected with adenovirus vector carrying PTEN 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 G129E mutant
lacking lipid phosphatase activity was unable to sensitize
cells to apoptosis, it was concluded that the Llipid
phosphatase activity of PTEN was required for apoptosis.
The therapeutic effect of adenoviral delivery of
MMAC/PTEN was tested on both the in vitro and in vivo
growth of PC3 human prostate cancer cells (Davies et at,
2002) The in vitro growth of PC3 cells was repressed by
adenovirus expression of MMAC/PTEN via blocking of
cell cycle progression. Although this appzoach did not
inhibit the tumor progression of orthotopically implanted
PC3 cells, a significant 1eduction was observed in the
tmor size in vivo, in addition to complete inhibition of
metastases Therefore, it was suggested that
MMAC/PTEN might play a 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 ¢-Mye.
This was confirmed by transgenic approaches in which
prostatic hyperplasia was observed in mice deficient for
Mxil. Mxil-expressing adenovirus (AdMxil) 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
DU145 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.

VIIL Cell adhesion molecules and anti-
angiogenic approaches

Cell adhesion melecules play major roles especially
in metastasis of cancer cells Therefore, aberrant
expression patterns of cell adhesion molecules are
frequently associated with poor prognosis For instance,
the expression of a well-known cell adhesion molecule, C-
CAMI, is dowmregulated during the early stages of
prostate carcinoma in an animal model (IRAMP) (Pu et
al, 1999) C-CAMI1 was cloned into an adenovirus
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construct and its efficacy was tested both in vitto and in
vivo using PC3 xenograft murine model (Lin et al, 1999).
AdC-CAMI1 construct manifested a strong antitumoral
activity on PC3 tumor cells grown in nude mice.
Therefore, selective use of ceil adhesion molecules might
be beneficial for the treatment of prostate carcinoma.
Moreover, combining C-CAMI1-based therapy with TNP-
470, a potent angiogenesis inhibitor, induced greater
growth suppression on DU145 tumor xenografts than by
. either Ad-C-CAM1 or I'NP-470 application alone (Pu et

L 4l,2002)

Vascularization of a solid tumor is required for
cancer growth Recently, preventing vascularization
through inhibition of angiogenesis was a popular target for

2. cancer gene therapy. For example, a 16-kDa prolactin
:°> protein (PRL) has previously been shown to possess an
_ antiangiogenic activity (Galfione et al, 2003) Not
. surprisingly, adenovirus delivery of PRL protein

-+~ manifested a significant antitumoral activity in vivo (Kim
- etal, 2003). In addition, vascular endothelial growth factor

B (VEGF) receptor signaling is another relevant pathway,
-+ which modulates the vasculatization of newly growing
. tumors. Interfering with such a signaling pathway might

. be valuable in controlling the tumor 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 al, 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 thaperone
in the endoplasmic reticulum was recently discovered and
named as 150-kDa oxygen-regulated protein (ORP150),
- Since prostate cancer cells exhibited an upregulation of

: ORP150 protein and VEGF, adenovirus delivery of an

- antisense ORP150 cDNA approach was used to reduce
“ angiogenicity and tumorigenicity through inhibition of
. .-VEGF sectetion. This approach indeed suppressed the

growth of DU145 prostate caicinoma cell line in a
- xenograft model (Miyagi et al, 2002),

. IX. Replication competent adenovirus
‘vectors

: Replication competent adenoviral vectors provide
-bowerful means to kill cancer cells through cell lysis.
.Since they only replicate in tumor cells, the therapeutic
‘Tange is limited to cancer cells. Two replication-competent
::j_adenoviruses, CV706 and CV787, were generated in order
selectively desttoy PSA producing prostate cancer cells.
has been demonstrated earlier that prostate-specific
ntigen (PSA)-selective replication-competent adenovirus
ariant CV706 specifically eliminated tumors in human
‘Prostate cancer xenografts in preclinical models
Rodriguez et al, 1997) Since adenovirus E1A is known to
®© a potent inducer of chemosensitivity and
Tadiosensitivity through p53-dependent and independent

mechanisms, the potential radiosensitizing effects of
CV706 on prostate cancer cells were evaluated (Chen et
al, 2001). The 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 the 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 al, 2001). Results from this study suggested
that even at high doses, intraprostatic delivery of the
CV706 was 1clatively 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 cance:r. Another
prostate-specific replication-competent adenovirus
carrying not one, but two, cell type specific promoters
(CV787) was constructed. This construct contained E1B
gene driven by the human prostate-specific
enhancer/promoter and the adenovirus type 5 {Ad3) the
E1A gene under the control of prostate-specific rat
probasin promoter The 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 al, 1999) When the prostate
cancer-specific adenovitus 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, 2001b)

Heat-inducible gene expression is another approach
used in the context of suicide gene therapy A recombinant
adenovirus containing the CD-IK fusion gene controlled
by the human inducible heat shock protein 70 promoter
(Ad HS-CDTK) was generated for this purpose. Heat
application at 41°C for 1 hour induced therapeutic gene
expression from this vector. Despite the fact that the
Ad HS-CDTK 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 1eplication-competent, EIB-attenuated
adenoviral vector containing the hsp70 promoter-driven
CD-IK gene (Ad EIA*HS-CDIK) was generated to
increase CD-TK gene expression to achieve a therapeutic
effect (Lee et al, 2001). Contrary to replication
incompetent Ad HS-CDTK, replication competent
Ad.E1A'HS-CDIK construct yielded severe cytotoxicity
and greater levels of therapeutic index in the presence of
prodrugs This apptoach revealed the beneficial effects of

using replication competent virus complemented with a .

heat inducible suicide gene therapy 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, the toxicity studies using
adenovirus vectors were very restricted in numbers.
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- Howevet, it was known that the promoter of choice might
"influence the level of toxicity In order to study the
. promoter effect on adenovirus mediated toxicity the mouse
. caveolin 1 promoter was cloned into the adenovirus HSV-
“tk vector (Adcav-1tk) because this promoter was highly
* active in metastatic and androgen-resistant prostate cancer
- cells (Pramudji et al, 2001) The efficacy of this vector for
: suicide gene therapy was compared to those of AdHSV-tk
“yectors carrying either cytomegalovirus (AdCMV-tk) or
.rous sarcoma virus (AdRSV-tk) promoters in mice
~umansplanted with mouse prostate cancer cells. Following
- GCV administration, all the HSV-tk expressing vectors
‘regressed the tumor growth in situ Interestingly, the
- efficacy of Adcav-1tk vector was much greater in terms of
-inducing necrosis and mictovessel density. In order to
: gvaluate the toxicity profile of adenovirus vectors carrying
'CMV, RSV or mouse caveolin promotet-driven HSV-tk
‘transgenes, these vectors were also injected systemically
“into mice (Ebara et al, 2002). Adenovirus vectors with
"CMV and RSV promotets, but not caveolin promoter,
exhibited significant levels of liver damage. These 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 were generated expressing a reporter gene
{SV40 Tag) directed by prostate secretory protein of 94
amino acids (PSP94) (Gabril et al, 2002). PSP94 gene
-promotet/enhancer region directed SV40 Tag 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

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 enhancet and promoter
(PSAP) provided prostate-specific expression, lower
transcriptional activity observed in prostate challenged its
Use in prostate-targeted gene therapy To 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 construcits were
generated with tandem copies of the proximal ARE
elements and then inserted into adenovirus constructs (Ad-
PSE-BC-luc) (Wu et al, 2001) This construct was highly
inducible with androgens as shown by systemic
administration into SCID mice carrying L APC-9 human
Prostate cancer xenografts while retaining prostate specific
gene expression. Furthermore, the CreLoxP system was
also utilized to enhance the activity of PSAP CD suicide
gene therapy apptoach using adenoviral vectors with
CRELoxP augmented PSAP activity effectively inhibited
Subcutaneous LNCaP tumor growth in nude mice
(Yoshimura et al, 2002). In addition, hormone 1efractory
Prostate cancer cells retain the expression of prostate-
Specific membrane antigen (PSMA) and prostate-specific
_ﬂntigen (PSA) An adenovirus construct with an artificial
chimeric enhancer (PSES) composed of two modified

:treatment of prostate carcinoma s
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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 al, 2002a).
Systemic injection of Ad-PSES-fuc 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 These results
encouraged the use of PSES for the treatment of androgen-
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 The 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 adenovitus construct in
combination with EGFP reporter gene (ADV hK2-E3/P-
EGFP) in order to obtain preferential expression of EGFP
in prostate cancer (Xie et al, 2001a) Indeed ADV.hK2-
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 driven 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, fibromuscular stromal cells and
osteoblasts. A conditional replication competent
adenovirus vector carrying the osteocalcin promoter
diiven early E1A gene (AdOCE1A) was generated to co-
target both prostate cancer cells and their surrounding
stromal cells (Matsubara et al, 2001) Both PSA-producing
(LNCaP) and non-producing (DU145 and PC3) human
prostate cancer cell lines as well as human sttomal cells
and osteoblasts were effectively killed by this recombinant
virus in vitro. In addition a single systemic intravenous
injection of the AJOCEIA  construct significantly
destroyed prostate tumor cells transplanted in SCID mice.
Ihis co-targeting strategy appeared to have a broader
effect compared to other recombinant constructs tested on
the preclinical models of human prostate cancer These
promising results initiated first gene therapy trial (phase I)
in which adenoviruses carrying the osteocalcin promoter
driven HSV-tk gene (AdOCHSVIK) were directly
injected into prostate cancer lymph node and bone
metastasis (Kubo et al, 2003) The results of this trial-
suggested that adenoviruses did not display any adversé
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 D,
i androgen-independent human prostate cancer cells and
tumors was tested using a novel replication-competent

adenovital vector, Ad-hOC-E1, carrying the human




osteocalcin (hOC) promoter to drive both the early viral
ElA and E1B genes (Hsieh et al, 2002}, While the
. replication pioperties of Ad-hOC-E1 vector were
- restricted to OC-expressing cells, vitamin D, exposure
- further enhanced viral replication by 10 fold. The growth
of both androgen-dependent and androgen-independent
. prostate cancer cells was suppressed by Ad-hOC-El
- infection, irrespective of the cells’ androgen
- 1esponsiveness and PSA status. This is in contrast to Ad-
sPSA-E1 vector, which only replicated in PSA-expressing
. cells with androgen 1eceptor (AR). Ad-hOC-E1 injection
- inhibited the growth of DU145 (an AR and PSA-negative
* cell line) tumor xenografts in mice. Consequently, vitamin
. Ds-enhanced Ad-hOC-E1 viral replication represented an
: alternative for the treatment of localized or osseous
| metastatic prostate cancer Prostate specific antigen
- promotetr (PSAP) and 1at probasin (1PB) promoter are
- curtently employed to drive the therapeutic transgene
. expression in prostate 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
androgen refractory prostate carcinoma cells lose the
- expression of androgen receptor along the way, constructs
. with PSAP o1 1PB promoters are not useful for treating
patients with androgen-independent prostate carcinoma. In
order to circurment this problem, prostate specific
¢ promoters were modified so that they were activated in
esponse to the retinoids-retinoid receptor complex in
place of the androgen-AR complex. As a result, retinoid
treated androgen-independent prostate cancer cells were
sensitized to HSVTK-ganciclovir gene therapy using
promoters responding to retinoids (Furuhata et al, 2003).
Apart fram promoters providing tissue specific gene
expression, expression inducible promoters were cloned
nto adenovirus constructs to control 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 al, 2001) Thus, recombinant
i adenovirus vectors with tetracycline-inducible gene
e _ 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 adenovirus-mediated
-gene therapy approach 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 FASI.-
GFP fusion gene under the control of the tetracycline
fesponsive promoter This allowed the joining of cell-type
Pecificity with high-level regulation of transgene
Xpression (Rubinchik et al, 2001) The doxyeycline
egulated, ARR2PB driven FASL-GFP vector generated
~ higher levels of prostate-specific FASL-GFP expression
than FASL-GFP expression directed with ARR2PB alone,
tading to apoptosis in LNCaP cells Systemic delivery of
both the prostate-specific and the prostate-specific/tet-
: '.'_?&gulated vectors was well tolerated in animals at doses
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that were lethal for adenovirus vectors with CMV-driven
FASL-GFP expression. This 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 foi the identification of
metastatic lesions of prostate cancer through the use of
non-invasive imaging A prostate-specific adenovirus i
vector expressing a luciferase reporter gene (AdPSE-BC-
luc) and a charge-coupled device-imaging system were
employed for this purpose (Adams et af, 2002). A robust
expression from AdPSE-BC-luc construct was found in
the prostate, 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 aftes
AdPSE-BC-luc 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 receptors and MHC class 1 heavy chains are
important mediators of adenovirus entry into tumor cells.
Contrary to the cell lines derived from other malignancies,
down regulation of CAR or MHC class I expression is
relatively rare in both human and murine prostate
carcinoma cells. This brought the possibility of developing
vaccine strategies for prostate cancer based on the
modification of prostate cancer cells using recombinant
adenovirus vectors (Pandha et al, 2003) The expression of
prostate-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 (AdS5-PSA) was
generated in order to activate PSA-specific T-cell response
with the potential of eliminating prostate cancer cells
(Elzey et al, 2001). Ad5-PSA immunized mice displayed a
PSA-specific cellular immunity involving CD8" T
lymphocytes. This approach deterred subcutaneous tumor
formation with RMI1 prostate cancer cells expressing
PSA (RM11psa) However, this did not affect the growth
of existing RM11psa tumors On the contrary, Ad5-PSA
administration followed by intratumoral injection of
recombinant canarypox viruses (ALVAC) encoding
interleukin-12 (IL-12), IL-2, and tumor necrosis factor-o
effectively eliminated established RM11psa tumots, .

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-detived tumor models were used to evaluate the
effects of AJHSV-tk gene therapy as an adjuvant to
urgery (Sukin et al, 2001) Lung nodules of prostate
ancer cells were generated by intravenous injection of
‘wmor cells in order to evaluate systemic effects
ollowing 1esection of subcutaneous tumors, AJHSV-tk
. was delivered to the resection site Toxicity, local tumor
ecurrence, survival, and lung nodule formation were
valuated in animals; increased survival and decreased
ecurtence accompanied by no systemic toxicity were
bserved Adjuvant AJHSV-tk gene therapy resulted in a
ignificant reduction in lung nodules as well. This study
uggested that AJHSV-tk gene therapy might be beneficial
s an adjuvant for patients undergoing surgical treatment

f cancer.

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

The success of adenovitus mediated gene therapy for
rostate carcinoma is effected by several factors including
the level of expression of the receptor which facilitates the
ntry of the viral vectors into the cells, penetration of
ansgenes to surounding tissues, and finally the
xpression of the delivered gene. Enhancing these factors
as been the focus of many labotatories working on
denovirus-mediated gene therapy for prostate carcinoma.
lthough a limited number of studies have been
ompleted regarding these issues, effectiveness of prostate
ancer gene therapy will certainly benefit fiom the
rogress in this field,

[

A. Recéptor abundance

The presence of the coxsackie adenovirus cell
urface receptor, CAR, is required for an effective
denovirus infection of target cells. CAR expression
atterns of normal prostate and prostate carcinoma were
ompared using immunohistochemical approaches in order
0 assess the feasibility of adenovirus mediated gene
erapy for prostate cancer (Rauen et al, 2002). While a
obust membrane staining for CAR was detected in the
etastatic prostate specimens with higher Gleason scores,
st lumenal and lateral cell membrane staining were
etected in the benign prostate epithelia. Therefore,
denovirus mediated gene delivery should be more
ffective for aggressive prostate tumors than it is for
enign cases

~ B. Penetration of hybrid therapeutic
Tansgenes to the surrounding tissue

Despite the fact that adenovirus could transduce cells
fry efficiently in vitro, adenovirus mediated gene
Elivery is restricted by the inefficient transduction of
“‘Prounding cells for a given tumor. In order to overcome
s obstacle, an important intercellular transpott protein
Umed VP22, was first fused to the therapeutic transgene
f interest (p33 gene) and then cloned into adenovirus
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vector (Roy et al, 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
necessaty to limit the transgene toxicity, the low level of
transgene expression directed by these promoters
represents a barrier to gene therapy. The observation,
which led to the idea that chemotherapeutics enhanced the
transgene expiession from viral promoters, represented a
new approach to overcome this bartier Two recombinant
adenovirus constructs were used to deliver p21WAF-
1/CIP1 and p53 protein ¢-DNA under the control of
cytomegalovirus promoter to the metastatic androgen
independent prostate cancer cells treated with
chemotherapeutic agents docetaxel or paclitaxel (Li et al,
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 factor 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 ate 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 (63.4 %) with 1egard 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 (18.4 %) 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 repotted to be in Phase 1, 3 trials
in Phase I and the rest {5) were in Phase ITI There is no
Phase III clinical study reported using adenovirus vectors
targeting prostate yet. Some of the adenovitus 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 This is partly because not long 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 approach and
- adenovirus vectors vp 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.

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

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 adenovitus to target prostate cancet,

‘Table 1. A summary of ongoing clinical trials of adenovirus mediated gene therapy targeting prostate as of 2002 The data

as collected from the Journal of Gene Medicine web site (www.wiley co.uk/genmed/clinical) and published with the
ermission from &John Wiley and Sons 2002

.| Country | Investigator Mode of Therapy Phase
‘| Canada A K Stewart Immunotherapy (1L-2) I
- | Canada 1. Dancey Immunotherapy (IL-2) I
_5 USA Peter T. Scardino Suicide gene therapy (HSV-tk) + radiotherapy I
|USA Simon J. Hall Neo-adjuvant suicide gene therapy (HSV-tk) + radical prostatectomy I
USA Arie Belldegrun Tumor suppressor gene therapy (p33) H
Usa Christopher J. Tumor suppressor gene therapy (p33) I
Logothetis
USA Dov Kadmon Neo-adjuvant suicide gene therapy (HSV-tk) + radical prostatectomy I
USA Jonathan W. Simons | Selectively replicating adenovirus (CN706) I
USA Thomas A Gardner | Suicide gene therapy (HSV-tk) I
USA Jae Ho Kim Suicide gene therapy (CD/Tk) with selectively replicating adenovirus + |1
radiotherapy
USA E. Brian Butler Suicide Gene Therapy (HSV-tk) + radiotherapy o
USA Teffrey R Gingrich Neo-adjuvant CDK inhibitor (p16) + radical prostatectomy I
USA Martha K. Terris Selectively replicating adenovirus (CV787) + Radiotherapy v
USA George Wilding Selectively replicating adenovirus (CV787) jlj11
USA Alan Pollack Tumor suppressor gene therapy (p33) + radiotherapy I
USA Thomas A. Gardner | Selectively replicating adenovirus with osteocalcin promoter (Ad-OC- I
ElA)
USA David M. Lubaroff | Immunotherapy (PSA) I
USA Brian J. Miles Immunotherapy (IL-12) + radiotherapy 1
USA Theodore T, Selectively replicating adenovirus (CV706) I
' DeWeese
USA Eric T Smail Selectively replicating adenovirus (CV787) + chemotherapy Ir
USA Svend O. Freytag Neo-adjuvant suicide gene therapy (CD/Tk) with selectively replicating {1
' adenovirus + Radiotherapy .
Usa John M. Corman Selectively replicating adenovirus (CG7060) + radiotherapy I
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