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OZET

Endometrium kanseri diinyada en sik goriilen jinekolojik kanser tiiriidiir ve
kadinlarda meme, akciger ve kolon kanserinden sonra dordiincli sirada yer
almaktadir. TRAIL ve TRAIL reseptor ekspresyon profili son yillarda kanserde
prognostik belirte¢ olarak kullanilma potansiyeli {izerinde en ¢ok aragtirma yapilan
konulardan biridir. TRAIL 6liim ligand1 normal hiicrelere zarar vermeksizin kanser
hiicrelerinde secici olarak apoptozisi indiikleyebilmektedir. TRAIL’1n membrana
bagli dort reseptorii tanimlanmistir ki, bunlardan ikisi apoptozise aracilik eden 6liim
reseptorleri, TRAIL-R1 (DR4) ve TRAIL-R2 (DRS5) ve diger ikisi ise apoptozisi
inhibe eden dekoy reseptorlerdir, TRAIL-R3 (DcR1) ve TRAIL-R4 (DcR2). Fakat,
TRAIL ve TRAIL reseptorlerinin endometrial karsinogeneze nasil katki sagladigi
bilinmemektedir. Bu nedenle, bu ¢aligmada, prognostik belirte¢ olarak kullanilabilme
potansiyelini  degerlendirmek ve TRAIL aracili gen tedavi yaklagiminin
uygulanabilirligini 6nceden tahmin edebilmek icin endometrial karsinogenezde
TRAIL ligand ve reseptor ekspresyon profili arastirilmistir. Bu baglamda,
immunohistokimya yontemi kullanilarak normal endometrium (n=18), endometrial
hiperplazi (n=27) ve endometrial karsinoma dokularinda (n=100) TRAIL ve
reseptorlerinin ekspresyon profili analiz edilmistir. Ayrica, tim dokularda apoptotik
indeksi degerlendirmek tizere TUNEL yontemi kullanilmistir. Degerlendirilen
endometrial  karsinoma  Orneklerinde, normal endometrial dokular ile
karsilagtirildiginda TRAIL ligand ve DR4 6liim reseptor ekspresyonlarinda azalma,
DRS5 o6liim reseptorii ve her iki dekoy reseptér (DcR1 ve DcR2) ekspresyonlarinda
ise artis gozlenmistir. Ayrica, degerlendirilen endometrial hiperplazi 6rneklerinin
endometrial karsinomada gozlenen TRAIL ve TRAIL reseptor ekspresyon profiline
sahip oldugu gozlenmistir. Diger taraftan, yapilan degerlendirmelerde
TRAIL/TRAIL reseptor ekpresyon profili ile bilinen prognostik faktorler (timor
evresi, histolojik derece ve myometrial invazyon derinligi) arasinda bir korelasyon
belirlenememistir. Sonug¢ olarak, endometrial karsinomali hastalarda belirlenen
TRAIL ve reseptorlerinin 6zgiin ekspresyon profili TRAIL sinyallesmesinin
endometrial karsinoma gelisiminde 6nemli olabilecegini isaret etmektedir.

Anahtar Kelimeler: Endometrial Karsinoma, TRAIL, TRAIL reseptorleri



ABSTRACT

Endometrial cancer is the most common gynecologic malignancy in the world
and the fourth most common maligancy in women after breast, colorectal and lung
cancer. TRAIL and TRAIL receptor profile has recently been tested for its potential
to be used as a prognostic marker in cancer. TRAIL death ligand selectively induces
apoptosis in cancer cells without damaging healthy cells. Four membrane bound
receptors for TRAIL have been identified, two apoptosis-mediating receptors,
TRAIL-R1 (DR4) and TRAIL-R2 (DR5), and two apoptosis inhibiting receptors,
TRAIL-R3 (DcR1) and TRAIL-R4 (DcR2). However, how TRAIL and TRAIL
receptors contribute to endometrial carcinogenesis is not known. Thus, we
investigated TRAIL and TRAIL receptor expression profiles during endometrial
carcinogenesis to evaluate its potential as a prognostic marker and to predict the
feasibility of TRAIL-mediated gene therapy approach. To test this, the expression
profile of TRAIL and its receptors were analyzed and compared in normal
endometrium (n=18), endometrial hyperplasia (n=27) and endometrial carcinoma
samples (n=100) using immunohistochemistry. In addition, TUNEL assay was
performed to determine the apoptotic index on all tissues. A decrease in TRAIL
ligand and DR4 death receptor expression but an increase in DR5 death receptor and
both of the decoy receptor (DcR1 and DcR2) expressions were observed in
endometrial carcinoma samples compared with normal endometrial tissues. In
addition, endometrial hyperplasia samples displayed TRAIL and TRAIL receptor
expression profile similar to that of endometrial carcinoma samples. On the other
hand, TRAIL/TRAIL receptor expression profiles did not correlate with any known
prognostic factors (tumor stage, tumor grade and depth of myometrial invasion). As a
result, distinctive expression profiles of TRAIL and its receptors in patients with
endometrial carcinoma suggests that TRAIL signaling might be important during the
endometrial carcinoma development.

Key Words: Endometrial Carcinoma, TRAIL, TRAIL receptors.
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GIRIS VE AMAC

Endometrium karsinomu son yillarda diinyada ozellikle gelismis iilkelerde
belirgin bir artis egilimi gostermekte olup gelismis iilkelerde en sik goriilen kadin
genital sistem kanseri haline gelmistir. Kadinlarda meme, akciger ve kolorektal
karsinomlardan sonra en sik goriilen malign tiimor tipidir. Yiiksek goriilme sikligina
karsilik 6liime neden olan kanserler arasinda alt siralarda yer almaktadir ve kanser
Olimlerinin 7. en sik nedenidir. Endometrium kanseri genelde postmenopozal
kadinlarda goriilen ve yas arttik¢a seyri kotiilesen bir hastaliktir. Ancak, hastalarin
%25°1 premenopozal, hatta % 5’1 40 yas oncesinde, % 70’1 postmenopozal donemde
goriiliir. Genellikle 50-65 yaslar1 arasinda goriilmesine ragmen ortalama goriilme
yas1 60’dir. Endometrioid adenokarsinomlar ise en sik gériilen endometrium kanser
tipidir. Vakalarin neredeyse tamami hormona bagimhidir; obezite, ekzojen hormon
alim1 ve yliksek Ostrojen seviyesi ile iligkilidir. Bu tip endometriyum karsinomlari,
endometriyal hiperplaziden gelismektedir. Karsinogenezinde onkojen mutasyonlari
ve tiimor baskilayic1 genlerin kaybiyla olusan bir dizi genetik degisikligin 6nemli
rolii vardir. Proliferasyon ve apoptozis arasindaki denge bozulduke¢a, endometriyum
hiperplaziden karsinoma kadar degisiklikler gosterebilir. Endometriyumun nadir
goriilen ser6z karsinomlar1 ise daha ¢ok endometriyal intraepiteliyal neoplaziden
gelismektedir. Endometrium kanserli vakalarin dortte {icii erken tani almaktadir ve
bu evrede cerrahi miidahale sonucu elde edilen 5 yillik sagkalim orami % 80’dir.
Ancak, ileri evre endometrial kanserli hastalarin 6nemli bir kismi mevcut tedavi
yontemlerine ragmen tedavi edilememektedir.

TRAIL 6liim ligandi, ilk kez 1995 yilinda TNF siiper ailesinin yeni bir {iyesi
olarak tanimlanmistir. TRAIL ile etkilesim kurabilen bes reseptdr mevcuttur;
TRAIL-R1, TRAIL-R2, TRAIL-R3, TRAIL-R4 ve osteoprotegrin. TRAIL-R1 ve
TRAIL-R2 apoptozisi indiikleyen gercek oOliim reseptorleri olarak fonksiyon
goriitken, TRAIL-R3 ve TRAIL-R4 apoptozisi indiikleyememekte ancak dekoy
reseptOr olarak gorev yapmaktadir. TRAIL 1n sadece kanser hiicrelerinde apoptozisi
indiiklemesi, normal hiicrelerde ayni etkiyi gostermemesi kanser tedavisinde
kullantmimi glindeme getirmistir. TRAIL’1in kanserde terapdtik olarak kullanimina
yonelik yapilan c¢alismalarda ise tiimor hiicrelerinin 6nemli bir kisminda TRAIL’a
kars1 direnglilik tespit edilmistir. Fakat ortaya ¢ikan bu direngliligin mekanizmasi
heniiz tam olarak bilinmemektedir. Bununla birlikte yapilan ¢aligmalarda TRAIL
ligand ve reseptor profillerinin kanser tipleri arasinda farkliik gosterdigi
saptanmistir.

Yapilan ¢alismalar, TRAIL ligand ve reseptor ekspresyon profillerinin kanser
prognozunu belirlemede belirteg olarak kullanilabilecegini isaret etmektedir.
Bununla birlikte, literatiire bakildiginda endometrium kanserli hastalara ait timor
dokularinda TRAIL ligand ve TRAIL reseptor profilinin ve apoptozis iizerindeki
etkilerinin aydinlatilmasina yonelik bir calisma bulunmamaktadir. Ozellikle TRAIL



ligand ve reseptor profilinin timdr evreleri ile iliskisinin belirlenmesinin hastaligin
seyrini  belirlemede bir belirteg olabilecegi diisiiniilmektedir. Bu sebeple
caligmamizda, endometrioid karsinomlu ve endometrial hiperplazili hasta
dokularinda TRAIL ligand ve reseptor ekspresyon profilinin ortaya cikarilarak
kanser gelisimi ve prognozu iizerinde etkisinin olup olmadigmin belirlenmesi
amaclanmaktadir. Ayica, endometrial kanserli hastalarda TRAIL ligand ve reseptor
ekspresyon profilinin belirlenmesinin gelecekte TRAIL odakli hastaya spesifik
tedavi protokollerinin olusumuna katki saglanmasi beklenmektedir.



GENEL BIiLGILER

2.1. Uterus Anatomisi
Disi iireme sistemini meydana getiren organlar dis ve i¢ lireme organlari
olarak iki kisimda incelenmektedir. Dis iireme organlarinin tiimiine birden vulva adi

verilir. I¢ iireme organlar1 ise vajina, uterus, ovaryumlar ve fallop tiiplerinden
olusmaktadir [1-3].

Uterus, alt boliimiinii serviksin olusturdugu, armut biciminde, mesane ve
rektum arasina yerlesmis muskiiler bir organdir. Uterus boslugu iiggen seklindedir.
Ustte fallop tiipleri ile periton boslugu, altta ise vajinal kanal yoluyla dis ortamla
baglantilidir. Uterus anatomik olarak fundus, korpus, istmus ve serviks olmak tizere
dort boliimde incelenir. Uterusun en iist kismi1 olan fundus, tuba uterinalarin uterusa
acildiklart seviyenin iizerinde kalan boliimdiir. Korpus, tuba uterinalarin uterusa
acildig1 seviyeden istmusa kadar uzanan bolgedir ve uterusun esas pargast kabul
edilmektedir. Vajina 6n duvarinda sonlanan en alt pargaya serviks, korpus ve serviks
arasinda kalan 0,5 cm uzunlugundaki bolgeye ise istmus ad1 verilmektedir (Sekil 2.1)
[1-3].

Fundus

Uterus

o

......

istmus

Serviks

Vajina

Sekil 2.1. Uterus anatomisi [4].



Uterus dis yiizeyi, seroza tabakasmi olusturan periton ile kaphdir. Seroza
tabakasinin altinda diiz kaslardan olusan miiskiiler tabaka (miyometrium) yer
almaktadir. Miyometriumun altinda ise stroma adi verilen, gevsek bag dokusu ve
hiicrelerle cevrili tiibiiler salgi bezlerinden olusan endometrium tabakasi yer alir.
Endometrium, stratum basale ve endometrial glandlarin bulundugu stratum
fonksiyonaleden olusur. Fonksiyonel tabaka, over hormonlarinin (6strojen ve
progesteron) etkisiyle degisime ugrar. Bu degisim, puberteden menopoza kadar
stirer. Normalde yaklasitk 28 giinde bir goriilen menstriiasyon, endometriyal
degisikligin en belirgin 6zelligidir [1-3].

2.2 Endometrial Hiperplaziler

Ik kez 1900 yilinda Dr. Cullen endometriumda endometial kanserin dnciisii
oldugunu diisiindiigii histolojik bir yap1 tanimladi. Cullen'in ag¢tig1 yoldan ilerleyen
diger aragtirmacilar (1932’de Taylor ve 1936°da Novak ve Yui) bu tabloya
endometrial hiperplazi adim verdiler ve 1947 yilinda Dr. Gusberg bu hastaligin
smiflamasint yapti [5].

Endometrial hiperplazi, normal proliferatif endometriuma kiyasla artmis bez
ve stroma orani, diizensiz sekil ve boyutlardaki bez proliferasyonu olarak tanimlanir
[6]. Bu olay yaygindir fakat biitiin endometriumu tutmasi gerekmez. Bu lezyonlarin
bir kismi spontan olarak veya tedavi ile gerileyebilmekte, bir kisim hastada
hiperplazi persiste kalmakta, az bir kisim hastada ise endometrial adenokarsinomaya
donebilmektedir. Endometrial hiperplazi tanisi alan hastalarda en sik karsilasilan
neden karsilanmamis Ostrojene maruz kalinmasidir. Karsilanmamis dstrojene maruz
kalmanin en sik nedeni ise anovulasyondur. Ostrojenler, endometrial epitel ve stroma
hiicrelerinin mitotik aktivitelerini indiiklemektedir. Ostrojenik etki altindaki
endometrium prolifere olur ve glandular epitelyum ger¢ek olmayan sekilde
katmanlagir. Sonug olarak, progesteron tarafindan karsilanmamis siirekli Ostrojen
stimulasyonu endometrial hiperplaziye yol acar [5].

Endometrial hiperplaziler i¢gin WHO’nun yaptig1 smiflandirma iki kritere
dayanmaktadir; glandiiler yogunluk ve niiklear goriiniim [7]. Bu kriterlere dayali
olarak WHO’nun endometrial hiperplaziler i¢cin yapmis oldugu smiflandirma Tablo
2.1°de verilmistir.

Tablo 2.1. Endometrial hiperplazilerin WHO siniflandirmast [8].

Atipik olmayan hiperplaziler (Tipik)
Basit atipisiz hiperplazi
Kompleks atipisiz hiperlazi

Atipik hiperplaziler
Basit atipik hiperplazi
Kompleks atipik hiperplazi




Sekil 2.2. Endometrial Hiperplazi tipleri A) Basit atipisiz hiperplazi B) Kompleks atipisiz hiperplazi
C) Basit atipik hiperplazi D) Kompleks atipik hiperplazi [8].

Basit hiperplazi; genislemis yuvarlak ya da hafif diizensiz sekillerdeki kistik
bezler ve glandiiler kalabaliklasma olmaksizin artmis bez stroma orani ile
karakterizedir. Bezler genelde proliferatiftir ve polipoid gelisim gozlenebilir.
Kompleks hiperplazide ise sitolojik atipi olmadigi halde yaygin glandiiler yapisal
atipi veya kalabaliklasma gozlenir. Eldiven parmagi, testere disli, papiller goriiniim,
stromada bezlerde yogun kalabaliklagma, sirt sirta verme goriinimii dikkati ¢eker.
Atipik hiperplaziler basit veya kompleks yapisal Ozelliklere sahiptir. Bezlerin
kompleks yapisina ve kalabalik goriinlimiine ek olarak tan1 koydurucu sitolojik atipi
mevcuttur (Sekil 2.2) [9-11].

Endometrial hiperplaziler, sitolojik atipinin varligina ve agirligma bagh
olarak adenokarsinomaya doniisme riski tagimaktadir [12]. Endometrioid kanser
vakalarinin pek ¢ogu, atipik endometrial hiperplaziden gelisen endometrioid
karsinomalardir. Kanser gelisim olasilig1 hiperplazi derecesi ile iliskilidir. Kanser
progresyon riski basit atipisiz hiperplazide 1-kat, kompleks atipisiz hiperplazide 3-
kat, basit atipik hiperplazide 8-kat ve kompleks atipik hiperplazide ise 29-kat
artmaktadir [13-14].



2.3 Endometrium Kanseri

Endometrium kanseri, uterusun i¢ tabakasini olusturan endometriumdaki
hiicrelerin kontrolsuz ¢ogalmasi sonucu olusmaktadir. Bu yilizyilin ikinci yarisinda
pap smear taramalarinin basarisina bagl olarak serviks kanseri insidansinda belirgin
azalma s6z konusu olmus, bu da bilhassa gelismis tilkelerde endometrium kanserinin
en sik goriilen jinekolojik kanser haline gelmesine yol agmustir. Genel olarak
bakildiginda ise, endometrium kanserinin, akciger, meme ve kolon kanserinden sonra
kadinlarda gozlenen en sik dordiincii kanser oldugu fark edilmektedir. [15]. Hastalik
insidansimin kitalara gore degiskenlik gosterebildigi, ozellikle de gelismis iilkelerde
daha yiiksek oldugu bilinmektedir. Nitekim endometrial kanser Kuzey Amerika ve
Avrupa’ll kadinlarda gbzlenen tiim kanser vakalarinin yaklasik %8-10"unu, Afrika
ve Asya’li kadinlarda ise %2-4’{inii olusturmaktadir [16].

Yapilan kanser istatistiklerine gore 2010’da ABD’de 43.470 yeni olguya tani
konulmus ve 7.950 kadin endometrium karsinomundan dolay: hayatini kaybetmistir.
Yiiksek insidansina karsilik endometrial karsinom, kadinlardaki kanser Gliimlerinin
% 3’tinden sorumludur ve 6lime neden olan kanserler arasinda sekizinci sirada yer
almaktadir. [17].

Endometrium karsinomu olgularmin % 95’1 40 yas iizerindedir. % 70-80’1
postmenopozal, % 25’1 premenopozal déonemde goriiliir ve vakalarin sadece % 5°1 40
yasindan daha gengtir. Genellikle 50-65 yaslar1 arasinda goriiliir ve ortalama goriilme
yas1 61°dir [18-19].

2.3.1 Endometrium Kanserlerinin Tanis1 ve Risk Faktorleri

Endometrial karsinomlarin  %90’dan fazlasinda diizensiz veya post-
menapozomal vajinal kanama mevcuttur. Fakat post-menopozomal kanamali
hastalarin sadece %?20’sinde kanama malignant orjinlidir ve bunlarin %350’si
endometrial karsinoma nedeniyledir [19]. Endometrium kanser vakalarinin %5’ i ise
asemptomatiktir. Genel populasyonda endometrium kanserinin belirlenmesi i¢in bir
tarama programi mevcut degildir. Tim vakalarda degerlendirme ilk olarak
transvajinal ultrason ile yapilmaktadir. Endometrium kalinligi 4 mm’den fazla veya
normal endometrial kalinliga sahip oldugu halde kanama sikayeti bulunan tim
postmenapozal hastalardan endometrial biyopsi veya kiiretaj ile Ornek alinarak
degerlendirilmekte, histereskopi ile de inceleme yapilabilmektedir. Endometrial
kanser tanisinda bilgisayarli tomografi, manyetik rezonans goriintiileme ve pozisyon
emisyon  tomografisi  gibi  gOriintiileme  yOntemleri de  gerektiginde
kullanilabilmektedir [19-21].

Endometrium kanseri i¢in tanimlanmis risk faktorleri endometrioid (Tip 1)
formuna ait olmakla birlikte, biiyiik oranda karsilanmamis dstrojene maruz kalma ile
iligkilidir. Yiiksek diizeyde uzun siireli karsilanmamis Ostrojen endometriumda
mitotik aktiviteyi uyarir ve endometrial hiperplaziye yol agarak daha uzun siirede
maligniteye doniisiim gdsterebilir. Tablo 2.2°de endometrial kanser i¢in tanimlanmis
risk faktorleri verilmistir.



Tablo 2.2. Endometrium kanseri risk faktorleri [22].

Faktor Risk Orani
(%)

Uzun sireli, yiksek doz 6strojen kullanimi, 10-20
Karsilanmamis menopozal 6strojen
Yiiksek dozlarda Tamoksifen kullanimi 3-7
Ostrojen ireten timér >5
Obezite

BMI 30-34 kg/m* 1.7

BMI 35-39 kg/m’ 4.3

BMI > 40 kg/m’ 64
Nulliparite 3
Diyabet, Hipertansiyon, Tiroit,
Safra Kesesi Hastaligl 1.3-3
ileri yas 2-3
infertilite 2-3
Geg¢ Menopoz 2-3
Erken Menars 1.5-2
Menstrual dizensizlik 1.5
Beyaz irk 2
Oral kontraseptifler 0.3-0.5
Sigara kullanimi 0.5

2.3.2 Endometrium Kanserlerinin Patolojisi ve Evrelendirilmesi

Bokhman 1983 yilinda endometrial karsinomalart 2 tip olarak
siiflandirmistir [23]. Tip 1 olarak isimlendirilen birinci grup, temel olarak
endometrioid karsinomalardan olusmaktadir. Tip 1 endometrial karsinom Gstrojen
iligkilidir ve genel olarak endometrial hiperplaziden kaynaklanmaktadir. Siklikla
diisiik grade malignansi gosterirler [24-25]. Bu timdrler pre- ve post menopozal
kadinlarda endometrial karsinomlarin yaklasik %80’ini olusturur ve vakalarin
%74’tinde 5 yillik sagkalim orani ile iyi prognoz soz konusudur [15]. Endometrioid
karsinomun sekretuar karsinoma ve villoglandular karsinom da dahil olmak iizere
birkag alt tipi veya varyantlari tanimlanmistir [26].

Tip 2 endometrial kanserler, ser6z veya berrak hiicreli endometrial
karsinomalardan (non-endometrioid karsinomalar) olusmaktadir. Bu kanserler
ostrojen ile iligkili degildir ve endometrial hiperplaziden kdken almazlar. Nadiren
endometrial intraepitelyal karsinomlardan (EIC) kaynaklanan endometrial polipler
veya prekanserdz lezyonlar gozlenir. Genellikle yiiksek grade, derin myometrial
invazyon ve lenfatik yayilim gosterirler. 5 yillik sag kalim %27-42 arasindadir ve
kotli prognoza sahiptirler. Tip 2 Endometrial karsinoma esas olarak post-menopozal
kadinlarda ortaya ¢ikar ve giliniimiizde risk faktorleri sadece yas ve pelvik 1sin



uygulamasi olarak diistiiniilmektedir [15, 27]. Tablo 2.3’de her iki tipe ait klasik

ozellikler listelenmistir.

Tablo 2.3. Endometrial karsinoma tipleri [10].

Tip | Tip Il

Menopozal durum Premenopozal ve Postmenopozal
perimenopozal

Ostrojen iliskisi Var Yok

Ostrojen veya Progesteron Var Yok

Reseptorleri

Bitisik endometriumun Hiperplastik Atrofik/sistik polip

Histolojisi

Oncii lezyon Atipik Hiperplazi EIC
Obezite Var Yok
Dogum Nulipar Multipar
Grade Dusuk Yiksek

Histolojik alt tip

Klinik

Endometrioid

Agrisiz

Ser6z karsinoma
Berrak-hicreli
karsinoma
Agresif

Endometrioid karsinomlarin
oldugundan dolayr iki
endometrioid/serdz karsinomalar mevcuttur ve vakalarin

de

cakismaktadir.
%

30’u atrofik endometrium ile iliskili
Ayrica, bilesik
46’s1 endometrial

hiperplazi ile iliskilendirilmektedir.

Endometrial karsinomlarda Diinya Saglk Orgiiti'niin  (WHO) ve
International Society of Gynecological Pathologists’in (ISGP) 6nerdigi siniflama
kullanilmaktadir (Tablo 2.4)



Tablo 2.4. Endometrial karsinomlarda siniflandirma (WHO ve ISGP)[28]

Endometrioid adenokarsinom
Villoglandiler
Sekretuar
Silyali hiicreler
Skuamoz diferansiyasyonlu

Miisinoz karsinoma

Ser6z karsinoma

Berrak hiicreli karsinoma

Bilegik (Mikst) karsinoma

Skuamoz- hiicreli karsinoma

Transisyonel-hiicreli karsinoma

Kiiglik —hiicreli karsinoma

Andiferansiye karsinom

Evrelendirme Endometrioid karsinomlarda prognostik olarak onemlidir.
Tablo 2.5 ve 2.6’de sirastyla 1988 ve 2009 International Federation of Gynecology
and Obstetrics (FIGO) evrelendirme sistemine gore endometrial karsinomlarin
evrelendirilmesi yapilmistir [29-32].



Tablo 2.5. Endometriyum kanseri cerrahi siniflama (FIGO 1988)

Evre Tanimlama
Evrel Tiimor endometriyuma sinirh
1A Timor endometriyuma sinirl
IB Myometriyal invazyon <1/2
IC Myometriyal invazyon >1/2
Evrell Tumor serviks ve endometriumu invaze etmis
A Tumor endoservikal glandiler yapiyi invaze etmis
1B Tumor endoservikal stromal yapiyi invaze etmis
Evre Il Tiimorian lokal ve/veya bolgesel yayilimi
A Tiimor seroza ve/veya adnekse yayillmis ve/veya periton

sitolojisi pozitif

B Timor Vajinaya yayillmig
1nc Pelvik ve/veya paraaortik lenf nodu metastazi

Evre IV intra-abdominal veya ekstra-abdominal metastazlar
IVA Tiimoriin mesane veya bagirsak mukozasina invazyonu
IVB Uzak metastazlar (intraabdominal metastazlar

ve/veya inguinal lenf nodlar)

Endometrium Karsinomunda FIGO’nun Grade (Derece) Tanimlamasi (1988)

G1(lyi diferansiye): Nonskuamoz veya nonmoruler solid biiyiime sekilleri < % 5
G2(Orta diferansiye): Nonskuamoz veya nonmoruler solid bityiime sekilleri %650
G3(Kotii diferansiye): Nonskuamoz veya nonmoruler solid biiyiime sekilleri > % 50
Yapisal grade ile uyumsuz belirgin niikleer atipi grade’i 1 puan yiikseltir.

10



Tablo 2.6. Endometriyum kanseri cerrahi siniflama (FIGO 2009)

Evre Tanimlama

Evrell Tumor servikal stromayi kapsar

Evre IV Tiim6rin mesane ve/veya bagirsak mukozasina
ve/veya uzak metastazlar
IVA Tiimdrin mesane ve/veya bagirsak mukozasina invazyonu
IVB Uzak metastazlar (intraabdominal metastazlar

ve/veya inguinal lenf nodlar)




2.3.3 Endometrium Kanserinde Prognostik Parametreler

Jinekolojik onkoloji grubu tarafindan yapilan ¢alismalar, endometrial
karsinom prognostik parametrelerinin uterin ve ekstrauterin faktorler olarak iki
grupta toplanabilecegini gostermistir. Uterin faktorler (1) Histolojik tip, (2)
Histolojik derece, (3) Myometriyal invazyon derinligi, (4) Vaskiiler invazyon, (5)
Atipik hiperplazinin varligi, (6) Servikal tutulum, (7) DNA ploidi ve S-fazi
fraksiyonu ve (8) Hormon Reseptor seklinde listelenilebilir. Ekstrauterin faktorler ise
(1) Pozitif peritoneal sitoloji, (2) adneks tutulumu, (3) pelvik ve para-aortik lenf nodu
metastazi ve (4) peritoneal metastazdir [33].

Endometrium kanserinde prognostik faktorlere yas faktoriinii de eklemek
mimkiindiir. Endometrial kanserli gen¢ kadinlarda yash kadinlara gore daha iyi
prognozla karsilagilmaktadir. Yash hastalarda karsilasilan kotii prognoz daha c¢ok
grade 3 tiimorlerin goriilme sikligindaki artigtan kaynaklanmaktadir. Aalder ve
arkadaslarinin yapmis oldugu bir ¢alismada 60 yas alt1 kadin hastalarda mortalite ve
rekiirrens orani % 6.1 iken 60 yas lstiinde bu oran % 12.3 olarak belirlenmistir.
Endometrium kanserinde hastaligin evresi sag kalimi etkileyen en énemli faktordiir.
Kottmeimer ve arkadaslarinin 1971 FIGO evreleme sistemine gore yapmis olduklar
calismada 5 yillik sagkalim oranlar1 Evre I %74.2, Evre 1l %57.4, Evre 11l %29.2 ve
Evre IV % 9.6 olarak belirlenmistir. Histolojik derece, hastalarda lenf nodu metastazi
ve miyometrial invazyon varligin1 yansitmasi nedeni ile prognozla iliskilidir. Derin
myometrial invazyon da kotii sagkalim ile iligkilidir. Boronow ve arkadaslari,
endometrium ile sinirlt endometrial kanserli hastalarda hastaligin tekrarlama orani %
8 iken derin myometrial invazyonlu hastalarda bu riskin arttigin1 géstermistir.
Myometrial invazyonsuz hastalarda 5 yillik sagkalim oran1 %80 iken derin
myometrial invazyonda bu oran % 60’a diismektedir [34].

2.3.4 Endometrium Kanserinde Genetik Degisimler

Normal bir hiicreden kanser hiicresinin gelisimi, normal endometriumun
gelisiminde ve devamliliinda etkin olan genlerdeki mutasyonlar1 kapsayan multistep
bir olaydir (Sekil 2.3). Bu genler ii¢ kategoride toplanmaktadir: proto-onkogenler,
timor baskilayic1 genler ve DNA tamir genleri. Bu molekiiler degisimler
endometrium kanserinin iki tipi arasinda farkliliklar gostermektedir. Tip [
Endometrial karsinomalarda mikrosatellit instabilitesi, PTEN, K-RAS, B-Katenin ve
PIK3CA genlerinde degisimler s6z konusudur. Tip Il Endometrial karsinomada ise
siklikla p53 mutasyonlari, Her-2/neu amplifikasyonu ve birka¢ kromozomda
heterozigotlugun kaybi1 (LOH) gozlenmektedir [15, 35]. Bu genetik degisimler farkli
bireylerde tek basina veya cesitli kombinasyonlarda ortaya ¢ikabilmektedir [36]. Tip
I ve 1l endometrial karsinomalardaki degisiklikler Tablo 2.7°de 6zetlenmistir.
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Tablo 2.7. Tip I ve Tip II Endometrial karsinomalarda genetik degisimler [37]

Tip | Tip Il
PTEN inaktivasyonu % 83 % 11
PIK3CA mutasyonu % 26-36 % 5
KRAS mutasyonu % 10-30 % 0-10
B-katenin/CTNNB1 mutasyonu % 14-44 % 0-5
Mikrosatellit instabilitesi % 20-45 % 0-11
p53 mutasyonu % 10-20 % 90
HER2/neu amplifikasyonu % 10-30 % 18-80
p16 inaktivasyonu % 10 % 40-45
E-kaderin kaybi % 10-20 % 60-90
BAX
TGFB-RII
Mikrosatellit instabilit \GFIIR
ikrosa sTIH\I]nS abilite MSH3
. MSH6
B-Katenin
\ Endometrioid »Ip Yiiksek dereceli
Normal Karsinoma > endometrioid karsinoma
Endometrium < /
/ Nonendometrioid Karsinoma \
53
p53 T P
Kromozomal instabilite
LOH Amplifikasyon
Siklin D1
Kaderin E Siklin E
STK15

Sekil 2.3 Endometrial karsinoma patogenezi [36].
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K-ras: K-Ras geni GTPaz siiperailesine ait bir proteini kodlamakta ve hiicre yiizey
reseptorleri ve niikleus arasindaki sinyal iletiminde rol oynamaktadir. Kodon 12, 13
veya 61°deki tek bir aminoasit degisimi aktive edici mutasyondan sorumludur [36].
K-ras proto-onkogeninin kodon 12 veya 13’linde meydana gelen nokta
mutasyonlarina endometrial karsinomalarin % 10-37’sinde ve atipik hiperplazilerin
% 6-16’sinda rastlanirken, basit ve kompleks hiperplazide K-ras gen aktivasyonu s6z
konusu degildir. Tip I timorlerde K-ras mutasyonu % 26 iken, bu oran tip 1l
timorlerde % 2’dir. Yapilan caligmalara gore mutasyonlarin goriilme sikligi
hiperplazilerin siddetine gére degismektedir, Ki bu oranlar basit atipik hiperplazide %
10-14, kompleks atipik hiperplazide % 22 civarindadir [38]. K-Ras mutasyonlari ile
endometrioid karsinomalarda tiimor evresi, histolojik derece, myometriyal invazyon
derinligi ve klinik arasinda baglanti bulunamamistir. Fakat bazi arastirmacilar, post-
menopozomal endometrioid karsinomali hastalarda K-Ras mutasyonlar1 ile
beraberinde bulunan endometrial hiperplazi, lenf nodu metastazlari ve klinik arasinda
iliskiler tanimlamislardir [39-40].

HER-2/neu: HER-2/neu, transmembran tirozin kinaz kodlayan bir onkogendir. Bir
biliylime faktor reseptorii olarak fonksiyon goriir ve ErbB sinyallesmesini koordine
etmede Onemli rol oynamaktadir. HER2/neu epidermal biiylime faktor reseptor
(EGFR) ailesinin diger iiyeleri ile heterodimerize olarak is gormektedir. HER2/neu
aktivasyonu, mitojen-aktive protein kinaz ve PI3K hiicre sinyallesmesinde artisa yol
acmakta bu da hiicre proliferasyonunda artis ile sonuglanmaktadir [41]. HER-2 /
neu'nun ekspresyonunun artmasi endometrium kanserinde kotii prognostik faktordiir
[42]. HER2/neu onkogeninin amplifikasyonu veya overekspresyonu endometrial
karsinomalarin % 20-40’inda ortaya c¢ikmaktadir ve ileri evre, yiiksek histolojik
derece ve azalmis sag kalim ile iliskilendirilmektedir [43]. HER2/neu
amplifikasyonu daha ¢ok nonendometrioid karsinomada (Tip II) goriilmektedir [44].

Mikrosatellit Instabilitesi (MSI): DNA mikrosatellit genom boyunca yer alan 1-6
niikleotidlik basit dizi tekrarlaridir. Mikrosatellit instabilitesi (MSI) mikrosatellit
uzunluklarindaki degisimler olarak tanimlanmaktadir. Bu tip genetik instabilitenin
DNA-mismatch  tamir (MMR) genlerindeki  bozukluktan  kaynaklandig
diistiniilmektedir [38]. MLH1, MLH3, PMS1, PMS2, MSH2, MSH3, MSH4, MSH5
ve MSH6 gibi genler insanda DNA mismatch tamir yolaginda tanimlanmis olan
genlerdir [45]. MMR genlerindeki mutasyonlar herediter nonpolipozis kolorektal
kanser (HNPCC) patogenezinde ve Lynch’s sendromunda 6nemli rol oynamaktadir.
Endometrial karsinoma HNPCC’li hastalarda tanimlanmis en yaygin ikinci
malignansi tipidir. Lynch’s sendromu ile iliskili endometrial karsinomalarin
%70’inde ve sporadik endometrial karsinomalarin % 20-30’unda MSI
tanimlanmistir. Mikrosatellit instabiliteli sporadik kolonik, gastrik veya endometriyal
karsinomlarda MMR genlerindeki mutasyonlarin siklig1 oldukg¢a diisiiktiir ve bu
durumda gen inaktivasyonlarinda baska mekanizmalarin rolii ileri siiriilmektedir
[36]. 1998 yilinda MSI gosteren sporadik kanserlerde tiimor baskilayict gen
inaktivasyonunun mekanizmast olarak MLH1 promotoriiniin  hipermetilasyonu
tanimlanmistir [46]. MLH1 promotor hipermetilasyonu hiperplazilerde, o6zellikle
atipik hiperplazilerde tanimlanmistir. Bu bulgular, MLH1 hipermetilasyonunun
endometrioid adenokarsinom patogenezi esnasinda MSI fenotip gelisiminin erken
basamagi oldugunu gostermektedir [47-48]. Sporadik endometrial karsinomlarda
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MST’n klinikopatolojik etkisi tartismalidir. Histolojik derece veya sagkalim ile MSI
arasindaki iliski acik degildir. Baz1 ¢aligmalarda yiiksek histolojik derece ve koti
prognozla bir iliskisinin var oldugunu o6ne siiriilmekteyken, [49-50] son g¢alismalara
gore MSI, endometrial karsinomda iyi prognozu gostermektedir; drnegin kolorektal
karsinomlarda evreden bagimsiz olarak iyi prognozla iliskilendirilmistir [51].

PTEN: PTEN, 10g23.3 kromozom bdélgesinde lokalize, tiimor baskilayict bir gendir
ve pek ¢ok kanser tipinde bu bolgenin heterozigosite kaybina rastlanmaktadir. PTEN
proteini protein tirozin fosfataz ve tensin homolojisine sahiptir. PTEN fosfataz
aktivitesi ile PI3K  {riini olan  fosfotidilinozitoltrifosfatlarin ~ (PIP3)
defosforilasyonunu yaparak PI3K/AKT yolagint baskilamaktadir. Bu nedenle PTEN
aktivitesindeki bir azalma, sinyal transdiiksiyon yolaklarinin modiilasyonu
araciligiyla hiicre proliferasyonunda artisa neden olmaktadir [52]. Diger taraftan
PTEN ayn1 zamanda FAK (Fokal adhezyon kinaz) araciligiyla hiicre adezyonu ve
migrasyonunda da ise karigsmaktadir. PTEN, FAK defosforilasyonuna neden olarak,
integrin aracili hiicre sinyallesmesini inhibe etmekte ve hiicre-ekstraselliiler matriks
iligkilerini bozmaktadir [53]. Endometrial kanserlerde PTEN mutasyonlarina oldukga
sik rastlanilmaktadir. Ozellikle, papillar seréz ve berrak hiicreli nonendometrioid tip
endometrial karsinomlarda bu oran dikkat ¢ekicidir [54-55]. PTEN mutasyonlarinin
goriilme siklig1 erken evre/iyi diferansiye endometrioid ve ileri evre/kétii diferansiye
adenokarsinomlar arasinda benzerlik gostermektedir. PTEN mutasyonlar1 niikleer
atipili ve atipisiz endometrial hiperplazilerin % 15-55’inde belirlenmistir. Bu durum,
PTEN fonksiyon kaybinin endometrial karsinogenezin erken doneminde ortaya
ciktigini gostermektedir [36, 56].

PIK3CA: PI3K’nin pl10a katalitik altiinitesi olan PIK3CA, 3026.3 kromozom
bolgesinde lokalizedir ve bu lokusun amplifikasyonu PI3K aktivitesini arttirmaktadir.
PIK3CA insan kanser tiirlerinin yaklasik % 15’inde aktive edilmis veya mutasyona
ugramistir [57]. Endometrial karsinomlarda ise PIK3CA degisimlerine yaklasik %
24-36 oraninda rastlanmaktadir ve bu degisimlerin pek ¢ogu ekzon 20°deki yanlis
anlamli mutasyonlardir. Oda ve arkadaslari, yapmis olduklar1 caligsmada endometrial
karsinomal1 vakalarin % 36’sinda PIK3CA mutasyonlar1 belirlerken, vakalarin %
26’sinda PTEN ve PIK3CA mutasyonlarinin birlikte oldugunu gostermislerdir. Ayni
aragtirmacilar PIK3CA mutasyonu ile klinikopatolojik parametreler arasinda bir
iliski saptayamamiglardir ki, bu da PI3K yolaginin tek basina aktivasyonunun
endometrial karsinomlarda prognostik bir faktér olmadigini géstermektedir [58-59].

p-katenin/CTNNB1: p-katenin proteini 3p21 kromozom bdlgesinde lokalize
CTNNBI geni tarafindan kodlanmaktadir. f-katenin adheziv proteinleri grubuna
girmekte ve bir hiicre-hiicre adezyon regiilatorii olarak fonksiyon gormekle beraber
ayn1 zamanda Wnt sinyal yolaginin bir bileseni olarak hareket etmektedir. Hem APC
(adenomatous polyposis coli) hem de E-kaderin’in fonksiyonel aktivite
gosterebilmesi i¢in gereklidir. Normal doku yapisinin korunmasit ve hiicre
farklilasmasinda temel olan E-kaderin-katenin {nitesinin bir komponentini
olusturmakla beraber, Wnt sinyal yolaginda da onemli bir rol oynamaktadir.
CTNNBI geninin 3 nolu ekzonunda meydana gelen mutasyonlar $-katenin proteinin
stabilizasyonuna ve niiklear birikimine yol agmaktadir. B-katenin niiklear birikimi
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gosteren endometrial karsinomlar analiz edildiginde birikimin endometrioid
lezyonlarda (% 31-47) nonendometrioid histolojilere nazaran (% 0-3) onemli
derecede daha yaygin oldugu gosterilmistir. APC/B-katenin/Tcf yolagimin
aktivasyonu bazi kanser tiplerinde goriilmekte, 6zellikle endometrioid endometrial
karsinomlarda daha sik rastlanmaktadir. Endometrioid endometrial karsinomlarda
CTNNBI1 mutasyonlariin goriilme siklig1 % 14-44 olarak rapor edilmistir. CTNNBI
mutasyonu bulunan endometrioid endometrial karsinomalar karakteristik olarak iyi
prognozlu erken evre tiimorler ile iligkilidir [36-37, 60-61].

p53: p53 tiimor baskilayict gen 17p13.1 kromozom bolgesinde lokalizedir. p53
mutasyonlart nonendometrioid endometrial karsinomalarin % 90’inda gozlenirken
endometrioid endometrial karsinomalarin (6zellikle grade 3) sadece % 10-20’sinde
gozlenmektedir. Bu bulgu, nonendometrioid karsinomlarda degil ama, endometrioid
endometrial karsinomlarda  hastalik  progresyonunu etkileyebilecegini
desteklemektedir. p53°iin overekspresyonu yiiksek evre, agresif hiicre tipi (serdz),
yiiksek histolojik grade ve derin myometriyal invazyon ile iligkili bulunmustur.
Azalmig sagkalim ile de kuvvetli bir iliski bulunmaktadir [62-63].

E-Kaderin: Kaderinler hiicreler arasinda siki baglanti i¢in temel adezyon
molekiillerinin bir ailesidir. E-kaderin 16q22.1 kromozom bdlgesinde lokalize CDH1
geni tarafindan kodlanmaktadir. E-kaderin ekspresyonundaki azalma endometrial
karsinomda siktir ve ekspresyondaki azalma LOH, mutasyon veya promotor
hipermetilasyonu kaynakli olabilir. 16q22.1’de LOH nonendometrioid endometrial
karsinomalarin % 60’inda gozlenirken, endometrioid endometrial karsinomalarin
sadece % 22’sinde gozlenmektedir. Endometrial karsinomada, E-kaderin
ekspresyonunun kismi ya da tam kaybi agresif durum ile iligkilidir [36].

p16: pl6 hiicre dongiisiiniin diizenlenmesinde 6nemli bir rol oynamaktadir. p16
timor baskilayic1 geni 9p21 kromozom bdlgesinde lokalizedir. p16 inaktivasyonu
kontrolstiz hiicre biiylimesine yol agmaktadir. p16 inaktivasyonu nonendometrioid
endometrial karsinomada (% 40-45) endometrioid endometrial karsinomaya (% 10)
nazaran daha sik gozlenmektedir. p16 ekpresyon kaybi1 KRAS ve p53 mutasyonlari
ile koreledir ve ileri evre, yiiksek derece ve kotii sagkalim ile iliskilidir [64].
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2.4. TRAIL

1995 ve 1996 yillarinda, iki bagimsiz grup tarafindan direkt olarak apoptotik
sinyali baglatabilme yeteneginde olan yeni bir protein kesfedilmistir. Bu protein ile
TNF ve Fas Ligand arasindaki yiiksek homoloji nedeniyle bir grup tarafindan TNF-
related apoptosis-inducing ligand (TRAIL), diger grup tarafindan ise Apo2L olarak
adlandirilmigtir [65-66].

TRAIL geni insanda 3q26 kromozom bolgesinde lokalizedir. 20 kb
uzunlugunda olup, 5 ekzondan olugmaktadir [67-68]. TNF ailesi iiyesi olan TRAIL
bir tip 11 transmembran proteinidir. 281 aminoasitten olusan TRAIL proteini kisa bir
N-terminal sitoplazmik domainine ve uzun bir C-terminal ekstraseliiler reseptor
baglanma domainine sahiptir [69].

TRAIL’1n en 6nemli 6zelligi timorojenik veya transforme olmus hiicrelerde
secici olarak apoptozu indiiklemesi, buna karsin normal hiicrelerde apoptozisi
indiikleyememesidir. Bu 06zelligi, TRAIL’1n kanser tedavisinde uygulanmasina
olanak saglamaktadir [70].

TRAIL, etkisini hiicre ylizeyinde bulunan bes farkli TRAIL reseptorii
araciligiyla gergeklestirir (Sekil 2.4). Bunlar TRAIL-R1/DR4, TRAIL-R2/DR5,
TRAIL-R3/DcR1, TRAIL-R4/DcR2 ve Osteoprotegrindir [71]. TRAIL-R1 (DR4,
TNFRSF10a) ve TRAIL-R2 (DR5, TNFRSF10b) sisteince zengin iki ekstraseliiler
ligand baglanma domaini ve TRAIL baglandiktan sonra ekstrinsik apoptotik yolagin
aktivasyonu igin gerekli 6liim domainini igermektedirler. Bu nedenle bu iki reseptor
olim reseptorleri olarak adlandirilmaktadirlar. TRAIL-R3 (DcR1, TNFRSF10c),
TRAIL-R4 (DcR2, TNFRSF10d) ve osteoprotegrin (OPG, TNFRSF11b) o6liim
domaininden yoksun olmalarindan dolayi, gelen sinyali aktaramazlar ve yalanci
reseptorler olarak tanimlanirlar [72].
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Sekil 2.4. TRAIL ve reseptorleri [73].
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Memeli hiicrelerinde apoptotik sinyali baslatabilen i¢ ve dis yolak olmak
lizere iki ana sinyal yol tanimlanmistir. D1s sinyal yolagi TRAIL homotrimerlerinin
hedef hiicre yiizeyinde bulunan DR4 veya DRS5 Oliim reseptorlerinden birine
baglanmasi ve reseptor trimerizasyonunu indiiklemesi ile baslar. Oliim domainlerinin
trimerizasyonu FADD (Fas associated death domain) olarak adlandirilan adaptor
proteinin ¢agrilmasi1 ile sonuglanir. Sonug¢ olarak, oOliimii-indiikleyici sinyal
kompleksi (DISC) olarak adlandirilan bir reseptér kompleksi olusur [71, 74].

FADD, biri 6lim domaini (DD) ve digeri 6liim effektér domaini (DED)
olmak tizere iki domainden olusmaktadir. FADD, olim domaini araciligi ile
reseptore baglanirken, 6lim effektor domaini ile de pro-kaspaz 8 veya pro-kaspaz-
10°u aktive eder. Kaspaz 8 ve kaspaz 10 ise, hiicrenin apoptotik limiinii saglayan
efektdr kaspazlari, yani kaspaz 3, 6 ve 7’yi aktive eder. I¢ apoptotik yolak ise,
TRAIL uyarimi sonrasinda aktif kaspazlarin bir pro-apoptotik Bcl-2 ailesi iiyesi olan
Bid’i keserek aktive etmesiyle baslar. Aktive olan Bid molekiilii, Bax ve Bak
molekiilleri ile etkilesime girereck mitokondriden sitokrom-c ve Smac/Diablo
salimimin saglar. Sitokrom-c, adaptor Apaf-1’e baglanarak apoptozom kompleksinin
olusumunu tetikler ve kaspaz 9 aktivasyonunu saglar. Bu aktivasyon diger efektor
kaspazlar olan 3, 6 ve 7’nin aktivasyonuna neden olur. Effektor kaspazlarin
aktivasyonu ile hiicre yine geri doniisiimsiiz olarak apoptoza gider. Smac/Diablo ise,
Inhibitor of Apoptosis Protein (IAP) molekiillerine baglanir. Bu baglanma, IAP’lerin
kaspaz 3’e baglanmasini engeller. Dolayisiyla kaspaz 3’iin aktif durumunun devami
saglanmis olur [71, 74] (Sekil 2.5).
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Sekil 2.5. TRAIL sinyal yolag: [69].
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2.4.1. TRAIL’1n Fizyolojik Rolii

Yapilan c¢alismalarda TRAIL mRNA’st PBMC, dalak, timus, prostat,
ovaryum, ince bagirsak, kolon ve plasentay1r da iceren pek cok dokuda eksprese
edilirken, karaciger, testis veya beyinde eksprese edilmemektedir [66].

Pek cok dokuda yaygin olarak sentez edilen TRAIL’m, tiimoére karsi
fonksiyon goren bir ajan olarak aktivitesi kabul gérmiis olsa da, normal fizyolojik
sartlardaki fonksiyonu tam olarak agiga ¢ikarilamamustir [75]. TRAIL’in onkojenik
transformasyona ugramis veya viral enfeksiyon gegirmis hiicrelere karsi immiin
cevapta Onemli bir oyuncu olabilecegi diisliniilmektedir. Sitotoksik CD4+ T
lenfositleri ve NK hiicreleri ile hedef hiicre eliminasyon mekanizmasinda rol aldigina
dair bulgular mevcuttur [74]. TRAIL knockout farelerle yapilan galigmalar, NK
hiicreler tarafindan saglanan antitiimor etkide 6zellikle tiimor olusumu ve metastaza
karst konakg¢i savunmasinda TRAIL’mn roliinii dogrulamaktadir [76]. Ayrica,
TRAIL’in, viral enfeksiyona karst IFN (Interferon)-bagimli konak¢i savunmasinin
erken evresinde rol oynayabilecegi diistinilmektedir [74, 77].
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2.4.2. IRAIL Direnclilik Mekanizmalar:
Insan ve fare tiimor hiicre hatlarinin pek ¢ogu TRAIL tarafindan indiiklenen
apoptozise karst duyarli olsa da, TRAIL’ e direnglilik gosteren birgok primer timor

de bulunmaktadir.

Ancak normal hicreler ve belirli

timor hicrelerindeki

direncliligin nedeni tam olarak agiklanamamistir. Bu direnglilikle iliskili potansiyel
mekanizmalar diisiiniilmektedir. TRAIL aracili apoptozis direnglilik mekanizmalar1
ve potansiyel terapotik duyarlilastirma yontemleri Sekil 2.6’da gosterilmistir.
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Sekil 2.6. TRAIL aracili apoptozis direnglilik mekanizmalar1 ve potansiyel terapétik duyarlilagtirma

yontemleri [78].
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TRAIL reseptor mRNA’larinin ¢esitli normal hiicre ve dokularda siirekli
olarak sentezlendigi gosterilmistir ve dort TRAIL reseptorii de farkli affiniteler ile
TRAIL’a baglanmaktadir [79-80]. Bu nedenle, TRAIL direngliligini agiklayabilecek
faktorlerden birinin yalanci reseptorler TRAIL-R3 ve TRAIL-R4 ile FADD igeren
TRAIL-R1 ve TRAIL-R2 arasindaki yaris sonucunda TRAIL sinyallesmesinin
negatif regiilasyonu olabilecegi diisiiniilmekteydi [81-82]. Bu hipotez, TRAIL-R3
veya TRAIL-R4 overekprese eden TRAIL duyarli hiicreler kullanilarak yapilan
deneylerde TRAIL-aracili apotozisin inhibe edilmesi ile desteklenmistir. Birgok
gastrointestinal tiimor oOrneginde de, TRAIL-R3 asir1 ekspresyonu sonrasinda
TRAIL’e direncliligin ortaya ciktiginin gosterilmesi sonrasinda TRAIL-R3 veya
TRAIL-R4’{in koruyucu rolii daha yaygin bir sekilde kabul gérmiistiir [83]. Buna ek
olarak, grubumuz tarafindan daha oOnce gerceklestirilmis olan bir ¢alismada da
TRAIL-R4 ekspresyon seviyesi ile insan meme tiimor hiicre hatlarinda TRAIL
direnciligi arasinda iliski bulundugu saptanmistir [84]. siRNA kullanilarak 6zellikle
TRAIL-R4’lin hedef alindigr akciger ve prostat tiimor hiicrelerinde yapilan
caligmalarda ise TRAIL’e karst duyarlilik saglandigi gosterilmistir [85-86]. Diger
taraftan, insan melanoma hiicre hatlarinda yapilan bir ¢alismada ise yalanci reseptor
ekpresyonu ve TRAIL direncliligi arasinda korelasyon bulunamazken, hiicre yiizeyi
TRAIL-R1 veTRAIL-R2 ekpresyonu ile apoptozis arasinda korelasyon gosterilmistir
[87].

TRAIL reseptér mutasyonlarinin da bazi tiimdrlerde TRAIL reseptor aracili
sinyallesmeyi engelledigi diisiiniilmektedir. Bas-boyun kanseri, akciger kanseri,
meme kanseri, non-hodgkin’s lenfoma, kolorektal kanser, gastrik kanser ve
hepatoseliiler karsinomda yapilan ¢alismalarda TRAIL-R2 geninde 6zellikle 6liim
domeini i¢inde lokalize mutasyonlar saptanmistir [88-94].

TRAIL-indiiklii apoptozise karsi tiimor hiicrelerinde duyarhilik farklarimi
aciklamaya yonelik bir diger yaklasim ise hiicre dongiisii progresyonu ile duyarlilik
arasindaki iligkidir. Jin ve arkadaslar1 tarafindan SW480 kolon kanser ve H460
akciger kanser hiicre hatlarinda yapilmis bir calismada bu hiicreler G0/G1 fazinda
durduruldugu zaman TRAIL-indiiklii apoptozise duyarliligin diger fazlarda
durdurulmus ayni hiicrelere gore arttigr gosterilmistir. Bu mekanizmanin altinda
yatan nedenin, farkli hiicre fazlarinda anti-apoptotik protein diizeylerinin farkli
olmas1 olabilecegi diisiiniilmektedir [95]. Direnglilik ile iligkili bir baska hipotezde
ise TRAIL’e direngli hiicrelerde pro-apoptotik ve anti-apoptotik molekiillerin
ekpresyonlarmin arttig1 6ne siiriilmektedir. TRAIL sinyal yolaginda DISC olusumu
esnasinda, cFLIP FADD’a baglanmada yarisarak kaspaz aktivasyonunu inhibe
etmektedir. Nitekim cFLIP’in baskilanmasinin bazi kanser hiicrelerini TRAIL-
indiiklii apoptozise kars1 duyarli hale getirdigi yapilan calismalarda gosterilmistir
[96]. Timor hiicrelerinde apoptozis inhibitor proteinlerin (IAP) yiiksek diizeyde
varlig1 da kaspaz 3, 7 ve 9’u direkt olarak inhibe ederek TRAIL direncliligine yol
agcmaktadir. Bcel-2 ve Bcl-xL gibi Bcl-2 ailesinin anti-apoptotik iiyelerinin asirt
ekspresyonunun da tip II hiicrelerde TRAIL direngligine neden oldugu gosterilmistir
[78].
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2.4.3. Kanserlerde TRAIL/TRAIL Reseptor Ekspresyon Profili

Giliniimiizde TRAIL reseptor ekspresyonlariin prognostik énemi, hastalarin
tedavisi agisindan potansiyel etkilere sahip olmasi nedeni ile dnemli bir arastirma
konusu haline gelmistir. Bu nedenle, immunohistokimya ¢alismalar1 farkli histolojik
derecelerdeki servikal, ovaryum ve kolon tiimérlerinde TRAIL reseptor ekspresyon
profillerinin ve TRAIL lokalizasyonunun normal dokular ile karsilastiriimasinda
kullanilmaktadir. Ovaryum, kolon ve servikal olmak iizere degerlendirilen ii¢ kanser
tipinde de, TRAIL ekspresyon diizeyinin yiiksek dereceli lezyonlarda artis gosterdigi,
buna karsin DR4 ve DRS reseptor ekspresyonunun pre-malignant hiicreler, benign
tiimdrler ve normal epitelyum ile karsilagtirildiginda tiimor hiicrelerinin biiyiik bir
yiizdesinde oldukg¢a yiiksek oranda belirlenmistir [97-99]. Bir baska calismada ise
rezeksiyonu takiben adjuvan tedavi alan 376 evre Ill kolon kanserli hastada
immunohistokimya ile TRAIL, DR4 ve DRS5 ekspresyonlar1 degerlendirilmistir. Bu
tiimor 6rneklerinde % 83 oraninda yiiksek diizeyde TRAIL, % 92 DR4 ve % 87 DRS
ekspresyonu belirlenmigtir. Yiiksek DR4 ekspresyonu kisa siireli sagkalim ve
kisalmis niiks zaman ile iligkili bulunmustur [100][100][100][100]. Benzer sekilde
655 erken evre meme kanserli hastalardan alinan 6rneklerde yapilan doku mikroarray
analizlerinde DR5 ekspresyonu ile hastalarda azalmig sagkalim orani ve yiiksek lenf
nodu yayilimi arasinda bir iliski oldugu saptanmustir [101]. Koti prognozlu
timorlerde artmig DRS  6liim reseptor ekspresyonu, bu tiimorlerin TRAIL-aracilt
immiin kontrolden kagabilmesine neden olarak daha agresif bir progresyona yol
actyor olabilir. Nitekim TRAIL direngli tiimorlerin lenf nodu metastaz oranlarinda
da artis belirlenmistir [102]. Yine de hastaligin agresifligi ve timor progresyonunda
TRAIL duyarliliginin roliinii agiklamak i¢in TRAIL reseptor ekspresyonu disinda ne
gibi faktorlerin rol aldiginin belirlenmesine yonelik daha fazla calisma yapilmasi
gerekmektedir.

Yapilan calismalarda TRAIL ligand ve reseptor ekspresyon profillerinin
kanser tipleri arasinda farklilik gosterdigi saptanmustir. Ileri evre prostat kanserli
hastalarda DcR2 seviyesi erken evrelere oranla daha yiiksek olarak belirlenmekle
beraber, DcR2 sentez diizeyi ile PSA ve Gleason skorlama gibi prostat kanserinin
takibinde kullanilan belirtecler arasinda bir iligki saptanmis ve DcR2 sentez
diizeyindeki artis azalmig sagkalim ile iligkili bulunmustur [103-104]. Meme
kanserinde ise DR4 ekspresyonu ile tiimor derecesi arasinda pozitif bir
korelasyonunun varligr gosterilmistir [105]. Tim bu sonuglar TRAIL ligand ve
reseptor ekspresyon profillerinin kanser prognozunu belirlemede bir belirteg olarak
kullanilabilecegini isaret etmektedir.
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MATERYAL VE METODLAR

2000-2009 yillar1 arasinda Akdeniz Universitesi Tip Fakiiltesi Kadin
Hastaliklar1 ve Dogum Anabilim Dali tarafindan uygulanan cerrahi sonrast Akdeniz
Universitesi Tip Fakiiltesi Patoloji Anabilim Dali arsivinde depolanmis formalin-
fikse, parafine gomiilii 100 Endometrioid Tip Adenokarsinoma, 27 Endometrial
Hiperplazi ve 18 Normal Endometrium dokusu bu ¢alismaya dahil edilmistir.

3.1. Immunohistokimyasal Boyama Yontemi

Dokularda TRAIL, TRAIL-R1 (DR4), TRAIL-R2 (DR5), TRAIL-R3 (DcR1)
ve TRAIL-R4 (DcR2) varligmi gostermek amaciyla immunohistokimya ydntemi
kullanilmistir. Kullanilan soliisyonlar ve yontem asagida ayrintili olarak verilmistir.

3.1.1. Kullamilan Soliisyonlarin Hazirlanmasi

1X PBS (Phosphate buffered saline) Tamponu:
7.2 gr. Na2HP04.12H20 (Merck)

0.8 gr. KH2P04 (Merck)

16 gr. NaCl (Merck)

Yukaridaki kimyasallar 2 litre bidistile su igerisinde ¢ozilerek 2N NaOH
kullanilarak pH’1 7.4 olacak sekilde ayarlandi. Hazirlanan soliisyon +4°C’de
saklandi.

Sitrik Asit Tamponu:
100 ml Citrate buffer (10X) (Lab Vision Corporation) ve 900 ml distile su
karistirilarak hazirlandi.

% 3’liik H,0; Soliisyonu:
Peroxide Block (ScyTek Laboratories) kullanima hazir olarak alindi ve +4°C’de
saklandi.

Bloklama Solusyonu:
Ultra V Block (Lab Vision Corporation) kullanima hazir olarak alindi ve +4°C’de
saklandi.

Primer Antikor Diliisyon Soliisyonu:
Large Volume UltrAb Diluent (Lab Vision Corporation) kullanima hazir olarak
alind1 ve +4°C’de saklandi.

Sekonder Antikor:

LSAB+System HRP (Biotinylated Link Universal, Streptavidin-HRP) (DAKO)
kullanima hazir olarak alindi ve +4°C’de saklandi.
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DAB Soliisyonu:

Large Volume DAB substrate system (Lab Vision Corporation) satin alinarak
kullanimdan hemen 6nce 1ml DAB substrat tamponu igerisine 1 damla (~40ul) DAB
kromojen karistirilarak hazirlandi.

3.1.2. immunohistokimya Boyamasimin Optimizasyonu:

Hastalara ait preparatlarda hedef antijene spesifik antikorlar ile
immunohistokimyasal boyamaya ge¢meden Once pozitif kontrol boyamalar
yapilarak gerek antijen retrieval i¢in tercih edilecek tampon ¢ozeltinin (EDTA veya
Sitrat tamponu), gerekse tiim oOrneklerin boyamasinda kullanilacak antikorlarin
diliisyonlarinin optimizasyonlar1 yapildi. Pozitif kontrol olarak, kullanilacak olan
TRAIL, TRAIL-R1, TRAIL-R2, TRAIL-R3 ve TRAIL-R4 antikorlar1 ile pozitif
reaksiyon verdigi bilinen lenf dokular1 kullanildi. Lenf dokusundan hazirlanan
kesitlerde her bir antikor i¢in 1/50, 1/100, 1/200 ve 1/300 diliisyonlarda boyamalar
yapildi. Isik mikroskobunda yapilan analizlerde optimum antikor diliisyonlarina
karar verildi. Kullanilan antikorlar ve optimum diliisyonlar1 Tablo 3.1°de
Ozetlenmistir.

Tablo 3.1. Primer antikor listesi ve optimum diliisyon oranlari

Primer Antikor Diliisyon Oram
TRAIL (ALX-804-326-C100, Alexis) 1/50
TRAIL-R1/DR4 (ALX-804-297-C100, Alexis) 1/50
TRAIL-R2/DR5 (ALX-210-743-C200, Alexis) 1/200
TRAIL-R3/DcR1 (ALX-210-744-C200, Alexis) 1/300
TRAIL-R4/DcR2 (ALX-804-299-C100, Alexis) 1/100

3.1.3. Immunohistokimyasal Boyama Islemleri:

1. Formalin fiksasyonlu parafine gémiilii dokulardan alinan 5 mikronluk kesitler
dokularin agilmasi igin énce 40-45°C sicakliktaki su banyosuna tabi tutulup
ardindan pozitif sarjli lamlara alindi.

2. Kesitler 56 °C etiivde bir gece veya 60 °C etiivde 1 saat bekletildi.

3. Etiivden cikarilan kesitler her biri 10’ar dakika olmak tizere Ksilol ile iki kez
muamele edildi.

4. %100, %90, %80 ve %70’lik alkollerde 5’er dakika bekletildikten sonra
distile sudan gegcirilerek deparafinizasyon islemi tamamlandi.
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Sonucta, formalin ile fikse edildikten sonra parafinle dolgu destegi saglanmig
dokulardan alinan kesitlerde doku 6rnekleri mevcut parafinin uzaklastirilmasiyla
immunohistokimyasal boyamaya hazir hale getirildi.

5.

10.

11.

12.

13.

14.

15.

16.

Deparafinizasyonu takiben formalin fiksasyonu sirasinda dokuda olusan
kovalent baglarin hidroliz edilerek protein molekiillerinin renatiirasyonu ve
boylece maskelenmis antijenlerin agiga c¢ikarilmasi igin antijen retrieval
olarak adlandirilan isleme gecildi. Sepetlere yerlestirilen preparatlar PT
Module (Lab Vision Corporation) sistemine konarak 98 °C’de 40 dakika
sitrat tamponu igerisinde tutularak antijen retrieval islemi tamamlandi.

PT modiilden ¢ikarilan preparatlar oda sicakliginda 20 dakika sogumaya
birakildi.
Preparatlar distile su ve ardindan PBS ile 2-3 dakika yikanarak doku g¢evresi,

dokularin kurumasina izin verilmeden silindi.

Dokularin ¢evresi hidrofobik bir kalemle (PAP-pen) cizilerek soliisyonlarin
doku tizerinde kalmasi i¢in sinirlandirildi.

Preparatlar, %3 H202 soliisyonu ile 10 dakika oda sicakliginda muamele
edilerek endojen peroksidaz aktivitesi bloke edildi.

Preparatlar distile su ve ardindan PBS ile 2-3 dakika yikandi.

Ultra V Block soliisyonunda 10 dakika boyunca oda sicakliginda bekletilerek
0zgiil olmayan baglanimlarin bloke edilmesi sagland.

Bloklama soliisyonu uzaklastirilarak, érnekler {izerine uygun diliisyonlarda
hazirlanmis primer antikorlar eklendi ve +4°C’lik nemli ortamda gece boyu
inkiibe edildi.

PBS ve distile su ile yikama yapildi.

Biotinlenmis sekonder antikor ile muamele edildi (Bu islem 2 asamalidir: 1.
asama; Anti-polyvalent ile 1 saat oda isisinda bekletme, ara yikama; 2.
asama; Streptavidin Peroksidaz ile 15 dak. oda 1sisinda bekletme)

PBS ve distile su ile yikama yapildi.

DAB (Diaminobenzidine) soliisyonu damlatilip, ortaya ¢ikan kromojenik
reaksiyon 151k mikroskobu altinda takip edilerek boyanma siddeti belirlendi.
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17. Inkiibasyon siiresi sonunda preparatlarin distile su igerisine almmasi ile
kromojenik reaksiyon durduruldu.

18. Mayer hematoksilen soliisyonu ile zit boyama islemi yapildi ve ¢esme suyu
altinda preparatlar yikandi.

19. Boyanan preparatlar %70, %80, %90 ve %100’lik alkollerde 5’er dakika ve
Ksilol’de iki kez Ser dakika bekletildi.
20. Preparatlar Entellan damlatilarak lamelle kapatildi.

21. Isik mikroskobunda analiz asamasina gecildi.

3.1.4. immunohistokimyasal Degerlendirme:

Boyamasi yapilan preparatlarda 151tk mikroskobunda doku boyanmalari
degerlendirilirken, pozitif boyanan tiimor hiicrelerinin yayginligina ve boyanma
yogunluguna gore olgular skorlandi. Timor hiicrelerinde boyanma yogunlugu,
boyanma yok (0), zayif boyanma (+1), orta siddette boyanma (+2) ve kuvvetli
boyanma (+3) olarak degerlendirildi. Boyanma yayginligina gore siniflandirma % 0-
10 (0), % 10-40 (+1), % 40-70 (+2), % 70-100 (+3) olarak kabul edildi. Final skor,
boyanma yogunlugu ve boyanma yayginlig1 degerlerinin toplanmasi ile elde edildi.

3.2. TUNEL ((Terminal deoxynucleotidyl transferase (Tdt)-mediated dUTP-
biotin nick end-labeling) Yoéntemi:

Apoptotik sinyaller, DNA iizerinde kiriklar olusturmaktadir. TUNEL adi
verilen yontemde, floresan isaretlenmis deoksinukleotidler erken apoptoz esnasinda
aciga ¢ikan DNA pargaciklarinin serbest 3'-OH uglarina terminal deoksiniikleotidil
transferaz (TdT) aracilign ile eklenir. Bu asamada DNA kiriklar1 floresan
mikroskopta degerlendirilebilir. Eger degerlendirme 151k mikroskobunda yapilacaksa
bu isaretlenmis niikleotidler, alkalin fosfataz konjuge edilmis anti-floresan
antikorlarin da eklenmesi ile tespit edilir. Fast Red boya, isaretlenmis Ornek ile
tepkimeye girerek DNA kirigir bolgesinde ¢oziinmeyen bir substrat olusturur.
Hematoksilen ile ters boyama yapilarak islem sonlandirilir. Bu isaretlenme
sonucunda apoptozise yonelmis hiicreler goriinebilir hale getirilir ve mikroskopla
gozlenir (Sekil 3.1).
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Sekil 3.1. TUNEL yo6ntemi prensibi [106].

3.2.1. Kullanilan Soliisyonlarin Hazirlanmasi

TUNEL Assay Kit:

TUNEL yo6nteminde, ticari olarak hazirlanmis TUNEL Assay Kit (In Situ Cell Death
Detection Kit-AP, Roche Applied Science) kullanildi. Uygulama Kit kilavuzunda
belirtildigi sekilde yapildi. Kit, enzim soliisyonu, isaretleme soliisyonu ve Converter-
AP’den olugmaktadir.

0.1 M Tris-HCI soliisyonu:
1.2 gr Tris (Amresco) tartilarak 100 ml distile suda ¢ozdiiriildii. HCI ile pH:8.2’ye
ayarlandi. Hazirlanan soliisyon +4 °C’de saklandi.

10 mM Tris-HCI soliisyonu:
0.1 gr Tris (Amresco) tartilarak 100 ml distile suda ¢ozdiiriildii. HCI ile pH:7,4-8
olacak sekilde ayarlandi. Hazirlanan soliisyon +4 °C’de sakland.

Proteinaz K soliisyonu:
Proteinaz K (Sigma-Aldrich) son konsantrasyonu 20ug/ml ve pH. 7,4-8 olacak
sekilde 10 mM Tris-HCI ile hazirlandi.

TUNEL seyreltim tamponu:
TUNEL Dilution Buffer (Roche Applied Science) kullanima hazir olarak alindi.

Fast Red Boya Soliisyonu:
Kullanimindan hemen 6nce 2 ml 0.1 M Tris-HCI (pH: 8.2) icerisinde 1 tablet Fast
Red (Roche Applied Science) ¢ozdiiriilerek hazirlandi.
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Kapatma Soliisyonu:
Kaisers Glycerin Gelatine (Merck) 60 °C’de eritilerek, ¢calismaya baslamadan 10
dakika once oda sicakligina ¢ikarildi.

3.2.2. TUNEL Metodu:

1.

2.

10.

11.

12.

13.

14.

Kesitler 60 °C etiivde 1 saat bekletildi.

Etiivden ¢ikarilan kesitler her biri 10’ar dakika olmak tizere iki kez Ksilen ile
muamele edildi.

%100, %90, %80 ve %70’lik alkollerde 5’er dakika bekletildikten sonra PBS
ve distile sudan gegirilerek dokularin etrafi dokular kurutulmadan silindi.

Dokularin ¢evresi hidrofobik bir kalemle (PAP-pen) cizilerek soliisyonlarin
doku tizerinde kalmasi i¢in sinirlandirildi.

Dokularin iizeri kapanacak sekilde Proteinaz K c¢aligma soliisyonu (20pug/ml)
damlatilarak preaparatlar 37 °C” de 20 dakika inkiibe edildi.

PBS soliisyonunda 2 kez 5’er dakika yikama yapildu.

Bu asamada TUNEL soliisyonu hazirlanarak preparatlara damlatildi ve
37°C’de, 1 saat, nemli ve karanlik ortamda inkiibe edildi. (TUNEL
soliisyonu: 50ul enzim soliisyonu + 450 upl isaretleme soliisyonu (label
solution) + 500 pl tunel dilution buffer karistirilarak hazirlandi.) Negatif
kontrole ise sadece 100 pl isaretleme soliisyonu + 100 ul TUNEL seyreltim
tamponu karistirilarak eklendi.

PBS soliisyonunda 2 kez 5’er dakika yikama yapild1.

Dokular tizerine 50 pl Converter-AP eklenerek 37°C’lik nemli ve karanlik
ortamda 30 dakika inkiibe edildi.

PBS soliisyonunda 2 kez 5’er dakika yikama yapildi.

Hazirlanan Fast-Red boya dokular {izerine damlatilarak oda sicakliginda, 10
dakika, nemli ve karanlik ortamda inkiibe edildi. Pozitif kontrolde sinyaller
kontrol edilerek, renk degisimi goriiliir goriilmez islem durduruldu.

PBS soliisyonunda 2 kez 5’er dakika yikama yapildi.

Hemotoksilen ile zit boyama yapildi.

Kaisers Glycerin Gelatine preparatlar tizerinde damlatilarak lamelle kapatildi.
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3.2.3. TUNEL Analizi:

Apoptotik indeks orani, hazirlanan her bir preparatta 1s1k mikroskobunda
rastgele odaklanan 10 ayr1 tiimor bolgesinin degerlendirilmesi ile elde edildi. Her bir
timor bolgesinde sayilan apoptotik hiicre sayisinin toplam hiicre sayisina

bolinmesiyle ortaya ¢ikan oranlarin ortalamast alinip bu oran 100 ile carpilarak %
Al (Apoptotik Indeks) degeri elde edildi.

3.3. Istatiksel Analiz

Istatistiksel analizler SPSS 16.0 paket programi kullanilarak yapildi.
Degerlendirme esnasinda istatistiksel anlamlilik sinir1 p<0.05 olarak kabul edildi.
Istatistiksel analizde normalite testleri (Kolmogorov-smirnov, Shapiro-Wilk),
Friedman testi, Wilcoxon Signed Rank test, Mann Whitney, Kruskal Wallis ve
Spearman’s rho korelasyon testi kullanildi. Grafiklerin hazirlanmasinda ise
GraphPad Prism 5 paket programi kullanildi.
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BULGULAR

2000-2009 yillar1 arasinda Akdeniz Universitesi Tip Fakiiltesi Kadin
Hastaliklar1 ve Dogum Anabilim Dali tarafindan opere edilerek Patoloji Anabilim
Dali arsivinde toplanan 100 endometrial karsinomlu, 27 endometrial hiperplazili
olguya ait doku ve kontrol grubu olarak 18 normal endometrium dokusu calismaya
dahil edilmistir. Calismaya dahil edilen endometrial karsinomlu olgularin tamami
endometrioid tip adenokarsinoma olup, olgularin yaslar1 36 ile 74 (ortalama yas 57)
arasinda degismektedir. Olgularin patolojik degerlendirme sonuglarina gore
dagilimlart Tablo 4.1°de verilmistir. Calismaya dahil edilen endometrial hiperplazili
olgularin yaslart ise 33 ile 70 arasinda degismekte olup, ortalama yas 48 olarak
bulunmustur. Olgularin alt gruplara gore dagilimi tablo 4.2°de belirtilmigtir.

Tablo 4.1. Endometrial karsinomlu olgularin patolojik degerlendirme sonuglarina gére dagilimlart

Hasta Sayist

Histolojik Tip
Endometrioid tip adenokarsinoma 100

Tiimor Grade (n=100)

Gl 63
G2 26
G3 11

Miyometriyal Invazyon Derinligi (n=100)

Invazyon yok 9
%350’ye esit veya daha az 45
%150’den fazla 46

Stage (n=100)
I 68
I 6
Il 24
v 1
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Tablo 4.2. Endometrial hiperplazili hastalarin alt gruplara goére dagilimi

Hasta Sayis1

Histolojik Tip
Endometriyal Hiperplazi 27
Basit 1
Kompleks atipisiz 7
Kompleks atipili 19
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4.1. Normal Endometriumda TRAIL Ligand ve Reseptorlerinin Ekspresyon
Profili

Calismamizin ilk asamasinda kontrol grubunda yer alan 18 normal
endometrium dokusundan elde edilen parafin kesitlerde TRAIL ligand ve reseptorleri
TRAIL-R1(DR4), TRAIL-R2(DR5), TRAIL-R3(DcR1), TRAIL-R4(DcR2)’e
spesifik antikorlar kullanilarak, ekspresyon profillerinin immiihistokimyasal olarak
degerlendirilmesi  yapilmistir. Bu dokularda yapilan immiinohistokimyasal
analizlerde immiin boyanma skorlar1 her bir doku 6rnegi i¢cin boyanma siddeti ve
yaygmlik degeri toplanarak elde edilmistir. Immiin boyamalara bagl olarak yapilan
skorlama sonucunda normal endometrium grubu icin TRAIL ve reseptorleri
acisindan elde edilen ekspresyon profili Sekil 4.1°de verilmistir.

N
S &
& ©

%
&

N
Q..
“ Q

Q..
Q Q

Sekil 4.1. Normal Endometriumda TRAIL ligand ve reseptorlerinin ekspresyon profili. Her bir bar 18
normal endometrium dokusuna ait boyanma skorlarinin ortalamasii (SEM)
gostermektedir.

Normal endometrium dokularinda elde edilen bulgular istatistiksel olarak
degerlendirilmistir. Normalite testi olarak Shapiro-Wilk testi uygulanmis ve grup igi
dagilimin Gaussian dagilimina uymadig1 (normal dagilim gdstermedigi) belirlendigi
icin toplu olarak TRAIL ligand ve reseptorlerinin sentez farkliliklarinin istatistiksel
olarak anlamli olup olmadigin1 belirleyebilmek amaciyla Friedman testi
kullanilmigtir. Elde edilen bulgudan hareketle grup i¢ci TRAIL ligand ve reseptor
sentez diizeyleri arasinda anlamli bir fark bulundugu sonucuna varilmistir. TRAIL
ligand ve reseptorlerinin ikili olarak karsilastirilmasi igin Wilcoxan Signed Rank testi
uygulanmistir. Normal endometrium dokularinda yapilan boyamalara bagli olarak
elde edilen verilere dayali grafige bakildiginda en fazla sentez edilen TRAIL
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reseptoriiniin DR4 Glimciil reseptorii oldugu gézlenmis ve istatistiksel olarak da
DR4 ekspresyonunun TRAIL ve diger reseptorlere gore anlamli derecede yiiksek
oldugu belirlenmistir. En diisiik oranda sentez edilenler ise DRS (ekspresyonu hig
yok), DcR1 ve DcR2 reseptorleri olarak belirlenmis ve bu ii¢ reseptoriin ekspresyon
seviyeleri arasinda anlamli bir fark bulunamamustir.

TRAIL ligand ve reseptor ekspresyonlari arasindaki olasi iliskileri belirlemek
icin Spearman Rho Korelasyon testi uygulanmistir (Tablo 4.3). Spearman’s Rho
korelasyon testine gore normal endometrium dokularinda TRAIL ve reseptorleri
arasinda pozitif ya da negatif bir korelasyon belirlenememistir.

Tablo 4.3. Spearman’s Rho korelasyon testi ile normal endometriumda TRAIL ligand ve
reseptorlerinin sentez profilinin karsilastiriimasi

TRAIL DR4 DR5 DcR1 DcR2

TRAIL Correlation Coefficient 1,000 ,355 ,193 -,064
Sig. (2-tailed) ,148 ,444 ,800
N 18 18 18 18 18
DR4 Correlation Coefficient ,355 1,000 ,245 -,100
Sig. (2-tailed) ,148 ,327 ,694
N 18 18 18 18 18
DR5 Correlation Coefficient

Sig. (2-tailed)

N 18 18 18 18 18
DcR1 Correlation Coefficient ,193 ,245 1,000 ,434
Sig. (2-tailed) ,444 ,327 ,072
N 18 18 18 18 18
DcR2 Correlation Coefficient -,064 -,100 ,434 1,000
Sig. (2-tailed) ,800 ,694 ,072

N 18 18 18 18 18

4.2. Endometrial Hiperplazili Hastalarda TRAIL Ligand ve Reseptorlerinin
Ekspresyon Profili

Endometrial hiperplazili 27 hastaya ait parafin kesitlerde TRAIL ligand ve
reseptorleri  TRAIL-R1(DR4), TRAIL-R2(DR5), TRAIL-R3(DcR1), TRAIL-
R4(DcR2)’e  spesifik  antikorlar  kullanilarak,  ekspresyon  profillerinin
immiinohistokimyasal degerlendirilmesi yapilmistir. Bu hastalarda immiin
boyamalara bagli olarak yapilan skorlama sonucunda bu hasta grubu i¢cin TRAIL ve
reseptorleri agisindan elde edilen ekspresyon profili Sekil 4.2°de verilmistir.
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Sekil 4.2. Endometrial Hiperplazili hastalarda TRAIL ligand ve reseptorlerinin ekspresyon profili. Her
bir bar 27 endometrial hiperplazili hastaya ait boyanma skorlarinin ortalamasint (+SEM)
gostermektedir.

Endometrial hiperplazi dokularinda elde edilen bulgular istatistiksel olarak
degerlendirilmistir. Normalite testi olarak Shapiro-Wilk testi uygulanmis ve grup ici
dagilimin Gaussian dagilimina uymadigi (normal dagilim gostermedigi) belirlendigi
icin toplu olarak TRAIL ligand ve reseptdrlerinin sentez farkliliklarinin istatistiksel
olarak anlamli olup olmadigin1 belirleyebilmek amaciyla Friedman testi
kullanilmigtir. Elde edilen verilerden hareketle grup i¢i TRAIL ligand ve reseptor
sentez diizeyleri arasinda anlamli bir farklilik bulundugu sonucuna varilmistir.
TRAIL ligand ve reseptorlerinin ikili olarak karsilagtirilmasi igin Wilcoxan Signed
Rank testi uygulandi. Endometrial hiperplazi dokularinda grafige bakildiginda en
fazla sentez edilen DR4 Oliimciil reseptorii iken, istatistiksel olarak DR4
ekspresyonunun TRAIL (p=0,860) ve DcR1’e (p=0,093) goére anlamli derecede
yiiksek olmadigi belirlenmistir. En diisiik oranda sentez edilen reseptorlerin ise DR5
ve DcR2 oldugu saptanmustir.

TRAIL ligand ve reseptdr ekspresyonlar1 arasindaki olasi iligkileri belirlemek
icin Spearman Rho Korelasyon testi uygulamistir (Tablo 4.4). Spearman Rho
korelasyon testine gore DR4 ile DcR2 reseptorleri arasinda (p<0,01) ve TRAIL
ligandi ile DcR2 reseptorii arasinda (p<0,05) pozitif korelasyonlar belirlenmistir.
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Tablo 4.4. Spearman’s Rho korelasyon testi ile endometrial hiperplazide TRAIL ligand ve reseptor

sentez profillerinin karsilastirilmasi (*Korelasyon p<0,05 ve **Korelasyon p<0,01)

TRAIL DR4 DR5 DcR1 DcR2
TRAIL Correlation Coefficient 1,000 ,206 ,071 -,102 ,395%
Sig. (2-tailed) ,293 ,720 ,606 ,038
N 28 28 28 28 28
DR4 Correlation Coefficient ,206 1,000 ,217 -,283 ,596**
Sig. (2-tailed) ,293 ,267 ,144 ,001
N 28 28 28 28 28
DR5 Correlation Coefficient ,071 ,217 1,000 ,131 ,209
Sig. (2-tailed) 1720 ,267 ,507 ,285
N 28 28 28 28 28
DcR1 Correlation Coefficient -,102 -,283 ,131 1,000 -,262
Sig. (2-tailed) ,606 ,144 ,507 ,179
N 28 28 28 28 28
DcR2 Correlation Coefficient 1395% ,596%* ,209 -,262 1,000
Sig. (2-tailed) ,038 ,001 ,285 179
N 28 28 28 28 28

Skor

Endometrial hiperplazi dokular1 basit, kompleks ve kompleks atipili olmak
tizere alt gruplara ayrilarak da TRAIL ligand ve reseptorlerinin ekspresyon profilleri
acisindan degerlendirilmistir (Sekil 4.3).
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Sekil 4.3. Endometrial Hiperplazi alt gruplarinda TRAIL ligand ve reseptorlerinin ekpresyon profili.

(Basit hiperplazi n:1, Kompleks Hiperplazi n:7, Kompleks Atipik Hiperplazi n:19)
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4.3. Endometrioid Tip Adenokarsinomlu Hastalarda TRAIL Ligand ve
Reseptorlerinin Ekspresyon Profili

Endometrioid tip adenokarsinomlu 100 hastaya ait parafin kesitlerde TRAIL
ligand ve reseptorleri TRAIL-R1(DR4), TRAIL-R2(DR5), TRAIL-R3(DcR1),
TRAIL-R4(DcR2)’e spesifik antikorlar kullanilarak, ekspresyon profillerinin
immiihistokimyasal olarak degerlendirilmesi yapilmigtir. Bu hastalarda immiin
boyamalara bagli olarak yapilan skorlama sonucunda bu hasta grubu i¢in TRAIL ve
reseptorleri acisindan elde edilen ekspresyon profili Sekil 4.4°de verilmistir.
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Sekil 4.4. Endometrioid tip adenokarsinomali hastalarda TRAIL ligand ve reseptorlerinin ekpresyon
profili. Her bir bar 100 endometrioid tip adenokarsinomali hastaya ait boyanma skorlarinin
ortalamasini (=SEM) gostermektedir.

Endometrioid tip adenokarsinoma dokularinda elde edilen bulgulardan yola
cikilarak yapilan istatistiksel degerlendirmelerde normalite testi olarak Kolmogorov-
Smirnov testi uygulanmis ve grup i¢i dagilimin Gaussian dagilimima uymadigi
belirlenmistir. Bu nedenle TRAIL ligand ve reseptorlerinin sentez farkliliklariin
istatistiksel olarak anlamli olup olmadigmin analizinde Friedman testi kullanilmustir.
Elde edilen veriler, grup i¢i TRAIL ligand ve reseptor sentez diizeyleri arasinda
anlamli bir fark bulundugunu gostermistir. TRAIL ligand ve reseptorlerinin ikili
olarak karsilastirilmasi i¢in Wilcoxan Signed Rank testi uygulanmistir. Endometrioid
tip adenokarsinomda en fazla sentezlenen TRAIL reseptorii DR4 iken, en diisiik
oranda sentez edilen reseptorlerin ise DR5 ve DCR2 oldugu saptanmistir. DR5 ve
DcR2 reseptér ekspresyonlart arasinda istatistiksel olarak anlamli bir farklilik
belirlenmemistir (p=0,958). Reseptorler kendi iginde karsilagtirildiklarinda DR4
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oliim reseptoric DR5’¢ gore (p=0,000), DcR1 yalanci reseptorii ise DcR2’ye gore
istatistiksel olarak daha yiiksek diizeyde belirlenmistir (p=0,019).

TRAIL ligand ve reseptor ekspresyonlar1 arasindaki olasi iligkileri belirlemek
icin Spearman Rho Korelasyon testi uygulanmistir (Tablo 4.5). Spearman Rho
korelasyon testine gore DRS ve DcR1 reseptorleri arasinda pozitif korelasyon
belirlenirken (p<0,01), DR4-DR5 arasinda negatif ve DcR1-DcR2 arasinda pozitif
korelasyonlar (p<0,05) belirlenmistir.

Tablo 4.5. Spearman’s Rho korelasyon testi ile endometrioid tip adenokarsinomada TRAIL ligand ve
reseptorlerinin sentez profilinin karsilastirilmast (*Korelasyon p<0,05 ve **Korelasyon

p<0,01)

TRAIL DR4 DR5 DcR1 DcR2
TRAIL Correlation Coefficient 1,000 ,144 ,033 ,021 -123
Sig. (2-tailed) ,154 ,743 ,835 ,225
N 100 100 100 100 100
DR4 Correlation Coefficient 144 1,000 -,246%* -,030 ,133
Sig. (2-tailed) ,154 ,014 ,770 ,188
N 100 100 100 100 100
DR5 Correlation Coefficient /033 -,246%* 1,000 ,274%* ,084
Sig. (2-tailed) 743 ,014 ,006 ,405
N 100 100 100 100 100
DcR1 Correlation Coefficient ,021 -,030 ,274%* 1,000 ,236*
Sig. (2-tailed) 835 ,770 ,006 ,018
N 100 100 100 100 100
D§R2 Correlation Coefficient -,123 ,133 ,084 1236* 1,000
Slg. (2-tailed) ,225 ,188 ,405 ,018
N 100 100 100 100 100

4.4. Normal, Hiperplazi ve Endometrial Karsinoma Orneklerinde TRAIL ve
TRAIL Reseptorlerinin Karsilastirmah Ekspresyon Profilleri
Endometrial karsinoma, hiperplazi (kompleks atipisiz ve kompleks atipili
hiperplazi) ve normal endometrium dokularinda immunohistokimyasal olarak
degerlendirilmesi yapilan TRAIL ligand ve reseptorlerinin ekspresyon profilleri
Sekil 4.5 ve Sekil 4.6°da, her bir antikor i¢in yapilan immiin boyamalara ait 6rnek
goriintiiler ise Sekil 4.7’ de karsilagtirmali olarak verilmistir.

Gruplar arasinda TRAIL ligand ve reseptor ekspresyonlart agisindan anlamli
bir fark olup olmadigimi gostermek iizere Kruskal-Wallis testi uygulanmis ve tiim
gruplarda TRAIL ligand ve reseptor ekspresyonlari arasinda istatistiksel olarak
anlamli bir fark belirlenmistir. Normal, Kompleks atipisiz, Kompleks atipili
hiperplazi ve Karsinoma 6rnekleri karsilastirildiginda ise yine TRAIL reseptdrlerinin
ekspresyon seviyelerinde anlamli bir fark gozlenmis, fakat TRAIL ligand ekspresyon
diizeylerinde boyle bir farkliligin s6z konusu olmadig: belirlenmistir.
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Sekil 4.5. Normal, Hiperplazi ve Endometrial karsinomada TRAIL ligand ve reseptdr ekspresyon
profillerinin kargilagtirmali analizi.
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Sekil 4.6. Normal, Kompleks atipili, Kompleks atipisiz hiperplazi ve Endometrial karsinoma
orneklerinde TRAIL ligand ve reseptor ekspresyon profillerinin karsilastirmal analizi.
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NORMAL HIPERPLAZI KARSINOMA

TRAIL-R3/DcR1 TRAIL-R2/DR5 TRAIL-R1/DR4 TRAIL

TRAIL-R4/DcR2

Sekil 4.7. Normal endometrium (Sol Panel), Endometrial Hiperplazi (Orta Panel) ve Endometrioid tip
adenokarsinoma (Sag Panel) dokularinda immiinohistokimyasal boyama 6rnekleri.
Kahverengi presipitat pozitif boyanmay1 gostermektedir. Her bir panelin sol tarafinda
boyamada kullanilan antikorlar belirtilmistir. Mikroskop biiyiitmesi 200X.
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45. Normal, Hiperplazi ve Endometrial Karsinomda Apoptozisin

Degerlendirilmesi

Normal endometrium, Endometrial hiperplazi ve Endometrial karsinomda
apoptozisin belirlenebilmesi igin ii¢ gruba ait toplam 145 olguya ait parafin kesitte
materyal ve metod boliimiinde agiklandigi gibi TUNEL boyamalar1 yapildi. TUNEL
boyamalarini takiben her bir preparatta rastgele odaklanilan 10 ayr1 alanda metodun
son basamaginda kullanilan Fast-Red boyasi ile kirmiziya boyanan apoptotik
hiicreler degerlendirilmis ve bu sayimin toplam hiicre sayisina boliinmesiyle ortaya
cikan oranlarin ortalamasi alinmistir. Bu oran 100 ile carpilarak % Al (Apoptotik
Indeks) degeri elde edilmistir. Normal endometrium, Endometrial hiperplazi ve
Endometrial karsinoma dokularinda elde edilen apoptotik indeks oranlar1 Sekil
4.8’de gosterilmistir. TUNEL boyamalara ait Ornek goriintiler Sekil 4.9°da
verilmistir.

- =AM
2 & 3

Apoptotik indeks
<

Sekil 4.8. Hiicre oliimlerinin kantitatif analizi. Apoptotik hiicrelerin varligit TUNEL yontemi ile
degerlendirilmistir. Her bir bar gruplara ait boyanma skorlarmin ortalamasii (£ SEM)
gostermektedir. Normal endometrium n:18, Endometrial Hiperplazi n:27, Endometrial Karsinoma
n:100
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Sekil 4.9. Endometrium dokularinda TUNEL boyama 6rnekleri. Kirmizi renk boyanmalar apoptotik
hiicreleri gostermektedir. Mikroskop biiyiitmesi 200X.

41



Normal endometrium, Endometrial hiperplazi ve Endometrial karsinomda
TRAIL ligand ve reseptor ekspresyon profilleriyle hiicre oliimleri arasinda
korelasyon olup olmadig1 yine Spearman Rho korelasyon testiyle belirlendi. Tablo
4.6’da gosterildigi gibi TUNEL pozitif hiicre sayisiyla TRAIL ligand ve reseptorleri
arasinda herhangi bir korelasyon saptanamamustir.

Tablo 4.6. Spearman’s Rho korelasyon testi ile normal, hiperplazi ve karsinoma dokularinda TUNEL
pozitif hiicre sayisi ile TRAIL ligand ve reseptérlerinin ekspresyon profillerinin

karsilagtirilmasi
Normal Hiperplazi | Karsinoma
TUNEL TUNEL TUNEL
Spearman’srho TUNEL Correlation Coefficient 1,000 ,1000 1000
Sig. (2-tailed)
N 17 26 97
TRAIL Correlation Coefficient -343 ,025 -120
Sig. (2-tailed) 178 ,904 ,240
N 17 26 97
DR4 Correlation Coefficient ,264 =375 -,006
Sig. (2-tailed) 306 ,059 ,950
N v 26 97
DR5  Correlation Coefficient - ,254 ,109
Sig. (2-tailed) ' ,210 ,288
N 1 26 97
DcR1 Correlation Coefficient -,293 ,350 -,029
Sig. (2-tailed) ,253 ,079 ,780
N 7 26 97
DcR2 Correlation Coefficient -,005 -211 ,001
Sig. (2-tailed) ,985 ,300 ,990
N 17 26 97

4.6. TRAIL Ligand ve Reseptor Ekspresyon Profilinin Klinik ve Patolojik
Parametreler ile Degerlendirilmesi

TRAIL ligand ve reseptor ekspresyon profili ile hastaligin klinik evresi,
histolojik derece ve myometriyal invazyon arasindaki iliski yine Spearman Rho
korelasyon testiyle analiz edilmistir. Analiz sonuglarma goére TRAIL ligand ve
reseptor ekspresyon profiliyle endometrial karsinomlu hastalarin klinik evrelemesi,
histolojik derece ve myometriyal invazyon derinligi arasinda istatiksel olarak anlaml
bir iliski bulunamamigtir (Tablo 4.7)
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Tablo 4.7. Endometriod tip adenokarsinomada Spearman’s Rho korelasyon testi ile TRAIL ligand ve
reseptor profilinin klinik ve patolojik parametreler ile kargilastiriimasi

Evre Derece | Myometrial
(Stage) | (Grade) | invazyon
Spearman’srho  TRAIL Correlation Coefficient -,084 -,097 -,125
Sig. (2-tailed) ,408 ,338 ,215
N 99 100 100
DR4 Correlation Coefficient ,059 114 -0,42
Sig. (2-tailed) ,559 ,258 ,678
N 99 100 100
DR5 Correlation Coefficient 073 172 -,026
Slg (2—ta|Ied) ,A73 ,087 ,796
N 99 100 100
DcR1 Correl'atlon Cgefﬂuent - 006 035 ~ 048
Sig. (2-tailed) 951 728 636
N 99 100 100
DcR2 Correlation Coefficient
Sig. (2-tailed) ~010 075 117
N ,918 ,456 ,245
99 100 100
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TARTISMA

Endometrium kanseri kadin genital sistem kanserleri arasinda en sik rastlanan
kanser tipidir. Diger kanserlerde oldugu gibi jinekolojik kanserlerde de erken tani,
etkili ve potansiyel tedavi imkanlar1 saglamaktadir. Endometrium kanserli olgular,
genellikle evre I’de semptomatik olarak basvuran ileri yasta kadmnlardir. Etkin bir
tarama testi olmamasina karsin, olgularin % 75-88’1 semptom vermesi nedeniyle
erken evrede teshis edilebilmektedir. Bu hastalarin % 80-85°1 5 yillik sag kalim oran
ile iyi prognoza sahiptir. Ancak, tedavi edilen hastalarin % 15-20’sinde hastalik
tekrarlayabilmekte ve bu hastalar hayatin1 kaybetmektedir [107]. Ileri evre olgularda
ise tedavi bagar1 oram daha da diismektedir. Bu durumda hastaligin prognozunun
tespiti 6n plana c¢ikmaktadir. Ozellikle, ileri evre olgularda prognozu &nceden
belirlemede prognostik faktdrlere olan gereksinim, son yillarda ilgi odagi haline
gelmigtir. Dolayisiyla endometrium kanseri de, jinekolojik kanserler igerisinde
prognostik parametreleri en ¢ok arastirilan kanserlerden birisi olmustur.

Endometrial karsinomalarda tanimlanmig en Onemli klinikopatolojik
prognostik faktorler yas, histolojik tip, evre, grade, myometrial invazyon derinligi,
peritoneal sitoloji, adneksiyal tutulum, servikal tutulum, vaskiiler invazyon, seks
steroid reseptor durumu, intraperitoneal metastazlar, lenf nodu metastazlar1 seklinde
Ozetlenebilir [34]. Bilinen prognostik faktorlerin yani sira hastaligin - klinik
progresyonunda 6nemli oldugu diisiiniilen ¢ok sayida molekiiler biomarker iizerinde
de calisilmistir.  Bu  molekiiler  faktorler, neovaskiilarizasyon/vaskiiler
proliferasyon/vaskiiler endotelyal biiyiime faktorleri, p53, anti-apoptotik faktorler,
proliferasyon faktorleri, steroid reseptorleri, p16, plazminojen aktivatdr inhibitorii ve
timor iligkili makrofajlardir [108].

Gerek endometrium kanseri, gerekse diger kanserlerde mevcut tedavi
yontemlerinin gelistirilebilmesi ve yeni tedavi metodlarinin bulunmasi i¢in hastaligin
molekiiler patogenezinin agiklanmasi gerekmektedir. Bu hedefe yonelik olarak son
yillarda en ¢ok irdelenen parametrelerden biri TRAIL ligandi ve reseptorleridir.
Kanserde TRAIL ligand ve reseptor profillerinin belirlenmesi, TRAIL aracili
apoptoz indiiksiiyonu ve kanser tedavisinde kullanilan ilaglara verilecek cevabin
onceden belirlenmesinde Onem tagimaktadir. Diger taraftan, TRAIL ligand ve
reseptor ekspresyon profillerinin farkli kanser tiplerinde degiskenlik gostermesi
nedeniyle, bu profillerin hastaligin prognozunu belirlemede énemli bir belirte¢ teskil
edebilecegi diistiniilmektedir.

Bircok farkli hiicre hattinda TRAIL indikli apoptozis in vitro olarak
calisilmis olmasina ragmen in vivo ortamda TRAIL sinyal yolagi ve TRAIL reseptor
ekspresyonlarinin  rolii  yeterince aydmlatilamamigtir. Son yillarda yapilan
caligmalara bakildiginda ise TRAIL ligand ve reseptdr ekspresyon profillerinin
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kanser prognozuyla iliskisini arastiran ¢aligmalarin sayisinin olduk¢a hizli bir artis
gosterdigi goze carpmaktadir. Yakin donemde yapilan ¢alismalarda TRAIL ligand ve
reseptorleri hepatoselliiler karsinoma, kolon kanseri, prostat kanseri, pankreas
kanseri, kiiciik hiicreli olmayan akciger kanseri ve meme kanseri gibi farkli kanser
tiplerine ait doku orneklerinde degerlendirilmistir. Bu konuda 6rnek c¢alismalarin
basinda grubumuz tarafindan, 90 meme kanserli hastaya ait dokuda TRAIL ligand ve
reseptOrlerinin ekpresyonunu belirlemeye yonelik olarak gercgeklestirilmis ¢alisma
gelmektedir. Bu ¢alismada, meme kanser dokularinda olim reseptorii DR4
ekspresyonu en yiiksek diizeyde belirlenirken, DcR1 dekoy reseptdr ekspresyonu en
diisiik olarak belirlenmistir. Bu dokularda DcR2 ekpresyonu belirgin bir sekilde
mevcut oldugu halde, DR5 ve TRAIL ligand ekspresyon diizeyinden istatistiksel
anlamda daha yiiksek olarak bulunmamistir. Bu hastalarda ayn1 zamanda menopoz
durumu, progesteron ve Ostrojen reseptorleri ve CerbB2 ekspresyonu ile TRAIL ve
reseptorlerinin iliskisi arastirilmistir. Sonug olarak, kétii prognoz ile iligkili oldugu
bilinen progesteron reseptorii agisindan negatif olan hastalarda DR5 ekspresyonu
yiiksek olarak belirlenirken, yine kotii prognoz ile iligkili CerbB2 pozitif hastalarin
CerbB2 negatif hastalara nazaran daha yiiksek TRAIL ve DR5 ekspresyon seviyesine
sahip oldugu saptanmistir. Benzer bir sekilde, premenapozal donem meme kanser
hastalarinda da yiiksek TRAIL ekspresyon seviyesinin s6z konusu oldugu
belirlenmistir. Bu hastalarda, timor grade ile pozitif korelasyon gosteren tek
belirtecin yiiksek diizeyde DR4 ekspresyonu oldugu tespit edilmistir. Bu nedenle
DR4’lin meme karsinogenezisinde Onemli bir rol oynadigi ve aym1 zamanda
prognostik bir belirteg olarak kullanilabilecegi diistiniilmektedir [105]. Meme
kanserinde TRAIL reseptdr ekspresyonunun prognostik 6nemini agiklamaya yonelik
yapilmis genis ¢capli bir baska calismada ise 311 hastaya ait meme kanser dokusunda
immunohistokimyasal analizler yapilmistir. Bu ¢alismada iy1 diferansiye tiimorlerde
yiiksek diizeyde DR4 ekspresyonu belirlenmis ve DR4 ekspresyonu hormon reseptor
durumu, Bcl-2, negatif nodal durum gibi iyi prognostik belirtegler ile pozitif iliskili,
Her2/neu ekspresyonu ve proliferasyon markiri Ki67 ile negatif iligkili olarak
belirlenmistir. Bu durumun aksine, DR5 ve DcR2 ekspresyonu yiiksek tiimor grade,
yilksek Ki67 ve Her2/neu ekspresyonu, pozitif nodal durum ve diisiik Bcl-2
ekspresyonu ile iligkili bulunmustur. Bunlara ek olarak bu iki reseptoriin
ekspresyonunun meme kanserli hastalarin sag kalimi ile negatif korelasyon
gosterdigi belirtilmigtir [109].

Prostat kanserinde TRAIL ve TRAIL reseptorlerinin in vivo ekspresyon
profillerini belirlemek iizere; 44 benign prostatik hiperplazi (BPH), 28 Organa sinirlt
prostat karsinoma (OCPCa) ve 26 ileri evre prostat karsinomali (APCa) hastaya ait
parafine gomiilii dokudan alinan kesitlerde immiinohistokimyasal analizler
gerceklestirilmistir. Bu calismada tiim hastalarda TRAIL ligand ve reseptorlerinin
degisen derecelerde ekspresyonlarimin varligi gosterilmekle beraber tiim hasta
gruplarinda DcR2 ekspresyonu yiiksek olarak belirlenmistir. Yapilan analizler
sonucunda malign prostat tiimorlii hastalarda BPH’11 hastalara gére TRAIL ligand ve
reseptor ekspresyonlar1 yliksek olarak bulunmustur. Bu sonuca dayali olarak
arastirmacilar, TRAIL ligand ve reseptor ekspresyon profillerinin prostat kanserinde
benign formu malign formdan ayirt etmede kullanilabilecek uygun prognostik
belirtegler olarak kullanilabilecegini 6ne siirmektedir [103]. Grubumuz tarafindan
yapilan bir prostat kanser ¢alismasinda ise BPH, OCPCa ve APCa hasta gruplarindan
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olusan 98 hastada TRAIL ligand ve reseptorlerinin 6nemli prognostik belirtegler olan
Gleason skor ve serum prostat spesifik antijen (PSA) diizeyi arasindaki iligki
arastirilmistir. Bu hastalarda serum PSA diizeyleri ile TRAIL ve TRAIL reseptor
ekspresyonlar1 arasinda pozitif bir korelasyonun varligiin yani sira, Gleason skor ile
DcR2 reseptoriiniin yiiksek ve TRAIL 1n diisiik diizeyde ekspresyonlari iligkili olarak
bulunmustur. Prostat karsinomali hastalarda kotii prognozun gostergesi olan PSA
rekiirensi DcR2 reseptor ekspresyonu ile iliskili olarak belirlenmis, yiliksek DcR2
reseptOr ekspresyonu ve diisiik TRAIL 6liim ligand ekspresyonu ise azalan sagkalim
ile iliskili bulunmustur [104].

TRAIL ve reseptorlerinin prognostik onemi ile iligkili en ¢ok iizerinde
calisilan kanser tiplerinden biri de Kolon kanseridir. Strater ve arkadaslarinin normal
kolon mukozasi (n=10), kolon adenoma (n=20) ve stage II/IIl kolon karsinoma
dokularinda (n=129) yapmis oldugu calismada normal kolon yiizey epitelyum
hiicrelerinde TRAIL, DR4, DRS5 ve DcR2 ckspresyonu belirlenirken, DcR1
ekspresyonu belirlenememistir. Bu ekspresyon paterni biiyiik oranda diisiik grade
adenomalardaki durumu da yansitmaktadir. Ancak farkli olarak DcR1 ekspresyonu
adenoma ve karsinomalarda eksprese edilmektedir. DcR1 ve DcR2 dekoy reseptor
ekspresyonlarinin normal mukozadan adenoma ve karsinomaya dogru gelisiminde
artis1 gosterilmis fakat bu reseptdrlerin ekspresyonu kolon kanserinde kotii prognoz
ile iliskilendirilememistir [110]. Koornstra ve arkadaslarinin yapmis oldugu
calismada ise Strater ve arkadaslarimin yapmis oldugu calismadan farkli olarak
normal mukoza, adenoma ve Kkarsinomalarin tiimiinde DcR1 ekspresyonu
belirlenmistir. Bu ¢alismada DR4 ve DRS5 ekspresyonu tiimér dokularinda normal
dokulara gore daha yiiksek olarak belirlenmekle beraber TRAIL ve TRAIL reseptor
ekspresyonlari ile histopatolojik 6zellikler arasinda bir korelasyon belirlenmemistir
[98].

Grubumuz tarafindan yapilan bir diger ¢alismada ise TRAIL ve TRAIL
reseptOrlerinin pankreatik karsinoma gelisimindeki rolii arastirilmistir. Bu ¢alisma,
31’1 saglikli ve 34’1 pankreatik duktal adenokarsinomali hastalardan alinan pankreas
dokularinda gergeklestirilmis ve ekspresyon profillerinin prognostik faktorler ile olan
iliskisi arastirllmistir. Pankreatik karsinomal1 hastalara ait dokularda normal dokulara
gore DcR2 ve DR4 reseptor ekpresyonlarinda artis ve beraberinde bu hastalarin
duktal hiicrelerinde apoptozis yiizdesinde onemli bir artis gdzlenmistir. Ayrica,
hastalarin asinar hiicrelerinde yiliksek DcR2 ve diisiik DR4 ekspresyonu, Langerhans
adaciklarinda ise artmig DcR2 ekspresyonu gozlenmistir. Bu sonuglar, TRAIL ve
TRAIL reseptor ekpresyonlarinin pankreatik karsinoma gelisiminde 6nemli bir rol
oynuyor olabilecegini gostermektedir [111].

Jinekolojik kanserlerde TRAIL ve reseptorlerinin prognostik Onemini
belirlemeye yonelik yapilmis calismalardan biri serviks kanserlerinde TRAIL, DR4
ve DRS reseptorlerinin immiinohistokimya ile analiz edildigi 645 serviks kanserli
hastaya ait dokunun degerlendirildigi ¢alismadir. DR4, DR5 ve TRAIL ekspresyonu
serviks tiimorlerinde yiiksek oranlarda belirlenmistir. Fakat DR4, DR5 ve TRAIL
ekspresyonunun hastalik iligkili sag kalim i¢in prognostik olmadigr sonucuna
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vartlmistir [112]. Ovaryum Kkanserinde ise belirlenen yiiksek TRAIL ekspresyonu
daha iyi sagkalim ile iliskili bulunmustur [113].

Kanser tedavisinde, TRAIL kullaniminda tedaviye cevabin saglanmasinda da
TRAIL ligand ve reseptdr ekspresyon profillerinin belirlenmesinin énemine yonelik
literatiirde sayilar1 giin gegtik¢e artan ¢alismalar mevcuttur. Bu ¢alismalardan birine
ornek olarak, stage III kiiciik hiicreli akciger kanserli hastalarda rekombinant
TRAIL 1n terapotik etkisini arastirmaya yonelik yapilan c¢alismada incelen timor
dokularinda DR4, DR5 ve TRAIL ekspresyon diizeyleri sirasiyla % 99, % 82 ve %
91 olarak belirlenmistir. Arastirmacilar bu sonuctan yola cikarak kemoterapi ve
radyoterapiye direngli bu hastalarda iki 6lim reseptdriinden birinin bulunmasinin
rekombinant TRAIL’in kanser tedavisi i¢in potansiyel bir degere sahip oldugu
sonucunu ¢ikarmigtir [114].  Nitekim biz de akciger kanserinde yaptigimiz
caligmalardan birinde, A549 hiicre hattinda yiikksek DCR2 ekspresyonu saptamis, ayni
zamanda DcR2 ekspresyonu ile bu hiicrelerde karsilagilan TRAIL direngliligi
arasinda bir iligki bulundugunu belirlemistik. Bu verilerden yola ¢ikarak DcR2’ye
karst SIRNA uyguladigimizda ise bu hiicrelerin TRAIL duyarli hale getirilebildigini
gosterdik. Bu ¢alismada ayrica kiiciik hiicreli olmayan akciger kanserli 10 hastaya ait
dokuda da TRAIL ve reseptorlerinin ekspresyon diizeyleri degerlendirilmis ve DcR2
ekpresyonu yiiksek olarak bulunmustur [86]. Benzer sekilde, DcR2 ekspresyonunun
MCF7 meme kanser hiicre hattinda da yiiksek oldugunu bir baska ¢alismamizda
ortaya ¢ikarmistik. [84]. Endometrial kanser hiicre hatlarinda ve endometrial orjinli
normal epitelyal hiicrelerde TRAIL’in etkisini arastirmak {izere yapilmis bir
calismada ise Ishikawa ve HECla endometrial karsinoma hiicre hatlar1 ile
endometrial sarkomada TRAIL aracili apoptozise duyarlilik ile karsilasilirken normal
endometrium hiicrelerinde direnclilik ile karsilagilmistir. Bu hiicrelerde yapilan RT-
PCR analizlerinde, Ishikawa hiicrelerinde DcR1 ekspresyonu ve normal
endometrium epitelyumunda DRS5 yoklugu disinda hepsinde oliim reseptorleri ve
dekoy reseptorlerin varligr ile karsilasilmistir. Sonug olarak, TRAIL aracili apoptozis
ve dekoy reseptor ekspresyon varligt ya da yoklugu arasinda bir korelasyon
bulunamamistir [115].

Literatiirde endometrium kanseri ve endometrial hiperplazilerde TRAIL
ligand ve reseptor ekspresyon profillerini belirlemeye yonelik yapilmis ¢alisma
bulunmamaktadir. Bu alanda bilgi verici Tarragona ve arkadaglar1 tarafindan
yapilmis tek bir ¢alisma mevcuttur ki bu ¢alismada da sadece DcR1 ekspresyon
durumu degerlendirilmistir. Bu ¢alismada, 80 normal endometrium, 62 endometrial
karsinoma dokusunda immunohistokimyasal ve 19 normal endometrium ve 28
endometrial karsinoma dokusunda real-time RT-PCR ile degerlendirme yapilmistir.
Immunohistokimya ile yapilan degerlendirmelerde normal endometrium dokularinda
DcR1 ekspresyonu % 79,6 olarak belirlenirken histolojik tip, grade ve evre ile
istatistiksel bir iliski kurulmaksizin endometrial karsinoma vakalarinin % 98,1’inde
belirlenmistir. Real time RT-PCR sonuclara gore ise DcR1 mRNA’s1 tiim normal
endometrium dokularinda bazal diizeyde benzer olarak belirlenirken, endometrial
karsinoma dokularinda bazal diizeyin yaklasik 5 kati artig saptanmistir (28 vakanin
13’tinde (% 46,4)). Yiiksek DcR1 ekspresyon diizeyleri evre [IA’da 12 vakanin
4’tinde (% 33); IB’de 4 vakanin 2’sinde (% 50); IC’de 6 vakanin 4’iinde (% 66); ve
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ITA ve 1IB’de 6 vakanin 3’iinde (%50) olmak {izere farkli evrelerde belirlenmistir. Bu
sonuca dayal1 olarak endometrial karsinomada DcR1 ekspresyonu varliginin TRAIL-
aracili apoptozise direnglilige katkida bulundugu diisiiniilmektedir [116].

Yapmis oldugumuz calismada 100 endometrial karsinomlu, 27 endometrial
hiperplazili olguya ait doku ve kontrol grubu olarak da 18 normal endometrium
dokusu, TRAIL ligand ve reseptorlerinin ekspresyon profillerini belirlemek tizere
immiinohistokimyasal olarak degerlendirilmistir. Endometrium kanser olgulariin
yaklasik % 80’ini endometrioid tip adenokarsinomlar olusturmaktadir. Incelemis
oldugumuz 100 endometrial karsinomlu olguya ait dokularin tiimii, endometrial
kanserlerin genel durumunu yansitmasi agisindan histolojik olarak endometrioid tip
adenokarsinomali hastalardan olusturulmustur. Caligmaya alinan 100 hastanin yas
ortalamasi 57°dir.

Doku orneklerinde immiinohistokimya yontemi ile TRAIL ligand ve
reseptorleri olan TRAIL-R1(DR4), TRAIL-R2(DR5), TRAIL-R3(DcR1), TRAIL-
R4(DcR2) ekspresyonlari Spesifik antikorlar kullanilarak degerlendirilmistir.
Endometrioid tip adenokarsinoma orneklerinde hem TRAIL hem de TRAIL
reseptorlerinin degisen diizeylerde ekspresyonlarina rastlanmistir. Bu hastalarda DR4
Olimcil reseptorii ve TRAIL 6liim ligandi skor ortalamasi diger belirteglere gore
daha yiiksek olarak belirlenmistir. En fazla sentez edilen DR4 o&liimciil reseptorii
olurken, en diisiik oranda sentez edilenler ise DRS5 ve DcR2 reseptorleri olmustur.
DRS5 ve DcR2 reseptor ekpresyonlari arasinda istatiksel olarak anlamli bir farklilik
belirlenmemistir. Reseptorler kendi iginde karsilastirildiklarinda DR4 6liim reseptorii
DR5’e gore, DcR1 yalanci reseptorii ise DcR2’ye gore istatistiksel olarak daha
yiiksek diizeyde belirlenmistir. TRAIL ligand ve reseptor ekspresyonlar1 arasindaki
olas1 iligkileri belirlemek tizere Spearman’s Rho korelasyon testi uygulanmistir.
Spearman’s Rho korelasyon testine gore DRS ve DcR1 reseptorleri arasinda pozitif
korelasyon belirlenirken (p<0,01), DR4-DRS5 arasinda negatif ve DcR1-DcR2
arasinda pozitif korelasyonlar (p<0,05) belirlenmistir. Bu sonuglar DRS 6liim
reseptOrii artig gosterirken beraberinde DcR1, aymi sekilde DcR1 reseptorii artis
gosterirken beraberinde DcR2 reseptOriintin artis gosterdigini, diger taraftan DR4
Oliim reseptorii artis gosterirken DRS5 6liim reseptdriiniin azaldigini isaret etmektedir.

Kontrol grubu olarak ¢alisilan normal endometrium dokulari ile endometrioid
tip adenokarsinoma dokularinda, TRAIL ligand ve reseptor ekspresyonlar
karsilagtiritlmis ve iki grup arasindaki istatiksel fark Mann-Whitney U test ile
degerlendirilmistir. Sonug olarak karsinoma dokularinda normal endometriuma gore
TRAIL ligand1 (p=0,019) ve DR4 6liim reseptoriinde (p=0,000) azalma, DRS 6liim
reseptorii (p=0,003), DcR1 (p=0,000) ve DcR2 (p=0,021) dekoy reseptorlerinde artig
belirlenmistir. Bilindigi lizere TRAIL 6lim ligandi 6lim reseptorleri ile iliskiye
girerek hiicreleri apoptozise gotiirebilmektedir. Bu nedenle normal hiicreden
kanserlesmeye dogru giden siiregte TRAIL ve DR4 6liim reseptoriindeki azalma ile
buna karsilik 6zellikle DcR1 ve DcR2 dekoy reseptorlerindeki artis, apoptozise
diren¢ olusturma etkileri nedeniyle bu molekiillerin kanserlesme siirecine katkida
bulundugunu diisiindiirmektedir.
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Endometrium kanserinin prekanserdz lezyonlar1 olarak degerlendirilen
endometrial hiperplazi dokularinda TRAIL/TRAIL reseptdr ekspresyon profili
degerlendirildiginde olusturulan grafikte DR4 ekspresyonu en yiiksek olarak
belirlenirken, istatistiksel olarak degerlendirildiginde DR4’iin TRAIL ve DcR1’ ¢
gore anlamli derecede yiliksek olmadigi saptanmistir. En diisilk oranda sentez
edilenler ise DR5 ve DcR2 reseptorleri olmustur. TRAIL ligand ve reseptor
ekspresyonlar1 arasindaki olasi iligkileri belirlemek i¢in Spearman Rho Korelasyon
testi uygulanmis ve DR4 6lim reseptorii ve DcR2 dekoy reseptorii (p<0,01) ve
TRAIL ligand1 ve DcR2 dekoy reseptorii arasinda pozitif korelasyonlar (p<0,05)
belirlenmigtir. Skorlamaya dayali olarak olusturulan grafikler incelendiginde
hiperplazide karsilasilan ekspresyon profili ile endometrioid tip adenokarsinomada
karsilasilan profil biiylik bir benzerlik gostermektedir. Bu nedenle endometrioid tip
adenokarsinoma ile endometrial hiperplazi olgularinin TRAIL ligand ve reseptor
ekspresyon profilleri istatistiksel olarak da karsilastirilmistir. Gruplar arasindaki
istatiksel fark Mann-Whitney U test ile degerlendirilmistir. iki grup arasinda
istatistiksel olarak anlamli bir fark gosterilememistir. Calismaya dahil ettigimiz
karsinoma ve hiperlazi gruplar1 arasinda TRAIL/TRAIL reseptor ekspresyon profili
acisindan anlamli bir fark bulunamamasinin altinda yatmasi muhtemel iki neden
vardir. Birincisi, hiperplazi grubunda yer alan alt tiplerin sayisal olarak dagilimi
sonucu etkilemis olabilir. 27 endometrial hiperplazili hastanin 1 tanesinde basit
atipisiz hiperplazi (% 3,7) varken, 7’sinde kompleks atipisiz hiperplazi (% 25,9) ve
19’unda da kompleks atipili hiperplazi (% 70,4) s6z konusudur. TRAIL ligand ve
TRAIL reseptor ekspresyonlart degerlendirilen hastalarin % 70’lik bir dilimini
kompleks atipili hiperplazinin olusturmasi, elde edilen profilin daha ziyade
kompleks atipik hiperplazi profilini yansittigin1 diisiindiirmektedir. Buna ek olarak,
endometrial  hiperplaziler Tip 1 olarak adlandirilan endometrioid tip
adenokarsinomaya dogru ilerleyebilmeleri nedeni ile olduk¢a Onem tasimaktadir.
Endometrial hiperplazinin karsinomaya ilerleme riski sitolojik atipinin varlifina ve
agirligina baghidir. Kanser progresyon riski basit atipisiz hiperplazide 1-kat,
kompleks atipisiz hiperplazide 3-kat, basit atipik hiperplazide 8-kat ve kompleks
atipik hiperplazi ise 29-kat artmaktadir. Buradan yola ¢ikarak tizerinde calistigimiz
olgularda toplamda endometrioid tip adenokarsinomaya doniisme riski yiiksek
kompleks atipik hiperplazide de endometrioid tip adenokarsinomada karsilasilan
TRAIL/TRAIL reseptor ekspresyon profili ile benzer oldugu gézlenmektedir. Bu
sonu¢ hastalarda hiperplaziden karsinomaya gecis riskinin degerlendirilmesinde
TRAIL ligand ve reseptorlerinin ekspresyon durumunun 6nemli bir parametre olarak
kullanilabilecegini diisiindiirmektedir.

Normal endometrium ile endometrial hiperplazi TRAIL ligand ve reseptor
ekspresyonlar1 da karsilastirilmis ve iki grup arasindaki istatiksel fark Mann-Whitney
U test ile degerlendirilmistir. Sonu¢ olarak hiperplazi dokularinda normal
endometriuma gore DR4 (p=0,001) ve DRS5 (p=0,001) oliim reseptorleri ile DcR1
(p=0,008) dekoy reseptdr ekpresyonlart farkli olarak bulunmustur. Normal
endometriumdan hiperplaziye gegiste DR4 6liim reseptoriinde azalma, DR5 &liim
reseptori ile DcR1 dekoy reseptoriinde ise artis belirlenmistir. Bu degisimler de daha
once normal dokudan kanserlesmeye dogru giden siirecte belirlenen degisimlerle
paralel olarak belirlenmistir. Bu durum normal-hiperplazi-karsinoma seklindeki
kanser gelisim siirecinde Ozellikle DR4 ekpresyonundaki azalma ve DR5-DcR1
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ekpresyonlarindaki artislarin ~ fonksiyonel bir role sahip olabileceklerini
disiindiirmektedir.

Endometrioid tip adenokarsinomali olgularin FIGO evreleme sistemine gore
40 tanesi Evre 1A (% 40), 28 tanesi Evre IB (% 28), 6 tanesi Evre 11B (% 6), 8 tanesi
Evre 1A (% 8), 2 tanesi Evre 11IB (%2), 14 tanesi Evre HIC (% 14) ve 1 tanesi Evre
IVB (% 1)’de yer almaktadir. TRAIL ligand ve reseptdr sentez profili ile hastaligin
klinik evresi arasinda bir iligkinin olup olmadiginin aydinlatilabilmesi i¢in Spearman
rho korelasyon testi uygulanmistir. Hastalarin klinik evresi ile TRAIL/TRAIL
reseptor ekspresyon profili arasinda istatistiksel olarak anlamli bir iligki
saptanamamistir.

Endometriod tip adenokarsinoma hastalarina ait timorlerin 63 tanesi Grade 1
(% 63), 26 tanesi Grade 2 (% 26) ve 11 tanesi Grade 3 (% 11)’e aittir. TRAIL ligand
ve reseptor sentez profili ile olgularin grade’leri arasinda bir iligskinin agiklanabilmesi
icin Spearman rho korelasyon testi uygulanmistir. Hastalarin gradeleri ile
TRAIL/TRAIL reseptor ekspresyon profili arasinda istatistiksel olarak anlamli bir
iliski belirlenememistir.

Endometrial karsinomada degerlendirilen prognostik parametrelerden biri de
myometrial invazyon derinligidir. Endometrioid tip adenokarsinomali hastalarin 9
tanesinde invazyon yok iken (% 9), 45 tanesinde invazyon derinligi < Y5 (% 45) ve 46
tanesinde invazyon derinligi > ' (% 46)’dir. TRAIL ligand ve reseptdr sentez
profili ile olgularin myometrial invazyon derinligi arasinda bir iliskinin
aciklanabilmesi i¢in Spearman rho korelasyon testi uygulandi. Hastalardaki mevcut
myometrial invazyon derinligi ile TRAIL/TRAIL reseptor ekspresyon profili
arasinda istatistiksel olarak anlamli bir iliski saptanamamustir.

Calismamizda, TRAIL ligand ve reseptorlerinin ekspresyon profillerinin yan
sira  normal endometrium, hiperplazi ve karsinoma seklindeki gelisim
basamaklarinda apoptozis durumunun belirlenebilmesi i¢cin TUNEL metodu
kullanilmigtir. ~ Yapilan  analizler — sonucunda  normal-hiperplazi-karsinoma
siralamasinda karsinomaya dogru gidiste apoptozis yilizdesinde istatistiksel olarak
anlaml1 bir artis tespit edildi. TRAIL ve reseptdrleri ile apoptozis arasindaki iliskinin
aciklanabilmesi i¢in spearman rho korelasyon testi uygulandi; ancak herhangi bir
korelasyon bulunamadi. Yapmis oldugumuz c¢alismada elde edilen bulgulara gore
normal doku ile kanser dokusu karsilastirildiginda, kanser dokusunda DR4 &lim
reseptorinde azalma ile DRS olim reseptorii ve DcR1 dekoy reseptor
ekspresyonundaki artislar daha ¢ok TRAIL aracili apoptozise karsi direnclilik ile
iligkili bir durumu 6n plana ¢ikariyor gibi goériinmektedir. Ancak burada normal
dokuya gore kanser dokusunda apoptozis ylizdesinde onemli bir artis karsimiza
cikmaktadir.
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SONUCLAR

Yapmis oldugumuz c¢alismada endometrium kanserinde TRAIL ligand ve
reseptdr ekspresyon profillerinin belirlenebilmesi amaciyla normal, endometrial
hiperplazi ve endometrial karsinoma doku oOrneklerinde TRAIL ligand ve
reseptorlerine spesifik antikorlar kullanilarak immunohistokimyasal analizler
gerceklestirilmistir. TRAIL ligand ve reseptorlerinin normal, hiperplazi ve karsinoma
orneklerinde sergilemis olduklar1 ekspresyon profilleri ve bu dokularda karsilasilan
apoptozis oranlari, bu molekiillerin hiicrelerdeki mevcut 6liim ve yasam dengesinin
bozulmasini saglayarak endometrium kanser gelisim siirecine katki saglayabilecegini
disiindiirmektedir.

Bu calismada ayrica, TRAIL dliimciil ligandi ve reseptor ekspresyonlari ile
hastaligin klinik evresi, grade ve myometrial invazyon gibi prognostik faktorlerin
iliskisi arastirilmis, istatistiksel olarak anlamli bir iliski kurulamamistir. Ancak, elde
edilen bulgularin farkli prognostik veriler ile de degerlendirilmesi gerekmektedir.
Yapmis oldugumuz c¢alismada normal, hiperplazi ve kanser ge¢is basamaklarinda
ozellikle kansere doniisme riski yiiksek olan kompleks atipili hiperplazi ve
karsinoma dokularindaki TRAIL ve reseptor ekspresyon profilinin benzer olmasi,
diger taraftan normal dokudan farkli bir profil sergilemesi hastaligin seyrinin takibi
ve risk degerlendirilmesi agisindan bu molekiillerin prognostik birer belirte¢ olarak
kullanilabilecegine isaret etmektedir.

Tiim bunlara ek olarak endometrium kanserinde TRAIL ve reseptorlerinin
ekspresyon  profillerinin  belirlenmesinin,  kanserli  hiicrelerin  apoptozise
gotiirlilmesini hedefleyen ve TRAIL transferini kapsayan gen tedavi ¢aligmalarinin
basarisin1 belirlemede ve gerekli durumlarda TRAIL direngliliinin {istesinden
gelmede faydali olacaktir. Endometrial kanser dokularinda 6zellikle DR4 ve DRS5
Olim reseptorlerinin varligilda TRAIL aracili gen tedavi uygulamalarinda olumlu
yanit alinabilmesini saglamasi agisindan biiyiik 6nem tagimaktadir.
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Abstract

Background: Lung cancer causes the highest rate of cancer-related deaths both in men and women. As many
current treatment modalities are inadequate in increasing patient survival, new therapeutic strategies are required.
TNF-related apoptosis-inducing ligand (TRAIL) selectively induces apoptosis in tumor cells but not in normal cells,
prompting its current evaluation in a number of clinical trials. The successful therapeutic employment of TRAIL is
restricted by the fact that many tumor cells are resistant to TRAIL. The goal of the present study was to test a
novel combinatorial gene therapy modality involving adenoviral delivery of TRAIL (Ad5hTRAIL) and IKK inhibition
(AIKKBKA) to overcome TRAIL resistance in lung cancer cells.

Methods: Fluorescent microscopy and flow cytometry were used to detect optimum doses of adenovirus vectors
to transduce lung cancer cells. Cell viability was assessed via a live/dead cell viability assay. Luciferase assays were

expression.

employed to monitor cellular NF-xB activity. Apoptosis was confirmed using Annexin V binding.
Results: Neither Ad5hTRAIL nor AdIKKBKA infection alone induced apoptosis in A549 lung cancer cells, but the

combined use of Ad5hTRAIL and AdIKKBKA significantly increased the amount of A549 apoptosis. Luciferase assays
demonstrated that both endogenous and TRAIL-induced NF-xB activity was down-regulated by AdIKKBKA

Conclusions: Combination treatment with AdShTRAIL and AdIKKBKA induced significant apoptosis of TRAIL-
resistant A549 cells, suggesting that dual gene therapy strategy involving exogenous TRAIL gene expression with
concurrent IKK inhibition may be a promising novel gene therapy modality to treat lung cancer.

Backround

Lung cancer is the leading cause of cancer mortality in
the world (31% for men and 26% for women of all can-
cer deaths) [1]. Despite the use of conventional multi-
modal treatment methods (chemotherapy, radiation, and
surgery), the overall survival rate from lung cancer has
improved little, with <15% of patients surviving >5 years
[2]. Consequently, new therapeutic strategies, such as
gene therapy, are being tested in preclinical and clinical
settings. Knowing that apoptosis is a key mechanism
in the regulation of tissue homeostasis, several members
of the tumor necrosis factor (TNF) superfamily have
been implicated in the process. TNF-related apoptosis-
inducing ligand (TRAIL), also known as Apo2L, was
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originally identified through its homology to TNF, FasL,
and other members of the TNF superfamily [3,4]. Like
most other members of the TNF superfamily of ligands,
TRAIL is primarily expressed as a type II membrane
protein of 33-35 kD [5]. To date, four human mem-
brane-bound receptors for TRAIL have been identified:
DR4/TRAIL-R1, DR5/TRAIL-R2/KILLER, TRID/DcR1/
TRAIL-R3, and DcR2/TRAIL-R4. Two of the membrane
receptors, DR4 and DR5, contain the essential cytoplas-
mic death domain through which TRAIL can transmit
an apoptotic signal. DcR1 and DcR2 can also bind
TRAIL, but they appear to act as antagonistic receptors
because they lack a functional death domain [6-9].
There are several reasons why TRAIL is of interest for
people working on cancer gene therapy. TRAIL is
unique in that it selectively induces apoptosis in tumor
and transformed cells, but does not harm normal cells
[10,11]. In addition, apoptosis induction in response to

© 2010 Aydin et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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most DNA-damaging drugs usually requires functional
tumor supressor p53 gene [12]. Because of the inactiva-
tion of p53 in more than 50% of human cancers during
tumorigenesis, the tumors eventually display resistance
to both radiotherapy and chemotherapy. TRAIL, how-
ever, can induce p53-independent apoptosis of cancer
cells [13]. Despite this fact, a significant proportion of
tumor cells display TRAIL resistance by a mechanism
that is not yet fully understood [14,15]. Resistance to
TRAIL-induced apoptosis, both in normal and cancer
cells, was initially considered to be due to DcR1 and/or
DcR2 expression, which compete with DR4 and DR5 for
binding to TRAIL [6,16]. Apart from TRAIL receptor
composition, [17,18] there are a number of other possible
reasons why some cancer cells exhibit TRAIL resistance.
For example, the presence of intracellular apoptosis inhi-
bitory proteins (Bcl-xL, c-FLIP, cIAP etc.) or the loss of
Bax and Bak function may lead to a TRAIL-resistant phe-
notype [14,19]. Interestingly, the engagement of DR4,
DR5, and DcR2 can activate the NF-xB pathway [20,21],
and high levels of endogenous NF-xB activity interfere
with TRAIL-induced apoptosis. Thus, targeting the
NF-xB signaling pathway may help sensitize cancer cells
to TRAIL. In this study, a complementary gene therapy
modality using adenovirus-mediated delivery of an
IKKBKA mutant (AdIKKBKA) was deployed to test the
extent to which NF-xB inhibition sensitized lung cancer
cells to TRAIL (Ad5hTRAIL).

Methods

Adenovirus Preparation

Recombinant adenoviral vectors, AAEGFP [22], Ad5h-
TRAIL [23], AAIKKBKA [24], AANFxBLuc [25], and
AdCMVLacZ [26,27], were amplified in 293 cells and
purified by cesium chloride gradient. After vector purifi-
cation, adenoviral vectors were kept at -80°C in 10 mM
Tris containing 20% glycerol. The titers of purified ade-
noviral stocks were measured to be 10" DNA particles/
ml. AdIKKBKA encodes the dominant negative mutant
form (K44A) of IKKB and forms inactive IKK complex
so that IKKB does not phosphorylate IkB. IkBaSR pro-
duces dominant negative mutant form (S32A/S36A) of
IkBa.. Thus, the IKK complex cannot phosphorylate
mutant IkBa from S32 and S36 residues. By doing so
NEF-xB is always sequestered in cytoplasm. Both mutant
proteins interfere with NF-xB signaling at different
levels of the signaling cascade.

Cell Culture

The human non-small cell lung carcinoma cell line
A549 was obtained from American Type Culture Collec-
tion. Cells were cultured in RPMI 1640 medium supple-
mented with 10% FBS, 2.2 g/l sodium bicarbonate,
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1 mM L-glutamine, and 1% penicillin-streptomycin-
amphoterisine mixture (PSA) using Thermo SteriCult
incubators. The study was carried out in accordance
with Declaration of Helsinki and approved by the Akde-
niz University Committee on Ethics.

Adenoviral Infection of Lung Cancer Cells

Cells were cultured and permitted to adhere for at least
24 hr before adding adenovirus vectors. Before the
infection, lung cancer cells were washed with PBS, and
then infected with vectors at increasing multiplicity of
infection (MOI). Cells were first kept at 37°C in RPMI
1640 medium without FBS for 2 h. An equal volume of
RPMI 1640 supplemented with 20% FBS was then
added to cells. To measure transduction efficiency, the
percentage of EGFP" cells was determined by using
fluorescent microscopy and flow cytometry 48 h after
infection. The cell viability was assessed using Propi-
dium iodide exclusion technique.

Cell Viability Assay

Live/Dead Cellular Viability/Cytotoxicity Kit (Molecular
Probes; Eugene, OR) was used to discriminate live cells
from dead cells. This assay is based on the use of Cal-
sein AM and Ethidium homodimer-1 (EthD-1). Calsein
AM is a fluorogenic substrate for intracellular calsein
esterase. It is modified to a green fluorescent compound
(calsein) by active esterase in live cells with intact mem-
branes. In addition, live cells do not allow EthD-1, a red
fluorescent nucleic acid stain, to enter. However, cells
with damaged membrane uptake the dye and stain posi-
tive. Cellular viability assays were conducted 35 h fol-
lowing the infections.

NF-xB Transcription Induction Experiments

A549 cells were infected with AANFkBLuc construct at
an MOI of 5000 DNA particles/cell to determine the
NF-xB activation status. AANFkBLuc vector carries four
tandem copies of the NF-xB binding consensus
sequence fused to a TATA-like promoter from the
HSVTK gene. This vector has also a Luciferase reporter
gene. Luciferase assays were conducted 30 h following
the infection using the Luciferase assay system with
Reporter Lysis Buffer as described by the manufacturer
(Promega, Inc.). Bradford assay was performed to mea-
sure the protein concentration in each sample and these
values have subsequently been used to normalize Rela-
tive Light Units (RLU) against the protein concentration.

Flow Cytometry and Western Blotting

Flow cytometry assays were conducted as described pre-
viously [28]. Monoclonal antibody to TRAIL (human)
(cat. no. ALX-804-296-C100; Alexis Biochemicals) was
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used followed by polyclonal antibody to mouse IgG1 (R-
PE) (cat. no. ALX-211-201-C050; Alexis Biochemicals) to
reveal TRAIL expression on the cell surface. For Western
Blotting, protein extracts were prepared 48 hours follow-
ing the infection. Then, 10 pg of A549 cell line extract
was loaded in each lane and IKKBKA protein expression
was detected using an anti-HA peroxidase antibody
(Roche Molecular Diagnostic, Indianapolis, Indiana, US,
Cat. No.11667475001). GAPDH expression was detected
using a GADPH antibody (BIODESIGN International,
Maine, US, Cat No. H86504).
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Confirmation of apoptosis induction by Annexin V
staining using flow cytometry

FITC-conjugated human Annexin V (ALX-209-250-
T100) was used to quantitate the number of apoptotic
cells using flow cytometry. Annexin V staining proce-
dure was performed according to manufacturer’s proto-
cols (Alexis Biochemicals).

Caspase Activity Assays
It is well established that carboxyfluorescein-labeled cas-
pase inhibitors can irreversibly bind to active caspases.
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Figure 1 Efficient transduction of A549 cells with recombinant adenovirus. A549 cells were infected with increasing MOI of adenovirus
encoding the EGFP reporter gene for 48 h. EGFP positive cells were detected by fluorescent microscopy (Panel A), and then analyzed by flow
cytometry (Panel B). Viral doses applied as MOI values in DNA particles/cell are indicated.
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The caspase inhibitor substrates were designed to be not
only specific for the active state of the enzyme and also
it is isoform specific. CaspaTag Caspase Activity Kits
were deployed to selectively monitor caspase activation
following infection with gene therapy vectors. FAM-
DEVD-FMK (S7301) was used to measure caspase 3
activation, and then distinguished caspase positive cells
from caspase negative cells by immune fluorescence
microscopy.

Results

Efficient adenoviral transduction of A549 lung cancer
cells

The efficacy of recombinant adenoviral vector transduc-
tion of A549 lung cancer cells was revealed using an
AdEGFP vector to determine the optimum dose of ade-
novirus needed to conduct gene delivery, which is
mainly influenced by viral preparations. While fluores-
cent microscopy was used to follow protein expression,
the transduction efficiency was quantitatively analyzed
using flow cytometry 48 h following the infection.
Almost 100% of the cells were efficiently transduced
with AdEGFP at MOI of 5,000 DNA particles/cell 48 h
after infection (Figure 1).

A549 lung cancer cells are resistant to adenoviral delivery
of hTRAIL or IKKBKA expression

Despite the fact that TRAIL can potently induce tumor
cell apoptosis, TRAIL resistance observed in some
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cancer cells critically challenges the use of TRAIL as a
gene therapy agent. To determine the extent to which
A549 lung cancer cells were susceptible to TRAIL, we
infected A549 cells with an adenovirus vectors encoding
hTRAIL (Ad5hTRAIL) or LacZ (AdCMVLacZ, negative
control) at increasing doses and measured cellular viabi-
lity following the infection. As expected, AdCMVLacZ
infection alone did not reduce the number of viable
cells significantly (data not shown). A549 lung cancer
cells were also completely resistant to cytotoxic effects
of hTRAIL, despite the high doses of AdShTRAIL (MOI of
10,000 DNA particles/cell) used for the infection (Figure 2,
upper panels).

Increased IKK activity [29,30] and/or NF-xB activity
[22] is a major regulatory obstacle against death ligand-
induced cytotoxicity in various tumors. Consequently,
cell survival mediated through the effect of IKK inhibi-
tion, and thereby NF-kB down-regulation, was tested
after A549 infection with AdIKKBKA. As shown in Fig-
ure 2 (lower panels), no decrease in cell viability was
observed even at MOI of 10,000 DNA particles/cell of
AdIKKBKA vector. These results suggested that IKK
inhibition alone does not affect the viability of A549
lung cancer cells.

To rule out the possibility that the lack of any cytotoxic
effect was due to little/no TRAIL expression from the
vector, flow cytometric analysis was performed on A549
cells infected with AdShTRAIL. This assay demonstrated
that significant TRAIL overexpression was achieved after

500

10000

1000 5000

Figure 2 The viability of A549 lung cancer cells is not affected by Ad5hTRAIL or AdIKKBKA infection alone. A549 cells were infected
either by AdShTRAIL (Upper Panels) or AdIKKBKA virus (Lower Panels) at increasing doses. Molecular Probe’s Live and Death Cellular Viability and
Toxicity Kit was used to detect viable cells 48 h following the infection, as described in Materials and Methods. The applied viral doses as MOI
values in DNA particles/cell are indicated.
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A549 infection with AAShTRAIL (Figure 3A). Similarly,
immunoblot analysis was employed to demonstrate
IKKBKA expression. IKKBKA expression was detectable
only when cells were infected with AdIKKBKA vector but
not with AdCMVLacZ (Figure 3B).

NF-xB blocking via IKK inhibition sensitizes A549 lung
cancer cells to TRAIL-induced apoptosis

Previous studies by our group have shown that
A549 lung cancer cells can be sensitized to TNF by
AdIKKBKA [22,24] or AdIkBaSR [26,31] expression.
Since A549 cells are also resistant to TRAIL-induced
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apoptosis, we tested the extent to which NF-xB inhibi-
tion through IKK targetting could sensitize A549 cells
to TRAIL. Thus, A549 cells were co-infected with
Ad5hTRAIL (5000 particles/cell) and AdIKKBKA at
increasing doses, and the percentage of viable cells was
measured 48 h after infection. Over 75% cell death was
observed when A549 cells were co-infected with Ad5h-
TRAIL and at least 5000 MOI AdIKKBKA (Figure 4). In
contrast, AdCMVLacZ co-infection did not sensitize
A549 cells to TRAIL. Together, these findings demon-
strate that IKKBKA expression can overcome TRAIL
resistance in A549 lung cells. We then tested the extent

A

COUNT

Figure 3 Ad5hTRAIL and AdIKKBKA transductions of lung cancer cells. Panel A represents a flow cytometry analysis of hTRAIL expression in
A549 cell line. Conditions for infections are as follows: 1, unstained; 2, uninfected (secondary antibody alone); 3, AdLacZ; 4, Ad5hTRAIL (5,000
MOI); 5, Ad5hTRAIL (10,000 MOI). Panel B shows a Western Blotting indicating IKKBKA expression. Adenoviral constructs used in the infections are
indicated above each lane (duplicate independent A549 samples are shown). Molecular standard markers (3 galactosidase, 121 kD; and bovine

serum albumin, 70 kD) are provided to the left of the blot.
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Figure 4 Induction of cell death in A549 cells co-infected with AdIKKBKA and AdhTRAIL. A549 lung cancer cells were co-infected with a
constant dose of Ad5hTRAIL (5,000 MOI; as shown below each panel) and increasing doses of AdIKKBKA (as shown above each panel). Cell
viability was then measured using Molecular Probe’s Live and Death Cellular Viability and Toxicity Kit 48 h following infection. Panel A depicts
fluorescent micrographs of such an infection. By comparison, the quantitative analysis of cell viability is provided in Panel B. Values represent the

*

to which AdIkBaSR could substitute for the AdIKKBKA
vector in sensitizing A549 cells to AAShTRAIL. NF-<B
inhibition via AdIkBaSR infection also resulted in some
degree of cell death from TRAIL, but the degree of sen-
sitization was less than that of AdIKKBKA delivery (data
not shown) suggesting AdIKKBKA inhibition of NF-xB
inhibition is more efficient.

Endogenous NF-xB activity in A549 cells is upregulated
after Ad5hTRAIL infection but down regulated with
IKKBKA expression

Intracellular NF-xB activation is crucial for a variety of
cellular functions. With respect to death ligand-induced

apoptosis, high levels of NF-xB activity are associated with
resistance in cancer cells [22]. In addition, signaling
through DR4, DR5 [15,20], and DcR2 [8] can activate NF-
kB. Thus, determining the endogenous and TRAIL-
induced NF-xB activity of cancer cells before initiation of
TRAIL-based therapy is important. To evaluate the extent
of NF-xB activation in A549 cells, we used a recombinant
adenovirus vector encoding an NF-«xB driven Luciferase
reporter gene (AANFkBLuc). Luciferase expression was
measured 30 h after infection. As shown in Figure 5, sig-
nificant NF-xB activation was achieved after AAShTRAIL
infection. Triple infection with AANFkBLuc, Ad5hTRAIL
and AdIKKBKA or AdCMVLacZ was then performed to
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Figure 5 NF-xB activity is upregulated with Ad5hTRAIL infection but down-regulated with AdIKKBKA in A549 cells. A549 cells were
simultaneously infected with AdNFkBLuc, AdShTRAIL, and increasing doses of AdIKKBKA construct for 30 h. As a negative control, AdCMVLacZ
infection was utilized. The different constructs used in the infection and the MOI values represented in DNA particles/cell are listed on the X-axis.
Luciferase activity expressed as Relative Light Units per microgram protein is depicted on the Y-axis, where the values represent the mean (+

SEM) of six independent data points (n = 6). * p < 0.05.

check the extent to which AdIKKBKA reduced NF-«xB
activation. Both endogenous and TRAIL-induced NF-xB
activity was drastically reduced after infection with
AdIKKBKA. Conversely, AdCMVLacZ infection did not
inhibit endogenous or TRAIL-induced NF-«B activity.

Ad5hTRAIL infection with NF-xB inhibition induces
apoptosis in A549 cells

To prove that the mechanism of cell death in A549 cells
following Ad5hTRAIL infection during IKK inhibition
was apoptotic in nature, Annexin V staining was per-
formed. A549 cells were infected with either AAShTRAIL
or AAIKKBKA alone, or in combination, and apoptotic
cell death was quantified 48 h following infection. There
was a minimal increase in Annexin V staining on
Ad5hTRAIL or AAIKKBKA infected cells (Figure 6A),
but AdShTRAIL and AdIKKBKA coinfection resulted in
a significant increase in Annexin V staining (Figure 6B).
As expected, AAShTRAIL and AdCMVLacZ co-infection
did not generate such an effect. To further demonstrate
that apoptosis is the mechanism of cell death in A549
cell line, caspase activation assays were performed follow-
ing coinfection of cells with Ad5hTRAIL and AdIKKBKA
vectors. There was significantly increased Caspase 3
activity detected only when the A549 cells were infected
with AAShTRAIL and AdIKKBKA (Figure 7).

Discussion

TRAIL induces apoptosis in a wide range of malignant
cells and has been heavily investigated as a potential ther-
apeutic agent for the treatment of many tumors. These
expectations were largely based on the selective apopto-
sis-inducing properties of TRAIL for cancer cells [32-34].
Contrary to these initial expectations, many cancer cell
lines were subsequently found to be resistant to TRAIL-
induced apoptosis. Consequently, a significant number of
studies have been conducted to understand the molecular
mechanism of TRAIL resistance in cancer cells, so this
barrier could be overcome. In cancer cases where high
decoy receptor expression could potentially contribute to
the resistance to TRAIL, siRNA approaches have been
successfully used to overcome TRAIL resistance in can-
cer cells, as demonstrated for breast [18], lung [28], and
prostate [17] cancer cells.

Based on our previous findings and those by other
groups, the NF-xB signaling pathway appeared to be
one of the main molecular mechanisms responsible for
the generation of TRAIL resistance in cancer cells.
Overactive NF-xB activity has been implicated in many
aspects of tumor formation and progression, including
the inhibition of apoptosis and enhancing the expression
of antiapoptotic factors [35]. NF-xB normally resides in
the cytoplasm as an inactive complex with an inhibitory
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IxB subunit. Upon activation, IxB becomes phosphory-
lated by specific kinases (IxB kinase, IKK), ubiquinated,
and then degraded. This inactivation of IxB enables the
translocation of NF-xB into the nucleus, where it can
bind to the promoter region of many genes and activate
their transcription [36]. IKKp is one of the catalytic
domains of the kinase IKK and is essential for NF-xB
activation. Thus, inhibition of IKKB may be a particu-
larly useful strategy to specifically interfere with NF-xB
activity [24]. Previously, IKK targeting strategy has been
successfully applied to sensitize neuroblastoma [37]
and prostate cancer cells [38] to TRAIL. Although, exo-
genous expression of a dominant negative mutant form
of IKKP sensitized lung cancer cells to TNF by way of
NF-xB inhibition, it was unknown whether this approach
would similarly sensitize lung cancer cells to TRAIL.
Thus, in this study we tested a complementary gene ther-
apy modality involving IKK inhibition to overcome
TRAIL resistance. In the present study, we demonstrated
that inhibition of the NF-«B signaling pathway, by way of
IKKBKA expression, sensitized A549 cells to TRAIL-
induced apoptosis. In accordance with this, the recently
identificed TRAIL receptor-binding protein, protein argi-
nine methyltransferase 5 (PRMT5) [39], was found to
potentiate TRAIL-induced NF-xB activation through
IKK leading to induction of several NF-«<B target genes.
Interestingly, PRMT5 gene silencing sensitized various
cancer cells to TRAIL. These data suggest that PRMT5
expression helped to maintain TRAIL resistance through
NEF-«B activation involving IKK complex in cancer cells.

Conclusions

The IKK complex may be a good target to specifically
interfere with NF-x<B activation in TRAIL-resistant can-
cer cells, such that gene therapy strategies involving
exogenous TRAIL expression with concurrent inhibition
of the NF-xB pathway through IKK modulation of func-
tion may extend the therapeutic index of TRAIL for
patients with lung cancer.
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Abstract

mechanism of RA development.

revelation of RA pathogenesis.

Background: Rheumatoid Arthritis (RA) is a chronic autoimmune inflammatory disorder. Although the
pathogenesis of disease is unclear, it is well known that T cells play a major role in both development and
perpetuation of RA through activating macrophages and B cells. Since the lack of TNF-Related Apoptosis Inducing
Ligand (TRAIL) expression resulted in defective thymocyte apoptosis leading to an autoimmune disease, we
explored evidence for alterations in TRAIL/TRAIL receptor expression on peripheral T lymphocytes in the molecular

Methods: The expression of TRAIL/TRAIL receptors on T cells in 20 RA patients and 12 control individuals were
analyzed using flow cytometry. The correlation of TRAIL and its receptor expression profile was compared with
clinical RA parameters (RA activity scored as per DAS28) using Spearman Rho Analysis.

Results: While no change was detected in the ratio of CD4* to CD8* T cells between controls and RA patient
groups, upregulation of TRAIL and its receptors (both death and decoy) was detected on both CD4" and CD8* T
cells in RA patients compared to control individuals. Death Receptor-4 (DR4) and the decoy receptors DcR1 and
DcR2 on CD8* T cells, but not on CD4™ T cells, were positively correlated with patients’ DAS scores.

Conclusions: Our data suggest that TRAIL/TRAIL receptor expression profiles on T cells might be important in

Background

Rheumatoid arthritis (RA) is a chronic autoimmune dis-
ease, which affects the synovial membrane and even-
tually causes irreversible destruction of tendons,
cartilage, and bone [1-3]. It has long been suspected
that the inflammatory lesions result from an autoim-
mune response to joint-specific antigens primarily invol-
ving the cells of the immune system [4-7]. Although
disease commences with T cells recognizing antigen,
this recognition event also drives a chronic inflamma-
tory process involving the activation of macrophages
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and B cells [8,9]. The chronic inflammation is in turn
perpetuated by activation of both CD4" and CD8"
T cells [10].

Programmed cell death is an apoptotic mechanism by
which damaged cells are removed from the body.
Engagement of autoreactive T cells by self antigens
within the thymus induces deletion of potentially harm-
ful T cells. Defects in apoptosis lead to the persistence
of T cells recognizing self antigens which can induce
autoimmunity [11,12]. Clonally expanded T cells that
have served their functional purpose are also cleared
from the system through activation induced cell death
(AICD) involving cell surface FasL/Fas receptor interac-
tion [13]. Children with defective Fas-mediated T lym-
phocyte apoptosis exhibit a disorder known as
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autoimmune lymphoproliferative syndrome [14,15]. Like
FasL, TNF has also been involved in AICD [16],
although unlike CD95, TNF initiates and exacerbates
autoimmune diseases. A third member of TNF super-
family is the TNF Related Apoptosis Inducing Ligand
(TRAIL) [17]. In the immune system, TRAIL is
expressed on the surface of activated T lymphocytes.
Five different receptors interact with TRAIL: TRAIL
Receptor-1 (TRAIL-R1/also referred to as DR4), TRAIL
Receptor-2 (TRAIL-R2/DR5), TRAIL Receptor-3
(TRAIL-R3/DcR1), TRAIL Receptor-4 (TRAIL-R4/
DcR2), and osteoprotegrin (OPG) [18,19]. DR4 and DR5
are the genuine death receptors inducing apoptosis
whereas DcR1 and DcR2 function as decoy receptors
and physiologically block apoptosis [20,21], which might
thus contribute to the pathogenesis of autoimmunity
[22,23]. Like CD95L, TRAIL has been reported to be a
potent inhibitor of autoimmune arthritis [24]. Unlike
TNF and FasL, TRAIL inhibits the activation and prolif-
eration of lymphocytes in vivo, but does not delete them
from the system.

It is apparent then that FasL, TNF and the TRAIL/
TRAIL receptor system are involved in T cell activation
and/or deletion [25]. Accordingly, here we demonstrate the
potential usage of TRAIL and the expression profile of its
receptors on peripheral T cell subsets as markers to moni-
tor the prognosis of patients with rheumatoid arthritis.

Methods

Clinical Assessment of Patients with Rheumatoid Arthritis
20 RA patients and 12 age-/sex-matched control indivi-
duals were enrolled in the study conducted at the Rheu-
matology Clinic of Akdeniz University Hospitals. RA
patients were classified according to the American
Rheumatism Association 1987 revised criteria. DAS28-3
scoring (including tender joint counts, swollen joint
counts and erythrocyte sedimentation rate-ESR) was
used for each RA patient to assess the severity of dis-
ease. RA patients previously not treated with disease
modifying anti-rheumatic drugs (anti-TNF agents) were
admitted to the study. These patients had the history of
receiving either non-steroidal anti-inflammatory drugs
(NSAIDs) or analgesics prior to analysis.

Collection and analysis of blood samples

Analysis of peripheral blood lymphocytes was performed
by direct immunofluorescence flow cytometry using a
Coulter EPICS ALTRA XL instrument. The following
monoclonal antibodies (mAb) were used: Phycoerythrin
(PE) anti-human DR4 (CD261, TRAIL-R1, Cat No: 12-
6644-73, eBioscience Inc., San Diego, CA, USA), PE anti-
human DR5 (CD262, TRAIL-R2, Cat No: 12-9908-73,
eBioscience Inc., San Diego, CA, USA), PE anti-human
DcR1 (CD263, TRAIL-R3, TRAILR3, LIT, TRID Cat
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No: 12-6238-73, eBioscience Inc., San Diego, CA, USA),
PE anti-human DcR2 (CD264, TRAIL-R4, TRAILR4,
TRUNDD, TNFRSF10 D Cat No: 12-6239-73,
eBioscience Inc., San Diego, CA, USA), PE anti-human
TRAIL (CD253 Cat No: 12-9927-73, eBioscience Inc.,
San Diego, CA, USA), Fluorescein isothiocyanate (FITC)
anti-human CD4 (L3T4 Cat No: A07750, Beckman Coul-
ter, Immunotech, Marseille, France), FITC anti-human
CD8 (Cat No: IM0451U, Beckman Coulter, Immunotech,
Marseille, France), PE Mouse IgG1 (x Isotype Control
Cat No: 12-4714-73, eBioscience Inc., San Diego, CA,
USA), FITC Mouse IgG1 (x Isotype Control Cat No:
A07795, Beckman Coulter, Immunotech, Marseille,
France) and FITC Mouse IgG2a (Isotype Control Cat No:
11-4724-73, eBioscience Inc., San Diego, CA, USA).

Flow Cytometry Procedure

Reaction conditions for FC were as follows: 50 pl of
each sample was diluted with 50 pl PBS solution (phos-
phate buffered saline; 0.01 M sodium phosphate, 0.145
M sodium chloride, Ph 7.2), and stained using 10 pl of
either FITC (Fluorescein isothiocyanate) conjugated
mouse monoclonal antihuman CD4 antibody or FITC
conjugated mouse monoclonal antihuman CD8 anti-
body. PE (Phycoerythrin) conjugated mouse monoclonal
antihuman TRAIL or its receptor antibodies were added
subsequently to each tube. Both the activation status of
T cells (CD4"CD25%) and the amount of regulatory T
cells (CD4"CD25"FoxP3") present were revealed using
CD25 ECD (Beckman Coulter, 6607112) and APC-anti-
human Foxp3 (eBioscience, 17-4776-73) antibodies.
Tubes were incubated in the dark at room temperature
for 20 minutes. Erythrocytes were eliminated from PBL
using ammonium chloride lysing solution. After two

4
eo®
O 34
i
© o
0 ®® 0980
84 = =5
e ® o
a8 LY R 80
O 1+ °
°
°
C T L]
N
®

Figure 1 Scatter dot plots of peripheral blood samples from 12
healthy control individuals and 20 RA patients showing the
ratio of T cell subsets (CD4* and CD8") by flow cytometry.
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Figure 2 TRAIL and its receptor (both death and decoy) expression profile on CD4" T cells. A scattered dot plot profile of TRAIL and its
receptors is provided in Panel A. Solid circles indicate RA patients while dots represent control individuals. Error bars display mean (+) SEM.
Representative flow cytometric analyses of a control individual (upper panels) and an RA patient (lower panels) are shown in Panel B, while
Panel C shows the relative increase in TRAIL and its receptors on CD4™ T cells of RA patients compared to controls.
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washes with PBS, the cells were resuspended and ana-
lyzed by flow cytometry. A calibration based on lympho-
cyte gating was performed on EPICS Altra XL system
using CD45 fluorescence and side scatter parameters
prior to analysis. The peripheral blood samples were
analyzed within 6 hours so that the gate could still be
drawn around lymphocytes. Isotype matched antibodies
were included to control for non-specific binding. All
results were analyzed using Expo32 Altra software
(Beckman-Coulter, Fullerton, CA).

Ethics
Written informed consent relating to the Declaration of
Helsinki was obtained from all patients. The study was
approved by Akdeniz University Local Committee on
Ethics.

Statistical Analysis

The statistical package for the Social Sciences 13.0 soft-
ware for Windows (SPSS Inc., Chicago, IlI) and Graph-
Pad Prism version 5 (La Jolla, CA, USA) were used to
plot the data and perform statistical analyses. In addi-
tion, SmartDraw Health Science Edition (San Diego,
CA, USA) was used as a graphics software package.
Normality tests were conducted using a Shapiro-Wilk
method. T cell subsets (CD4" and CD8" T cells) in both
groups displayed a normal distribution. Thus, a non-
parametric unpaired student’s T test was used to evalu-
ate CD4"/CD8" T cell ratios. On the other hand, a
Gaussian distribution was not observed between normal
versus RA patients when analyzing TRAIL and TRAIL
receptor expression profiles. For this reason, Mann-
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Whitney U test was used to compare CD4" versus
CD8" T cell associated TRAIL marker expression in
patients. All correlation analyses used Spearman’s Rho
tests.

Results

Flow Cytometric Analysis of Peripheral Blood

T Lymphocytes

Given the heterogeneous nature of rheumatoid arthritis,
and evidence for variation in the ratio of CD4*/CD8" T
cells changes in autoimmune diseases such as Systemic
Lupus Erythematosus (SLE) [26-28], we first character-
ized the composition of peripheral blood T cell subsets
in RA patients using flow cytometry. Nonparametric
unpaired student’s T test was used to detect possible
differences in the two T cell subsets between normal
versus RA patients. As shown in Figure 1, no difference
was detected in the ratio of CD4" (p = 0.63) to CD8"
(p = 0.22) T cells between the two groups. We conclude
that, unlike Systemic Lupus Erythematosus, disease sta-
tus does not alter the ratio of CD4* to CD8" T cell sub-
sets in RA.

Membrane bound TRAIL and its receptor expression
profile on peripheral CD4* T lymphocytes in RA patients
versus control individuals

During the development of RA, CD4" T cells initiate
and regulate several cell-mediated immune processes
that cause synovial inflammation and joint destruction
in response to activation by antigen presentation. We
next examined the CD4" T lymphocyte associated cell-
surface expression profile of TRAIL and its receptors

Table 1 Spearman rho correlation analysis of TRAIL and its receptors present on CD4* T cells isolated from RA

patients

RA-CD4 Spearman’s Rho DR4 DR5 DcR1 DcR2 TRAIL

DR4 correlation Coefficient 1.000 620(%%) 116 255 T64(*%)
Sig. (2-tailed) . 004 626 277 .000

N 20 20 20 20 20

DR5 correlation Coefficient 620(*%) 1.000 A70(*%) 416 374
Sig. (2-tailed) 004 . 037 068 104

N 20 20 20 20 20

DcR1 correlation Coefficient 116 A70(*%) 1.000 639(*%) 086
Sig. (2-tailed) 626 037 . 002 718

N 20 20 20 20 20

DcR2 correlation Coefficient 255 416 639(**) 1.000 414
Sig. (2-tailed) 277 068 002 . 070

N 20 20 20 20 20

TRAIL correlation Coefficient J64(*%) 374 086 Al4 1.000
Sig. (2-tailed) .000 104 718 070 .

N 20 20 20 20 20

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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Figure 3 Panel A: CD8" T cell associated TRAIL and its receptor expression profile. TRAIL and its receptor expression profile of CD8" T cells
gathered from 20 RA patients and 12 healthy controls are shown as a scatter dot plot. Error bars represent mean (+) SEM. Panel B shows
representative FC for TRAIL and its receptor expression on CD8" T cells (upper panels show healthy control, lower panels are obtained from an
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isolated from either healthy volunteers or RA patients
using flow cytometry. The Mann-Whitney U test was
used to compare the two groups. As shown in Figure
2A, CD4" T cells obtained from RA patients exhibited
higher levels of expression of TRAIL and its death/
decoy receptors compared to cells from control indivi-
duals (p < 0.05). Representative flow cytometric analyses
of CD4" T cells isolated from a healthy individual and
an RA patient are shown in Figure 2B, while Figure 2C
indicates the relative increase in marker expression
levels. These data show a 35-fold increase in DcR1
expression with a 10-15-fold increase in the other
markers.

Using a Spearman Rho correlation test to evaluate
correlations between expression of TRAIL and TRAIL
receptors on CD4" T cells in RA patients, we found
increased DR4 expression was correlated with an
increase in both DR5 and TRAIL (Table 1). In addition,
DcR1 and DcR2 expression showed strong correlation
(p < 0.01).

CD8" T cell associated TRAIL and its receptor expression
profile in RA

We next investigated the expression of TRAIL and its
receptors on CD8" T cells of RA patients and compared
with healthy controls, similar to CD4" T cells, we found
significant differences between the two groups as shown
in Figure 3A (p < 0.05). Representative FC data from a
patient and control are shown in Figure 3B, with Figure
3C indicating the relative increase in CD8" T cell asso-
ciated TRAIL and its receptor expression. In this case
increased DcR1 expression (about 66 fold) was the most
marked. A correlation between CD8" T cell associated
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TRAIL and receptor expression was investigated using
Spearmen Rho Correlation analysis. As shown in Table
2, a correlation among the death and the decoy recep-
tors as well as with TRAIL death ligand expression was
observed.

A non-parametric Mann-Whitney U test was adminis-
tered to investigate statistical differences in expression
levels between CD4"* and CD8" T cell associated TRAIL
and its receptors in patients with RA. Our results indi-
cated that expression levels of TRAIL and its receptors
were higher on CD8" T cells (Figure 3A) than on CD4"*
T cells (Figure 2A).

CD8* T cell associated DR4, DcR1 and DcR2 expression
levels correlated with DAS28 scores in RA patients
Finally we investigated evidence for a correlation
between TRAIL and its receptor expression profile and
the severity of disease in RA patients. Interestingly only
CD8" T cell associated (Figure 4) but not CD4" T cell
associated (data not shown) DR4, DcR1 and DcR2
expression levels correlated with DAS28 scores in RA
patients.

T cell activation status of newly diagnosed RA patients

CD25 is one commonly used marker for recently acti-
vated T cells [29]. In order to document the activation
status of T cells in RA patients; another set of flow cyto-
metry assay was conducted. As shown in Table 3, the
percentage of CD4"CD25" T cells was statistically higher
in RA patients compared to control individuals. However,
as shown before both activated and regulatory T cells
(Tyeg) can express CD25 marker on the cell surface [30].
To distinguish these two, FoxP3 staining was employed

Table 2 Spearman rho correlation analysis of CD8" T cell associated TRAIL and its receptors obtained from RA patients

RA-CD8 Spearman’s Rho DR4 DR5 DcR1 DcR2 TRAIL

DR4 correlation Coefficient 1.000 868(*%) 048(*%) 740(%%) T44(%%)
Sig. (2-tailed) . 004 .000 .000 .000

N 20 20 20 20 20

DR5 correlation Coefficient 868(*) 1.000 784(%%) 738(*%) 632(%%)
Sig. (2-tailed) .000 . .000 .000 003

N 20 20 20 20 20

DcR1 correlation Coefficient 948(*%) 784(*%) 1.000 773(%) 689(*%)
Sig. (2-tailed) .000 .000 . .000 001

N 20 20 20 20 20

DcR2 correlation Coefficient 740(%%) 738(*%) T73(*%) 1.000 525(%)
Sig. (2-tailed) 000 .000 000 . 017

N 20 20 20 20 20

TRAIL correlation Coefficient T44(*%) 632(*%) 689(**) 525(%) 1.000
Sig. (2-tailed) .000 003 001 017 .

N 20 20 20 20 20

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).
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as described in Materials and Methods. No difference
was noted in the amount of T\, (CD4"CD25" FoxP3")
between RA and control patients (Table 3).

Discussion
It has previously been reported that negative selection of
T cells in the thymus is controlled by TRAIL [25]. For
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Table 3 T cell activation marker profile and T,.4 status in
RA versus healthy control patients

Cell Subsets RA Control p value
(% cell + SD) (% cell + SD)
CD4" CD25* 49 +£29 31£20 0,001
CD4" CD25" FoxP3* 08+19 06 =04 0,259

example, mice deficient in TRAIL had a severe defect in
thymic deletion of T cells and were hypersensitive to col-
lagen-induced arthritis [31]. Evidence for functional conse-
quences of TRAIL over-expression in autoimmune
diseases including rheumatoid arthritis has emerged from
gene therapy studies [32]. Although TRAIL is not cyto-
toxic to normal cells [33], hyperplastic human RA synovial
fibroblasts in culture and RA-activated rabbit synovial tis-
sue in vivo were sensitive to adenoviral delivery of human
TRAIL [34]. The effect of TRAIL expression on blood
lymphocytes was reported to be different (killing versus
suppression) than that observed with RA synovial cells.
These studies suggested that TRAIL can inhibit the activa-
tion and proliferation of lymphocytes in vivo, but does not
necessarily delete them from the system [35].

The TRAIL/TRAIL receptor system has recently been
implicated as a disease activation marker in cancer.
High DcR2 expression levels in patients with prostate
cancer (PCa) indicate a poorer prognosis, with this mar-
ker strongly correlated with high Gleason Scores, Pros-
tate Specific Antigen (PSA) recurrence and decreased
survival in PCa patients [36]. In patients with invasive
ductal carcinoma, however, high levels of DR4 expres-
sion are positively correlated with tumor grade and with
poor prognosis [37]. Two recent studies have linked
high levels of endogenous TRAIL expression to
increased cell death in human pancreatic tissue, sup-
porting the idea that TRAIL might be implicated in the
development of autoimmune diseases such as Type 1
Diabetes [38,39]. Despite this information, there is no
information concerning the profile of the TRAIL/TRAIL
receptor system in the development of RA.

We analyzed peripheral blood lymphocytes of 20 RA
patients and 12 control individuals by flow cytometry to
detect their TRAIL/TRAIL receptor profile. T cell lym-
phocytes of healthy control individuals expressed low
levels of TRAIL and TRAIL receptors on the cell sur-
face. While this is in accordance with a study conducted
by Lu et al. [40], Hasegawa et al. have shown that only
DcR2 expression but no other TRAIL receptor expres-
sion was detectable on CD8+ T cells [41]. Differences
between these studies including ours could be attributed
to differences in monoclonal antibodies used. Neverthe-
less, both CD4" and CD8" T lymphocytes of RA
patients displayed higher levels of TRAIL and its recep-
tors on the cell surface compared to healthy control
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individuals. Since PCa patients can be separated from
patients with benign prostate hyperplasia by the amount
of TRAIL/TRAIL receptor present in prostate tissue
[42] our observations suggest that it might be useful to
monitor TRAIL/TRAIL receptor expression in periph-
eral blood lymphocytes in RA patients at diagnosis and
during the course of their disease. The most dramatic
change in the amount of TRAIL/TRAIL receptor pre-
sent on peripheral blood lymphocytes of RA patients
was the increased DcR1 expression seen in both CD4"
and CD8" T cells. Recently, elevated expression of DcR1
was detected in antigen specific T cells of patients with
multiple sclerosis (MS) [22]. These antigen specific T
cell clones were also resistant to TRAIL mediated apop-
tosis. One interpretation of these data is that antigen
specific T cell clones increase their survival following
DcR1 upregulation.

Based on our flow cytometry analysis, RA patients dis-
played higher levels of activated T cells compared to
healthy controls. This finding is in accordance with pre-
vious studies demonstrating the presence of higher levels
of CD4"CD25" peripheral blood lymphocytes in RA
patients compared to healthy individuals [43,44]. How-
ever we did not observe any change in the level of CD4
"CD25" FoxP3" T cells between RA and control groups.
In accordance with previous studies, no relationship was
found between disease activity and CD4"CD25" or CD4
"CD25" FoxP3" T cells in RA patients [45]. Whether any
subtle increase in TRAIL or TRAIL receptor expression
observed on CD4+ T cells in RA patients is simply a con-
sequence of T cell activation remains to be clarified.

Conclusions

Clinical evaluation of RA patients involves RA activity
scoring (DAS28). Intriguingly, only the CD8" T cell
associated DR4, DcR1 and DcR2 expression levels corre-
lated with DAS28 scores in patients with RA, implying
that altered TRAIL receptor profiles on CD8" T cell
subsets rather than on CD4" T cells is more important
in terms of disease severity.
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Decoy Receptor-2 Small Interfering RNA (siRNA) Strategy
Employing Three Different siRNA Constructs in Combination
Defeats Adenovirus-Transferred Tumor Necrosis
Factor-Related Apoptosis-Inducing Ligand Resistance

in Lung Cancer Cells

CIGDEM AYDIN,*2* AHTER D. SANLIOGLU,?* BAHRI KARACAY, 1.3 GULAY OZBILIM, 4
LEVENT DERTSIZ}!> OMER OZBUDAK® CEZMI A. AKDIS,” and SALIH SANLIOGLU-?

ABSTRACT

Tumor necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL) selectively induces apoptosis in can-
cer cells but not in normal cells. However, studies have indicated that more than half of human tumors ex-
hibit TRAIL resistance. Although the mechanism of TRAIL resistance is not understood, it represents a bar-
rier to any TRAIL-mediated gene therapy approach. In addition, no correlation between TRAIL receptor
(TRAIL-R) expression profile and TRAIL resistance has been demonstrated in cancer cells. In this study,
three different lung cancer cell lines and three different primary cell cultures established from patients with
lung cancer (two patients with squamous cell lung carcinoma and one with adenocarcinoma) were screened
for sensitivity to adenoviral delivery of TRAIL. Whereas TRAIL-resistant primary lung cell cultures and the
A549 lung cancer cell line exhibited high levels of surface decoy receptor-2 (DcR2/TRAIL-R4) expression,
TRAIL-sensitive lung cancer cell lines (HBE and H411) failed to express it. A DcR2 short interfering RNA
(siRNA) approach involving three different sSiRNA constructs in combination downregulated DcR2/TRAIL-
R4 expression and sensitized lung cancer cells to TRAIL-induced apoptosis. Immunohistochemical staining
of samples from 10 patients with lung carcinoma suggested that high-level DcR2/TRAIL-R4 expression is a
common phenotype observed in patients with non-small cell lung carcinoma.

OVERVIEW SUMMARY A549 lung cancer cell line and primary cell cultures estab-
lished from three different patients manifested high levels

Lung cancer causes the highest rate of cancer-related deathof surface decoy receptor-2 (DcR2/TRAIL-R4) expression
among both men and women. Chemotherapy and radio- and showed resistance to adenoviral delivery of TRAIL. On
therapy are inadequate in increasing patient survival as they the other hand, a small interfering RNA (siRNA) cocktail
both require p53 for their antitumor activity. Death ligands, containing three different oligonucleotides designed against
such as tumor necrosis factor (TNF)-related apoptosis in- DcR2/TRAIL-R4 resulted in the sensitization of lung can-
ducing ligand (TRAIL), induce apoptosis regardless of the cer cells to adenoviral delivery of TRAIL. This study dem-
p53 status of cancer cells. Despite this, TRAIL resistance onstrates that the modulation of TRAIL receptor profiles
observed in many tumors represents a handicap for any of cancer cells represents a new therapeutic approach to
gene therapy approach targeting cancer. In this study, the sensitize cancer cells to TRAIL.
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INTRODUCTION tumor cells displayed TRAIL resistance and the mechanism of
TRAIL resistance is not understood (Griffigh al, 1998; San-
UNG CANCERIis the world’s leading cause of cancer deatHiglu et al, 2003). Resistance to TRAIL-induced apoptosis can
L and causes more deaths than the next three most commeeur at different levels in the TRAIL signaling cascade. First
cancers (colon cancer, breast cancer, and prostate cancer) @frall, death receptor malfunction due to genetic mutations can
bined (Jemalkt al, 2002). Approximately 1 million people lead to TRAIL resistance (Lest al, 1999; Ozoreet al., 2000).
worldwide die of lung cancer yearly (Carney, 2002). On the bl addition, death signals cannot be relayed without the proper
sis of morphology, lung cancer is divided into two major higunction of FADD and caspase-8 in the death-inducing signal-
tological types: non-small cell lung cancer (NSCLC) and smaillg complex (Kuanget al, 2000; Chenget al, 2006; O’Fla-
cell lung carcinoma (SCLC). Eighty percent of lung cancer iertyet al, 2006). Last, the induction of Bcl-2, Bclk-Xand in-
NSCLC, and 20% is SCLC (Jemal al, 2002). Despite con- hibitors of apoptosis (IAPs) as well as loss of Bax and Bak
ventional treatment options such as surgery, chemotherapy, fintction may result in TRAIL resistance (Kandasaetyal,
radiotherapy, the 5-year survival rate among patients wi@l903; Zendeet al, 2005; Hamagt al, 2006; Petrellat al,
NSCLC is only 14%, and the survival rate drops to 5-10% f@p06). Thus, understanding the molecular mechanism of
patients with SCLC (Johnsat al, 1990). Because more thanTRAIL resistance in cancer cells is essential to resolve some
50% of human tumors manifest p53 loss during tumorigenegidstacles associated with the clinical application of TRAIL as
tumors eventually acquire resistance to both radiotherapy am¢herapeutic agent. So far, no direct connection between the
chemotherapy. expression profile of TRAIL receptors and TRAIL resistance

Because death ligands induce apoptosis independent of hlas been established in cancer cells. In this study, three inde-
p53 status of cancer cells, gene therapy approaches involviiggndent lung cancer cell lines (A549, H411, and HBE) and pri-
the administration of death ligands represent a feasible choioary lung cancer cell cultures established from three different
for the treatment of radioresistant and chemoresistant cangatients were tested for sensitivity to TRAIL-induced apopto-
cells (Herr and Debatin, 2001). All death ligands tested, ifis, using an adenoviral vector system (Ad5hTRAIL). Further-
cluding tumor necrosis factor (TNF) (Sanliogiti al, 2004) more, TRAIL receptor compositions of lung cancer cells were
and Fas ligand (FasL) (Nagata, 1997), efficiently kill canceevealed by quantitative real-time reverse transcription-poly-
cells. Unfortunately, these agents have systemic toxicity, lirmerase chain reaction (RT-PCR) and flow cytometric analysis.
iting their potential use for cancer gene therapy. In contrast]lree different small interfering RNA (siRNA) constructs were
novel death ligand, TNF-related apoptosis-inducing ligargenerated to knock out the relevant TRAIL decoy receptor ex-
(TRAIL) (Wiley et al, 1995), has been reported to selectivelpression to reveal its connection to TRAIL resistance in lung
kill cancer cells without causing any harm to normal cells (N&ancer cells. Last, an immunohistochemical analysis was per-
ganeet al, 2001). The observation that at least one of the tformed to determine TRAIL receptor expression profiles of 10
death receptors is expressed in the majority of locally nonigatients with lung cancer.
sectable stage Ill NSCLCs further encourages the use of TRAIL
as a death-inducing ligand for lung cancer (Spieriegsl,
2003). Thus, TRAIL-mediated gene therapy represents an at-
tractive approach for attacking cancer cells without generating
systemic toxicity.

Five different receptors interact with TRAIL: TRAIL-R1/DR4,
TRAIL-R2/DR5, TRAIL-R3/DcR1, TRAIL-R4/DcR2, and os-
teoprotegerin (Abeet al, 2000; Sheikh and Fornace, 2000). Amplifications of first-generation recombinant adenoviral
TRAIL-R1/DR4 and TRAIL-R2/DR5 are the genuine death rerectors such as AdShTRAIL (Griffitet al, 2000), AAEGFP
ceptors inducing apoptosis whereas TRAIL-R3/DcR1 an@anliogluet al, 2004), and AdCMVLacZ (Sanlioglu and En-
TRAIL-R4/DcR2 function as decoy receptors and do not trangelhardt, 1999) were performed as described previously (En-
mit death signals (Sheridat al, 1997). Activation of TRAIL- gelhardtet al, 1993). After CsCl banding and vector purifica-
R1/DR4 or TRAIL-R2/DR5 by trimeric TRAIL leads to the re-tion, adenoviral vectors were kept @80°C in 10 nM Tris
cruitment of Fas-associated death domain protein (FADD) ¢ontaining 20% glycerol. The AdShTRAIL construct was used
the membrane. FADD then recruits procaspase-8 to form tieeoverexpress hTRAIL in lung cancer cells. Adenoviral vec-
death-inducing signaling complex (DISC). DISC activates thers expressing thg-galactosidase gene (AdCMVLacZ) were
caspase cascade, pushing cells into apoptosis. Caspase-8 iasbé as a negative contrélgo measurements indicated that
first apical caspase activated by TRAIL signaling. Caspase-8tie particle titers of adenoviral stocks were in the range '6f 10
turn activates caspase-3 directly or causes cytochcoglease DNA particles/ml. Functional titers were measured by plaque
from mitochondria through Bid cleavage. Cytochroertginds titering on 293 cells and by expression assays for encoded pro-
to apoptotic protease-activating factor-1 (APAF1) and activatesns. Typically, the particle:plaque-forming unit ratio was
caspase-9, leading to the activation of effector caspases sucbsl to 50. All three cell lines used in this work are non-small
caspase-3. Finally, DNA fragmentation and cell death becomell lung carcinoma cell lines of human origin. Specifically,
inevitable. A549 and H411 are adenocarcinoma cell lines. HBE (also

The fact that TRAIL specifically kills malignant cells but noknown as 16HBE) is a simian virus 40 (SV40) large-T antigen-
normal cells led to the testing of systemic TRAIL administraransformed epithelial cell line derived from human bronchial
tion for cancer therapy. However, a significant fraction of thepithelium.

MATERIALS AND METHODS

Amplification of first-generation recombinant
adenoviral vectors
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Efficacy of first-generation adenoviral vector TagMan universal master mix with 50 pmol of primer and probe
transduction of lung cancer cells mixture and 250 ng of cDNA. The thermal cycling conditions

Briefly, lung cancer cells were cultured in RPMI 164 ere as follows: 2 min at 50°C and 10 min at 95°C, followed
. ! ; ) 40 cycles of 15 sec at 95°C and 1 min at 60°C. Each reac-
medium supplemented with 10% fetal bovine serum (FB%/y ycles 3 !

: - ) ; ion yielded a specific threshold cycl€). AC, values were
- 0,
sodium bicarbonate (2.2 g/liter), IMn_-glutamine, and 1% "1 oo 0 each recentor by taking the differenc i

peniciIIin—sFrep_tqmycin_—amp_hotericin mixture (P.SA)’ USINYveen theC; values of the TRAIL receptors and that of rRNA
Thermo Scientific Steri-Cult incubators (Thermo Fisher Sc'eﬂiternal controls. Apart from this, a standard curve was estab-

tific, Waltham, MA). Adenoviral vectors expressing the ®Nished on the basis of serial dilutions of rRNA. The compara-

hanced green fluorescent protein (EGFP) reporter 9 AAC; calculation was then performed by finding the dif-

(AdEGFP) were transferred into lung cancer cells at increasi ence between thiC, value of each receptor and that of 25
_multiplicities of ir_lfection (MOls) and cells were kept at 370%}3 of rRNA. Final relative expression levels were estimated by
in RPMI 1640 W!thOUtOFBS' An equal volum_e of RPMI 164G formula 284¢, By doing this, relative expression levels of
supplemen_ted .Wlth 20% '.:BS was added to increase the se IL receptors are normalized to that of 25 pg of ribosomal
concentration in the medium to 10% 2 hr after infection. T
percentage of EGPPcells was determined by fluorescence mi-
croscopy and subsequently by flow cytometry 48 hr after ip, vtometric detection of TRAIL receptor protein
fection. Cell viability was assessed by the propidium iodide eéi(pression on the cell surface
clusion technique.

TRAIL receptor protein expression on the cell surface was de-

tected with an anti-TRAIL receptor flow cytometry set (cat. no.
S ) ALX-850-273-KI01; Alexis Biochemicals, Lausen, Switzer-
Discrimination of live cells from dead cells was performeghnd). This kit contains 10flg of monoclonal antibody (mAb)
with a LIVE/DEAD viability/cytotoxicity kit from Invitrogen to TRAIL-R1 (clone HS101; cat. no. ALX-804-297A), TRAIL-
Molecular Probes (Eugene, OR). This assay is based on theRg€(clone HS201; cat. no. ALX-804-298A), TRAIL-R3 (clone
of calcein AM and ethidium homodimer-1 (EthD-1). CalceiHS301; cat. no. ALX-804-344A), and TRAIL-R4 (clone HS402;
AM is a fluorogenic substrate for intracellular calcein esterasgat. no. ALX-804-299A). Primary antibodies were used at a con-
It is modified to a green fluorescent compound (calcein) by agentration of 5ug/ml. Biotinylated goat anti-mouse IgG1 (cat.
tive esterase in live cells with intact membranes, and thus serqgs ALX-211-202; Alexis Biochemicals) served as a secondary
as a marker for viable cells. Unharmed cell membranes do B@tibody. Streptavidin—phycoerythrin (PE) (cat. no. ANC-253-
allow EthD-1, a red fluorescent nucleic acid stain, to enter ip50; Ancell, Bayport, MN) was added before flow cytometry was
side the cell. However, cells with damaged membrane take piformed. A flow cytometry instrument (EPICS ALTRA with
the dye and stain positive. HyPerSort cell sorting; Beckman Coulter, Fullerton, CA), located
at the Human Gene Therapy Unit of Akdeniz University Hospi-
Quantitative real-time RT-PCR assays to detect huméais and Clinics, was used to carry out flow cytometric analysis.
TRAIL receptor transcripts Purified mouse 1gG1 (MOPC 31C; cat. no. ANC-278-010; An-

e . . . cell) was used as an isotype control. Monoclonal antibody to
Gene quantification was performed with an Applied Blosy%RAlL (human) (cat. no. ALX-804-296-C100: Alexis Bio-

tems 7_500 real-time PCR _system running SDS software (A@ﬁemicals) was applied, followed by polyclonal antibody to
plied Biosystems, Foster Qlty, CA). Total RNA from lung cans ouse IgG1 (R-PE) (cat. no. ALX-211-201-CO50; Alexis Bio-
cer cells was extr.acted with TRIzol reagent (Invitrogen I"fﬁhemicals), to reveal TRAIL expression on the cell surface.
Technologies, Gaithersburg, MD). TagMan reverse transcrip-

tion reagents (cat. no. N8080234; Applied Biosystems) wi . . .

used to reverse transcribeu? of total RNA. Previously de-e{‘(:fQA”‘_R4 gene silencing by siRNA approach
scribed TRAIL death receptor (Karacat al, 2004) and Decoy receptor-2 (DcR2) siRNA experiments were con-
TRAIL decoy receptor (Sanlioglet al, 2005, 2006) primer ducted with DcR2 siRNA (cat. no. sc-35185; Santa Cruz
and probe sequences were used. Both the ribosomal RRitechnology, Santa Cruz, CA), siRNA transfection medium
(rRNA) primers and probes were obtained from Applietat. no. sc-36868), and siRNA transfection reagent (cat. no. sc-
Biosystems (cat. no. 4308329; Applied Biosystems) and sen22528) in lung cancer cells as described by the manufacturer.
as an internal control in the same reaction. ZA€; method Product sc-35185 is a pool of three siRNA sequences (to in-
as described by Applied Biosystems was used to determine thease the silencing effect) designed for TRAIL-R4 mRNA si-
relative quantities of TRAIL receptors for each sample. THencing (GenBank accession number NM_003840). Lung can-
TagMan PCR was carried out as described by the manufacturer cells were plated in 24-well plates at a density &f 0°

(cat. no. N8080228; Applied Biosystems). For the reverse trarells per well after being resuspended in fresh RPMI 1640 con-
scription step, a 54 reaction mixture was prepared in reverséaining 10% fetal bovine serum without antibiotics. Cells were
transcription buffer with 2.25 M MgCl,, dNTPs (5QuM each), then grown overnight to 40-50% confluency. The next day,
2.5 uM random hexamer, RNase inhibitor (0.6ul)/ and re- SIRNA-siRNA transfection reagent complex was prepared as a
verse transcriptase (1.254J) diluted in RNase-free distilled mixture of transfection solutions A and B (solution A: 18
water. The thermal cycling conditions were 10 min at 25°©f 10 uM siRNA mixed with 30ul of SiRNA transfection
followed by 60 min at 48°C. TagMan PCR was performed witlmedium; solution B: 1.8l of siRNA transfection reagent

Live/dead cell discrimination
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mixed with 7.25ul of SiRNA transfection medium), and incu-RNA, top- and bottom-strand RNAs generated in separate re-
bated at room temperature for 20 min. The optimal dose &ftions were annealed by the following procedure. The two tran-
DcR2 siRNA needed to block TRAIL-R4 expression withougcription reactions were mixed and heated at 95°C for 5 min.
serious cytotoxic effects was determined on the basis of a cdhe heating block was switched off and allowed to cool slowly
centration gradient. Medium was removed from cells in the 2#- 70°C. The reaction tube was then transferred to 37°C for an
well plate, and 30Qul of fresh growth medium (10% serum,additional 15 min. siRNA was precipitated with 3 volumes of
without antibiotics) was added to each well. The transfecti@thanol after adding 100l of nuclease-free water with 1Nh
reagent complex was then added to the cells dropwise wrBTA and 0.125M LiCl.

gently rocking the plate. After transfection, cells were incubated

for 30 hr at 37°C. After 30 hr, cells were infected with inTRAIL-R4 cDNA transfection and RNA

creasing MOIs of either AdShTRAIL viral vector or Ad-interference assays

CMVLacZ at a constant MOI of 10,000 DNA particles/cell. Un- [ lonkey kidney fibroblast Cos-7 cells were cultured in Dul-

infected plus untransfected, uninfected plus transfected, co's modified Eagle’s medium (DMEM) supplemented with
infected plus untransfected cells were used as controls. Traféﬁ

) - - - ) . % fetal calf serum and penicillin—streptomycin mix, and hu-
fection efficiency was originally determined with fluorescelnfnan lung A549 cells were cultured in minimum essential
conjugated c_ontrol SIRNA-A (cat. no. sc-36869) under a fIUI?ﬁedium (MEM) supplemented with 10% fetal calf serum and
rescence microscope. More than 95% of the cells wi

Enicillin—streptomycin mix, at 37°C in a 5% g&mosphere.
transfected by this procedure. Control siRNA-A (sc-3700 ot profmycin mix, : 06 P

aini bled that did not lead to th BJells were transfected with Lipofectamine Plus reagent (Invit-
containing scrambled seéquences that did not lead to the speg I§en Life Technologies) according to the manufacturer’s pro-

degradation of any cellular RNA was used as a negative cob:

L . ol. Cos-7 cells (X 10P) were transfected with plasmid vec-
trol in siRNA experiments. ( ) P

tor carrying human TRAIL-R4 cDNA (a gift of T.S. Griffith,
University of lowa, lowa City, IA) alone, or in combination
with in vitro-transcribed siRNAs for TRAIL-R4. Cells were
Desalted DNA oligonucleotides encoding top- and bottontkansfected with 0.9 of human TRAIL-R4 cDNA expression
strand target sequences (Table 1) were ordered from Integratector and 1.5.g of siRNA (1:5 ratio). The control group was
DNA Technologies (Coralville, 1A). T7 promoter sequenc#ansfected with 0.3.g of TRAIL-R4 cDNA expression vec-
(Table 1) was added at thé énds of each primer fon vitro tor. To measure the silencing of endogenous TRAIL-R4 gene
transcription.n vitro synthesis of siRNA was carried out withexpression, the A549 human lung cancer cell line was trans-
an AmpliScribe T7 high-yield transcription kit (Epicentrefected as described above withvitro-transcribed siRNAs for
Biotechnologies, Madison, WI). Briefly, kg of target oligo- TRAIL-R4, separately or in combination. Twenty-four hours
nucleotide was mixed with &g of T7 promoter oligonucleo- after transfection, RNA was isolated with TRIzol reagent for
tide by heating at 95°C for 5 min, after which the heating blogubsequent real-time RT-PCR assay as described above.
was switched off and allowed to cool slowly to 70°C. The tube
was moved to a 37°C water bath for an additional 15 min kstablishment of primary cell cultures from patients
obtain annealed, double-stranded DNA (dsDNA)vitro syn-  With lung carcinoma
thesis of sSiRNA was performed according to the manufacturer’'s

protocol. The transcription mix included<IT7 AmpliScribe tissue from patients, the tissue was immersed in serum-free

buffer, 7.5 M rNTPs, 10 ™ dithiothreitol (DTT), T7 .RNA RPMI 1640 medium containing antibiotics, and kept cold while
p_olymerafe, and ig of dsDNA as a template. After Incuba'being transported to the laboratory. A microdissection technique
tlo? at3rc fOT 2hr,1U (.)f RNase_-free DNase | was added s used to directly obtain samples from each of the tumors.
37°C for 15 min. To obtain small interfering dOUbIe'SU"’mdeL ng cancer tissue was then minced into small pieces with for-
ceps and scissors in a sterile 10-cm Petri dish. Minced tissue
samples were treated with collagenase type 11 (300 units/ml [cat.

TaBLE 1. PRIMER SEQUENCES FOR THEGENERATION OF DCR2 o G6885]; Sigma, St. Louis, MO) in RPMI 1640 at 37°C for

SIRNA QuconucLEoTIDES? 2.5 hr with gentle stirring. After incubation, the cells were col-

In vitro SIRNA synthesis

Immediately after the surgical removal of lung carcinoma

TRAIL-R4 SiRNA-1 lected by gentle pipetting into a centrifuge tube. After cen-
Top: GGATGGTCAAGGTCAGTAA trifugation, the cells were washed twice with culture medium
Bottom: TTACTGACCTTGACCATCC without FBS. After washing, the cells were cultured in RPMI

TRAIL-R4 siRNA-2 1640 supplemented with 10% heat-inactivated FBS, insulin (15
Top: CCCTATCACTACCTTATCA pg/ml [cat. no. 11882]; Sigma), human epidermal growth fac-
Bottom: TGATAAGGTAGTGATAGGG tor (20 ng/ml [cat. no. E9644]; Sigma), and fibronectin (100

TRAIL-R4 siRNA-3 ng/ml [cat. no. F4759]; Sigma) at 37°C in a humidified 5% CO

Top: GCTTGGGAATGGTGTGAAA

incubator. In addition, two methods were used to eliminate pos-
Bottom: TTTCACACCATTCCCAAGC

sible fibroblast contamination in culture. The first was a partial

Abbreviations:DcR2, decoy receptor-2; siRNA, small intertrypsinization procedure in which a low concentration of trypsin

fering RNA; TRAIL-R4, tumor necrosis factor-related apoptosolution (0.05%) was used. This protocol is based on the prin-
sis-inducing ligand receptor-4. ciple that fibroblasts are easier to detach than epithelial cells.

aThe primer 5>TAATACGACTCACTATAG-3' is annealed The second approach involved the performance of a differen-
to all oligonucleotides to synthesize siRNAs. tial detachment technique. This protocol, based on the princi-
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ple that fibroblasts attach to a dish surface faster than do &gtively analyzed by flow cytometry 48 hr after infection. Al-
ithelial cells, involves plating cells for a short period of timenost 100% of the cells were efficiently transduced with
(2-6 hr), recovering unattached cells, and finally plating theAdEGFP at an MOI of 5000 DNA particles/cell 48 hr after in-
into a new dish. The incubation period lasted several weeks festion (data not shown).
fore conducting our molecular assays.

A549 lung carcinoma cell line is resistant to
Immunohistochemistry of TRAIL and its cognate adenoviral delivery of hTRAIL

receptors in patients with lung cancer
P P 9 Despite the fact that the death ligand TRAIL exerts anti-

All primary antibodies were obtained from Alexis Bio-cancer properties, the observed TRAIL resistance of cancer
chemicals. The following primary antibodies (diluted 1:30Qells has critically challenged the use of TRAIL as a gene ther-
were deployed for the immunohistochemical analysis of lurgpy agent. To find out whether A549 lung cancer cells are re-
specimens: Monoclonal antibody to TRAIL-R1 (humasistant to TRAIL, an adenoviral vector encoding hTRAIL
[HS101]; cat. no. ALX-804-297A-C100), polyclonal antibodyAdShTRAIL) or 8-galactosidase (AdCMVLacZ) was trans-
to TRAIL-R2 (cat. no. ALX-210-743-C200), polyclonal anti-ferred at increasing doses into A549 lung cancer cells. Infec-
body to TRAIL-R3 (human; cat. no. ALX-210-744-C200), angion with neither ADShTRAIL (MOI of up to 10,000 DNA par-
monoclonal antibody to TRAIL-R4 (human [HS402]; cat. naicles/cell) nor AdACMVLacZ (control, data not shown) vector
ALX-804-299A-C100). The specificity of these primary antireduced the amount of viable cells 48 hr after infection, as de-
bodies was previously confirmed by Alexis Biochemicalgicted in Fig. 1A. To rule out the possibility that the failure to
Specimens were immunostained in the absence of primary abserve any cytotoxic effect was due to the lack of TRAIL ex-
tibodies and these were used as negative controls. No {sfession from the vector, a flow cytometric analysis was per-
munostaining was done when primary antibodies were not ustmed with A549 cells infected with AdShTRAIL (Fig. 1B).

This assay demonstrated that significant levels of TRAIL over-
Immunohistochemical scoring of TRAIL and TRAIL expression were achieved through infection of A549 cells with
receptors for patients with lung cancer Ad5hTRAIL.

Slides of the specimens were analyzed by an independent . )
pathologist (G.0.) who had no prior knowledge of the clinicdl RAIL receptor expression profile of A549 lung
data. Immunostaining scores were given on the basis of bgfcer cells
the intensity and marker distribution (percentage of positively pegpite extensive efforts to determine the mechanism of
stained epithelial cells) in lung carcinoma as described preyiga||_ resistance in cancer cells, no connection between the
ously (Sanliogltet al, 2007). Intensity was scored as followseypression pattern of TRAIL receptors and TRAIL sensitivity
0, negative; 1, weak; 2, moderate; and 3, strong staining. Markgk heen demonstrated (Griffithal, 1998). Quantitative real-
distribution was scored as follows: 0, less than 10%; 1, betwegRe RT-PCR assays were carried out with primer—probe sets
10 and 40%; 2, between 40 and 70%; and 3, more than 70%gicifically designed to detect each of the TRAIL receptors in
the epithelial cells stained on the specimen. The final iMs549 jung cancer cells (Fig. 2A). Although all TRAIL recep-
munostaining score was obtained by adding the scores for befl were present in A549 lung cancer cells, TRAIL-R2 death
intensity and marker distribution for a given patient. SPSS 13&:eptor gene expression was the highest among the four.
software for Windows (SPSS, Chicago, IL) was used for SiRa|L-R1 and TRAIL-R4 receptor gene expression was evi-
tistical analysis. Normality of the patient groups (adenocargant at similar levels, and TRAIL-R3 decoy receptor gene ex-
noma [AC] and squamous cell lung carcinoma [SCC]) Wgstession was relatively low compared with the other three re-
tested by the Shapiro-Wilk method. None of the groups digsptors. Conventional flow cytometric analysis was conducted
played a Gaussian distribution. For this reason, the significanggn antibodies specific to each of the TRAIL receptors, be-
of differences among the groups was determined by Friedmag,se mRNA expression inside the cell may not necessarily cor-
test. Later, the Wilcoxon signed ranks test with Bonferroniig|ate with protein expression on the cell surface. Results of this
correction was applied to compare paired groups of tWo.  assay suggested that all four TRAIL receptors were expressed
on the surface of A549 lung cancer cells (Fig. 2B). Substantial
levels of TRAIL-R4 decoy receptor protein expression were ev-

RESULTS ident on the surface of A549 lung cancer cells. TRAIL-R3 de-
coy receptor protein expression was lowest among the four but
First-generation adenoviral vectors efficiently was, nonetheless, still detectable on the cell surface.

transduce lung cancer cells

Before performing TRAIL transfer into lung cancer cells, th%);l;%sﬁgﬁlfpproach sensitizes A549 lung cancer

efficacy of the first-generation recombinant adenoviral vector

transduction of lung cancer cells was revealed with an adenoA DcR2 siRNA approach was used to attenuate or block
viral vector encoding enhanced green fluorescent proteliRAIL-R4 decoy receptor expression in A549 lung cancer
(ADEGFP). The main rationale for performing these assays wals. Downregulation of TRAIL-R4 protein expression fol-
to determine the optimal dose of adenovirus to conduct gdawing DcR2 siRNA administration was confirmed by flow cy-
delivery. The efficacy of viral infection was monitored by flutometry (Fig. 3A). Expression of none of the TRAIL receptors
orescence microscopy, and the transduction results were quaias affected when control siRNA-A was used as a negative
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FIG. 1. A549 lung cancer cells exhibit TRAIL
resistance. A) AdS5hTRAIL vector was trans-
ferred into A549 lung cancer cells at increasing
doses as described in Materials and Methods. An
Invitrogen Molecular Probe LIVE/DEAD viabil-
ity/toxicity kit was used to detect viable cells 48

il 1050 530 i ]i] 5030 ]
hr after infection. The viral doses applied are pre-
sented as MOI values (DNA particles per cell)

B above each panel. Duplicate samples are given for
each infection. B) Flow cytometric analysis of
hTRAIL expression in A549 cells infected with

AdShTRAIL

w0 Ad5hTRAIL. Conditions for infection were as
follows: 1, unstained; 2, uninfected (secondary
Tz antibody alone); 3, infected with AdLacZ; 4, in-
fected with AdShTRAIL at an MOI of 5000 DNA
particles/cell; 5, infected with AAShTRAIL at an
E Sl MOI of 10,000 DNA particles/cell.
=1
=]
L35
18
1] J
if

control for the transfection instead of DcR2 siRNA. Then, eAs a first step, monkey kidney fibroblast Cos-7 cells were trans-
ther ADShTRAIL or AdCMVLacZ (negative control) infection fected with TRAIL-R4-encoding cDNA alone or in combination
was performed at increasing doses after DcR2 siRNA admimith individual in vitro-transcribed siRNAs. A nonhuman cell
istration in A549 lung cancer cells. Proportions of live and dedide was chosen for the proof-of-principle experiments because
cells were determined 48 hr after infection. Although A549 lurthe lack of TRAIL-R4 expression on these cells provided a proper
cancer cells were previously shown to be resistant to TRAItontrol. As seen in Fig. 4A, all three double-stranded siRNAs ef-
downregulation of TRAIL-R4 decoy receptor expression rdectively downregulated TRAIL-R4 mRNA expression on Cos-
sulted in the sensitization of A549 lung cancer cells 0 cells. After confirming thain vitro-transcribed siRNAs effec-
Ad5hTRAIL (Fig. 3B). No such effect was observed whetively interfered with the expression of ectopically expressed
A549 lung cancer cells were infected with AdCMVLacZ viruFRAIL-R4 the silencing effect of the same siRNAs was exam-
(Fig. 3B). TRAIL-R4 decoy receptor expression was reducéuked in A549 cells. As demonstrated in Fig. 4B, siRNA-3 and
by 85+ 7% after DcR2 siRNA administration as demonstratetie combination of three siRNAs were effective in reducing
by flow cytometry. In addition, quantitative real-time RT-PCRRAIL-R4 expression to an extent greater than 80% (Fig. 4B).
analysis was performed in order to determine the level ©he level of silencing was similar to the result obtained with the
TRAIL-R4 RNA after DcR2 siRNA administration. This assaypcR2 siRNA kit (cat. no. sc-35185; Santa Cruz Biotechnology).
indicated a 75- 5% decrease in TRAIL-R4 RNA levels. Infection with AdShTRAIL at an MOI of 5000 DNA parti-
Because the DcR2 siRNA kit (cat. no. sc-35185) from Santkes/cell resulted in a 65 6% decrease in cell viability after
Cruz Biotechnology consists of three siRNA constructs in cortransfection with the siRNA cocktail containing three oligonu-
bination developed against TRAIL-R4 mRNA, custom syntheleotides in combination. However, some differences were also
sis of individual siRNA constructs was performed by a conobserved between the two sets of experiments. This difference,
pletely different approach as described in Materials am@tween Cos-7 and A549 cells, can be attributed to the experi-
Methods in order to check the efficacy of individual siRNAsental setup consisting of an overexpression scenario (Cos-7
for their inhibitory effect on TRAIL-R4 expression (Table 1)cells) versus endogenous levels of TRAIL-R4 mRNA (A549



DcR2 siRNA SENSITIZATION OF LUNG CANCER CELLS 45

A TRAIL death receptors are the main modulators of TRAIL sen-

300 sitivity in lung cancer cells.

TRAIL-resistant primary lung carcinoma cells display
high levels of TRAIL-R4 decoy receptor expression on
the cell surface

—
=
=

{=1
=

e To solidify the connection between the expression pattern of
TRAIL receptors and TRAIL sensitivity, primary cell cultures

|_'_| l were established from three patients with non-small cell lung
TR1 TRZ TR3 TR4 carcinoma (NSCLC). Two of these patients had squamous cell
B lung carcinoma (SCC) and one had adenocarcinoma (AC). SCC
) cases were diagnosed on the basis of immunohistochemical
C a staining of paraffin-embedded sections (Fig. 6A). A real-time

I

slatrie Expresson
| pr 20 pag) A,

RT-PCR assay conducted with a primary cell culture established
from the first patient with SCC indicated that although all four

b= 1 1 TRAIL receptors were expressed in this patient, TRAIL-R4 de-
E ,lr .1 coy receptor expression was the highest, based on mRNA lev-
|’f 1 els (Fig. 6B). In addition, only TRAIL-R4 decoy receptor ex-

tl, pression was evident on the surface of primary lung cancer cells

A

FIG. 2. TRAIL receptor profile of A549 lung cancer cells.
(A) A real-time RT-PCR assay was performed to quantify tt
amounts and types of TRAIL receptor expressed on A549 lu
cancer cells. Ribosomal RNA primers and probes were incluc
in each TagMan reaction as an internal control. Relative €
pression per 25 pg of rRNA is provided on yhaxis. B) Sur-
face TRAIL receptor profile of A549 lung cancer cells. Con
ventional flow cytometric analyses were performed to dete
the surface expression profile of TRAIL receptors as explain |
in Materials and Methods. Peak C, isotype control stainin BE
peaks 1-4, TRAIL-R1 through TRAIL-R4, respectively. A to- B
tal of 10* A549 lung cancer cells was gated for each histogra

This assay was repeated three times, but only one represe

tive assay is shown for clarity.
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cells). Nevertheless, in both sets of experiments, genera
siRNAs substantially reduced the expression of TRAIL-RA4.

o

O 00 500 1000 S000 DO00A LacT
TRAIL-sensitive H411 and HBE lung carcinoma cell SEShTRAIL (MO
lines express all TRAIL receptors except TRAIL-R4

. FIG. 3. Downregulation of TRAIL-R4 expression sensitizes

To strengthen the correlation between the decoy recepf4g |ung cancer cells to TRAILA) DcR2 siRNA approach

gene expression and TRAIL resistance observed in A549 ceflggeting TRAIL-R4 expression in A549 lung cancer cells.
two other non-small cell lung carcinoma cell lines wer®ther TRAIL receptor expressions are shown as controls. C
screened. Interestingly, neither H411 nor HBE lung carcinomepresents isotype control staining. Each histogram represents
cells exhibited detectable levels of TRAIL-R4 decoy receptd®”* gated A549 lung cancer cells. The number above each peak
expression on the cell surface as demonstrated by flow cyg§responds to a specific TRAIL receptor XITRAIL-R1,
metric analysis (Fig. 5). AdShTRAIL infection alone at an MOFIC-). One of three independent flow assays is given. Down-

: : o s ‘egulation of TRAIL-R4 decoy receptor gene expression knocks
of 5000 DNA particles/cell resulted in 80% reduction in the Vf(;ut TRAIL resistance in A549 lung cancer ce.(The DCR2

ability of H_BE cells and 73% reduction in the viability of Ha1ll5eNA approach was conducted as described in Materials and
cells. Obviously, surface TRAIL-R3 decoy receptor express@fhinods. AdLacZ inB) refers to AACMVLacZ virus infected

on both of these cell lines was not able to protect the cells fragfnan MOI of 10,000 DNA particles/cell into A549 cells after
TRAIL-induced cytotoxicity. These results may suggest that iDcR2 siRNA transfection in place of AdShTRAIL virus. Data
the absence of TRAIL-R4 expression on the cell surfaogpresent means and SEM of three independent assay8)(
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(Fig. 7B). Later, infection with AdS5hTRAIL, but not Ad-

>

Cos-7 CMVLacZ, at an MOI of 10,000 DNA patrticles/cell, resulted
1004 in TRAIL sensitization (42t 5%) of DcR2 siRNA-transfected

o primary lung cancer cells (data not shown). The third patient
B 757 was diagnosed with AC. The primary cell culture established
<o from this patient manifested higher levels of TRAIL-R2 and
E:I'§5°' TRAIL-R4 mRNA expression compared with TRAIL-R1, as
:—('ﬁ demonstrated by real-time RT-PCR assays (Fig. 8A). In this
e 251 case, TRAIL-R3 decoy receptor mRNA expression was not de-

tectable. Accordingly, only TRAIL-R2 and TRAIL-R4 recep-
Control TR4 1 2 3 1+2+3 tors were evident on the cell surface as shown by flow cyto-
metric analysis (Fig. 8B). Next, surface TRAIL-R4 expression
was downregulated by the DcR2 siRNA approach (76%), but
AS49 not by administration of sSiRNA-A, as presented in Fig. 8B. This
1001 resulted in TRAIL sensitization of lung cancer cells treated with
Ad5hTRAIL, but not with AdCMVLacZ, at an MOI of 10,000
DNA particles/cell to an extent greater than-68% (data not
shown).

o
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NSCLC patients display higher levels of TRAIL-R4
expression compared with other TRAIL receptors

TRAIL-R4 Relative
Expression
3

" Control siRNA-1siRNA-2 SiRNA-3 1+2+3 To investigate thén vivo relevance of the preceding find-
ings, TRAIL receptor profiles of patients with lung cancer were
FIG. 4. In vitro-synthesized siRNA constructs downregulatexamined by immunohistochemical analysis of paraffin-em-
TRAIL-R4 expression in Cos-7 cell&) and A549 cells&). bedded sections obtained from patients either with AC or SCC
SIRNA constructs (SIRNA-1 to siRNA-3), displayed on the (rig. 9A). On the basis of blinded scoring as described in
axis, were synthesized as described in Materials and Methods:
Except for the control samples, Cos-7 cells were transfected
with TRAIL-R4 cDNA before the siRNA assay, as shown ir
(A). TRAIL-R4 expression levels were detected by real-tirr A
RT-PCR assay after transfection. Treatment conditions are p
vided on thex axis. A 1.5ug amount of each siRNA was usec
in transfection with the exception of combined siRNA admir
istration (column *2+3), in which 0.5ug of each siRNA con-
struct (total, 1.5ug) was used. Experiments were repeated twic
to confirm the observations; data from only one representati
assay are provided.

O T

as detected by flow cytometry (Fig. 6C). No TRAIL receptc

other than TRAIL-R4 was expressed at detectable levels on

surface (data not shown for clarity). As expected, primary lut B
carcinoma cells were completely resistant to adenoviral del
ery of TRAIL up to an MOI of 10,000 DNA particles/cell (date
not shown). Furthermore, the DcR2 siRNA approach dow
regulated surface TRAIL-R4 expression (peak marked with .
asterisk in Fig. 6C) but still failed to sensitize cells to aden
viral delivery of TRAIL. Although the lack of death receptol
gene expression can also account for TRAIL resistance in t
particular case, expression of high levels of TRAIL-R4 decc
receptor on the cell surface may imply that this phenotype
not restricted only to the A549 lung carcinoma cell line. Ree E p T
time RT-PCR analysis of a primary cell culture established fra
the second patient with SCC indicated, on the basis of mMRNA

levels, that all four TRAIL receptors were expressed (Fig. 7A§"G' 5. TRAIL-sensitive lung cancer cell lines (H411 and

. . ; E) displayed undetectable levels of TRAIL-R4 expression
Flow cytometric analysis demonstrated that higher levels 8r]?th)e ce?l s)L/Jrface. Flow cytometric analysis and Ad5phTRAIL

TRAIL-R4 decoy receptor were expressed on the cell surfagee qtions were performed as described in Materials and Meth-
compared with TRAIL death receptors TRAILTRl and TRAILyqs. A total of 16 lung cancer cells was gated for each his-
R2. But TRAIL-R3 decoy receptor expression was not dgggram. Peak C, isotype control staining; peaks 1-4, TRAIL-
tectable on the surface. DcR2 siRNA transfection, but nRtl through TRAIL-R4, respectively. Assays were performed

SiRNA-A, downregulated (86%) surface TRAIL-R4 expressioim duplicate to confirm the results.
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(Sheridaret al, 1997; Srivastava, 2001). According to this the-
ory, these receptors either dilute out TRAIL ligands (such as
TRAIL-R3) or supply antiapoptotic signals (like TRAIL-R4) to
cells (Chaudharet al, 1997; Paret al, 1997). However,
RNase protection assays did not reveal any connection between
TRAIL sensitivity and the expression of TRAIL-R1, TRAIL-
R2, and TRAIL-R3 in lung cancer cell lines (Kagaetaal,
2001). Although this particular study also demonstrated that
A549 lung cancer cells were relatively resistant to a TRAIL-
mediated gene therapy approach, TRAIL-R4 expression in the
75D A549 cell line was not examined. The second hypothesis claims
the presence of apoptosis-inhibitory molecules that counteract
TRAIL-mediated apoptosis (French and Tschopp, 1999a). For
example, the level of c-FLIP (cellular FLICE [FADD-like in-
terleukin-18-converting enzyme]-inhibitory protein) expression
has previously been blamed for TRAIL resistance in cancer
cells (French and Tschopp, 1999b). However, screening of
NSCLC cell lines by Western blotting did not reveal any cor-
relation between the expression pattern of c-FLIP and TRAIL
L IR TH3  TR4 resistance (Fregs al, 2002). Contrary to expectation, TRAIL-
C sensitive cell lines (NCI-H358) expressed higher levels of c-
FLIP, whereas low levels of c-FLIP were observed in TRAIL-
resistant cell lines (A549, Calul, and SkLul). Accordingly, it

L=
[
7

4C

online

B/W

print

|per 25 pg tRMA
]
LT
i

Relative Expresson

=

Couni

_|

Felative Expression
| piar 25 pg rRMNA}
- W
. B 82588
{

FIG. 6. Decoy receptor TRAIL-R4 is the main receptor ex
pressed in a primary cell culture from a patient with SCC. Tl TRl T2 TR3I  THd
primary lung cell culture was prepared as described in Materi
and Methods.A) H&E staining (eft pane) of lung cancer tis- .
sue and high molecular weight keratin-positive celigh{ pane), i d

§

(ny)

which indicate squamous cell lung carcinom) Real-time
RT-PCR assay displaying intracellular TRAIL receptor compt : HETY |
sition at the mRNA level.Q) Flow cytometric analysis of the [ |
same primary lung carcinoma cell culture. A total of lLihg ' I' ‘
cancer cells was gated for each histogram. The results of «

of two independent assays is shown. Peak C, isotype con
staining; peak 4, TRAIL-R4; peak 4*, DcR2 siRNA-transfecte J I|I i
TRAIL-R4 sample. : i 1“

COUNT

Materials and Methods, both SCC and AC patients display FE
higher levels of TRAIL-R4 expression compared with other
types of TRAIL receptors (Fig. 9B). FIG. 7. Quantitative RT-PCRA) and flow cytometric anal-
ysis B) of a primary cell culture established from the second
patient with SCC. Relative expression per 25 pg of rRNA is
given on they axis for the real-time PCR assay. Data represent
DISCUSSION means and SEM of two independent assays 6). Flow cy-
0 tometric analyses were conducted after transfection either with
_It has been reported that at least 50% of human tmors gitg> siRNA or SIRNA-A. A total of 19lung cancer cells was
hibit resistance to TRAIL (Griffith and Lynch, 1998). In aCyated for each histogram. The results of one of two indepen-
cordance with this, two different hypotheses are asserted to 8¢nt assays is shown. Peak C, isotype control staining; peaks
plain TRAIL resistance. The first hypothesis suggests the 2, and 4, TRAIL-R1, TRAIL-R2, and TRAIL-R4, respec-
presence of decoy receptors that compete for binding to TRAlkely; peak 4*, DcR2 siRNA-transfected TRAIL-R4 sample.
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tected cells from apoptosis by acting both as a decoy receptor
and as an antiapoptotic signal provider. In addition, adenovi-

=

B rus-mediate53 delivery upregulated TRAIL-R4 mRNA ex-
S0 pression, delaying TRAIL-, p53-, and TRAIL-R2-dependent
400 colon cancer apoptosis (Merg al, 2000). To reveal the pos-
200 sible role of TRAIL-R4 expression in the constitution of TRAIL

resistance, a DcR2 siRNA approach was applied before the in-
20 fection of A549 lung cancer cells with AAShTRAIL. Intrigu-
ingly, downregulation of TRAIL-R4 expression sensitized
TRAIL-resistant A549 lung cancer cells to TRAIL. In addition,
TR1 TR2 TR3 TR4 two other NSCLC cell lines (H411 and HBE), which expressed
E undetectable levels of TRAIL-4 decoy receptors on the cell sur-
face, were tested for sensitivity to the AAShTRAIL vector. De-
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C 5 4 spite the expression of TRAIL-R3 decoy receptor on the sur-
face these two cell lines were relatively sensitive to TRAIL
’”' overexpression. To solidify the connection between TRAIL-R4
z + | expression and TRAIL resistance, primary cell cultures were
g \ established from three patients with NSCLC. All primary cell

4
N ﬂm I.l|| cultures expressed high levels of TRAIL-R4 decoy receptor on
4"” ||‘ l|. the cell surface and all were resistant to adenoviral delivery of
i TRAIL. DcR2 siRNA, but not siRNA-A, transfection sensitized
these primary cell cultures to the cytotoxic effects of TRAIL
4 as long as a death receptor was present on the cell surface. All
these results may suggest that TRAIL-R4 expression on the cell
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FIG. 8. TRAIL receptor profile of a primary cell culture es-
tablished from a patient with ACAJ The level of TRAIL re-

ceptor transcripts as assessed by real-time RT-PCR analysiﬂ
They axis shows relative expression per 25 pg of rRNA. Data A

represent means and SEM of two independent assay$). L -1.-- e ) 5] =

(B) Flow cytometric analysis indicating the surface TRAIL re- @ L . )

ceptor expression pattern revealed after transfection either Wr_t#\ ot ‘* R | ) o
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ing; peaks 2 and 4, TRAIL-R2 and TRAIL-R4, respectivelyl = ¥t ; 4l 4% i
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was concluded that mechanisms other than the level of c-Fl E

expression might be responsible for TRAIL resistance *
NSCLCs. SCC .
Although efforts have been made to elucidate the molecu z

mechanism of TRAIL resistance, no direct correlation betwe:

the expression pattern of TRAIL receptors and TRAIL resi: E
tance has been reported (Kagastaal, 2001). To assess the =
level of TRAIL receptor gene expression in A549 lung canc ﬁ
cells, quantitative real-time RT-PCR assays were performe

This assay demonstrated that all four TRAIL receptors were ¢ H
pressed in A549 lung cancer cells, and that the expression le

of TRAIL-R2 death receptor was the highest among the fot o
Because mRNA levels inside the cell may not correlate wi Rl R? R3 R4 R1 RZ R3 Fd

protein expression on the cell surface (the latter being more rei- ) ) )

evant for TRAIL sensitivity), we performed flow cytometricFlG- 9. Immunohistochemical analysis of TRAIL and TRAIL

analysis. We found that although all TRAIL receptors were el€CEPLOrs in patients with lung cancer. Five patients with SCC
ang five other patients with AC were analyzed in terms of

pressed on the cell surface, there were substantial levels gl "~ ' TRAIL receptor gene expression, using immuno-
TRAIL-R4 decoy receptor protein expression on the Surfacelﬂgtochemistry. Bright-field images are sho’wn i).( Im-

A549 lung cancer cells. Interestingly, it has previously been g nohistochemical staining scores are provided®)n Rroce-
ported that TRAIL-R4 overexpression protected target celigires for immunohistochemical staining and scoring and
from TRAIL-induced cytotoxicity (Degli-Espostt al, 1997). statistical analyses are described in Materials and Methods.
This report claimed that transient TRAIL-R4 expression prdp < 0.05, compared with other TRAIL receptors.
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surface drastically influences TRAIL sensitivity in cancer cells. without correlation to the expression level of cellular protease cas-
Consequently, testing of primary lung cancer cells establishedbase-8 inhibitory protein. J. Thorac. Cardiovasc. SL2§,168-174.
from patients as well as immunohistochemical analysis of §RIFFITH, T.S., and LYNCH, D.H. (1998). TRAIL: A molecule with
other patients with NSCLC demonstrated that high-level multiple receptors and control mechanisms. Curr. Opin. Immunol.

. 10, 559-563.
TRAIL-R4 decc.)y rec_eptor e_xpressmn was a common phen(g)RIFFITH, T.S., CHIN, W.A., JACKSON, G.C., LYNCH, D.H., and
type observed in patients with lung cancer. These results SuQZUBIN, M.Z. (1998). Intracellular regulation of TRAIL-induced

gest that high levels of TRAIL-R4 decoy receptor eXpress‘iOnapoptosis in human melanoma cells. J. Immuh6l, 2833-2840.
should be accounted for when treating NSCLC patients Wi@”R”:HTH’ T.S., ANDERSON, R.D., DAVIDSON, B.L., WILLIAMS,
Ad5hTRAIL as the sole treatment modality. R.D., and RATLIFF, T.L. (2000). Adenoviral-mediated transfer of
In conclusion, this study demonstrates that surface TRAIL-the TNF-related apoptosis-inducing ligand/Apo-2 ligand gene in-
R4 decoy receptor expression correlated well with the TRAIL duces tumor cell apoptosis. J. Immuri85, 2886—-2894.
resistance phenotype in lung cancer cells. Furthermore, in H&MAI, A., RICHON, C., MESLIN, F., FAURE, F., KAUFFMANN,
dition to NF«B inhibition (Sanliogluet al, 2006), the alter- ~A. LECLUSE, Y. JALIL, A., LARUE, L., AVRIL, M.F,
ation of TRAIL receptor profiles of cancer cells by a DcR2 CHOUAIB, S., and MEHRPOUR, M. (2006). Imatinib enhances hu-

SiRNA approach is a novel way of bypassing the TRAIL re- mqn mglanoma cell suspeptlblllty to TRAIL-W}du(:ed cell death: Re-
. . lationship to Bcl-2 family and caspase activation. Oncog&hie
sistance encountered in cancer cells. 7618-7634

HERR, 1., and DEBATIN, K.M. (2001). Cellular stress response and
apoptosis in cancer therapy. Blo88, 2603-2614.
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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 AAShTRAIL. The molecular mechanism
of TRAIL induced cell death under the setting of IKK inhibition was revealed by Annexin V binding. Novel
quantitative Real Time RT-PCR and flow 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 adenovirus
delivery of TRAIL. Only the combinatorial use of AdShTRAIL and AdIKKBKA infection sensitized MCF7
breast cancer cells to TRAIL induced cell death. Moreover, novel quantitative Real Time RT-PCR assays
suggested that while the level of TRAIL Decoy Receptor-4 (TRAIL-R4) expression was the highest in
MCF7 cells, it was the lowest TRAIL receptor expressed in MDA-MB-231 cells. In addition, conventional
flow cytometry analysis demonstrated that TRAIL resistant MCF7 cells exhibited substantial levels of
TRAIL-R4 expression but not TRAIL decoy receptor-3 (TRAIL-R3) on surface. On the contrary, TRAIL
sensitive MDA-MB-231 cells displayed very low levels of surface TRAIL-R4 expression. Furthermore, a
DcR2 siRNA approach lowered TRAIL-R4 expression on surface and this sensitized MCF7 cells to TRAIL.

Conclusion: The expression of 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.

Page 1 of 17

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15916713
http://www.biomedcentral.com/1471-2407/5/54
http://creativecommons.org/licenses/by/2.0
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/about/charter/

BMC Cancer 2005, 5:54

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 treatment 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 after ten years
following the diagnosis and removal of primary tumor in
patients with breast cancer [7]. For all these reasons, novel
treatment methods are needed for the treatment of
patients with breast cancer.

Induction of programmed cell death known as apoptosis
[8], appears to be a viable alternative to currently
employed treatment modalities in the fight against cancer
[9]. In order for chemotherapy and radiotherapy treat-
ment options to work as anticancer agents; tumor 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 (TNF) [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 TNF family,
TRAIL selectively killed cancer cells without causing any
harm to normal cells [22]. Thus, treating tumor cells with
TRAIL ligand appeared as an invaluable way of inducing
apoptosis specifically in tumor 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
TRAIL as a death ligand in any breast cancer gene therapy
approach.

http://www.biomedcentral.com/1471-2407/5/54

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 (TRAIL-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 (bcl-xL, c-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, bcl-
xL, c¢-IAP and the decoy receptor TRAIL-R3 [34,36,37],
high levels of NF-kB activation might be a strong factor
responsible for blocking apoptotic processes in order to
establish TRAIL resistance. For this reason, we analyzed
both the TRAIL induced as well as endogenous NF-kB
activities using Luciferase reporter gene assays in MCF7
breast cancer cells. Because TRAIL-R1, TRAIL-R2 and
TRAIL-R4 induced NF-kB activation has been shown to be
primarily mediated by TRAF2-NIK-TkappaB 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
(Ad5hTRAIL) in order to test if TRAIL resistance in breast
cancer cells is eliminated through the inhibition of IKK, a
leading modulator of NF-kB. The molecular mechanism
of TRAIL resistance in breast cancer cells (MCF7 and
MDA-MB-231) was studied by novel Real Time RT-PCR
assays and conventional flow cytometry in order to verify
if there is any relationship between TRAIL resistance and
the expression pattern of TRAIL receptors. Lastly, a DcR2
siRNA approach was utilized to knock down the expres-
sion of relevant TRAIL decoy receptor in order to reveal its
connection to TRAIL resistance.

Methods

Recombinant adenovirus vector production

Amplification of the vectors AAShTRAIL [39], AAIKKBKA
[17], AdEGFP [18], AdCMVLacZ [40] and AANFkBLuc
[38] was performed as previously described [41]. Ampli-
fied vectors were stored at -80°C in 10 mM Tris with 20 %
glycerol. AdIKKBKA expresses a dominant negative
mutant of IKKB, which interacts with other IKK subunits
to form inactive IKK complexes. The particle titers of ade-
noviral stocks were in the range of 1013 DNA particles/ml,
whereas the typical particle/plaque forming unit ratio was
equal to 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 % penicillin-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 FBS.
Two hours following infection, equal volume of RPMI
1640 supplemented with 20 % FBS was added to increase
the serum concentration in the media to 10 %. 48 hours
after the infection, the level of transduction was detected
by examining of the percentage of GFP (+) cells under a
fluorescent microscopy and subsequently by flow cytom-
etry. Propidium iodide exclusion technique was used to
determine the cell viability. Overexpression of hTRAIL
was provided by Ad5hTRAIL infection. Cells were coin-
fected with adenovirus vectors encoding IKKB dominant
negative mutant (AdIKKBKA) and Ad5hTRAIL in order to
block IKK activity thereby NF-kB activation. NF-kB pro-
moter based Luciferase assay system was utilized to con-
duct NF-kB transcription activation assays using
AdNFkBLuc construct. AdCMVLacZ 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. AANFkBLuc
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 TRAIL 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

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

Annexin V conjugated to 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-
icals). 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 100pgs of
MAb to TRAIL-R1 (clone HS101, Cat. 804-297A), -R2
(clone HS201, Cat.804-298A), -R3 (clone HS301, Cat.
804-344A) and -R4 (clone HS402, Cat. 804-299A). Pri-
mary antibodies were used at 5 pg/ml concentration.
Biotinylated goat anti-mouse IgG1l (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 FACSCALIBUR at the Akdeniz University
Hospitals. Purified mouse IgG1 (MOPC 31C, Cat. ANC-
278-010) served as an isotype control.

Quantitative Real Time RT-PCR assay for human TRAIL
receptors

TRIzol reagent (Life Technologies, Gaithersburg, MD) was
used to extract total RNA from breast cancer cells, accord-
ing to the instructions from the manufacturer. Reverse
transcription of 2 pg of total RNA was performed using
TagMan Reverse Transcription Reagents (Applied Biosys-
tems 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,
TRAILR3-3' GGG-CAG-TGG-TGG-CAG-AGT-A, TRAILR3
Probe: 5' 6FAM-TCGCGGTCCTGCTGCCAGTCCTAGC-
TAMRA 3'; TRAILR4-5' ACA-GAG-GCG-CAG-CCT-CAA,
TRAILR4-3' ACG-GGT-TAC-AGG-CTC-CAG-TAT-ATT,
TRAILR4 Probe: 5' 6FAM-AGGAGGAGTGTCCAGCAG-
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 (sc-35185), siRNA transfection medium (sc-
36868) and siRNA transfection reagent (sc-29528) in
MCF?7 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. MCF?7 cells were infected with AAShTRAIL or AACM-
VLacZ vectors at increasing doses 35 hours following the
transfection. Molecular Probe's Live/Dead Cellular Viabil-
ity/Cytotoxicity Kit was used to assess the amount of live
cells 48 hours following the infection.

Results

MCFT7 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 adenoviral 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 efficient transduc-
tion of MCF7 breast carcinoma cell line without observing
deleterious cytotoxic effects. These results demonstrated
that breast cancer cells were transduced successfully with
recombinant adenoviral vectors.

MCFT7 breast cancer cells displayed complete resistance to
TRAIL

Although TRAIL appeared as a promising therapeutic lig-
and to treat cancer, a variety 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 Ad5S5hTRAIL or AdCMVLacZ.
Amount of viable cells were detected using Molecular
Probe's Live/Dead Cellular Viability/Cytotoxicity Kit 48
hours following the infections (Figure 2). MCF7 cells dis-
played complete resistance to TRAIL, as no reduction in
the level of viable cells was observed even at an MOI of
10,000 DNA particles/cell, at which almost all cells were
infected. Thus, it was concluded that MCF7 breast cancer
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cells were completely resistant to adenovirus delivery of
TRAIL. Similarly, AdACMVLacZ 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 to test if
the inhibition of IKK activity thereby NF-kB would reduce
the viability of breast cancer cells. In order to block the
intracellular anti-apoptotic NF-kB pathway, MCF7 cells
were infected with increasing MOIs of adenoviral vectors
encoding a dominant negative mutant of
IKKB(AdIKKBKA), 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 IKKSKA gene expression sensitized
MCFT7 breast cancer cells to TRAIL-induced apoptosis

Adenovirus-mediated delivery of IKKB (Ad.IKKBKA)
[17,18] 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 cell 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 Ad5hTRAIL construct and
increasing doses of AdIKKBKA vector. In order to better
assess the sensitization phenomenon, Ad5hTRAIL was
infected at two different MOIs into MCF7 breast cancer
cell lines. While a constant MOI of 1000 DNA particles/
cell of AAShTRAIL was used in infection experiments
depicted on Figure 3, infection 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 Ad5hTRAIL was
coinfected with AdIKKBKA vector. For instance, nearly 55
% cell death was observed when cells were coinfected with
1000 MOI of AdS5hTRAIL and 5000 MOI of AdIKKBKA
constructs (Figure 3). When MOI of Ad5hTRAIL was
increased to 5000 as depicted on Figure 4, the death rate
went up to 90 %. On the other hand, AdACMVLacZ infec-
tion instead of AdIKKBKA in breast cancer cells revealed
no TRAIL sensitization (data not shown). These results
suggested that IKKBKA expression via adenoviral vectors

Page 4 of 17

(page number not for citation purposes)



BMC Cancer 2005, 5:54 http://www.biomedcentral.com/1471-2407/5/54

1000 5000

100 500 1000 5000 10000
AJEGFP (MOI)

Figure |

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 (Panel B). Numbers represent viral doses applied in MOI values as DNA
particles/cell.
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Ad5hTRAIL or AdIKKBKA infection alone did not decrease the viability of MCF7 breast cancer cells. MCF7 cells were infected
with increasing MOls of either AdShTRAIL 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 MOl 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

It is well known that different tumor cells display diverse
levels of endogenous NF-kB activities. Furthermore, intra-
cellular NF-kB activity in tumor cells is upregulated by
both TRAIL death receptors (TRAIL-R1 and TRAIL-R2)
[34,44] as well as TRAIL decoy receptor TRAIL-R4 [45]
upon ligand binding. Knowing the endogenous NF-kB
status of cancer cells before the therapy is obviously cru-
cial for TRAIL mediated gene therapy targeting to induce
apoptosis in cancer cells. A coinfection experiment was
performed using a recombinant adenovirus vector carry-
ing NF-kB driven Luciferase reporter gene (AdNFkBLuc)
and Ad5hTRAIL vector in order to study the extent of NF-
kB activation as a result of TRAIL overexpression in MCF7
breast cancer cell line. NF-kB Luciferase assays were con-
ducted 24 hours following the infection in order to deter-
mine cell's NF-kB activation status. As seen in Figure 5,
Ad5hTRAIL at an 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 order to determine the
magnitude of NF-kB inhibition, a triple coinfection exper-

iment involving AANFkBLuc, Ad5hTRAIL and AdIKKBKA
or AdCMVLacZ was performed. While IKKBKA overex-
pression in MCF7 cells gradually reduced both the TRAIL-
induced and basal NF-kB activities in MCF?7 cells, no such
NF-kB inhibiting effect was observed in cells upon super-
infection with AdCMVLacZ virus as a control (Figure 5).

Coinfection of AdAShTRAIL 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, MCF7
cells were infected with Ad5hTRAIL 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 AAS5hTRAIL and AdIKKBKA indicat-
ing apoptotic cell death (Figure 6, Panel B). As predicted,
Ad5hTRAIL and AACMVLacZ (negative control) coinfec-
tion did not yield any significant levels of Annexin V bind-
ing as MCF7 cells are resistant to TRAIL in the absence of
IKK inhibition. These results suggested that the
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Figure 3

IKKBKA expression via adenoviral vectors sensitized MCF7 cells to TRAIL-mediated apoptosis. MCF7 cells were infected with
increasing doses of adenoviral vectors encoding dominant negative mutant of IKK[3 (as shown below each panel), while simulta-
neous infection with Ad5hTRAIL (as shown above each panel) was performed at a constant MOI of 1000. 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; Panel 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 AAS5hTRAIL (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 cells
were simultaneously infected with AANFkBLuc, Ad5hTRAIL and/or increasing doses of AdIKKBKA construct for 24 hours.
AdCMVLacZ infection was also performed as a negative control. The types of constructs used in the infection are shown on
the x axis. MOl values represent DNA particles/cell. AAShTRAIL vector was used at two different constant MOls (MOI 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

Ad5hTRAIL and AdIKKBKA coinfection induced apoptosis in MCF7 breast carcinoma cells. FITC conjugated Annexin V and
Propidium lodide (Pl) staining were utilized using MCF7 cells infected with various combinations of adenovirus constructs as
described in Methods prior to flow cytometry. Each histogram represents 104 gated MCF7 cells. Histograms were illustrated in
two panels for clarity. Various treatment settings were provided in Panel A. 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 IKK inhibition.

MCFT7 breast cancer cell line displayed significant levels of
TRAIL decoy receptor-4 expression

So far no evidence of the connection between the expres-
sion pattern of TRAIL receptors and TRAIL sensitivity was
found in cancer cells [31]. Part of the reason might have
been the inability to 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 to 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 TRAIL-R1. Lastly, TRAIL-R3 decoy
receptor 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 cells expressed all TRAIL
receptors excluding TRAIL-R3 on cell surface. While simi-
lar levels of TRAIL death receptors TRAIL-R1 and TRAIL-
R2 were expressed, there were still considerable levels of
TRAIL-R4 decoy receptor expression on the surface of
MCEF?7 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 cytometry. Intriguingly, in
contrast to what was observed with MCF7, adenovirus
delivery of TRAIL alone killed significant proportions of
MDA-MB-231 breast cancer cells (Figure 9).
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Lowering of TRAIL-R4 gene expression sensitized MCF7
breast cancer cells 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
MCEF?7 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 AAShTRAIL or AdC-
MVLacZ vector at increasing doses. Cell viability assays
were conducted 48 hours following the infection. Only
Ad5hTRAIL 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
resolve primary obstacles in TRAIL mediated gene therapy
approach. Based on recent findings from our laboratory
and others, we think that NF-kB signaling is one of the
most crucial pathways involved in the constitution of
TRAIL resistance [26]. Despite the fact that TRAIL-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
TNF but 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 Ikap-
paBalpha itself to look for the possibility of sensitizing
MCEF?7 breast cancer cells to TRAIL.

First of all, in order to find out the efficacy of adenovirus
transduction in breast cancer cells, MCF7 cells were
infected with increasing MOIs of AdEGFP virus. The
transduction profiles analyzed by flow cytometry showed
that nearly 100 % of the cells were transduced with
AdEGFP at an MOI of 10,000 DNA particles/cell (Figure
1). The efficacy of TRAIL in mediating apoptosis of MCF7
breast cancer cells was assessed using Ad5hTRAIL
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Figure 7

MCF7 breast carcinoma cell line displayed substantial levels of TRAIL-R4 decoy receptor expression. Quantitative Real Time
RT-PCR of TRAIL receptors was performed as described in Methods (Panel A). TRAIL receptor levels per 25 pg of ribosomal
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-
mental 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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Figure 8

MDA-MB-231| breast cancer cells displayed trivial levels of TRAIL-R4 decoy receptor expression on surface. TRAIL receptor
composition of MDA-MB-23 | 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 AAShTRAIL infection. MDA-MB-231| breast cancer cells were infected with
increasing MOls of AdS5hTRAIL construct. Molecular Probe's Live/Dead Cellular Viability/Cytotoxicity Kit was used to detect %
viable cells 48 hours following the infection. Numbers represent viral doses applied in MOI values as DNA particles/cell. Values
represent the mean (£ SEM) of six independent data points (n = 6).

Figure 9

construct. Interestingly, MCF7 cells displayed complete
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
inefficient in reducing the viability of MCF7 cells suggest-
ing that an apoptotic stimulus was required in order to
induce cell killing (Figure 2). Interestingly, in order to
break down TRAIL resistance and to induce cell death, a
coinfection of MCF7 cells with Ad5hTRAIL and
AdIKKBKA was required (Figures 3 and 4). Luciferase
assays confirmed that both the TRAIL induced and endog-
enous NF-kB activities were drastically reduced by the
infection of MCF7 cells with AdIKKBKA virus (Figure 5).
Moreover, 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 MCF7
cells, and blocking this pathway is essential to sensitize
breast cancer cells to TRAIL mediated apoptosis.

So far, no correlation between TRAIL resistance and 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 receptors
(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 receptors
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 AdAShTRAIL alone following a DcR2 siRNA transfection. Cell
death was detected 48 hours following the infection (Panel B). Data represent the mean (£ SEM) of 6 independent data points.
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TRAIL resistance in breast cancer cells remains to be tested
yet. Quantitative Real Time RT-PCR assays were
developed in order to assess the level of TRAIL receptor
gene expression in breast carcinoma cells. While all TRAIL
receptors were detectable in 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 TRAIL
receptor composition on cell surface. For this reason, con-
ventional flow cytometry analysis was carried out in order
to determine the level of TRAIL receptor protein expres-
sion on cell surface. Despite the presence of TRAIL death
receptors, substantial levels of TRAIL-R4 decoy receptor
expression were detectable on the surface of MCF7 breast
carcinoma cells (Figure 7, Panel B). On top of that, TRAIL
sensitive MDA-MB-231 cell line (Figure 9) displayed very
low levels of 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
TRAIL-R4 expression on surface were correlated with
TRAIL sensitivity. These results strengthen our argument
that TRAIL-R4 but not TRAIL-R3 is the decoy receptor
which appeared to influence TRAIL sensitivity in breast
cancer cells. This is further confirmed by a DcR2 siRNA
assay which suggested that down regulation of TRAIL-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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