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OZET

Insiilin iireten pankreatik beta hiicrelerinin kalic1 yikimu ile karakterize olan
Tip 1 Diyabet, hastaya disaridan insiilin enjeksiyonu ya da pankreas nakli
yapilmadig1 siirece Oliimciildiir. Pankreas nakli ile karsilastirildiginda pankreas
adacik nakli, daha giivenilir ve ciddi bir operasyon gerektirmediginden avantajli bir
yontemdir. Adacik greftlerindeki fonksiyonel bozukluk ve nakil sonrasinda olusan
greft reddi gibi sinirlayici faktorler pankreatik adaciklarin genetik agidan nakil 6ncesi

ex vivo manipulasyon gerekliligini dogurmustur.

Bu nedenlerden dolay1 pankreatik adaciklara adenovirus aracili TRAIL geni
aktarimini iceren yeni gen tedavi yaklagimi test edilerek bu ydntemin STZ ile
indiiklenen Tip 1 Diyabetik sicanlart otoreaktif T-hiicre saldirisindan koruyup
korumadigr arastirildi. Bu kapsamda genetik olarak degistirilmis si¢gan pankreatik
adaciklari, STZ ile indiiklenmis diyabetik siganlarin bobrek kapsiilii altina nakledildi.

Diyabet tablosu adacik nakli sonrasinda 90 giin siiresince takip edildi.
AdShTRAIL ile enfekte edilmis adaciklari tagiyan siganlar, AACMVLacZ ile enfekte
edilmis ya da enfekte edilmemis adaciklarin nakledildigi diyabetik sicanlar ile
karsilagtirildiginda, AdShTRAIL grubunun daha uzun normoglisemi sagladigi
goriildii. AdACMVLacZ ile enfekte edilmis ya da enfekte edilmemis adaciklarin
nakledildigi siganlarda siddetli insiilitis gézlenirken, AAShTRAIL ile transfeksiyona
ugratilan adaciklar1 tagiyan hayvanlarda insiilitis diizeyi daha az bulundu. Sonug
olarak, pankreatik adaciklarda asirt TRAIL geni sentezi allograft sagkalim siiresini ve

fonksiyonunu artirarak STZ indiiklii diyabetik sicanlarda terapdtik etki saglamistir.

Anahtar Kelimeler: TRAIL, Tip 1 Diyabet, gen tedavisi, pankreatik adacik nakli,

adenoviral vektorler.



ABSTRACT

Type 1 Diabetes (T1D), characterized by permanent destruction of insulin-
producing beta cells is lethal unless exogenous-insulin therapy or whole-organ
transplantation is employed. While pancreatic islet transplantation is a safer and less
invasive method compared to whole-organ transplant surgery, its treatment efficacy
has been limited by islet graft malfunction and graft failure. Thus, ex vivo genetic

engineering of beta cells is necessary to prolong islet graft survival.

For this reason, a novel gene therapy approach involving adenovirus-
mediated TRAIL gene delivery into pancreatic islets was tested to determine whether
this approach would defy auto-reactive T-cell assault in streptozotocin (STZ)-
induced diabetic rats. To test this, genetically-modified rat pancreatic islets were

transplanted under the kidney capsule of STZ induced diabetic rats.

The diabetic status (blood sugar and body weight) was followed up to 90 days
after islet transplantation. Animals carrying AdShTRAIL-infected islets experienced
prolonged normoglycemia compared to animals grafted with mock-infected or
AdCMVLacZ infected islets in STZ-induced diabetic rats. While severe insulitis was
detected in animals transplanted with AdCMVLacZ-infected or mock-infected islets;
the severity of insulitis was reduced in animals engrafted with AdShTRAIL-infected
islets. Thus, TRAIL over-expression in pancreatic islets extends allograft survival

and function leading to a therapeutic benefit in STZ induced diabetic rats.

Key Words: TRAIL, Type 1 Diabetes, gene therapy, pancreatic islet transplantation,

adenoviral vectors.
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GIRIS VE AMAC

Tip 1 diyabet, insiilin iireten pankreatik beta hiicrelerinin T-hiicresi aracili
yikimi sonucu ortaya ¢iktigindan, otoreaktif T-hiicrelerinin apoptozis yoluyla
eliminasyonu, otoimmiin hastaliklarin 6nlenmesinde uygulanabilir bir stratejidir.
Eger Fas sinyal yolu aktive edilirken yardimci stimiilasyon engellenirse, periferal
lenfositlerin in vitro apoptozisinde bir artig goriiliir. Halen Tip 1 Diyabetli hastalarin
tedavisi i¢in, bu gibi stratejiler denenmektedir. Diyabet tedavisinde insan CTLA4-
FasL geni tasiyan bir adenovirus (AdCTLA4-FasL) kullanilarak timit verici sonuglar
elde edilmis olsa da, FasL’1n inflamasyonu tetiklemesi, immiin tolerans olusturmada
kullanilma ihtimalini zayiflatmistir. Ornegin, sigan insiilin promotorunun kontrolii
altinda FasL sentezleyen pankreatik adaciklar allojenik vericilere transplante
edildiklerinde, polimorfoniiklear hiicrelerin agir infiltrasyonu nedeniyle akut
rejeksiyona sebep olmuslardir. Ote yandan, DBA/1 farelerde kollajen ile indiiklenen
artritte (KiA) ve C57BL/6 deneysel otoimmiin ensefalomyelitis fare modelinde
TRAIL’1in otoreaktif T hiicresi aktivasyonunda bir inhibitor olarak gorev aldigi
gosterilmigtir. Ayrica, TRAIL 1n anti-CD3 antikoru ile aktive edilen T hiicrelerinde
DNA sentezini ve hiicre dongiisiinii bloke ettigi bilinmektedir.

Bu sonuglar, TRAIL’in T lenfositlerinin negatif seleksiyonunu etkiledigine
isaret etmektedir. Bunun yaninda TRAIL 1n, adacik antijenlerini taniyan otoreaktif
T-hiicrelerinin timik seleksiyonunda gorev alip almadigi bilinmemektedir. Buradan
yola ¢ikarak, pankreatik adaciklarda TRAIL’1n yiiksek oranda sentezlenmesini
saglayacak olan AdShTRAIL gen tedavi metodunun etkinligi arastirildi ve bu yolla
nakil sonrast T-hiicrelerini elimine/inhibe ederek diyabet tedavisi icin terapotik bir
yaklagim gelistirilmesi planlandi. Bu amagla, terapdtik yaklagimimizin etkinligini
belirlemek i¢in Wistar sicanlardan adaciklar izole edilip viral vektorlerle enfeksiyon
sonrast STZ indiiklemeli diyabetik Wistar sicanlarina nakil yapildi. Transplantasyon
sonrasinda adaciklarin ne kadar siire tip 1 diyabetin baskilanmasinda etkin olduklari
kontrol gruplariyla kiyaslanarak belirlendi.



GENEL BIiLGILER

2.1. Diyabet

Diyabet, genellikle asir1 miktarda idrara ¢ikma ve idrarda glukoz bulunmasi
(glukoziiri) ile karakterize bir hastalik olan Diabetes Mellitus’u (DM) tanimlamak
icin kullanilir. DM (Yunanca diabetes = idrara gegen ve Latince mellis = tath ya da
bal), siklikla diyabet olarak adlandirilan, genellikle kalitimsal ve ¢evresel etkenlerin
birlesimi ile olusan ve kan glukoz seviyesinin asir1 derecede yiikselmesiyle
(hiperglisemi) sonuglanan metabolik bir bozukluktur. Diinya Saglik Orgiitiiniin
(WHO) verilerine gore her 10 -15 yilda mevcut hasta sayisinin 2 katina ¢iktigi ve
2030 yilina gelindiginde diyabet hasta sayisinin yaklagik 370 milyona ulasacagi
tahmin edilmektedir[1, 2]. Ayrica, Uluslararas1 Diyabet Federasyonunun (IDF)
verilerine gore Amerika’da goriilen en yaygin {ligiincii hastalik olmakla beraber, ayni
zamanda Oliime sebebiyet veren hastaliklar arasinda da doérdiincii sirada yer alir[3].
Viicutta kan diizenlenmesi pek ¢ok sayida kimyasal madde ve hormonun karmasik
etkilesimi sonucunda saglanir. Glikoz metabolizmasinin diizenlenmesinde rol
oynayan hormonlardan en 6nemlisi pankreasin beta hiicrelerinden salgilanan insiilin
hormonudur ($ekil 2.1). Diyabet, ya insiilin {iretiminin azalmasi ya da insiilinin
etkisine karsi direng gelismesi ile olusur[4]. Her iki durum da sonugta kan
glikozunun yiikselmesine neden olur. Asir1 miktarda idrar iiretimi diyabetin akut
belirtilerinin baginda gelir ve bu durumun baslica sorumlusu hiperglisemidir. Susama
ve sivi tliiketimin artmasi ise asir1 idrarla sivi kaybini dengeleme c¢abasinin bir
sonucudur. Gorme fonksiyonunun bozulmasi, aciklanamayan kilo kayiplari,
yorgunluk ve enerji metabolizmasindaki degisiklikler ise diyabetin diger
belirtileridir.

Diyabetin kendisi ve diyabette kullanilan tedavi yoOntemleri pek ¢ok
komplikasyonlara yol agabilir. Eger hastalik iyi kontrol edilmezse; hiperglisemi,
ketoasidoz ya da nonketotik hiperozmolar koma gibi akut komplikasyonlar
gelisebilir. Hastaligin uzun siirede ortaya ¢ikan kronik komplikasyolarinin baglicalar
ise; dolagim sistemi (kardiyovaskiiler) hastaliklar1 (hipertansiyon, kalp yetmezligi ve
ateroskleroz gibi), kronik bobrek yetmezligi (nefropati), korliige sebep olabilen retina
hasar1 (retinopati), ¢esitli tiplerde sinir hasarlart (periferik ndropati) ve yara
iyilesmesini geciktiren ve erektil disfonksiyona sebep olan mikrovaskiiler
bozukluklardir. Ozellikle dolasim bozukluklarinin sonucu olarak ayaklarda ortaya
cikan yaralarin ge¢ iyilesmesi ampiitasyon ile sonuglanabilir. Diyabetin uygun
sekilde takip edilmesinin yani1 sira, kan basinci kontroliine yeterince 6nem verilmesi
ve hayat tarzinin iyilestirilmesi (sigara icmemek ve kilo kontrolii yapmak gibi) bu
kronik komplikasyonlarin pek cogunun olusturdugu riskleri azaltabilir. Geligmis
iilkelerde yapilan ampiitasyonlarin travma harici ana sorumlusu ve yasa bagh
olmayan korliiklerin de en dnemli sebebi diyabettir.
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insan Pankreas:

Langerhans

Sekil 2.1. insan pankreasinda insiilin {iretimi[5]

2.2. Diyabetin Simiflandirilmasi

Eskiden kullanilan "¢ocukluk c¢agi diyabeti”, "jiivenil diyabet" ve "insiiline-
bagimli diyabet" terimleri yerine giiniimiizde tiim diinyada Tip 1 diyabet (T1D)
terimi kullanilmaktadir. Benzer sekilde eskiden "yetiskin yasta baslayan diyabet",
“obeziteye bagli diyabet” ve “insiiline bagimli olmayan diyabet” terimleri yerine de
Tip 2 diyabet terimi kullanilmaktadir. Bu iki tip diyabetten farkli olarak, heniiz
isimlendirme konusunda genel bir anlagmaya varilamamig degisik isimlendirmeler de
vardir. Bunlara 6rnek olarak; instilin enjeksiyonunu gerektirecek kadar ilerlemis tip 2
diyabet icin kullanilan yetiskinlerde goriilen gecikmis otoimmiin diyabet (Tip 1.5
diyabet[6, 7]) verilebilir. Ayrica, “Genglerde goriilen eriskin tipli diyabet” olarak
adlandirilan bir diyabet tiirli daha vardir. Bu hastalarin ailelerinde diyabet hikayesi
vardir ve tip 2 diyabete 30 yaslarindan 6nce yakalanirlar. Bu isim tek gen mutasyonu
sonucunda olugmus (monogen) kalitimsal diyabeti tanimlamak i¢in kullanilan genel
bir terimdir.

2.2.1. Tip 1 Diyabet

T1D, pankreasin beta hiicrelerinin {rettigi insiilin miktarin ortadan kalkmasi
ile meydana gelen ve sonugta tam instilin yetersizliginin olugsmasi ile karakterize bir
hastaliktir. Bu tip diyabet “bagisiklik-aracili” ya da “idiyopatik” olarak ikiye



ayrilabilir. T1D hastalarinin ¢ogunlugunu bagisiklik-aracili tip olusturur. Bu tipte
pankreasin beta hiicrelerinde olusan kayiplarin temel sorumlusu T-hiicre aracili
otoimmiin yanittir[4]. Tip 1 diyabetin olugmasini engellemek i¢in koruyucu bir
onlem yoktur. Kuzey Amerika kitasi ve Avrupa’da goriilen toplam DM
vakalarinin % 10 kadarin1 T1D hastalar1 olugturmakla beraber Diyabet hasta sayisi
iilkemizde yaklasik 5-6 milyon kadardir. ve bu oran baz1 bolgelerde daha da
yiiksektir. Hastaliktan etkilenen insanlarin ¢ogu hastaliga yakalandiklarinda saglikli
ve normal kilodadirlar. T1D ¢ogunlukla ¢ocuklar: etkilemekle beraber yetiskinlerde
de goriilebilmektedir.

2.2.1.1. T1D hastahiginin Tedavisi

T1D’in baslica tedavisi, heniiz hastaligin basinda bile olsa, sentetik insiilinin
viicuda enjekte edilmesi ve kan sekeri seviyelerinin siki bir sekilde kontrol
edilmesidir. Eger insiilin olmazsa, siklikla diyabetik ketoasidoz durumu olusur ve
koma ile sonucglanabilir. Gliniimiizde T1D’in tedavisinde, her ne kadar hastaligin
seyrini geri ¢eviremese de, hayat tarzi degisiklikleri de (diyet ve egzersiz) onem
kazanmistir. En ¢ok kullanilan yontem, subkiitan insiilin enjeksiyonundan farkli
olarak, insiilini bir pompa vasitasiyla viicuda pompalamaktir. Insiilin pompalar1, 24
saat boyunca belirli zamanlarda viicuda insiilin verebilmelerinin yaninda, yemek
saatlerinde daha yiiksek dozda insiilini vererek normal seker seviyesini
diizenleyebilirler. Insiilinin solunum yoluyla (inhalasyon yoluyla) kullanilan bir
formu Ocak 2006 tarihinde Amerikan Gida ve Ila¢ Kurulusu( FDA(Food and Drug
Administration)) tarafindan onaylanmis ve kullanima girmistir. Ancak bu ilag, Ekim
2007 tarihinde ekonomik olmamasi nedeniyle iiretici firma tarafindan piyasalardan
cekilmistir[8].

T1D hastalarina yagam boyu insiilin enjeksiyonu rutin bir tedavi bi¢imidir.
Ayrica, disaridan verilen insiilin fizyolojik insiilin salimindaki kaybi istenildigi
Olciide karsilayamaz. TI1D, pankreasin tek bir ¢esit hiicresinin (pankreasin
Langerhans adaciklarinda bulunan beta hiicreleri) fonksiyonunun bozulmasi
sebebiyle ortaya ciktig1 i¢in, ¢ogunlukla ya tiim pankreasin nakli ya da sadece beta
hiicrelerinin verilmesi seklindeki kesin tedavi yaklasimi pek ¢ok kez denenmistir[9].
Sadece pankreas ya da bobrek ile birlikte ve pankreas nakli yapilan ve disaridan
insiilin kullanma ihtiyaci duymayan TI1D hastalarinin kesin tedavi olduklar
diistiniilebilir. Diyabete ¢ogunlukla bobrek ile ilgili komplikasyonlar eslik ettigi igin
(diyabetik nefropati), pankreas ve bdobregin birlikte nakledilmesi umut verici
sonuglar ¢ikarmaktadir. T1D hastalarinda bobrekle birlikte pankreasinda nakledildigi
vakalardaki hayatta kalma orani, sadece bobregin nakledildigi vakalaradaki hayatta
kalma oranina benzer ya da bu orandan daha ytiksektir[10]. Ancak, bu hastalar ciddi
bir operasyon ile beraber nakilden sonra uzun siireli bagisiklik baskilayici ilaglar
kullanmak zorundadirlar ve viicudun nakledilen yeni organi reddetme ihtimali
vardir[9]. Bu nedenle, alternatif tedavi yaklagimlar1 i¢in yogun ¢aligsmalar
stirdiiriilmektedir. Bu yaklagimlardan biri olan pankreas adacik nakli, geleneksel
insiilin enjeksiyonu ya da pankreas transplantasyonuna kiyasla ciddi bir operasyon
gerektirmemesi ve hastalart yasam boyu insiilin kullanimi sonucu olusabilecek
komplikasyonlardan koruyabilmesi gibi avantajlarinin oldugu tespit edilmistir.



2.3. Pankreas Adaciklar: ve Adacik Nakli

2.3.1. Pankreas Adaciklarn

Insan pankreasi ortalama 80-90 gram agirhiginda olup karm boslugunda
midenin arka ve alt kisminda oniki parmak barsagi ve dalagin arasina yerlesiktir.
Pankreas hem sindirim islemi ile ilgili enzimler sentezler hem de kan glikozunun
diizenlenmesinde gorevli hormonlar: {iretir. Bu hormonlar1 iireten hiicreler sindirim
islevi ile ilgili hiicrelerin aralarinda dagilmis olarak adaciklar halinde bulunurlar. Bu
adaciklara, “Langerhans Adaciklar1” denmektedir. Bu adaciklarin sayisi bir milyon
civarinda olup pankreasin agirliginin % 1 kadarinmi olusturur. Adaciklar, pankreas’in
% 1-2 sini kaplamasina ragmen oksijene ¢ok hassas yapilar olup pankreasa gelen
temiz kanin % 15’ini alirlar. Langerhans adaciklari i¢inde {i¢ 6nemli hiicre grubu
vardir (Sekil 2.2).

Pankreas Beta Alfa | Pa ,\f_f_ L T
Adaciln  Hiicresi Hiicresi <1 PANKREAS

Sekil 2.2. Pankreas adacik hiicreleri[11]

Alfa hiicreleri: Glukagon hormonunu {iretir. Bu hormonun kan sekerini yiikseltici
ozelligi vardir.

Beta Hiicreleri: Insiilin hormonunun iiretildigi yerdir. Insiilin kan sekerini diisiiren
hormondur.

Delta hiicreleri: Somatostatin adli hormonun yapildigi hiicrelerdir. Bu hormonun
etkisi ¢cok yonliidiir.

2.3.2. Pankreas Adacik Nakli

Pankreasi biitlin olarak nakletmek yerine dondrlerden izole edilen pankreas
adacik hiicrelerinin T1D hastalarinin karacigerlerine enjekte edilmesiyle yapilan
adacik nakillerinde umut vaad eden sonuglar ortaya ¢ikmistir[12]. Portal ven araciligi
ile enjekte edilen pankreas adacik hiicreleri karacigere yerlesmekte ve bir siire sonra
insiilin salgilamaya baslamaktadir (Sekil 2.3). Baslangicta yapilan klinik adacik nakli
caligmalarinda bir yillik insiilin bagimsizlik oraninin % 8 oraninda gergeklesmesi



blyiik bir hayal kiriklig1 yaratmistir. Ancak daha uygun adacik izolasyon ve
saflastirma protokollerinin gelistirilmesini takiben yapilan sonraki ¢alismalarda; bir
yil siliresince insiilin bagimsizli§i saglanan hasta sayisinda yaklasik %50 artis
saglanabilmistir[13]. Steroid i¢ermeyen sirolimus temelli immiin baskilayici tedavi
ile birlikte taze izole edilmis adacik nakil islemi diye tanimlanan Edmonton
protokoliiniin uygulandig1 onciil bir ¢alismada ise, yedi hastanin yedisinde de nakil
sonrast en az bir yilik insiilin bagimsizligr saglanmistir[14]. Bu yontemin
basarisinda; adaciklari rejeksiyondan ve otoimmiiniteden koruyan sirolimus,
takrolimus ve anti-interlokin 2 reseptor antikorlariyla birlikte taze elde edilmis iki
adacik preperasyonunun (adacik implant kiitlesi 13.000 IE/kg alic1 viicut agirligi)
kullaniminin rolii oldugu bildirilmistir. Edmonton protokoliiniin uygulandigi ve 50
hastanin katildig1 sonraki bir ¢aligmada, insiilin bagimsizlik oraninin %80’e ¢iktig1
belirtilmistir[15].

Dono6r Alici

Pankreas Adaciklar Tip 1 Diyabet

Izale edilen
Adacik hiicreleri

Portal Vendeki
Adaeik hilcreler

Sekil 2.3. Pankreatik adacik nakli[12]. Pankreatik adacik naklinin temel prensibi, endokrin hormon
sekresyonu yapan bezlerin tamamina yakiini dondrden izole etmektir. izole edilen
adaciklar ince bir tiip yardimi ile portal ven araciig1 ile hastaya enjekte edilir. Infiizyon
sonrast kan akigi ile beraber adaciklar karacigere taginir, ve buraya yerleserek kan sekeri
kontroliinde gerekli olan insiilin hormonunu salgilar.

Biitiin bunlara ragmen bes yillik hasta takip sonuglari, greft sagkaliminin
halen yiiksek (%80) olmasina ragmen insiilin bagimsizliginin %10’a diistiigiinii
gostermistir[16]. Bu calismalar, uluslararas1 adacik nakli merkezlerini de icerecek
sekilde genisletilmis ve buralarda da benzer sonuglar alinmstir[17]. Intra-hepatik
adacik nakli, her ne kadar T1D hastalarinin tedavisi i¢in umut vaad eden bir yaklasim
olsa da, bu yontemin basarisi; fonksiyonel olmayan graft oraninin yiiksek olmasi ve
nakil sonrasinda gozlemlenen ikincil graft kayb1 sonucu hastalarin ¢ogunlugunun bes
yil igerisinde yeniden insiilin alimina ihtiyag¢ duymasit nedeniyle golgelenmis
durumdadir|18].



2.4. Pankreas Adacik Naklinde Gelistirilen Stratejiler ve Gen Tedavisi

Pankreatik adacik naklinde temel hedef, hastalarin immiinsupresif ilag
kullanmadan diyabetik sendromlarin engellenmesi, buna bagl olarak yasam kalitesi
ve siiresinin artirilmasidir. Uzun siireli adacik-greft fonksiyonu saglanmasi,
alloimmiin ve otoimmiin engellerin istesinden gelinmesine baglidir. Bu nedenle,
adacik naklinin ana temalarindan biri, alicida greft tdleransi olusturabilmektir.
Pankreatik adacik nakilleri sonrasinda immiin korumanin saglanabilmesi amaciyla
yapilan deneysel c¢alismalarda Oncelikle testis, beyin ya da timus gibi immiin
sistemden korunmus bdlgelere adacik nakli yapilmistir. Yapilan ¢aligmalarda,
gercekte bu bolgelerin grefti immiin sistemden uzak tutarak degil yiiksek oranda Fas
ligand (FasL) sentezi ile sagladig1 belirlenmistir[19]. Pankreatik adaciklarin nakilden
once kapsiille kaplanmasi adacik sagkalimini uzatmak amaciyla denenen basgka bir
yaklagim olarak karsimiza ¢ikmaktadir[20]. Ancak bu yoOntemin kullanimi;
kapsiilasyon i¢in kullanilan yabanci materyale karsi yogun fibr6z reaksiyonun
gelismesi ve nakledilen adaciklarin en sonunda yikimina neden olan sitokin aracili
immiin cevabin gergeklesmesi nedeniyle sinirlanmistir. Tiim bu yontemlere ragmen,
simdiye kadar nakledilen beta hiicrelerinin kaybi geciktirilebilmis, fakat sonugta
yikim yine engellenememistir. Bu nedenle, T1D hastalarinin tedavisine alternatif
olarak gen tedavi denemeleri giindeme gelmistir.

Pankreatik adaciklarin in vitro manipiilasyonun kolaylikla uygulanabilir
olmasi1 nedeniyle, adaciklara cesitli genler in situ olarak degisik vektorlerle transfer
edilmektedir. Ornegin adaciklarin akut yikimdan korunmasi amaciyla anti-apoptotik
gen transferi yapilmis, besin ve oksijen aligverisinde son derece dnemli olan fakat
adacik izolasyonu asamasinda yikima ugrayan mikrovaskiilerize sistemin
onarilmasina yonelik olarakda farkli genler adaciklara aktarilmistir.

Gen tedavisi terimi, 1970’ lerden sonra bir¢ok gen transfer teknolojisi i¢in
ortak bir yaklasim olarak karsimiza ¢ikmaktadir. DNA’nin hiicre ya da dokulara
aktarim viral veya viral olmayan araglar ile saglanabilmektedir. Liposom aracili ya
da elektroporatdr ve balistik gen tabancalari gibi niikleik asitlerin direkt fiziksel
olarak hiicre igerisine aktarildigi yontemler viral olmayan gen aktarimina 6rnek
verilebilir[21, 22]. Ancak, T1D tedavisinde kullanilmak i¢in gelistirilen gen tedavi
yaklagimlarinda (pankreatik adaciklarin, beta hiicre benzeri hiicrelerin ya da immiin
hiicrelerin modifikasyonunda) viral vektorlerin 6zellikle adenoviral vektorlerin ¢ok
daha basarili oldugu belirtilmektedir[23].

2.4.1. Adenoviral Vektorler

Bugiine kadar 49 farkli Adenoviriis serotipi izole edilmis ve 6 farkli grup
altinda toplanmistir. Gen transfer vektorleri olarak en sik kullanilanlar, C alt
grubunun 5 ve 2 numarali serotipleridir[24].

Adenovirtsler, yaklasik 70-100 nm capli bir protein kapsitten, ve kapsid
icinde yaklagik 36 kb uzunlugunda tek kopya ¢ift zincirli DNA’dan olusur (Sekil
2.4). Adenoviriisler, konake1 hiicre ylizeyine Coxsackie Adenoviriis Reseptor (CAR)
reseptorleri araciligiyla baglanir. CAR proteinlerine baglanan adenoviriisiin, reseptor
aracili endositoz yoluyla hiicre i¢ine alinabilmesi i¢in, ayni zamanda avf integrinlere
baglanmasi gerektigi gosterilmistir (Sekil 2.5). Hiicreye girdikten sonra dis kapsidin
ayrigmasi ile viriis endozomdan disari ¢ikar ve sitoplazmaya salinir. Daha sonra viral



DNA nukleus i¢ine birakilir. Viral DNA replikasyonu, enfeksiyondan yaklasik 7 saat
sonra baglar. Adenoviral genom nukleus icine birakildiktan sonra, erken adenoviral
genlerin (E1-E4) sentezi baslar. Oncelikli olarak sentezlenen proteinler, Ela ve Elb
genleri tarafindan kodlanan proteinlerdir. Bu proteinler diger viral genlerin sentezini
ve genom replikasyonunu yonetirler. DNA replikasyonu basladiktan sonra viral
transkripsiyon ge¢ promotor yoluyla gerceklestirilir. Tam viriis olusumu
enfeksiyondan sonra 20-24 saat icinde gergeklesir, ve hiicre 2 ila 3 giin i¢inde lizize
ugrar[25].

Adenoviral vektorlerin Uretiminde, hiicrelere aktarilmak istenen DNA,
genomda en az ii¢ bolge igine yerlestirilebilir. Bunlar E1 ve E3’te birer bolge, ve E4
ile genomun sonu arasinda kalan bir bolgedir. Birinci jenerasyon adenoviral
vektorlerde, terapdtik gene yer agilmasi ve viral replikasyonun onlenmesi amaciyla
E1 bolgesi ¢ikarilmistir[24](Sekil 2.6).

Cift zincirli B0

DNA J‘J(,O {

Sekil 2.4. Adenoviriisiin sematize edilmis goriintiisii[26]
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Sekil 2.5. Adenoviriislerin hayat dongiisii[24]

Adenoviriisleri hem in vitro hem de in vivo gen tedavi ¢alismalari i¢in uygun
yapan birgok farkli ozellikleri vardir. Oncelikle, dogada yaygim olarak bulunurlar.
Cok farkli tipte insan hiicresini enfekte edebilir ve diger mevcut vektdrlere oranla
daha vyiiksek seviyelerde gen transferi gerceklestirebilirler. Bunun yaninda,
insanlarda patojeniteleri diistiktiir; genellikle nezle ile ilgili hafif semptomlara neden
olurlar. Ayrica insanlarda onkojenik etkileri bildirilmemistir. Adenoviriisler oldukca
genis DNA segmentlerini tasiyabilir ve boliinmeyen hiicreleri de transdiiksiyona
ugratabilirler. Adenoviral vektorlerin bir baska avantaji, genomlarinda yeniden
diizenlenme oranmin diigiik olmasi, ve takilan yabanci genlerin viral replikasyon
stiresince genellikle degisiklige ugramadan muhafaza edilmesidir. Ayrica adenoviral
vektor genomlarinin, rekombinant DNA teknikleri ile manipiilasyonu kolaydir[24].
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Sekil 2.6. Adenoviral DNA’nin yapisi. Yaklasik 8 kb’lik yabanci DNA adenoviral vektorlere
yerlestirilebilir. Protein IX paketlenme i¢in gereklidir, ve vektor iiretiminde E1 bolgesine
gen yerlestirilmesini kisitlayici bir faktordiir[24].

2.4.2. Pankreas Adaciklarinda Gen Tedavisi ile Immiinmodiilasyon

T1D, otoimmiin bir reaksiyon nedeniyle pankreatik beta hiicrelerinin yikimi
sonucu ortaya c¢iktigindan[27, 28], bu immiin reaksiyon, TID ve ayni zamanda
adacik-graft reddinde inflamatuvar aracilar tarafindan tetiklenir[29, 30]. Nakilden
sonra adaciklarin kronik yikimdan korunmasi amaciyla; immiinoregiilatér gen
tedavisi ya da inflamatuar sitokinlerin ve sitokin aracili hiicresel yolaklarin
baskilanmasimna yonelik gen tedavi stratejileri de gelistirilmektedir[31, 32].
Proinflamatuar sitokinler {ireten immiin hiicrelerin (6zellikle lenfositler ve
makrofajlar) zararli etkisini engellemek amaciyla, TNF ailesi 6lim ligandlarinin
(TNF alfa, FasL) kullanildig1 apoptozis indiikleyici yaklasimlar bunlardan
bazilaridir. TNF ailesinin FasL ve TNF alfa gibi diger liyeleri ile karsilagtirildiginda,
TRAIL (Tumor Necrosis Factor-related Apoptotic-Inducing Ligand)’in hiicreler
lizerinde farkli apoptozis indiikleyici ozellikleri bulunmaktadir. Ornegin, TNF
alfa’nin[33] veya FasL’in[34] sentezi, pankreatik adaciklarda inflamasyondan
sorumlu lenfosit infiltratlari olusturarak T1D gelisimini artirmistir. Ote yandan,
TRAIL etkinliginin nétralizasyonu i¢in saflastirilmis ¢oziinebilir TRAIL reseptorleri
kullanildiginda veya TRAIL eksikligi bulunan hayvanlar ile c¢alisildiginda, TRAIL
fonksiyonu yoklugunun otoimmiin diyabeti hizlandirdig1 ve pankreatik adaciklarda
inflamasyon derecesini artirdig1 goriilmiistiir[35]. Pankreatik adaciklara kars1 gelisen
immiin yanit1 engelleyici ya da baskilayict gen tedavi stratejilerini uygulayabilmek
icin dncelikle T1D’in molekiiler mekanizmasini iyi anlamak gerekmektedir.

2.5. T1D’in Molekiiler Mekanizmasi

T1D’in etiyopatogenezinde genetik yatkinlik rol oynamaktadir. Ancak,
arastirmacilar arasinda kabul edilen ortak goriis, aktivasyon siirecinde meydana gelen
hiicresel ve biyokimyasal olaylarin, viral enfeksiyon ve beslenme bi¢imi gibi
cevresel faktorlerin etkisiyle tetiklendigidir. Viral epitoplar, pankreatik beta
hiicrelerinde sentez edilen otoantijenler ile dizi benzerliini kullanarak beta
hiicrelerine spesifik otoreaktif T-hiicrelerinin aktivasyonuna yol agabilmektedir[36].
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Beta hiicre yikimi, pankreatik Langerhans adaciklarinda ve c¢evresinde meydana
gelen kronik inflamasyonun son noktasidir. T1D gelisiminin baglangicinda adacik
inflamasyonu olarak tanimlanan pre-insiilitis ve devaminda insiilitis gerceklesir
(Sekil 2.7A).

CTL

Sekil 2.7. T1D’in gelisim mekanizmasi[31]

T1D hastaligimin ¢ok iyi ¢alisildigr iki kemirgen diyabet modelinde
[(Diabetes-Prone BioBreeding (DP-BB) sican ve non-obese diabetic prone (NOD)
fare)] immiin saldirmin akut fazinda pankreatik adaciklar dendritik hiicreler,
makrofajlar gibi antijen sunucu hiicreler (APC) ve CD4+ ve CD8+ T hiicreleri
tarafindan yogun bir infiltrasyona maruz kalmaktadirlar[37]. Zamanla T hiicreleri
insiilitisin en Onemli unsurlar1 olarak, beta hiicre hasari ve yikimindan birinci
derecede sorumlu hale gelirler. Bu siirecte yardime1 uyarict molekiillerin de rol aldigi
diisiiniilmektedir (Sekil 2.7B). T hiicreleri, beta hiicrelerinde meydana getirdikleri
apoptozu ya direkt olarak perforin/Granzyme B ve Fas/Fas Ligand araciligiyla ya da
dolayli olarak Tumor Necrosis Factor-alpha (TNF-a) ve Interferon-gamma (IFN-y)
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gibi sitokinler ile indiiklerler (Sekil 2.8). B hiicreleri ise, hastalik gelisiminin
ilerleyen doneminde siirece katilirlar.

TNF-alpha

Fas and MHC-I = ]

NECROSIS X APOPTOSIS
(NO) (Caspase Cleavage)

Sekil 2.8. T1D’in gelisiminde direkt ve dolayli yoldan beta hiicre yikimi[31]

2.6. TRAIL Oliim Ligandi ve TRAIL Sinyal Yolu

TNF-a siiper ailesi iiyeleri, yapisal olarak benzer proteinler igeren ayni
zamanda hiicre 6liimii, immiin yanit ve inflamasyonun diizenlenmesinde énemli rol
oynayan sitokinlerdir. Bu ailenin ¢ok iyi tanimlanmig ilk tiyesi TNF-a’dir. TNF-q,
T1D’te T-hiicreleri ve makrofajlarca beta hiicrelerine karsi olusturulan immiin
yanitta pro-apoptotik ve pro-nekrotik faktor olarak rol oynamaktadir. TNF-a diginda
yine bu ailenin bir iiyesi olan ve ayni zamanda APO-2L olarak da bilinen, TRAIL
(Tumor Necrosis Factor-related Apoptotic-Inducing Ligand) bir tip II membran
proteinidir[38]. TRAIL’in hiicre i¢i amino-terminal, transmembran ve hiicre dis1
karboksi-terminal bdlgeleri mevcuttur. TNF-a iiyeleri arasinda en yiiksek amino asit
benzerligini CD95L/FasL iiyesi ile paylagsmaktadir. TRAIL, biyolojik etkisini hiicre
ylizeyinde bulunan TRAIL reseptorleri aracilifiyla gergeklestirir. Bir veya iki
reseptorii olan TNF-a ve FasL’in aksine, insanlarda TRAIL ile etkilesime girdigi
belirlenen bes farkli TRAIL reseptorii tanimlanmistir (Sekil 2.9).
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Sekil 2.9. TRAIL reseptorlerinin sematik gosterimi[39]

Oliim reseptorleri olarak bilinen TRAIL-R1 (DR4) ve TRAIL-R2 (DR5),
TRAIL ile etkilesim sonrasi apoptotik sinyali hiicre igine iletirken, TRAIL-R3
(DcR1), TRAIL-R4 (DcR2) ve Osteoprotegrin (OPG) hiicre i¢i 6liim bolgelerinden
yoksun olduklarindan dolayi, gelen sinyali aktaramazlar ve yalanci reseptorler olarak
tanimlanirlar[40]. TRAIL o6liim reseptorlerine baglandiginda, iki ana sinyal yolu
aracilifiyla hiicrede apoptotik siireci baslatabilir (Sekil 2.10). Bunlar i¢ ve dis
yolaklar olarak tanimlanir. Dis yolakta, TRAIL’in 6liim reseptorlerine (DR4 ve DRY)
baglanmasi ve reseptdr trimerizasyonunu takiben Fas-associated death domain
(FADD) olarak adlandirilan adaptor molekiillerin bolgeye cekilmesi séz konusudur.
Oliim domainlerinin (DD) etkilesimi sonrasi apoptozisi baslatic1 kaspaz aktivasyonu
(kaspaz 8,10) gerceklesir ve bu durum geri doniisiimsiiz olarak apoptozis ile
sonuglanir. I¢ apoptotik yolak ise, TRAIL uyarimi sonrasinda aktif kaspazlarin bir
pro-apoptotik Bcl-2 ailesi tiyesi olan Bid’ i1 keserek aktive etmesiyle baglar. Aktive
olan Bid molekiilii, Bax ve Bak molekiilleri ile etkilesime girerek mitokondriden
sitokrom-c salinimini saglar. Sitokrom-c, Apaf-1 kompleksinin olusumunu tetikler ve
kaspaz 9 aktivasyonunu saglar. Bu aktivasyon diger efektor kaspazlarin
aktivasyonuna neden olur ve hiicre yine geri doniisiimsiiz olarak apoptoza gider.

2.7. TRAIL’in Otoimmiin Hastahklardaki Rolii

FasL ve TNF-a gibi TNF ailesinin diger iiyeleri ile karsilastirildiginda,
TRAIL’in hiicreler iizerinde farkl etkileri oldugu goriilmiistiir. TRAIL’ in biiyiimeyi
durdurma ya da apoptozu indiikleme yetenegi, p53, Bcl-2 ve MDR sentezinden
bagimsiz olarak ger¢eklesmektedir[41]. TRAIL molekiilii bu etkisini normal
dokulara ya ¢ok diistik seviyede etki ederek ya da hi¢ etki etmeyerek gostermektedir.
Yapilan ¢alismalarda TRAIL’in secici ve etkili bir sekilde akciger, meme, bobrek,
kolon ve prostat timor hiicrelerini hem in vitro hem de in vivo olarak 6ldiirdiigii
gosterilmistir. Bu islevini, ¢ok az diizeyde organ toksisitesine ya da inflamasyonuna
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neden olarak ya da hi¢ olmayarak yerine getirmektedir[42, 43]. TRAIL ile
kiyaslandiginda, sistemik anti-kanser tedavilerinde TNF-a ve FasL kullanimi ise
toksik yan etkiler ortaya ¢ikarmaktadir[41, 44]. Anti-kanser etkisinin disinda TRAIL’
in, otoimmiin cevabi baglatan ve siddetlendiren TNF alfa’nin aksine, immiin yaniti
azalttig1 bildirilmistir[45]. TRAIL’in lenfositler tizerindeki rolii, BALB/C farelerden
izole edilen dalak hiicrelerinin in vitro olarak aktive edilmesi ile arastirilmistir. Song
ve arkadaslarin yaptigi bu caligmada FasL aktive olmus T hiicrelerinde direkt
apoptoz saglarken TRAIL’in bu hiicreleri apoptoza ugratmadigi ancak
proliferasyonlarint engelledigi gosterilmistir. Ayn1 zamanda, TRAIL, DNA sentezini
inhibe ederek lenfositlerin G1 fazindan S fazina gegislerini de bloke etmistir. Bu
nedenle, TNF veya FasL’in aksine, TRAIL’in lenfositlerin in vivo aktivasyonunu ve
cogalmasini engelledigi, ancak bunlar1 sistemden elimine etmedigi ileri siiriilmiistiir.

s Yolak

TRAIL
reseptor

nl oD

FADD { -L
-

Prokaspaz-8 { )
(veya -10) C IcYolok

- DED

ii 1

Aktif 5

f
Kaspaz-8 TJ\E: Mitokondn
Bid ~ /)

< ¢ Sitokrom C
C < o ©
© ¢

¥
r,l Aktaf

, — e Kaspaz-9

Aktif kaspaz-3 (-6 veya 7)
Kaspaz hedefler

| Hiiere Oliimii|
Sekil 2.10. TRAIL aracilig1 ile i¢ ve dis yolak sinyalizasyonu[40]

TRAIL’in transforme olmamis otoimmiin hiicrelerde inflamasyon ve hiicre
dongiisiiniin ilerlemesi bakimindan rolii ¢cok agik olmamakla beraber, taze izole
edilmis T lenfositlerinin tip 1 interferon veya CD3 ligasyonu ile muamele
edilmedikge TRAIL sentez etmedikleri bilinmektedir[46, 47]. Ayrica, IFN-y veya
IFN-0 uygulamasinin, periferal kan monositlerinde ve dendritik hiicrelerde TRAIL
sentezini artirdigr goriilmiistiir[48]. Bu sonuglar, TRAIL sentezinin T hiicrelerinde,
monosit ve makrofajlarda ancak stimiilasyon ile gergeklesebilecegini gostermektedir.
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Dinlenme halindeki T hiicrelerinin aksine, IL-2 ile indiiklenmis T hiicreleri, TRAIL
aracili apoptozise duyarlidir. Bu durum, TRAIL’in T hiicrelerinin periferal
eliminasyonunda rol oynadigim1 gostermektedir[49]. TRAIL sentezlemeyen
farelerden izole edilen CD4" ve CDS8" hiicrelerinin anti-CD3 antikoru aracili hiicre
Olimiine direnglilik gostermesi, T hiicrelerin timusta gergeklesen eliminasyonlarinin
TRAIL araciligiyla olduguna isaret etmektedir[50].

2.8. T1D’te TRAIL’in Rolii

Elde edilen bilgiler dogrultusunda TRAIL’in diyabetin fizyopatolojisinde
onemli bir rolii oldugu goriilmektedir. T1D otoimmiin bir hastaliktir ve TRAIL
reseptorleri immiin sistem hiicrelerinde sentez edilmektedir. TRAIL’ den yoksun
farelerde yapilan ¢aligmalarda ileri derecede otoimmiinitenin gosterilmesi, TRAIL’in
immiin yanitin negatif regiilatorii oldugu gercegini yansitmaktadir[35, 50, 51]
Lamhamedi-Cherradi ve arkadaslar1 TRAIL’in T1D’teki potansiyel roliini anlamak
icin iki hayvan modelinden yararlanmislardir. Ilk modelde TRAIL blokajmin
saglanabilmesi i¢in Obez olmayan diyabetik farelere (NOD) c¢oziilebilir TRAIL
reseptorii (sDRS) enjekte edilmistir. Bu molekiil insan DRS reseptoriiniin giidiik bir
versiyonu olup, hem insanlarda hem de farelerde etkin bir sekilde TRAIL
fonksiyonunu engellemektedir. Sonug olarak, TRAIL fonksiyonunun blokaji, diyabet
gelisimini  6nemli derecede hizlandirarak pankreatik adaciklarda otoimmiin
inflamasyonu artirmigtir. SDRS kullanimi sonrasinda benzer bir sonug, diyabetojenik
T hiicre transferi yapilmis NOD/SCID farelerde de gozlenmistir[52]. Diger bir
modelde ise TRAIL geninden yoksun (TRAIL™") C57BL/6 fareler kullanilmistir. Bu
farelerde birden fazla ve diisiik dozda ¢oklu STZ enjeksiyonu ile diyabet
indiiklenmigtir. Farelerde anatomik ve morfolojik olarak normal bir gelisim
gozlenirken ayni zamanda yapisal olarak normal bir immiin sistemin gelistigi
belirlenmistir. Fakat, TRAIL" farelerde normal farelere (TRAIL™") kiyasla diyabet
gelisiminin hizlandig1 ve diyabet sikliginin arttigi gosterilmistir (Tablo 2.1).

Urin glukoz insdlitis
Fare Sikhk  Basglangig glin aralig derecesi
(%) (ort £ SEM) (mg/dl) (ort £ SEM)
TRAILY* 7/ 13(53.8) 203174 500-1,000 0.91+0.15

TRAIL" 12/13(92.3) 1043 1,000-2,000 324018

Tablo 2.1. TRAIL™ farelerde STZ ile indiiklenmis diyabet verileri[35]

Bu ¢alismalar, TRAIL molekiiliiniin hastaligin patogenezinde, apoptotik bir
efektor olmaktan ziyade immiin yanitin bir regiilatorii olarak fonksiyon goérdiiglinii
gostermektedir. T1D gelisiminde, NOD farelerin pankreatik adaciklarinda artan
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miktarda TRAIL sentezi gosterilmistir. Benzer sekilde, in vitro kosullarda TNF-a ve
IFN-y ile muamele edilmis adacik beta hiicrelerinde de artan miktarda TRAIL sentezi
gosterilmigtir. Burada goriiliyor ki TRAIL sentezinin uyarilmasit apoptozu
artirmamakta, aksine diyabetojenik T-hiicrelerinde hiicre dongiisii bloke edilerek bu
hiicrelerin anerjik duruma gelmesi saglanmaktadir. TRAIL’in in vivo blokaj1 ya da
TRAIL™ farelerde diisiik doz STZ uygulamas: ile diyabetin indiiklenmesi spesifik
olarak diyabetojenik yanitlarin, diyabet gelisiminin ve adacik inflamasyonun
artmasia neden olmaktadir[35]. Bu nedenle, otoimmiin diyabet agisindan hayvan
modelleri iizerindeki ¢alismalar, TRAIL’in T1D’de koruyucu bir etkisinin olduguna
ve potansiyel bir immiin regiilator olarak gorev aldigina isaret etmektedir.

2.9. Pankreas Adaciklarinda TRAIL Ligand ve Reseptor Kompozisyonu

TRAIL molekiiliiniin T1D’te immiinolojik roliiniin incelenmesi agisindan Ou
D. ve arkadaslari, apoptozisin TRAIL sinyal yolu ile iliskisini arastirmiglardir[53].
Bu c¢alismada beta hiicrelerinin ¢ogunun tiim TRAIL reseptdrlerini ve/veya TRAIL’1
sentez ettigi gosterilmistir. Aymi ¢calismada kullanilan pankreatik adacik hiicrelerinin
TRAIL’e direncli oldugu goriilmiistiir. Bu hiicreler yalanci reseptdr olarak bilinen
DcR1’ in adacik hiicre membraninda elimine olmasini saglayan bir enzim (PI-PLC)
ile muamele edildiginde, bu hiicrelerin TRAIL’e duyarli hale geldigi gosterilmistir.
Bu sonuglara gore, TRAIL sinyal yolagi insan beta hiicrelerinde mevcuttur ve
fonksiyoneldir. Hiicre ylizeyindeki TRAIL yalanci reseptor DcR1 sentezi bu
direngliligin sebebi olarak goriilmektedir. Grubumuzun insan pankreas dokusu
tizerinde TRAIL ve reseptorlerinin sentez profili agisindan yaptig1 yeni bir ¢alismada
asiner hiicrelerin yiiksek oranda TRAIL ve 6liim reseptorii DR4 sentez ettigi, diisiik
diizeyde DRS5 sentez ettigi gdsterilmistir. Kanal hiicrelerinde ise TRAIL sentezi ile
beraber yalanci reseptorler DcR1 ve DcR2 sentezi goriilmiistiir. Benzer sekilde
Langerhans adaciklarinda da (Sekil 2.11) sadece TRAIL ve yalanci reseptor
sentezinin oldugu gorilmiistiir[32].

Langerhans Adaciklari

Sekil 2.11. Langerhans adaciklarindaTRAIL ve TRAIL reseptorlerinin sentez profili [32]
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Baska bir ¢alismada TRAIL ve reseptorlerinin lokalizasyonu fetal pankreas
dokusunda konfokal floresans immiinohistokimya yontemi ile incelenmistir[54]. Bu
yontem ile bazi hiicrelerde DcR1 ve DcR2 sentezi saptanirken, DR4 ve DRS sentezi
hicbir hiicrede saptanmamistir. Bu hiicrelerin TRAIL ve yalanci reseptorlerini
sentezlemesi, hiicrelerin apoptoza direncli olabilecegini diisiindiirmektedir. Bunun
yaninda, bagka bir ¢alismada NOD farelerde TNF-a ve IFN-y muamelesi sonucunda
TRAIL gen sentezinin arttifi gézlenmistir[52]. Aym1 calismada yeni izole edilen
adaciklarda TRAIL’in apoptozu indiikleyemedigi goriilmiistiir. Tim bu sonuglar
degerlendirildiginde pankreatik adaciklarda TRAIL direncliliginin nedeni TRAIL
6lim reseptorlerinin yalanci reseptorlere oranindaki degisiklikler olabilir.

2.10. Pankreas Adaciklarinda Oliimciil Ligand Sunumunun Sonuclari

T1D, pankreatik beta hiicrelerinin T-hiicre aracili kalic1 yikimi sonucu ortaya
ciktigindan[55], adaciklara-spesifik otoreaktif — T-hiicrelerinin  baskilanmasi,
otoimmiin diyabetten korunmada uygulanabilir bir stratejidir. Yapilan ¢alismalarda
Fas sinyal yolag: aktive edildiginde yardimci stimiilasyon engellendiginde, periferal
lenfositlerin in vitro apoptozisinde bir artis goriildiigii belirtilmistir[56]. Diyabet
tedavisi i¢in insan CTLA4(B7/CD28 blokorii)-FasL geni tasiyan bir adenovirus
(AdCTLA4-FasL) kullanilarak iimit verici sonuglar elde edilmis olsa da, FasL’in
inflamasyonu tetiklemesi, immiin tolerans olusturmada kullanilma ihtimalini
azaltmistir. Lin B.ve arkadaslarinin yaptigi bir ¢alismada STZ ile indiiklenmis
T1D’in patogenezinde Fas-FasL yolaginin etkisini arastirmak i¢in transgenik CMV-
hFasL fareler olusturulmustur[57]. Ilging olarak bu transgenik farelerin kontrollere
oranla diyabet gelisimine karsi daha hassas olduklari bildirilmistir. Buna neden
olarak, asir1 FasL sentezinin interlokin-1 (IL-1) iretimini indiiklemesi ve nétrofil
infiltrasyonunu kolaylagtirmas1 gosterilmistir[58]. Bu sonuglar, FasL’in beta
hiicrelerindeki transgenik sentezinin, daha erken donemde TI1D gelisimine neden
oldugunu gosteren ¢aligmalar ile uyumludur[34, 59, 60].

Tip 1 diyabetli hastalarda pankreatik beta hiicrelerine spesifik T-hiicrelerinde
asirt miktarda TRAIL sentezinin gozlemlenmesi, T-hiicrelerinin TRAIL araciligiyla
beta hiicre yikimi gergeklestirebilecegini diisiindiirmustiir[61]. Son yaptigimiz
caligmalarimizdan birinde de pankreasdaki TRAIL sentezi ile hiicre Oliimleri
arasinda pozitif bir korelasyonun olmasi bize TRAIL in insan pankreasinda
apoptozisi tetikleyici bir ajan olabilecegini gosterdi[32]. Bu durumda biz de
nakledilecek pankreatik adaciklarda adenoviriis aracili TRAIL sentezinin bu
adaciklar1 alloimmiin T-hiicre saldirisina karst koruyabilecegi savini ileri siirdiik
(Sekil 2.12). Yukarida bahsedilen tiim literatiir bilgileri degerlendirildiginde, T1D
tedavisi i¢in nakledilecek pankreatik adaciklarda adenoviriis aracili TRAIL
sentezinin bu adaciklar1 alloimmiin T-hiicre saldirisina  karst  koruyup
koruyamayacagi arastirildi. Projemizde, terapotik yaklasimimizin etkinligini
belirlemek i¢cin Wistar ratlarindan pankreatik adaciklar izole edilip viral vektorler ile
enfeksiyon sonras1 STZ indiiklemeli diyabetik Wistar sicanlarina nakil yapildi. Nakil
sonrasinda bu islemin adacik-graft sagkalim siiresi ve fonksiyonu tizerindeki etkileri
kontrol gruplariyla kiyaslanarak belirlendi.
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Apoptosis ?

Sekil 2.12. Pankreas adaciklarinda 6liimciil ligand sentezi[31]
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MATERYAL ve METODLAR

3.1.  Sican Pankreas Adacik izolasyonu
Kullanilan Soliisyonlar:

Serumsuz DMEM Besiyeri:

9,6 g toz DMEM (Sigma) tartild1 ve 930 ml distile su i¢inde ¢oziildii. 121°C’de 15
dakika otoklavlandi. Besiyeri oda sicakligina geldiginde, icerisine 49.3 ml steril
%7.5 sodyum bikarbonat, 20 ml 200 mM steril L-glutamin, 2 ml gentamisin eklendi.
+4°C’de sakland.

%10 Serumlu DMEM Besiyeri:
1 It serumsuz DMEM besiyerine, 110 ml inaktif yenidogan dana serumu (Biochrom
AG) eklendi. +4°C’de sakland.

Liberase RI Enzim(Roche):

Ticari olarak aliman 100 mg liyofilize Liberase RI enzimi 4 ml enjeksiyonluk
suda ¢oziildii ve 2 ml’lik ependorflara dérde boliindi (25 mg/ml). 1 ml enzim 9 ml
enjeksiyonluk suda seyreltilerek 1’er ml olarak ependorflara aktarilarak kullanima
hazir hale getirildi (2,5 mg/ml).

Enzim soliisyonu:
Tek kullanimlik hazirlanan enzim (2.5mg/ml) 9ml serumsuz besi yerinde
¢Oziildii ve kullanim siiresine kadar buzda bekletildi.

Hazir Soliisyonlar:
Ksilazin (Alfazyn)
Ketamin (Alfamine)
Histopaque 1077(Sigma)

3.1.1. Pankreasin Cerrahi Olarak Cikarilmasi:

6-8 haftalik, 200-250 g agirligindaki, Wistar tlirii disi siganlara, intra-
peritonel yolla ksilazin (40-80 mg/kg) ve ketamin (5-10mg/kg) karisimi verilerek
uyutuldu. Sican, caligma tablasina sirt {istii yatirildi ve abdomen % 80’lik alkol ile
temizlendi. V-insizyon ile karin bosluguna ulasildi. Karaciger kraniyele c¢ekildi ve
tizerine bir gazli bez yerlestirildi. Barsaklar, hayvanin soluna ¢ikartilarak pankreas
ortaya ¢ikarildi. Ortak safra kanalinin karaciger ucuna ve duodenuma birlestigi uca
hemostat klempler yerlestirildi. Ortak safra kanalinin karaciger ucuna bir kesik atildi
ve bu kesikten PE50 tiipli (Biopac) ile ortak safra kanalina girildi. PES0 tiipiiniin
diger ucuna enzim soliisyonu (0.25 mg/ml) ¢ekilmis enjektor yerlestirildi ve PE5S0
araciligtyla 10 ml soguk enzim sollisyonu enjekte edilerek pankreasin tamami
sigirildi. Kalbe bir kesik atilarak kansizlagtirma islemi uygulandi. Pensetler
yardimiyla, pankreas ¢cevre doku organlardan ayrildi ve temiz bir tiip i¢ine alindi.
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3.1.2. Pankreasin Enzimatik Sindirimi

Tiip, 37°C su banyosunda 17-19 dakika enzimatik inkiibasyona birakldi. Siire
sonunda, tiiplin iizeri buzda bekletilmis serumlu DMEM ile 35-40 ml’ye tamamlandi
ve 20 saniye kuvvetlice ¢alkandi. 1600 rpm 75 sn 4°C santrifiij edildi ve dokelti
atildi. Cokelti lizerine 20 ml serumlu DMEM eklendi ve homojenize edildi olusan
siispansiyon 400 um ¢apinda porlart olan ¢elik filtreden (Thomas scientific)
gecirilerek temiz bir tiipe toplandi. Celik filtrede kalan dokularin toplanmasi i¢in, 30
ml serumlu DMEM filtreden gegirilerek ayni tiipte toplandi. Tiip, 1600 rpm 75 sn
4°C santrifiij edildi ve dokeltinin tamamu atildi.

3.1.3. Pankreas Adaciklarimin Saflastirilmasi

Cokelti tizerine 20 ml soguk Histopak-1077 (Sigma) eklendi ve ¢okeltinin
tamamen ¢dziinmesi saglandi. Uzerine yavas¢a 10 ml serumsuz DMEM eklenerek,
histopak ile besiyeri arasinda keskin bir hat olusturuldu. Tiip, 2500 rpm 17 dakika
4°C, yavas hizlanmali ve yavaslanmali olarak santrifiij edildi. Santrifiij sonras: orta
hatta olusan adacik tabakasi, 14 Gauge (G) siringa ile cekilerek temiz bir tlipe
aktarildi. Tipiin tizeri serumlu DMEM ile 45 ml’ye tamamlandi. 1600 rpm 2 dakika
4°C santrifiij edildi ve dokelti atildi. Cokelti lizerine, 25 ml serumlu DMEM eklendi
ve 4 dakika buz iizerinde bekletildi. Siire sonunda tiipiin tizerinden 10 ml ¢ekilerek
atildi, tekrar 10 ml serumlu DMEM eklendi. Karistirilarak tekrar 4 dakika buz
tizerinde bekletildi. Bu islem 4 kez yapildi.

3.1.4. Izole Edilen Pankreas Adaciklarimin Saflik ve Canhhk Tayini
3.1.4.1 Pankreas Adaciklarinin Saflik Oraninin Belirlenmesi
Kullanilan Soliisyonlar:

Ditizon soliisyonu (DTZ):

5 mg toz ditizone (Fluka) tartildi ve 2 ml dimetil siilfoksid (DMSO, Sigma)
icinde ¢oziildii. Hazirlanan soliisyon, HBSS (Sigma) ile 20 ml’ye tamamlandi. -
20°C’de saklandu.

Hank’s Buffered Salt Solution (HBSS): Ticari olarak hazir kullanildi.

PBS (Phosphate Buffer Saline) Soliisyonu:

8 g NaCl (Sigma), 0.2 g KCI (Sigma), 1.44 g NaH,PO4 (Sigma), 0,24 g
KH,PO4 (Sigma) tartilarak, 800 ml bidistile su i¢inde ¢oziildii. NaOH ile pH 7.4’e
ayarland1 ve toplam hacim bidistile su ile 1 litreye tamamlandi. Soliisyon 121°C’de
15 dakika otoklavlandi ve +4°C’de saklandi.

islemler:

35 mm doku kiiltiir kabina saflik testi i¢in yaklasik 50 adet pankreatik adacik
ayrildi. Adaciklarin iizerine 1 ml PBS eklendi. Saflik tayini i¢in 350 ul DTZ
soliisyonu eklendi. 5 dakika sonra mikroskop altinda goriintiileri alind1 ve pankreatik
adaciklarin saflik oranlari analiz edildi.
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3.1.4.2. Pankreas Adaciklarinin Canhlik Oraninin Belirlenmesi
Kullanilan Soliisyonlar:
PBS: 3.1.4.1° de anlatildig1 gibi hazirland.

Floresan Diasetat Soliisyonu (FDA):
5 mg toz floresan diasetat (Sigma) tartildi ve 1 ml aseton i¢inde ¢oziildii.
+4°C’de karanlikta saklandi.

Propidyum Iyodit soliisyonu (PI):
1 mg toz propidyum iyodit (Sigma) tartildi ve 1 ml distile su i¢inde ¢oziildii.
+4°C’de karanlikta saklandi.

islemler:

35 mm doku kiiltiir kabina canlilik testi i¢in yaklasik 50 adet pankreatik
adacik ayrildi. Adaciklarin tizerine 1 ml PBS eklendi. Canlilik tayini i¢in 2 pl FDA,
2 pl PI soliisyonu eklendi. 5 dakika sonra floresan mikroskop altinda goriintiileri
alind1 ve pankreatik adaciklarin canlilik oranlari analiz edildi.

3.2. Birinci Jenerasyon Adenoviral Vektorlerin Cogaltilmasi ve Saflastirilmasi
Kullanilan Soliisyonlar:

Serumsuz RPMI-1640 Besiyeri:

10,26 g toz RPMI-1640 besiyeri (Sigma), 962 ml bidistile su i¢inde ¢oziildii
ve pH’s1 HCI asit ile 4.0 olarak ayarlandi. Hazirlanan besiyeri 121°C’de 15 dakika
otoklavlandi. Soliisyon oda sicakligina geldiginde, iizerine 26.7 ml %7.5 steril
sodyum bikarbonat (Sigma), 10,25 ml 200 mM steril L-glutamin (Biological
Industries), 2 ml 80 mg gentamisin (Genta) eklendi. Hazirlanan besiyeri +4°C’de
saklandi.

Serumlu RPMI-1640 Besiyeri:

I litre serumsuz RPMI-1640 besiyerine 110 ml inaktif fetal sigir serumu
(Biochrom AG) eklenerek %10 serumlu, 220 ml eklenerek %20 serumlu besiyeri
hazirlandi. Hazirlanan besiyerleri +4°C’de saklandi.

2XTripsin-EDTA:
20 ml 10X Tripsin-EDTA stok soliisyonu (Biological Industries), 80 ml
serumsuz RPMI-1640 ile karistirilarak 2X Tripsin-EDTA hazirlandi.

PBS Soliisyonu: 3.1.4.1° de anlatildig1 gibi hazirland.
Transfeksiyon Soliisyonu:

410 ml serumsuz besiyerine, 200 viriis partikiilii’hiicre (MOI, multiplicities of
infection) yogunlukta adenoviral vektdr eklenerek buz lizerinde tutuldu.
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1 M Tris-Cl (Amresco):

24,2 g Tris 160 ml distile su iginde ¢oziildii. HCI ile pH 8.1°e ayarland:1 ve
toplam hacim distile su ile 200 ml’ye tamamlandi. Soliisyon 121°C’de 15 dakika
otoklavlandi ve +4°C’de sakland.

10 mM Tris-Cl (Amresco):
1 M Tris-Cl’den 5 ml alinarak, distile su ile 500 ml’ye tamamlandi. 121°C’de
15 dakika otoklavlandi ve +4°C’de saklandi.

Agir CsCl Soliisyonu (Roche):
42,33 g CsCl tartild1 ve 57,77 ml 10 mM Tris-Cl i¢inde ¢oziildi. HCI ile pH
8.1’e ayarlandi. 121°C’de 15 dakika otoklavlandi ve +4°C’de sakland1

Hafif CsCl Soliisyonu (Roche):
22,39 g CsCl tartildi ve 77,61 ml 10 mM Tris-Cl i¢inde ¢oziildii. HCI ile pH
8.1’e ayarlandi. 121°C’de 15 dakika otoklavlandi ve +4°C’de saklandi.

3.2.1. Adenoviral Vektorlerin HEK293 Hiicrelerinde Cogaltilmasi

HEK 293 hiicre hatti, %10 serumlu RPMI-1640 besiyeri kullanilarak 150 mm
hiicre kiiltiirii kaplarinda (Sarstedt), 37°C sicaklik ve %5 CO’li nemli ortamda
tiretildi. HEK 293 hiicreleri, 40 adet 150 mm’lik doku kiiltiir kabin1 yaklagik %80
yogunlukta kaplayacak sekilde ¢ogaldiginda, adenoviral vektorlerle transdiikte edildi.
Bunun i¢in, doku kiiltiir kaplarindaki besiyeri uzaklastirildi ve hiicrelerin iizerine
10’ar ml transfeksiyon soliisyonu eklenerek inkiibatore kaldirildi. 2 saat sonra doku
kiiltiir kaplarina %20 serumlu besiyeri eklenerek, mevcut besiyerinin serum igerigi
%10’a ¢ikarildi. Transdiiksiyonun 30-54. saat aralifinda hiicreler kontrol edildi.
Sitopatik etkinin belirgin hale geldigi anda, yani hiicrelerin yuvarlaklasarak
yilizeyden ayrilma egiliminde olduklar1 anda, hiicreler 25 ml’lik pipetler aracigiyla
toplanarak 250 ml’lik 2 adet steril tiipe aktarildi. Tiipler, 4°C 4000 rpm 10 dakika
santrifuj edildi. Santriflij sonras1 dokelti atild1 ve ¢okelti 10 mM Tris-Cl ile (her 150
mm’lik kap i¢in 0,5 ml 10mM Tris-Cl) ¢bziilerek 15 ml’lik tiiplere aktarildi.

3.2.2. Adenoviral Vektorlerin Saflastiriimasi

Tiipler 3 kez etil alkol-kuru buz banyosunda hizli donma-¢oziinme isleminden
gecirildi. Daha sonra, 4°C 5000 rpm 10 dakika santifiij edildi ve dokeltiler toplanarak
10 mM Tris-Cl ile 20 ml’ye tamamlandi. Seffaf 40 ml’lik ultrasantrifiij tliplerine
(Beckman), 10 ml agir CsCl, iizerine 10 ml hafif CsCl ve en son viral dokelti eklendi
ve tlipler ultrasantrifiij rotoruna (Beckman SW28) yerlestirilerek 4°C 20000 rpm
gece boyunca santifiij edildi. Santrifiij sonrasinda olusan viral bantlar siringa yardimi
ile ¢ekilerek, 10 mM’lik Tris-Cl ile toplam hacim 4 ml’ye tamamlandi. Seffaf 20
ml’lik ultrasantrifiij tiiplerine (Beckman), 4 ml agir CsCl, iizerine 4 ml hafif CsCl ve
en son viral bant eklendi ve tiipler ultrasantrifiij rotoruna (Beckman SW41)
yerlestirilerek 4°C 20000 rpm 6 saat santrifiij edildi. Santifiij sonrasi olusan viral
bantlar siringa ile cekilerek 15 ml’lik tiipe aktarildi. Spektrofotometrede 6lgiim
yapilarak, OD,¢o degeri belirlendi. AASEGFP [62, 63], AACMVLacZ [64, 65] ve
AdShTRAIL[66] adenoviral stoklari, yukarida tanimlandig1 sekilde hazirlandi. Elde
edilen viriis hacminin 4’0 hacimde gliserol (Sigma) eklendi ve viriis stoklart -
86°C’de saklandu.
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3.3.1 1lzole Edilen Pankreas Adaciklarimin Birinci Jenerasyon Adenoviral

Vektorler ile Transdiiksiyona Ugratilmasi

Izole edilen pankreatik adaciklar siispense halde 100 mm doku kiiltiir kabina
aktarildi. Mikroskop altinda, 200 pl pipet araciligiyla, adaciklar tek tek toplandi ve 5
ml serumsuz RPMI besiyeri igeren, steril 100 mm doku kiiltiir kabinda aktarildi.
Toplanan adacik sayisina gére (her adacik 1x10° hiicre), verilecek adenoviral vektor
miktar1 hesaplandi (MOI =10, 50, 200 ve 1000). Hesaplanan miktardaki viral vektor
partikiilii, doku kiiltiir kabinda toplanan adaciklarin {izerine eklendi. Doku kiiltiir
kaplar1, 37°C sicaklik ve %5 CO3’li nemli ortamda 2 saat tutuldu. Siire sonunda
kaplara, Sml %20 serumlu RPMI eklenerek mevcut serum miktar1 %10’a ¢ikarildu.
Doku kiltiir kaplari, 37°C sicaklik ve %5 CO;’li nemli ortamda 48 saat tutuldu.
Transdiiksiyon etkinligi hem floresan mikroskop hem de florometrik 6lciimler ile
belirlendi.

3.3.2. Transdiiksiyona  Ugratilan  Adaciklarda  Transgen  Sentezinin

Belirlenmesi

AdShTRAIL ile enfekte edilmis pankreatik adaciklar besiyeri ile birlikte 200-
500 pl olacak sekilde ependorf tiiplere alindi. Adacik siispansiyonu Cytospin
Collection Fluid (CCF) ile 1 ml tamamlanarak Cytofunnel igerisinde 800 rpm de 3
dakika Cytospinde (Shandon Cytospin® Cytocentrifuge) santrifiij edildi. Siire
sonunda lam tiizerinde bulunan pankreatik adaciklar, aseton/metanol (1:1) karigimi
uygulanarak fiske edildi. Fiksasyon sonrasinda preparatlar, immiinohistokimyasal
boyamalar i¢in 20 dakika kurumaya birakildi.

3.3.2.1 Immiinohistokimyasal boyama
Kullanilan Soliisyonlar:
PBS: 3.1.4.1° de anlatildig1 gibi hazirland.

Hazir Soliisyonlar:

Hidrojen Peroksit (H2O,): (ScyTec)

Ultra V Block: (Lab Vision)

TRAIL primer antikoru (Alexis)

Biotin isaretli Goat antipolivalent (Lab Vision)
Streptavidin peroksidaz (Lab Vision)
Hematoksilen

Kromojenik substratin hazirlanmasi:

40 pl DAB Plus Chromogene (Lab Vision), 2 ml DAB Plus Substrat (Lab

Vision) ile karistirildi ve 10 saniye vorteks ile homojen hale getirildi.

Islemler:

Cytospin sonucu lam fiizerine fiske edilen pankreatik adaciklarin ¢evresi PAP-
pen ile ¢izilerek 2 x 5 dakika PBS ile yikandi. Endojen peroksidaz aktivitesine bagli
olarak olusabilecek spesifik olmayan boyamalar1 6nlemek i¢in hazirlanan preparatlar
H,O igerisinde oda sicakliginda 10 dakika inkiibe edildi. Ardindan preparatlar 2 x 5
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dakika PBS ile yikandi. Yine spesifik olmayan boyanmalar1 engellemek i¢in preparatlar
Ultra V Block igerisinde oda sicakliginda 5 dakika tutuldu. Ultra V blok ile muamele
sonunda yikama yapilmadan 1/200 oraninda diliie edilen TRAIL primer antikoru ile 2
saat inkiibe edildi. Siire sonunda 2 x 5 dakika PBS ile yikama yapildi. Hemen ardindan
Biotin isaretli Goat antipolivalent sekonder antikoru ile muamele edildi. Siire sonunda 2
x 5 dakika PBS ile yikama yapildi. Yikamayi takiben Streptavidin peroksidaz ile 20
dakika inkiibasyon uygulandi. Daha sonra enzim ¢ekilip atilarak 2 x 5 dakika PBS ile
tekrar yikama yapildi. Daha once hazirlanmis olan kromojenik substrat ile oda
sicakliginda mikroskop altinda renk degisim reaksiyonu goriiliinceye kadar muamele
edildi. Reaksiyonun olustugu gozlendiginde preparat musluk suyu ile yikandi. Zit
boyama yapilmasi i¢in preparat isaretli alan {izerine Hematoksilen damlatildi ve
boyanma kalitesine bagli olarak 3-8 saniye bekletildi. Hazir hale gelen preparatlar
Kaiser’s Glycerol Gelatne (Merck) ile kapatilarak gece boyu kurumaya birakildi.

3.4. Annexin V-FITC boyama

Apoptozis olarak bilinen programli hiicre 6liimii, bir dizi hiicresel morfolojik
degisiklik ile karakterizedir. Apoptozisin en erken isaretlerinden biri, plazma
membraninda meydana gelen degisikliklerdir. Apoptozis siireci sirasinda, bir membran
fosfolipidi olan fosfatidilserin (FS), plazma membranimin i¢ kismindan dig kismina
dénerek dis ortama sunulur. Anneksin V, Ca®" bagimli bir fosfolipid baglayici
proteindir. Annexin V, FS i¢in yiiksek afinitesi olmasi nedeniyle, hiicre yilizeyinde FS
sunulan apoptotik  hiicrelere  baglanir. Calismamizda, apoptotik hiicrelerin
belirlenmesinde Anneksin V proteinine kars1 FITC takili bir kit kullanildi.

Kullanilan Soliisyonlar:

Annexin V-FITC Florasan Mikroskobi Kiti (BD Pharmingen):
Annexin V-FITC
10X Annexin V baglanma tamponu
PBS

islemler:

Kiiltiire edilen pankreatik adacik hiicreleri ependorf tiiplere alindi ve 30
saniye 800 rpmde santrifiij edildi. Cokelti 100 pl 1X Annexin V baglanma soliisyonu
ile homojenize edildi. Daha sonra, hiicreler iizerine 10 pl AnnexinV-FITC eklenip
oda sicakliginda ve karanlik bir ortamda 15 dakika bekletildi. Siire sonunda adacik
hiicreleri 96 kuyucuklu kiltiir kaplarina alinarak floresan mikroskobi ile
goriintiilendi. Pozitif kontrol olarak, pankreatik adacik hiicreleri Annexin V-FITC
boyamasi dncesinde 1 saat ImM H202 ile muamele edildi.

3.5. Diyabetik Hayvan Modellerinin Olusturulmasi
Kullanilan Soliisyonlar:
Sodyum Sitrat Cozeltisi:

14.705 g Sodyum Sitrat (Merck) tartildi. 500 ml bidistile su i¢inde ¢oziildii.
+4°C’de saklandi.
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Sitrik Asit Cozeltisi:
10.507 g Sitrik Asit (Merck) tartildi. 500 ml bidistile su i¢inde ¢oziildii.
+4°C’de saklandi.

Sitrat Tamponu:
Hazirlanan sodyum sitrattan 100 ml alindi ve pH’st sitrik asit ile 4.5°¢

ayarlandi. +4°C’de saklandi.

Streptozotosin Soliisyonu (STZ):

Toz streptozotosin (Sigma), Wistar siganlar icin 30, 40 ve 50 mg/kg olacak
sekilde tartildi. 500 pl sitrat tamponu i¢inde hesaplanan miktarda STZ ¢oziildii. STZ,
enjeksiyona kadar buz tizerinde, karanlikta saklandi.

Kullanilan Deney Hayvanlar:

Deneylerde kullanilan hayvanlar, Akdeniz Universitesi Deney Hayvanlari
Unitesinden temin edildi. Diyabetik sican modeli olarak, yaklasik 250-300 g
agirhiginda, disi, Wistar sigan tiirleri kullanildi Deney siiresince, Wistar si¢anlara
kobay yemi ve musluk suyu verildi. Hayvanlar, 22+2°C sicaklikta ve %50-60 nemli
kosullarda tutuldu ve 12 saat aydinlik/12 saat karanlik periyod uygulandi.

Hazirlanan STZ soliisyonu, hayvanlara intraperitonal olarak enjekte edildi.
STZ enjeksiyonundan sonra ilk 10 giin her giin sonrasinda 1 hafta araliklarla kan
sekeri 6l¢tim cihazi (glukometre) (Accu-Check Go, Roche) kullanilarak kan sekerleri
6l¢iildii. Bunun i¢in, hayvanlarin kuyruklarindan bir damla kan 6rnegi kullanildi. Ard
arda iki ol¢gtimde 300 mg/dI’'nin lizerinde kan seker degeri Olcilildiiglinde hayvan
diyabet kabul edildi.

3.6. Pankreas Adaciklarimin Nakli

3.6.1 Pankreas Adaciklarimin Nakil icin Hazirlanmasi

Doku kiltiir kabindaki pankreatik adaciklar, transfeksiyonun 48. saatinde
toplanarak temiz 50 ml’lik tiip i¢ine alindi. 4°C 1200 rpm 1 dakika santrifiij edildi ve
dokelti dibinde biraz kalacak sekilde atildi. Adacik ¢okeltisi, 750 adacik/sigan olacak
sekilde yaklasik 100 pl besiyeri icinde temiz mikrosantrifiij tliplerine aktarildi.
Pankreatik adaciklar mikrosantrifiij tiiptinden, PES0 tiipiine aktarildi ve 4°C 1250
rpm 1 dakika santrifiij edilerek, adaciklar PESO0 tiipiiniin igerisinde yogunlastirildi.

3.6.2. Diyabetik Hayvanlarin Adacik Nakli icin Hazirlanmasi

STZ enjeksiyonundan sonra kan seker oOlclimleri ile diyabet olarak kabul
edilen hayvanlar ketamin/ksilazin karigimi ile uyutuldu. Hayvanlarin sol karin
bolgeleri tras edildi ve antiseptik sollisyon ile temizlendi. Sol bobrek iizerinden
kiiciik bir kesikle peritona ulasildi. Peritondan bobregin gecebilecegi biiyiikliikte
ikinci kesik agildi. Kesigin kenarlarindan baski uygulanarak bobrek viicut disina
cekildi. Operasyon siiresince bobrek serum fizyolojik soliisyonu ile sik sik
nemlendirildi.

3.6.3. Pankreas Adaciklarinin Sicanlara Nakledilmesi
Bobrek kapsiiliine kiigiik bir kesik atildi ve kapsiiliin altindan, igerisinde
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pankreatik adaciklarin bulundugu PES0 tiipii sokularak ilerletildi. PES0 tiipiiniin
diger ucundan Hamilton siringasit (Hamilton) yardimiyla basing uygulanarak,
adaciklarin PES0 igerisinde hareket etmesi ve kapsiil altina yerlesmesi saglandi.
Nakilden sonra PE50 yavasca kapsiiliin altindan ¢ikartildi ve kapsiil koterize edildi.
Bobrek yavasca peritona yerlestirildi. Periton 3.0 eriyebilir katgiit (Boz) ile kapatildu.
Dis deri ise 3.0 ipek iplik (Medeks) ile kapatildi. Intraperitonel yolla 10 mg/ml agr1
kesici (Tramadol Hidrokloriir) verildi. Hayvanlar anestezinin etkisi gecinceye dek
37°C kiivezde tutuldu. Uyanan hayvanlar kafeslerine yerlestirildi ve postoperatif
bakima alind1.

3.7. Adacik inflamasyonunun belirlenmesi

Kullanilan Soliisyonlar:

% 10 formalin

%100, 90, 80, 70 alkol

Ksilol (Merck): Ticari olarak hazir alindi.
Hematoksilen: Ticari olarak hazir alindi.
Eozin: Ticari olarak hazir alindi.

Nakledilen  pankreatik  adacik  graftalarinda  mononiiklear  hiicre
infiltrasyonunun H&E boyama yontemi ile belirlenebilmesi icin AdShTRAIL,
AdCMVLacZ ile enfekte ve enfekte edilmemis adaciklarin nakledildigi siganlar 15,
30, 60 ve 90’1nc1 giinlerinde sakrifiye edildi. Her ti¢ gruptan her bir zaman diliminde
3’er hayvanin bobrekleri cerrahi olarak ¢ikarildi. Cikarilan bobrekler % 10 formaline
alinarak etiketlendi. 1 giinliik formalin fiksasyonu sonrasinda bobrek tizerinde adacik
graftinin bulundugu bélge kesilerek formalin etkisinin giderilmesi i¢in 3 saatlik akan
su altinda tutuldu. Siire sonunda bobrek kesitleri sirasiyla 1’er giin % 70, 80, 90 ve 3
saat siire ile % 100 alkol serisine alindi. Bu islemin ardindan bobrek kesitleri 1-2
dakika ksilol de tutularak mikrotomda kesit alinabilecek pozisyonda parafine
gomiildii. Daha sonra parafine gomiili dokulardan 5 pm kalinlikta seri kesitler
alinarak adacik graft preparatlar1 hazirlandi. Preparatlar deparafinize edildikten sonra
once 5 dakika ksilol sonra sirasiyla 5’er dakika % 100, 90, 80, 70 alkol serisine
alindi. Hemen ardindan su ile yikanan preparatlar 10 saniye Hematoksilen ile
boyanip tekrar yikandi. Yikamanin ardindan 5 saniye eozinle boyanan preparatlar
yikanip tekrar alkol serisinde (%70, 80, 90, 100) 3’er dakika bekletildi. Ksilolden
gecirilen preparatlar entellan ile lamel kapatilarak oda sicakliginda kurumaya
birakildi.

3.8. [Istatistiksel analiz

Istatistiksel analiz icin, GraphPad Software’den (San Diego, CA) Prism
programi kullanildi. Herbir deney igin istatistiksel sonuglar, sekil aciklamalarinda
verilmigtir.
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BULGULAR

4.1. Pankreas Adacik Izolasyon Protokoliiniin Modifiye Edilmesi Adacik Say1

ve Kalitesini Artirdi

Oncelikle, daha yiiksek sayida ve daha kaliteli pankreatik adacik elde etmek
amaciyla literatiirde var olan sigan pankreatik adacik izolasyon protokoliinde bazi
degisiklikler yapildi. Pankreatik kanalin on iki parmak barsagina acildigi noktanin
(Vater Ampulas1) her iki yan1 hemostat klemplerle kapatildi ve Liberase RI
enziminin tiim pankreas dokusuna yayilimi saglandi. Bu sekilde bir pankreastan elde
edilen adacik sayisinda belirgin artis saglandi. Daha sonra izole edilen pankreatik
adaciklar hiicre canlilig1 ve saflig1 agisindan degerlendirildi (Sekil 4.1). Taze izole
edilen ve pipet yardimi ile toplanan pankreatik adaciklarin diizenli bir morfolojik
yapist olmakla birlikte, adaciklar ortalama 100-200um c¢apina sahip idi. DTZ
boyamas1 sonrasinda adaciklarin safligr yaklasik % 90 olarak belirlendi. PI/FDA
boyamasi ile izole edilen pankreatik adaciklarin bazi apoptotik hiicreler disinda
tamamen canli oldugu saptandi. Sonuglarimiz, yiiksek sayida ve kalitede adacik elde
edilmesinde enzimin pankreas igerisine tamamen dagilimmin 6nemli oldugunu
gosterdi.

4.2. Pankreas Adaciklar1 Adenoviral Vektorler ile Etkin Bir Sekilde

Transdiiksiyona Ugratild:

Sican pankreasindan izole edilen pankreatik adaciklar birinci jenerasyon
adenoviral vektorler ile transdiikte edildi. Transdiiksiyon etkinliginin belirlenmesi
icin adaciklar, artan dozlarda (Multipicity of Infection (MOI))’de yesil floresan
protein (Enhanced Green Fluorescent Protein (EGFP)) kodlayan adenoviral vektorler
(AdEGFP) ile enfekte edildi. Enfeksiyondan 48 saat sonra hem floresan mikroskobi
(Sekil 4.2A) hem de florometrik dl¢iimler ile transdiiksiyon etkinligi belirlendi (Sekil
4.2B). Enfekte edilmemis pankratik adaciklarda EGFP sinyali goézlenmezken,
AdEGFP ile enfekte edilmis 6rneklerde, kullanilan viral vektoér dozuna bagli olarak
onemli diizeyde EGFP sinyali saptandi. 200 MOI’de olgiilebilir diizeyde
transdiiksiyon saglanirken, optimum transdiiksiyon etkinligi 1000 MOI’ de elde
edildi. Bu sonuglar, pankretik adaciklarin rekombinant adenoviral vektorler ile
basarili bir sekilde enfekte edilebildigini, ve bu transdiiksiyon etkinliginin kullanilan
viral vektdr dozuna bagli oldugunu gosterdi.

Yukaridaki sonuglara dayanarak, izole edilen pankreatik adaciklarda asiri
TRAIL sentezi saglayabilmek amaci ile sigan adaciklari 48 saat siire ile 200 ve 1000
MOI’de AdShTRAIL ile enfekte edildi. Sonrasinda TRAIL transgen ifadesi
immiinohistokimyasal yontemler ile belirlendi. Sekil 4.3’de goriildiigl iizere hem
enfekte edilmemis hem de AACMVLacZ ile enfekte edilmis pankreatik adaciklarda
oOlgiilebilir derecede TRAIL sentezi gozlenmedi. Buna ragmen, AdShTRAIL ile
enfekte edilen adaciklarda kullanilan viral vektoriin dozuna bagl olarak yiiksek
diizeyde TRAIL sentezi belirlendi.
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4.3. Pankreas Adaciklarinda Asir1 TRAIL Sentezinin Toksik Bir Etki

Olusturmadi@: Belirlendi

TRAIL, timor hiicreleri igin sitotoksik bir etki olustururken, normal hiicre ve
dokulara kars1 herhangi bir toksisitesi bulunmamaktadir. Buradan yola ¢ikarak,
adaciklarda AdShTRAIL aracili asirt TRAIL sentezinin adacik canlilig1 iizerine olan
etkisi arastirildi. Izole edilen pankreatik adaciklar, farkli 48 saatligine farkli dozlarda
AdCMVLacZ ya da AdShTRAIL ile enfekte edildi. Kullanilan vektorlerin adaciklar
tizerinde toksik bir etki olusturup olusturmadigi Annexin V-FITC boyamasi ile
belirlendi (Sekil 4.4). 1000 MOI’de, ne AACMVLacZ ne de AAShTRAIL ile enfekte
edilen adaciklarda apoptoz gozlenmedi. Bununla birlikte, enfeksiyon 5000 DNA
partikiilii/hiicre oranina ¢ikarildiginda her iki viral vektor ile enfekte olan pankreatik
adaciklarda apoptoz oraninin arttig1 belirlendi. Sonuglarimiz, adaciklardaki apoptotik
oranin artisinin transgen (TRAIL ya da LacZ) sentezine bagli olmadigini, aksine
kullanilan viral vektoriin dozuna bagli oldugunu gosterdi.

4.4. STZ ile indiiklenen Tip 1 Diyabetik Sican Modellerinde Optimum STZ

Dozu 40 mg/kg Olarak Belirlendi

STZ, segici olarak pankreatik beta hiicrelerini yikima ugratan diyabetojenik
bir ajan olup deneysel olarak T1D modeli olusturmak icin yaygin olarak
kullanilmaktadir. Sicanlarda T1D modeli olusturmak i¢in her grupta 10-12 hayvan
olacak sekilde 3 farkli hayvan grubuna tek seferde intraperitonal enjeksiyon oluyla
30, 40 ve 50 mg/kg STZ verildi. Enjeksiyon sonrasi hayvanlarin saglik durumu 100
giin siire ile takip edildi (Sekil 4.5). 50 mg/kg STZ uygulanan grupta enjeksiyonun 4.
giinlinde sagkalim oraninin % 16.6° ya kadar diistiigii saptandi. Bu grup STZ’nin
olumsuz etkilerinden dolay1 35. giinde sonlandirildi. Diger taraftan, 40 mg/kg STZ
uygulanan grupta sagkalim orani 4. glinde % 70 olarak gozlendi ve takip siiresinin
sonuna kadar bagka 6lim gozlenmedi. En yiiksek sagkalim orani ise % 91 ile 30
mg/kg STZ uygulanan grupta saptandi.

Deney gruplarindaki hayvanlarda sagkalim oranlari ile es zamanl olarak kan
seker diizeyleri de takip edildi. Sekil 4.6’da da goriildiigii gibi STZ enjeksiyonunu
takiben 24 saat sonra her ii¢ grupta da kan seker diizeyi 200 mg/dl’nin iizerinde
Olciildii. Degerlendirme siiresince 40 ve 50 mg/kg STZ uygulanan sicanlarin kan
seker diizeyleri yiiksek seyrederken, 30 mg/kg STZ uygulanan sicanlarin kan sekeri
diizeyinin 3. giinde azalmaya basladig1 ve 10. giinde normoglisemi seviyesine (<200
mg/dl) diistiigli saptandi. Bu hayvanlarin kan seker diizeyi geriye kalan takip
siiresince 200 mg/dl seviyesinin altinda kaldigi i¢cin normoglisemik olarak kabul
edildi. Takip siiresince her {i¢ grupta bulunan siganlarin ayni zamanda viicut
agirliklar1 da olgiildii (Sekil 4.7). 30 ve 40 mg/kg STZ enjeksiyonu uygulanan
sicanlarda 10. giine kadar yaklasik % 10 oraninda agirlik kaybi1 gézlendi. 10. glinden
sonra 30 mg/kg STZ uygulanan gruptaki hayvanlar kilo almaya baslarken 40 mg/kg
STZ uygulanan grubun 14. giine kadar agirlik kaybetmeye devam ettigi, sonrasinda
almaya basladig1 goézlendi. Her iki grup arasindaki bu farka ragmen sig¢anlarin
enjeksiyon oncesindeki agirliklarina ulagtigi saptandi. Diger taraftan 50 mg/kg STZ
uygulanan gruptaki hayvanlarda enjeksiyonun ilk 3 giiniinde yaklasik % 25 oraninda
agirlik kaybr oldugu gozlendi. Bu kaybin daha fazla artmadigi ve kalict oldugu
goriildii. Sonug¢ olarak, hayvanlarin sagkalimi, kan sekeri diizeyi ve viicut
agirliklarindaki degisim degerlendirildiginde sicanlarda T1D hastalik modelinin
olusturulmasi agisindan 40 mg/kg STZ optimum doz olarak belirlendi.
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4.5. AdShTRAIL ile Transdiiksiyona Ugratilan Pankreas Adaciklarn STZ -

Indiiklii T1D Sicanlarda Normaglisemi Siiresini Artird:

Deneysel kosullarimiza bagli olarak STZ ile indiiklenen diyabetik sicanlarda
normogliseminin saglanmasi i¢in en az 750 adaciga (Islet Equivalent (IE)) gerek
duyulmaktadir. Bu nedenle pankratik adacik nakillerinde 750 IE kullanildi. Sigan
pankreatik adaciklart AACMVLacZ ya da AdShTRAIL (1000 MOI) ile 48 saatligine
enfekte edilerek STZ ile indiiklenen diyabetik Wistar siganlarin sol bobrek
kapsiiliiniin altina nakledildi (kan sekeri > 300 mg/dl). Nakil sonrasinda kan seker
diizeyleri ilk 10 giinde giinliik, daha sonra haftalik olarak 6l¢iildii. Enfekte edilmemis
adaciklarin nakledilmesinden 14 giin sonra hayvanlarda normoglisemi saglanirken bu
korumanin kisa siireli oldugu ve siganlarin 32 giin sonra tekrar hiperglisemik oldugu
belirlendi (Sekil 4.8). AdCMVLacZ ile enfekte edilen adaciklarin nakledildigi
diyabetik sicanlarin deney siiresince hi¢ normoglisemiye ulasamadigi gozlendi. Buna
karsin, AAShTRAIL ile transdiiksiyona ugratilan adaciklarin nakledildigi si¢anlarin 7
giin sonra normoglisemik oldugu ve bu korumanin 60 giin siirdiigii belirlendi.
Normogliseminin nakledilen adaciklarin fonksiyonuna bagli olup olmadigini teyit
etmek amaci ile siganlara 32. giinde nefrektomi uygulandi ve 24 saat igerisinde tekrar
hiperglisemik (kan sekeri > 300 mg/dl) olduklar1 saptandu.

4.6. Diyabetik Sicanlara Nakledilen Pankreas Adaciklarinda Ekzojen TRAIL

Sentezi Mononiiklear Hiicre Infiltrasyonunu Azaltti

AdShTRAIL ile enfekte edilen pankreatik adacik allograftlari STZ ile
indiiklenen diyabetik sicanlarda normoglisemi siiresininin artmasini1 sagladi. Bu
sonuglar 1518inda adacik graftlarindaki inflamasyon derecesinin belirlenmesi
planlandi. Bu amagla, viral vektorler ile enfekte edilmis adaciklarin naklinden sonra
farkli zaman araliklarinda  diyabetik  sicanlarin  bobrekleri  ¢ikarilarak
immiinohistokimyasal analizler yapildi. Sekil 4.9°da da goriildigi gibi enfekte
edilmemis ya da AdCMVLacZ ile enfekte edilmis adaciklarin naklinden 15 giin
sonra mononiiklear hiicre infiltrasyonunun bagladig1 gozlendi. 30. giine gelindiginde
her iki grupta da ileri derecede infiltrasyonun oldugu belirlendi. Buna karsin,
AdShTRAIL ile enfekte edilen adaciklari alan sigcanlarda 15. giinde belirlenebilir
diizeyde infiltrasyonun olmadig1 saptandi. Bunun yanisira enfekte edilmemis ya da
AdCMVLacZ ile enfekte edilmis adacik graftlarinda monontiklear hiicreler yogun bir
sekilde gozlendi. Ayn1 zamanda her ii¢ grup icin inflamasyon miktar1 da belirlendi.
AdShTRAIL ile enfekte edilen adacik graftlart ile kiyaslandiginda, enfekte
edilmemis ya da AdCMVLacZ ile enfekte edilmis adacik graftlarinda yiiksek
dercede insiilitis saptandi (Sekil 4.10). Tim bu sonuclar degerlendirildiginde,
nakledilen adaciklarda TRAIL sentezinin, STZ ile indiiklenen diyabetik sicanlarda
inflamasyon oranin diisiirerek normoglisemi siiresini arttirdig1 ve belirlendi.

29



Sekil 4.1. izole edilen pankreas adaciklarin hiicre canhiligi. Pankreatik adaciklarda PI/FDA
boyamasigercekletirildi (iistte 400x, altta 200x biiyiitme). Normal mikroskobi (sol), FDA
(orta) ve PI (sag) floresan mikroskobi goriintiileri gosterilmekte. IM= Isik Mikroskobu
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Pankreas adaciklarinin AJEGFP ile transdiiksiyona ugratilmasi. Taze izole edilmis sican
pankreatik adaciklart AAEGFP vektoiirii (MOI: 0, 10, 50, 200 ve 1000) ile enfekte edildi.
(A) Florasan mikroskobi goriintiileri enfeksiyondan 48 saat sonra elde edilirken, (B)
florometrik Olgtimler (RFI/10ug protein) transdiiksiyon seviyesini belirlemek igin
kullanildi. Rakamlar DNA partikiilii/hiicre olarak MOI oranlarin1 belirtmektedir. IM=
Isik Mikroskobu
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Kontrol AdCMVLacZ AdShTRAIL AdShTRAIL

Sekil 4.3.  Pankreas adaciklarinda TRAIL sentezinin immiinohistokimyasal yontemler ile analizleri.
Enfekte edilmemis (kontrol), AACMVLacZ (1000 MOI) ve AdShTRAIL (1000 MOI) ile
enfekte edilen adaciklar enfeksiyonu takiben 48 saat sonra TRAIL sentezi i¢in boyandi.
Gorintiiler 200x biyiitmede alindi.
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Sekil 4.4.

Adenoviral transdiiksiyonunun pankreas adaciklar1 tizerindeki sitotoksik etkisi. Enfekte
edilmemis, AdCMVLacZ ve AdShTRAIL ile enfekte edilen adaciklar (1000 ve 5000
MOI) enfeksiyonu takiben 48 saat sonra Annexin V-FITC ile boyandi ve florasan
mikroskobi ile analiz edildi. Pozitif kontrol olarak pankreatik adaciklar ImM H,O, ile
muamele edildi. Goriintiiler 200x biiyiitmede alindi. IM= Isik Mikroskobu

33



100

T
T
]
_ 80- L
> l
g 601 I
— |
© I
%’ 40- : === 30 mg/kg
L—q —_—
g - 40 mg/kg
204 o —- 50 mg/kg
O I ] 1 ] 1 1 1 1 1 1

1
STZ o 4 8 8 10 35 45 55 70 90 100
Gunler

Sekil 4.5. STZ enjeksiyonu sonrasi sagkalim oranlar1. Intraperitonal olarak 30 (n=11), 40 (n=10) ve
50 (n=12) mg/kg STZ enjekte edilen Wistar si¢anlart sagkalim oranlarinin belirlenmesi
i¢in 100 giin siire ile takip edildi.
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Sekil 4.6. STZ ile indiiklenen diyabetik si¢anlarda kan sekeri degisimlerinin gosterilmesi. 30, 40 ve
50 mg/kg STZ enjekte edilen sicanlarda kan sekeri diizeyleri (mg/dl) glukometre
kullanilarak olgiildii. Degerler, bagimsiz verilerin ortalamasini (= S.E.M) temsil
etmektedir. *p<0.05
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STZ enjeksiyonu sonrasi agirlik kayiplart. 30 ve 40 mg/kg STZ enjekte edilen diyabetik
siganlarin agirlik degisimleri 100 giin siire ile takip edildi. 50 mg/kg STZ enjekte edilen

sicanlar yiiksek oliim oranlari nedeniyle sadece 35 giin takip edildi. Degerler, bagimsiz
verilerin ortalamasimi (+ S.E.M) temsil etmektedir. *p<0.05
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Sekil 4.8. Genetik olarak modifiye edilmis adacik nakillerinin diyabetik si¢anlardaki terapotik
sonucu. STZ enjeksiyonundan 7 giin sonra diyabetik siganlara AACMVLacZ (n=10) ve
AdShTRAIL (n=10) ile enfekte edilmis ve enfekte edilmemis 750 adacik nakli
gerceklestirildi. X eksenindeki ¢izgili hat adaciklarin nakledildigi giinii, Y eksenindeki
¢izgili hat ise normoglisemi siirin1 gostermektedir (ist tiste iki glin kan sekeri diizeyinin
< 200 mg/dl oldugu 6l¢iimler). Degerler, en az iki farkli verinin ortalamasini (+ S.E.M)
temsil etmektedir.
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Edilmemis

Sekil 4.9.

Genetik olarak modifiye edilmis adacik nakilleri sonrasinda adacik inflamasyonu.
AdCMVLacZ, AdShTRAIL ile enfekte edilmis ve enfekte edilmemis adaciklar STZ ile
indiiklenen diyabetik sicanlara nakledildi. Adacik greftleri nakledilen 15, 30, 60 ve 90
giin sonra mononiiklear hiicre infiltrasyonlar1 agisindan H&E boyamas: ile
degerlendirildi. Oklar mononiiklear hiicre birikimlerini isaret etmektedir. Biiyiik
gorlintiiler 100x biyiitmede alinirken, resim igerisindeki kii¢iikk goriintiiler 200x
biiylitmede alinmustir.
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Sekil 4.10. insiilitis skorlamasinda dot-plot analizi. Skorlar histokimyasal analizler sonucunda
AdShTRAIL (koyu daire), AACMVLacZ (agik daire) ile enfekte edilmis ve enfekte
edilmemis adaciklar (liggen) ile nakil edilen siganlardan alinmustir. Her ii¢ grup i¢in
belirlenen zamanlarda (15, 30, 60 ve 90) iicer sican sakrifiye edildi.

39



TARTISMA ve SONUCLAR

Tiim diyabetik hastalarin % 10’unu olusturan T1D’li hastalarin tedavisi i¢in
rutin olarak insulin enjeksiyonu uygulanmaktadir. Fakat bu tedavi yaklasimi
hastalar1 nefropati, néropati ve retinopatiden koruyabilirken; hastalarin hipoglisemik
sendromlara, zaman zaman nobet ve komaya girmelerini engelleyemez. Pankreas
nakli ile hastalarin yasam kalitesini ve yasam siiresini artirsa da, hastalarin ciddi bir
operasyona maruz birakilmalari ve uzun siireli imminsiipresif kullanmalari
zorunlulugu nedeniyle alternatif tedavi yaklasimlarina ihtiya¢ vardir. Bu alternatif
yaklagimlardan biri olan pankreatik adacik nakli, daha az girisimsel olmasi ve
hastalar1 rutin insiilin kullanimina bagli olarak gelisen komplikasyonlara karsi
koruyabilmesinden dolay1 6nemli bir avantaj saglamaktadir.

Pankreatik adacik naklinin ana hedefi, kronik immiinsiipresif ila¢ tedavisine
ihtiya¢ duyulmaksizin diyabetik sendromun tamamen iyilestirilmesidir. Fakat uzun
stireli adacik-graft fonksiyonu saglayabilmek i¢in, hem otoimmiin hem de alloimmiin
engellerin iistesinden gelerek graft toleransi saglanmalidir. [67]. Adaciklar1 immiin
sistemden korumay1 bagsarabilmek amaciyla yapilan deneysel calismalarda, adacik
nakil bolgesi olarak immiin sistemden korunmus oldugu bilinen bolgeler seg¢ilmistir.
Yapilan calismalarda, gercekte bu bolgelerin, grafti immiin sistemden uzak tutarak
degil, yiiksek oranda FasL  sentezleyerek grafta karsi koruma saglandigi
belirlenmistir[19]. Adacik sagkalimini uzatmak amaciyla denenen baska bir yaklagim
da adaciklarin nakilden oOnce kapsiille kaplanmasidir[20]. Ancak bu yoOntem,
kullanilan yabanci materyale karsit yogun fibroz reaksiyonun gelismesi ve nakledilen
adaciklarin en sonunda yikimina neden olan sitokin aracili immiin cevabin
gerceklesmesi nedeniyle kisitlanmistir. Beta hiicrelerini immiin aracili yikimdan
korumak i¢in gelistirilen tiim bu yontemlere ragmen, simdiye kadar nakledilen beta
hiicrelerinin kayb1 geciktirilebilmis, fakat sonugta yikim yine engellenememistir. Bu
nedenle, T1D hastalarinin tedavisine alternatif olarak gen tedavi denemeleri
giindeme gelmistir[68].

T1D tedavisinde kullanilabilecek gen tedavisi stratejilerinde temel yaklasim;
tedavi edici genin adaciklara transferi ile adacik graftlarimin sitotoksik T-hiicre
saldirisindan korunmasi ve boylece adacik graftlarinin daha uzun siire ile fonksiyon
gormesidir[31]. Bu amacla, TNF[69, 70] ve FasL[71] gibi TNF ailesi iiyelerinin viral
vektorlerle pankreatik adaciklara transfer edilmesini iceren bir¢ok yaklagim test
edilmistir. Ornegin, pankreatik adaciklarda adenoviriis aracili FasL sentezinin,
adaciklart immiin saldirilara kars1 koruyamadigi, tersine hizli bir sekilde yikima
ugrattig1 gosterilmistir[72, 73].
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TRAIL, tiimor hiicrelerinde apoptozu indiiklemesine ragmen, normal hiicre
ve dokulara kars1 toksik degildir[38, 43]. Hiicrelerin sagkalimi ve 6liimii tizerindeki
bu farkli etkisi, TRAIL’i diger TNF ailesi iiyelerinden ayirmaktadir. Ayrica, tlimore
kars1 olan fonksiyonu disinda TRAIL, immiinolojik mekanizmalarda TRAIL aracili
6limde de dnemli bir rol oynamaktadir. Yapilan bir ¢aligmada, TRAIL sentez ya da
fonksiyon yoklugunun, otoimmiin diyabet sikligmmi ve adaciklarda inflamasyon
siddetini artirdig1 gosterilmistir[35]. Yine baska bir c¢alismada, TRAIL ile
transdiiksiyona ugratilan dendritik hiicrelerin, antijen spesifik T-hiicrelerini
baskiladig1 ve fareleri akut GvHD’den [Graft versus Host Disease (graftin aliciy1
reddi)] ve l6semi relapsindan korudugu bildirilmistir[74]. Bu bilgiler 1s181inda,
pankreatik adaciklarda TRAIL sentezinin artirilmas: ile adacik graftlarinin
sitotoksik T-lenfosit saldirisindan TRAIL aracili olarak korunabilecegi fikri, bu
calismanin hipotezini olusturmaktadir. Hipotezimizi test etmek i¢in, AdShTRAIL
transdiiksiyonu ile sigan pankreatik adaciklarinda TRAIL’in asir1 sentezi saglandi ve
bu adaciklar STZ ile indiiklenen diyabetik siganlarin bobrek kapsiilleri altina
nakledildi. AdCMVLacZ ile enfekte edilen adaciklarin nakledildigi sig¢anlar
normoglisemi saglamazken, AdShTRAIL ile enfekte edilen adaciklara sahip
sicanlarda normoglisemi siiresinin arttig1 gozlendi. Bu sicanlardaki adacik graftlar
degerlendirildiginde, TRAIL sentezleyen adaciklarin nakledildigi siganlarda,
AdCMVLacZ ile enfekte edilen ya da hi¢ enfekte edilmemis adaciklarin nakledildigi
sicanlara kiyasla daha az sayida mononiiklear hiicre infiltrasyonu oldugu belirlendi.
Daha onceki ¢aligsmalarda, TRAIL’in bir immiin modiilator olarak rol aldiginin iddia
edilmesinden sonra, bu modelde TRAIL’in mononiiklear hiicre infiltrasyonunu
baskiladigimi ya da geciktirdigini ileri stirmek olduk¢a mantiklidir. Bununla birlikte,
NOD farelerde yapilan bir c¢alismada, pankreatik adaciklarda transgenik TNF
sentezinin, bu adaciklarda siddetli insiilitise neden oldugu ancak diyabet
olusturmadigi belirtilmistir[75, 76]. Bu sonuglar, diyabetin indiiklenmesinde
insiilitisin ~ ka¢inilmaz oldugunu, ancak tek basmna yeterli olamayacagini
gostermektedir. Ayrica s6z konusu senaryoda, adacik spesifik T-hiicre inhibisyonu,
bu fenotipin gézlenmesinden sorumlu tutulmaktadir{77]. Ote yandan, NOD farelerde
yapilan bir ¢alismada, neonatal donemde adacik spesifik TNF-a sentezinin, adacik
antijen sunumunu artirarak diyabeti tetikledigi bildirilmistir[78]. Bu ¢eliskili sonuglar
lizerine, neonatal donemde degil de, ge¢ donemdeki adacik spesifik TNF-a
sentezinin T1D’teki otoimmiin siireci engelleyebildigi diislintilmiistiir[79]. Sonug
olarak, T1D gelisim siireci, adacik spesifik TNF-a sentezinin zamanlamasina bagh
olarak degisiklik gostermektedir. Tersine TRAIL’in, lenfositlerin aktivasyonunu ve
yayllimint  engelledigi ve bunu lenfositleri sistemden elimine etmeden
gergeklestirdigi  belirtilmistir[45]. Bu nedenle, TNF ve FasL’in aksine TRAIL,
otoimmiin yanitin engellenmesinde ¢ok Onemli bir rol {stlenmis olabilir.
Sonuglarimiz ayn1 zamanda pankratik adaciklarda adenoviriis aracili Interldkin
Reseptor Antagonist Protein 1 (IRAP1) asir1 sentezinin, adacik graftlarinda lenfosit
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infiltrasyonunu azalttigin1 belirten bir ¢alismay1 dogrulamaktadir[80].

Adacik allograftlarinin reddedilme siireci her ne kadar hala ¢dziimlenmesi
gereken bir problem olarak gdriinse de, ¢calismamizda ex vivo adenoviral TRAIL gen
transferinin adacik allograft sagkalim siiresini artirdigi  ag¢ik bir sekilde
gosterilmektedir. Tiim bu sonuglar degerlendirildiginde, gutless (=yardimc1 bagimli)
adenoviral ya da Adeno Associated Viral (AAV) vektorler kullanildiginda, adacik
sagkalimi ve fonksiyonun da daha uzun siireli terapdtik bir etki beklenmektedir[81,
82].

42



10.

11.

12.

13.

KAYNAKLAR

McCarty, D. and P. Zimmet, Diabetes 1994-2010: global estimates and
projections. Leverkusen: Bayer, AG, 1994: p. 1-46.

Wild, S., et al., Global prevalence of diabetes: estimates for the year 2000
and projections for 2030. Diabetes Care, 2004. 27(5): p. 1047-53.

Did  you know? 2007 [cited; Available from:
http://www.idf.org/sound_bites.

Rother, K.1., Diabetes treatment--bridging the divide. N Engl J Med, 2007.
356(15): p. 1499-501.

Terese Winslow, L.K., Stem Cells and Diabetes. 2001.

Cihakova, D. Diseases. 2007 [cited;  Available  from:
http://autoimmune.pathology.jhmi.edu/diseases.cfm?systemID=3&DiseaseID
=23.

Other "Types" of Diabetes. 2005 [cited; Available from:
http://www.diabetes.org/other-types.jsp

FDA Approves First Ever Inhaled Insulin Combination Product for
Treatment  of  Diabetes. 2006 [cited;  Available from:
http://www.fda.gov/bbs/topics/news/2006/NEW01304.html.

Vinik, A.L., D.T. Fishwick, and G. Pittenger, Advances in diabetes for the
millennium: toward a cure for diabetes. MedGenMed, 2004. 6(3 Suppl): p.
12.

Stratta, R.J. and R.R. Alloway, Pancreas transplantation for diabetes

mellitus: a guide to recipient selection and optimum immunosuppression.
BioDrugs, 1998. 10(5): p. 347-57.

Freudenrich, C., How Diabetes Works, Discovery Company.

Naftanel, M.A. and D.M. Harlan, Pancreatic islet transplantation. PLoS
Med, 2004. 1(3): p. €58; quiz €75.

Goss, J.A., et al., Achievement of insulin independence in three consecutive
type-1 diabetic patients via pancreatic islet transplantation using islets
isolated at a remote islet isolation center. Transplantation, 2002. 74(12): p.
1761-6.

43


http://www.idf.org/sound_bites
http://autoimmune.pathology.jhmi.edu/diseases.cfm?systemID=3&DiseaseID=23
http://autoimmune.pathology.jhmi.edu/diseases.cfm?systemID=3&DiseaseID=23
http://www.diabetes.org/other-types.jsp
http://www.fda.gov/bbs/topics/news/2006/NEW01304.html

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

Shapiro, A.M., et al., Islet transplantation in seven patients with type 1
diabetes mellitus using a glucocorticoid-free immunosuppressive regimen. N

Engl J Med, 2000. 343(4): p. 230-8.

Ryan, E.A., et al., Successful islet transplantation: continued insulin reserve
provides long-term glycemic control. Diabetes, 2002. 51(7): p. 2148-57.

Ryan, E.A., et al., Five-year follow-up after clinical islet transplantation.
Diabetes, 2005. 54(7): p. 2060-9.

Shapiro, A.M., et al., International trial of the Edmonton protocol for islet
transplantation. N Engl J Med, 2006. 355(13): p. 1318-30.

Shapiro, A.M., et al., Strategic opportunities in clinical islet transplantation.
Transplantation, 2005. 79(10): p. 1304-7.

Takeda, Y., et al., Protection of islet allografts transplanted together with
Fas ligand expressing testicular allografts. Diabetologia, 1998. 41(3): p. 315-
21.

Omer, A., et al., Survival and maturation of microencapsulated porcine
neonatal pancreatic cell clusters transplanted into immunocompetent diabetic

mice. Diabetes, 2003. 52(1): p. 69-75.

Lin, M.T., et al.,, The gene gun: current applications in cutaneous gene
therapy. Int ] Dermatol, 2000. 39(3): p. 161-70.

Gehl, J., Electroporation: theory and methods, perspectives for drug delivery,
gene therapy and research. Acta Physiol Scand, 2003. 177(4): p. 437-47.

Giannoukakis, N. and M. Trucco, Gene therapy for type 1 diabetes: a
proposal to move to the next level. Curr Opin Mol Ther, 2005. 7(5): p. 467-
75.

Vorburger, S.A. and K.K. Hunt, Adenoviral gene therapy. Oncologist, 2002.
7(1): p. 46-59.

Russell, W.C., Update on adenovirus and its vectors. J Gen Virol, 2000.
81(Pt 11): p. 2573-604.

Ibay, G., Genetics of infectious diseases. 2007, BlissTree.

Atkinson, M.A. and G.S. Eisenbarth, Type [ diabetes: new perspectives on
disease pathogenesis and treatment. Lancet, 2001. 358(9277): p. 221-9.

Augstein, P., et al.,, Beta-cell apoptosis in an accelerated model of
autoimmune diabetes. Mol Med, 1998. 4(8): p. 495-501.

44



29.

30.

31.

32.

33.

34.

3S.

36.

37.

38.

39.

40.

41.

42.

Mandrup-Poulsen, T., beta-cell apoptosis: stimuli and signaling. Diabetes,
2001. 50 Suppl 1: p. S58-63.

Mandrup-Poulsen, T., The role of interleukin-1 in the pathogenesis of IDDM.
Diabetologia, 1996. 39(9): p. 1005-29.

Sanlioglu, A.D., et al., Molecular mechanisms of death ligand-mediated

immune modulation: a gene therapy model to prolong islet survival in type 1
diabetes. J Cell Biochem, 2008. 104(3): p. 710-20.

Sanlioglu, A.D., et al., High levels of endogenous tumor necrosis factor-

related apoptosis-inducing ligand expression correlate with increased cell
death in human pancreas. Pancreas, 2008. 36(4): p. 385-93.

Santamaria, P., Effector lymphocytes in autoimmunity. Curr Opin Immunol,
2001. 13(6): p. 663-9.

Allison, J., et al., Transgenic expression of CD95 ligand on islet beta cells
induces a granulocytic infiltration but does not confer immune privilege upon
islet allografts. Proc Natl Acad Sci U S A, 1997. 94(8): p. 3943-7.

Lamhamedi-Cherradi, S.E., et al., Critical roles of tumor necrosis factor-
related apoptosis-inducing ligand in type 1 diabetes. Diabetes, 2003. 52(9):
p. 2274-8.

Albert, L.J. and R.D. Inman, Molecular mimicry and autoimmunity. N Engl J
Med, 1999. 341(27): p. 2068-74.

Bach, J.F., Insulin-dependent diabetes mellitus as an autoimmune disease.
Endocr Rev, 1994. 15(4): p. 516-42.

Wiley, S.R., et al., Identification and characterization of a new member of the
TNF family that induces apoptosis. Immunity, 1995. 3(6): p. 673-82.

Younes, A. and M.E. Kadin, Emerging applications of the tumor necrosis
factor family of ligands and receptors in cancer therapy. J Clin Oncol, 2003.
21(18): p. 3526-34.

Almasan, A. and A. Ashkenazi, Apo2L/TRAIL: apoptosis signaling, biology,
and potential for cancer therapy. Cytokine Growth Factor Rev, 2003. 14(3-
4): p. 337-48.

Ashkenazi, A., Targeting death and decoy receptors of the tumour-necrosis
factor superfamily. Nat Rev Cancer, 2002. 2(6): p. 420-30.

Sanlioglu, A.D., et al., Adenovirus-mediated IKKbetaKA expression sensitizes
prostate carcinoma cells to TRAIL-induced apoptosis. Cancer Gene Ther,
2006. 13(1): p. 21-31.

45



43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

5S.

Terzioglu, E., et al., Concurrent gene therapy strategies effectively destroy
synoviocytes of patients with rheumatoid arthritis. Rheumatology (Oxford),
2007. 46(5): p. 783-9.

Walczak, H. and P.H. Krammer, The CD95 (APO-1/Fas) and the TRAIL
(APO-2L) apoptosis systems. Exp Cell Res, 2000. 256(1): p. 58-66.

Song, K., et al., Tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL) is an inhibitor of autoimmune inflammation and cell cycle
progression. J Exp Med, 2000. 191(7): p. 1095-104.

Kayagaki, N., et al., Involvement of TNF-related apoptosis-inducing ligand in
human CD4+ T cell-mediated cytotoxicity. ] Immunol, 1999. 162(5): p. 2639-
47.

Kayagaki, N., et al., Type [ interferons (IFNs) regulate tumor necrosis factor-
related apoptosis-inducing ligand (TRAIL) expression on human T cells: A
novel mechanism for the antitumor effects of type I IFNs. J Exp Med, 1999.
189(9): p. 1451-60.

Fanger, N.A., et al., Human dendritic cells mediate cellular apoptosis via
tumor necrosis factor-related apoptosis-inducing ligand (TRAIL). J Exp Med,
1999. 190(8): p. 1155-64.

Ashkenazi, A. and V.M. Dixit, Apoptosis control by death and decoy
receptors. Curr Opin Cell Biol, 1999. 11(2): p. 255-60.

Lamhamedi-Cherradi, S.E., et al., Defective thymocyte apoptosis and
accelerated autoimmune diseases in TRAIL-/- mice. Nat Immunol, 2003.
4(3): p. 255-60.

Sedger, L.M., et al., Characterization of the in vivo function of TNF-alpha-
related apoptosis-inducing ligand, TRAIL/Apo2L, using TRAIL/Apo2L gene-
deficient mice. Eur J Immunol, 2002. 32(8): p. 2246-54.

Mi, Q.S., et al., Blockade of tumor necrosis factor-related apoptosis-inducing
ligand exacerbates type 1 diabetes in NOD mice. Diabetes, 2003. 52(8): p.
1967-75.

Ou, D., et al.,, TNF-related apoptosis-inducing ligand death pathway-
mediated human beta-cell destruction. Diabetologia, 2002. 45(12): p. 1678-
88.

Chen, L.H., et al., Localization of TRAIL/TRAILR in fetal pancreas. World J
Gastroenterol, 2003. 9(2): p. 334-7.

Kurrer, M.O., et al., Beta cell apoptosis in T cell-mediated autoimmune
diabetes. Proc Natl Acad Sci U S A, 1997. 94(1): p. 213-8.

46



56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Akalin, E., et al., Role of the CD28:B7 costimulatory interaction in
alloimmune responses. Kidney Int Suppl, 1997. 58: p. S8-10.

Lin, B., et al., CMV-hFasL transgenic mice are sensitive to low doses of
streptozotocin-induced type I diabetes mellitus. Acta Pharmacol Sin, 2003.
24(12): p. 1199-204.

Miwa, K., et al., Caspase I-independent IL-1beta release and inflammation
induced by the apoptosis inducer Fas ligand. Nat Med, 1998. 4(11): p. 1287-
92.

Chervonsky, A.V., et al., The role of Fas in autoimmune diabetes. Cell, 1997.
89(1): p. 17-24.

Petrovsky, N., et al., The role of Fas ligand in beta cell destruction in
autoimmune diabetes of NOD mice. Ann N'Y Acad Sci, 2002. 958: p. 204-8.

Cheung, S.S., et al., Tumor necrosis factor-related apoptosis-inducing ligand
and CD56 expression in patients with type 1 diabetes mellitus. Pancreas,
2005. 30(2): p. 105-14.

Sanlioglu, S., G. Luleci, and K.W. Thomas, Simultaneous inhibition of Racl

and IKK pathways sensitizes lung cancer cells to TNFalpha-mediated
apoptosis. Cancer Gene Ther, 2001. 8(11): p. 897-905.

Yang, J., et al., Genetic redox preconditioning differentially modulates AP-1
and NF kappa B responses following cardiac ischemia/reperfusion injury and
protects against necrosis and apoptosis. Mol Ther, 2003. 7(3): p. 341-53.

Sanlioglu, S. and J.F. Engelhardt, Cellular redox state alters recombinant

adeno-associated virus transduction through tyrosine phosphatase pathways.
Gene Ther, 1999. 6(8): p. 1427-37.

Doerschug, K., et al., First-generation adenovirus vectors shorten survival
time in a murine model of sepsis. ] Immunol, 2002. 169(11): p. 6539-45.

Griffith, T.S., et al.,, Adenoviral-mediated transfer of the TNF-related
apoptosis-inducing ligand/Apo-2 ligand gene induces tumor cell apoptosis. J
Immunol, 2000. 165(5): p. 2886-94.

Chuang, Y.P., C.H. Chu, and H.K. Sytwu, Genetic manipulation of islet cells
in autoimmune diabetes: from bench to bedside. Front Biosci, 2008. 13: p.

6155-69.

D'Anneo, A., et al., Gene therapy for type 1 diabetes: is it ready for the
clinic? Immunol Res, 2006. 36(1-3): p. 83-9.

47



69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Sanlioglu, S., G. Luleci, and K.W. Thomas, Simultaneous inhibition of Racl
and IKK pathways sensitizes lung cancer cells to TNFalpha-mediated
apoptosis. Cancer Gene Ther, 2001. 8(11): p. 897-905.

Dajani, R., et al., Pleiotropic functions of TNF-alpha determine distinct
IKKbeta-dependent hepatocellular fates in response to LPS. Am J Physiol
Gastrointest Liver Physiol, 2007. 292(1): p. G242-52.

Lau, H.T., et al., Prevention of islet allograft rejection with engineered
myoblasts expressing FasL in mice. Science, 1996. 273(5271): p. 109-12.

Kang, S.M., et al., Fas ligand expression in islets of Langerhans does not
confer immune privilege and instead targets them for rapid destruction. Nat
Med, 1997. 3(7): p. 738-43.

Muruve, D.A., et al., Adenovirus-mediated expression of Fas ligand induces
hepatic apoptosis after Systemic administration and apoptosis of ex vivo-
infected pancreatic islet allografts and isografts. Hum Gene Ther, 1997. 8(8):
p. 955-63.

Sato, K., et al., TRAIL-transduced dendritic cells protect mice from acute
graft-versus-host disease and leukemia relapse. J Immunol, 2005. 174(7): p.
4025-33.

Higuchi, Y., et al., Expression of a tumor necrosis factor alpha transgene in

murine pancreatic beta cells results in severe and permanent insulitis without
evolution towards diabetes. ] Exp Med, 1992. 176(6): p. 1719-31.

Picarella, D.E., et al., Transgenic tumor necrosis factor (TNF)-alpha
production in pancreatic islets leads to insulitis, not diabetes. Distinct
patterns of inflammation in TNF-alpha and TNF-beta transgenic mice. J
Immunol, 1993. 150(9): p. 4136-50.

Grewal, 1.S., et al., Local expression of transgene encoded TNF alpha in
islets prevents autoimmune diabetes in nonobese diabetic (NOD) mice by
preventing the development of auto-reactive islet-specific T cells. J Exp Med,
1996. 184(5): p. 1963-74.

Green, E.A., E.E. Eynon, and R.A. Flavell, Local expression of TNFalpha in
neonatal NOD mice promotes diabetes by enhancing presentation of islet
antigens. Immunity, 1998. 9(5): p. 733-43.

Christen, U., et al., A dual role for TNF-alpha in type 1 diabetes: islet-
specific expression abrogates the ongoing autoimmune process when induced
late but not early during pathogenesis. J Immunol, 2001. 166(12): p. 7023-
32.

48



80.

81.

82.

Tellez, N., et al., Adenoviral overexpression of interleukin-1 receptor

antagonist protein increases beta-cell replication in rat pancreatic islets.
Gene Ther, 2005. 12(2): p. 120-8.

Flotte, T., et al., Efficient ex vivo transduction of pancreatic islet cells with
recombinant adeno-associated virus vectors. Diabetes, 2001. 50(3): p. 515-
20.

Kapturczak, M.H., T. Flotte, and M.A. Atkinson, Adeno-associated virus
(AAV) as a vehicle for therapeutic gene delivery: improvements in vector
design and viral production enhance potential to prolong graft survival in
pancreatic islet cell transplantation for the reversal of type 1 diabetes. Curr

Mol Med, 2001. 1(2): p. 245-58.

49



OZGECMIS

1977 yilinda Almanya’min Bremen kentinde dogan Erciiment DIRICE,
ilkdgrenimine Almanya’da baslamis ve Sinop Cumhuriyet Ilkokulu’nda
tamamlamistir. 1989-1996 yillart arasinda Sinop Anadolu Lisesi’nde ortaokul ve lise
ogrenimi gdrmiistiir. 1996 yilinda basladigi Akdeniz Universitesi Fen-Edebiyat
Fakiiltesi Biyoloji Boliimii’nden, 2000 yilinda bdliim birincisi ve fakiilte ikincisi
olarak mezun olmustur. Mezuniyetinin hemen arkasindan 2000 yilinda Akdeniz
Universitesi Saglik Bilimleri Enstitiisii Tibbi Biyoloji ve Genetik Anabilim Dali’nda
aragtirma gorevlisi olarak goreve baslamis, bunun yaninda Akdeniz Universitesi
Saglik Bilimleri Enstitiisii'ne bagli olarak, Tibbi Biyoloji ve Genetik Anabilim
Dali’'nda Tibbi Genetik yiiksek lisans programina kayit olmustur. 2003 yilinda
yiiksek lisans programindan mezun olmus ve ayni Enstiti’nlin aynt Anabilim
Dali’nda Tibbi Genetik doktora programina baslamistir.

2001-2002 yillar1 arasinda Tubitak Bilim Adami Yetistirme Grubu (BAYG)
bursuna layik goriilmiis, 2003 yilinda Schering-Alman Uroonkoloji kongresinde
poster sunum 3.1igil elde etmistir. 2004 yilinda 19. Ulusal Hematoloji Kongresi’nde
Geng¢ Bilim Adami o6diili almis, Mayis 2007°de yapilan 43. Ulusal Diyabet
Kongresi’nde ise poster sunum 2.ligini kazanmistir. 2009 yilina Ocak ayinda
Diyabet, Obezite ve Beslenme Dernegi tarafindan layik goriildiigii Diyabet
arastirmalar1 destegi ile baslayan Erciiment Dirice, Nisan ayinda 11. Avrupa
Endokrinoloji Kongresi’'nde Geng Bilim Adami Odiilii’ne layik goriilmiis, Novartis
Bilim Odiilii'nii ve 6. Metabolik Sendrom Sempozyumunda Poster sunum 1.ligini
kazanmigtir. Doktora sonrasi i¢in pankreas adaciklarinda hiicre rejenerasyonu ile
iliskili yazdig1 proje 2009 Ocak ayinda Harvard Universitesi’ nce kabul edilmis ve
arastirmalarina Harvard Universitesi, Joslin Diyabet Merkezi’ nde devam edecektir.

50



Ekler

51



ORIGINAL ARTICLE

High TRAIL Death Receptor 4 and Decoy Receptor 2
Expression Correlates With Significant Cell Death in
Pancreatic Ductal Adenocarcinoma Patients

Ahter Dilsad Sanlioglu, PhD,* Ercument Dirice, MS,* Ozlem Elpek, MD,{ Aylin Fidan Korcum, MD,f
Mustafa Ozdogan, MD,§ Inci Suleymanlar, MD,/| Mustafa Kemal Balci, MD,q
Thomas S. Griffith, PhD# and Salih Sanlioglu, VMD, PhD*

Objectives: The importance of tumor necrosis factor—related
apoptosis-inducing ligand (TRAIL) and TRAIL receptor expression in
pancreatic carcinoma development is not known. To reveal the putative
connection of TRAIL and TRAIL receptor expression profile to this
process, we analyzed and compared the expression profile of TRAIL
and its receptors in pancreatic tissues of both noncancer patients and
patients with pancreatic ductal adenocarcinoma (PDAC).

Methods: Thirty-one noncancer patients and 34 PDAC patients were
included in the study. TRAIL and TRAIL receptor expression profiles
were determined by immunohistochemistry. Annexin V binding re-
vealed the apoptotic index in pancreas. Lastly, the tumor grade, tumor
stage, tumor diameter, perineural invasion, and number of lymph
node metastasis were used for comparison purposes.

Results: TRAIL decoy receptor 2 (DcR2) and death receptor 4 ex-
pression were up-regulated in PDAC patients compared with noncancer
patients, and the ductal cells of PDAC patients displayed significant
levels of apoptosis. In addition, acinar cells from PDAC patients had
higher DcR2 expression but lower death receptor 4 expression. Increased
DcR2 expression was also observed in Langerhans islets of PDAC
patients.

Conclusions: Differential alteration of TRAIL and TRAIL receptor
expression profiles in PDAC patients suggest that the TRAIL/TRAIL
receptor system may play a pivotal role during pancreatic carcinoma
development.

Key Words: TRAIL, pancreas, ductal adenocarcinoma, cell death

(Pancreas 2009;38: 154-160)

Pancreatic cancer (PC) is the fourth leading cause of cancer-
related death, with an overall 5-year survival rate of 4%
after diagnosis.l Of 31,860 newly diagnosed PCs, 31,270
patients died in 2004 as reported by the American Cancer
Society. Pancreatic ductal adenocarcinoma (PDAC) is a highly
malignant and invasive form of PC,” as the median survival
rate of PDAC patients is less than 6 months.® At the time of
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diagnosis, ~40% of patients with PC have metastatic disease,
40% to 50% have locally advanced stage disease that is not
amenable to surgery, and only ~10% of patients can go through
a potentially curative resection.* Unfortunately, the result of
surgery alone is relatively poor, with an ~80% rate of local or
distant recurrence, and the S5-year survival rate for cases
involving total resection is only 10% to 24%.>

Because of the high mortality rate in PDAC, novel treat-
ment modalities, such as gene therapy, are being explored to
develop effective alternative treatments for PDAC patients. One
of the therapeutic genes, which has currently been evaluated
in the context of gene therapy, is tumor necrosis factor—related
apoptosis-inducing ligand (TRAIL).” TRAIL is a type I mem-
brane protein that can bind to 5 different receptors: TRAIL-R1
(DR4), TRAIL-R2 (DRS5), TRAIL-R3 (DcR1), TRAIL-R4
(DcR2), and osteoprotegrin.'® DR4 and DR5 are the death
receptors that signal for apoptosis, whereas DcR1, DcR2, and
osteoprotegrin are considered antagonistic because they are
unable to induce such signaling because of the lack of intra-
cellular death domain or are secreted molecules.'' In compar-
ison to the other death-inducing members of the tumor necrosis
factor family (Fas ligand and tumor necrosis factor), TRAIL has
discrete apoptosis-inducing properties on cancer cells. In
particular, TRAIL is a potent inducer of tumor cell apoptosis'?
but is nontoxic to normal cells and tissues.'*'* Interestingly, an
adenovirus vector encoding the TRAIL cDNA (Ad-TRAIL)
efficiently killed pancreatic tumors in vitro and in vivo.'> Fur-
thermore, systemic administration of Ad-TRAIL suppressed
pancreatic tumor growth in the liver.'® Despite these encourag-
ing results, the mechanism(s) that regulate the TRAIL-
mediated signaling cascade is not well understood,'”!® and
there is significant effort investigating why more than 50% of
human tumors are TRAIL resistant.'” For example, analysis of
PDAC cell lines revealed variable degrees of TRAIL sensitiv-
ity due to TRAIL decoy receptor gene expression.2’

Resistance to TRAIL-induced apoptosis can occur at vari-
ous levels in the TRAIL signaling cascade. High DcR2 ex-
pression was recently correlated with TRAIL resistance in
breast, prostate, and lung cancer cell lines,?'>* and siRNA strat-
egy targeting DcR2 sensitized both lung and prostate can-
cer cells to TRAIL.?>** Intriguingly, PC cells differentially
express DcR1 and DcR2,% and DcR2 overexpression mediates
TRAIL resistance in PC cells.?® In accordance with this, the lack
of TRAIL death receptor (DR4 or DR5) gene expression was
also implicated in TRAIL resistance in PC cell lines.>” Thus,
TRAIL and TRAIL receptor expression profiles in PC patients
may predict the feasibility of using TRAIL gene therapy as a
treatment option.

In addition, the lack of early detection systems and inherent
resistance of PDAC to all known conventional treatment
modalities have contributed to the high mortality rate observed
in PDAC.?® Because the overexpression of transforming growth
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factor B type II receptor in PDAC patients has been associated
with decreased survival,?? the evaluation of novel markers was
suggested for an early detection and follow-up of PC patients.*
One of the potential markers useful for the follow-up of PDAC
patients may be TRAIL.*' However, it is unclear how the
TRAIL/TRAIL receptor system contributes to carcinogenesis.
Benign and malignant prostate cancer cells differentially display
TRAIL and its receptors, and this profile was connected to
prostate carcinogenesis.*> In addition, high DcR2 expression is
correlated with high Gleason scores, prostate-specific antigen
recurrence, and decreased survival in patients with prostate
carcinoma.>® Lastly, DR4 expression positively correlated with
tumor grade in breast cancer patients with invasive ductal
carcinoma.>® These studies suggest that the expression of
TRAIL and its receptor in non-PDAC versus PDAC patients can
provide useful information on the development of PDAC.
Ultimately, we believe that understanding the expression profile
of TRAIL and the TRAIL receptors in PDAC patients may
elucidate a potential mechanism of pancreatic carcinoma.

MATERIALS AND METHODS

Immunohistochemistry Procedure Using
Antibodies Developed Against TRAIL/TRAIL
Receptors on Pancreas

Hematoxylin counterstaining was performed on all pan-
creatic tissue sections as described previously.?>*?>* The
following primary antibodies (Alexis Biochemicals, Lausen,
Switzerland) were used at 1:300 dilution for the staining of
pancreatic tissues: anti-human TRAIL (III6F; ALX-804-326-
C100), anti-human DR4 (HS101; ALX-804-297A-C100),

anti-human DRS (ALX-210-743-C200), anti-human DcR1
(ALX-210-744-C200), and anti-human DcR2 (HS402; ALX-
804-299A-C100). Pancreatic tissue samples that were stained
only with the secondary antibody were used as negative controls.

Quantitative Assessment of TRAIL and TRAIL
Death-Decoy Receptor Expressions for
Immunohistochemical Scoring

Tissue sections were analyzed by a single pathologist (O.E.)
with no prior knowledge of the patient status or antibodies used.
The calculation of the final immunohistochemical staining
scores in pancreatic tissues included both intensity and marker
distribution (percentage of the positively stained epithelial cells).
The intensity of the pancreatic tissue staining was assessed as
follows: 0, negative; 1, weak; 2, moderate; and 3, strong.
Moreover, marker distribution was calculated as 0, less than
10%; 1, 10% to 40%; 2, 40% to 70%; and 3, more than 70% of
the epithelial cells stained on the sections. Summing the scores
of both the intensity and the marker distribution for a given
patient resulted in the final immunostaining score.

Detection of Apoptotic Cells With Annexin V
Paraffin-embedded tissues were sectioned at 4-pum thick-
ness. Antigen retrieval was accomplished by boiling samples in a
solution containing 0.01 M citrate buffer for 20 minutes after the
deparaffinization and dehydration processes. The samples were
then treated with proteinase K for 10 minutes. An annexin V
fluorescent microscopy kit (BD Pharmingen, San Diego, Calif)
was used to identify apoptotic cells in the pancreas. Pancreas
sections were washed with 1x phosphate-buffered saline,
followed by 1x annexin V-binding buffer (BD Pharmingen).
Pancreatic tissue sections were then treated with annexin

FIGURE 1. Immunohistochemical staining of TRAIL and TRAIL receptors in noncancer patients (n = 31) versus patients with PDAC

(n = 34). Representative images are provided from pancreatic ductal region of noncancer patients (upper panels), normal ductal
region of cancer patients (middle panels), and from PDAC tissues (lower panels). TRAIL and TRAIL receptor subtypes are listed above
each image, and each image represents a single patient.
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V-fluorescein isothiocyanate (FITC) diluted 1:10 in 1 x annexin
V-binding buffer for 15 minutes at room temperature.
Annexin V-FITC—stained cells were analyzed under fluorescent
microscopy after washing samples in annexin V-binding buffer.
To determine the extent of apoptosis in each section, positive
and negative cells were counted in randomly selected high-
power fields of acinar, ductal, or islet cells (area of each field
is ~0.06 mm?). The apoptotic index was calculated as the per-
centage of annexin V—positive cells based on the ratio of annexin
V-stained cells to the total number cells counted.

Statistical Analysis

Statistical analyses were performed using SPSS 13.0
software for Windows (SPSS Inc, Chicago, Ill). Statistical
significance was considered at 5% probability level (P < 0.05).
The SEM is displayed as error bars for all data points in all of the
figures.

RESULTS

Clinical Assessment of Patients With PDAC
Pancreatic tissue samples from 34 patients with pancreatic
ductal carcinoma and 31 patients without PC (as a control group)
were evaluated. The median age of PC patients was 55 years,
ranging from 1 to 80 years, whereas the median age of patients
without the PC was 54 years, ranging from 36 to 74 years. All of
the patients were clinically staged according to the American
Joint Committee on Cancer guidelines. Based on this staging
system, 3 cases (8.8%) were T1, 10 cases (29.4%) were T2, 11
cases (32.4%) were T3, and 10 cases (29.4%) were T4. Thirteen
patients (38%) had well-differentiated tumors, whereas 17
(50%) had moderate levels of differentiation. Only 4 cases
(12%) had poorly differentiated pancreatic tumors. Perineural
invasion was observed in 13 patients (38%), and 8 (24%) of the
PC patients displayed lymph node metastasis. Whipple opera-
tion (RO/R1) was performed in 18 patients. Biopsies (R2) were
taken from 16 patients. Both definitive and adjuvant external
radiotherapy at a median dose of 50.4 Gy in 28 fractions was
delivered to the primary region and to the lymphatics. Twenty-
nine patients concurrently received S-fluorouracil-based che-
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FIGURE 2. Quantitative analysis of the immunohistochemical
ductal staining of non-PDAC versus PDAC patients.
Immunohistochemical scoring (mean + SEM) was performed as
described in the Materials and Methods using the indicated
antibodies. Asterisk indicates statistically significant differences
among the 3 groups.
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FIGURE 3. Acinar staining patterns of TRAIL and TRAIL
receptors in pancreatic tissues of non-PDAC (upper panels)
versus PDAC patients (lower panels). A, Representative

images of immunohistochemical staining, where each image is
taken from a single patient. B, Quantitative analyses of the
immunohistochemical staining (mean + SEM) of pancreata
dissected from non-PDAC patients are displayed in open bars,
whereas those for pancreata of PDAC patients are shown in
solid bars. Asterisk indicates statistically significant differences
between the 2 groups.

motherapy. Neoadjuvant treatment was used only in 11 of these
patients.

High DR4 and DcR2 Expressions Were Detected
in Patients With Pancreatic Adenocarcinoma
Patients were divided into 2 groups based on the presence
or absence of tumor in the pancreas (PDAC). In addition, the
PDAC patients were further subdivided into 2 groups based on
immunohistochemical staining of the tumor itself or the
surrounding nontumoral pancreatic ductal tissue. Representative
images of pancreatic ductal staining from different patient
groups are shown in Figure 1. Whereas TRAIL, DcR1, and
DcR2 expressions were clearly detectable in the pancreatic
ductal tissue of non-PC patients and the nontumoral ductal
region of the PC patients, DR4 and DRS5 expressions were not
readily detectable in these cases. In contrast, tumor tissues of
PDAC patients expressed TRAIL and all 4 TRAIL receptors.
Furthermore, TRAIL was the highest marker expressed in
PDAC tissue sections. Kolmogorov-Smirnov test (n = 99) was
used to determine whether the patient groups were normally
distributed. Because a Gaussian distribution was not detected,
the statistical difference among the groups was determined using
the Kruskal-Wallis test. The groups were then paired for
comparison using the Mann-Whitney U test. Quantitative
analysis of the immunohistochemical staining suggested that
both DR4 and DcR2 expressions were up-regulated in PDAC
patients compared with nonneoplastic pancreatic ductal tissues
of the same patients or noncancer patients (Fig. 2). It is

© 2009 Lippincott Williams & Wilkins

Copyright © 2009 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Pancreas ® Volume 38, Number 2, March 2009

TRAIL Marker Expression Profile in Pancreatic Cancer

interesting to note that nonneoplastic pancreatic ductal tissues of
cancer patients displayed intermediate levels of DR4 and DcR2
expressions compared with pancreatic ductal tissues of non-
cancer patients or PDAC sections.

Patients With PDAC Displayed Increased DcR2
Expression in the Acinar Cells Compared With
Nontumor Patients

Acinar cell immunohistochemical staining for TRAIL and
the TRAIL receptors were also compared between patients with
or without PDAC. As shown in Figure 3A, the death and decoy
TRAIL receptors were expressed in the acinar cells of the
pancreas in patients with or without PDAC. The quantitative
expression profiles of the each molecule are shown in Figure 3B.
First, the normality of the groups was tested by Shapiro-Wilk
method. Because neither group displayed a Gaussian distribu-
tion, the Mann-Whitney U test was used to determine the
statistical significance between the 2 groups. Whereas lower
DR4 expression and higher DcR2 expression were detected in
the acinar cells of PDAC patients compared with noncancer
patients, TRAIL was expressed the highest in acinar cells of
patients with or without PDAC.

High DcR2 Expression Was Observed in
Langerhans Islets of the Patients With Pancreatic
Adenocarcinoma Versus Noncancer Patients

We next measured TRAIL and TRAIL receptors expression
on the Langerhans islets. Although DR4 and DR5 were not

DR4 DR5

DcR1 DcR2
g, s

TRAIL
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B DR4 DR5 DcR1 DcR2 TRAIL

FIGURE 4. Langerhans islet staining of TRAIL and TRAIL
receptors in pancreatic tissues of non-PDAC (upper panels)
versus PDAC patients (lower panels). A, Representative images
of immunohistochemical staining, where each image is taken
from a single patient. B, Quantitative analysis of
immunohistochemical staining (mean + SEM), with open bars
representing non-PDAC patients and solid bars representing
patients with PDAC. Asterisk indicates a significant difference
between the 2 groups of patients.
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TABLE 1. Correlation Between TRAIL and TRAIL Receptor
Expression in PDAC Patients as Determined by Spearman p
Correlation Test

Spearman p
Correlations DR4 DR5 DcR1 DcR2 TRAIL
DR4 Correlation  1.000 —0.154 —0.130 0.065 0.069
coefficient
P (2-tailed) — 0.384 0.465 0.714 0.698
n 34 34 34 34 34
DR5 Correlation —0.154 1.000 0311 0.284 0.228
coefficient
P (2-tailed) 0.384 — 0.074 0.103 0.194
n 34 34 34 34 34
DcR1  Correlation —0.130  0.311 1.000 0.170 0.427*
coefficient
P (2-tailed) 0.465 0.074 — 0.335 0.012
n 34 34 34 34 34
DcR2  Correlation  0.065 0.284  0.170 1.000 0.090
coefficient
P (2-tailed) 0.714  0.103 0335 —  0.613
n 34 34 34 34 34
TRAIL Correlation 0.069  0.228 0.427* 0.090 1.000
coefficient
P (2-tailed) 0.698 0.194 0.012 0.613 —
n 34 34 34 34 34

*Correlation is significant at the 0.05 level (2-tailed).

clearly detectable because of low expression, both DcR1 and
DcR2, as well as TRAIL, were readily detectable in the
pancreatic islets of both patient groups (PC patients vs non-PC
patients; Fig. 4A). In addition, TRAIL was expressed the highest
compared with the TRAIL receptors in Langerhans islets.
Because neither of the patient groups exhibited a Gaussian
distribution as tested by the Shapiro-Wilk method, the Mann-
Whitney U test was performed to determine statistical signif-
icance between the 2 groups. Patients with PDAC expressed
statistically higher amounts of DcR2 on Langerhans islets
compared with patients without the tumor.

DcR1 and TRAIL Expression Were Positively
Correlated in Patients With Pancreatic
Adenocarcinoma

The Spearman p correlation test was next used to test any
correlation among the TRAIL markers in PDAC patients.
Table 1 shows that only DcR1 and TRAIL expressions were
positively correlated in these patients. No such correlation was
detected when tumor grade, tumor stage, tumor diameter,
perineural invasion, number of lymph node metastasis were
taken into account (data not shown).

PDAC Tissues Showed Increased Apoptosis
Compared With Pancreata of Noncancer Patients
The presence of apoptotic cells in the pancreas and their
correlation to TRAIL and TRAIL receptor expression were
analyzed using FITC-conjugated annexin V. Although the
fluorescent microscopic images in Figure 5 display annexin
V-FITC-stained cells, a quantitative assessment of cell death is
provided in Figure 6. Among the tissue sections analyzed, both
nontumoral and tumoral ductal region of pancreas in PDAC
patients exhibited increased apoptosis compared with pancreata
of noncancer patients. However, no correlation was detected
between TRAIL marker expression and the amount of cell death
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FIGURE 5. Assess of apoptosis in the pancreas by annexin
V-FITC binding. Quantification of apoptotic cells was performed
as described in Materials and Methods. A, Representative
images (original magnification x200) of acinar (left), ductal
(middle), and islet cells (right). Normal pancreas tissue sections
are in the upper row, whereas nontumoral regions of pancreatic
tissue dissected from PC patients are in the lower row. B,
Annexin V-FITC staining of 3 different PDAC cases (original
maghnification x200). Images in the lower panels are taken at
high-power magnification (original magnification x400) of the
same fields.

observed in pancreatic ductal cells of PDAC patients (data not
shown). Conversely, islet, but not ductal or acinar, cell death
correlated with high TRAIL expression as revealed by Spearman
p correlation test in PDAC patients (Table 2). Annexin
V-binding assay results were also confirmed using TUNEL
assay (data not shown).

DISCUSSION

Because PDAC is resistant to conventional treatment
methods and exhibits high mortality rates, novel treatment
modalities are needed to improve survival rates of PDAC
patients. Furthermore, there is also a necessity to discover new
PC tumor markers for both diagnostic and prognostic purposes.
Although adenovirus delivery of TRAIL effectively kills
pancreatic tumor cell lines in vitro and in vivo,'> high TRAIL
decoy receptor expression®” and TRAIL-mediated nuclear factor
kB activity>® were implicated for TRAIL resistance in PDAC.
Thus, it is important to know the in vivo expression profiles of
TRAIL and the TRAIL receptors in patients with PDAC.
Previously, the expression of TRAIL and the 4 TRAIL receptors
were determined by reverse transcriptase—polymerase chain
reaction in 17 cases of PDAC and 5 cases of normal pancreatic

158

0.4

0.3 4

Apoptotic Index
o
N
1

o
i
1

0.0

Ductus
Ductus
Ductus
Islets
Islets

Acinus
Acinus

FIGURE 6. Quantitative analysis of apoptotic index. Apoptotic
scores (mean + SEM) of pancreas sections of noncancer patients
(open bars), nontumoral regions of PC patients (shadowed bar),
and PDAC tissues (solid bars) were determined. *P < 0.05.

tissues.® Both normal pancreata and pancreata of PDAC
patients displayed varying degrees of TRAIL and TRAIL
receptor expression. Although reverse transcriptase—polymerase
chain reaction is a useful method to detect the presence or
absence of gene expression, mRNA expression does not
necessarily correlate with the protein expression in the cell or
on the cell surface. The expressions of TRAIL, DR4, and DRS
were anal;lzed in another study involving 10 non-PC and 11 PC
patients.>’ It was found that despite the expression of TRAIL,
DR4, and DRS, the PC cells displayed low sensitivity to TRAIL-
mediated apoptosis compared with Jurkat T-lymphoma cells.
However, this study excluded the analysis of TRAIL decoy
receptor gene expression.

In the data described herein, immunohistochemistry
analyses were used to determine the tissue distribution pattern

TABLE 2. Correlation of Apoptotic Islet Cells With TRAIL
and TRAIL Receptor Profiles in Pancreas

Annexin V Staining Islets
DR4 Correlation coefficient 0.228
P (2-tailed) 0.194

n 34
DR5 Correlation coefficient 0.283
P (2-tailed) 0.105

n 34
DcR1 Correlation coefficient 0.317
P (2-tailed) 0.068

n 34

DcR2 Correlation coefficient 0.139
P (2-tailed) 0.434

n 34
TRAIL Correlation coefficient 0.389*
P (2-tailed) 0.023

n 34
*Correlation is significant at the 0.05 level (2-tailed).
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and expression of TRAIL and the 4 TRAIL receptors as a com-
plete set in both non-PDAC (n = 31) and PDAC patients
(n = 34). Our results indicate that TRAIL expression was
highest on average compared with the expression profiles of
TRAIL death and decoy receptors particularly in PDAC
tissues. As recently suggested, high TRAIL expression may
be important for the protection of tumor cells from attacking
inflammatory cells.?%37 In accordance with this observation,
TRAIL enhanced the metastatic spread of orthotopically
transplanted human PDAC cells in severe combined immuno-
deficient mice.*®* Thus, high TRAIL expression on cancer
cells might be beneficial for metastasis considering immune-
protection and invasion scenarios. In addition, high DcR2
expression in PDAC tissues compared with nonneoplastic
ductal cells may also allow these cells to escape from TRAIL-
mediated apoptosis. Although the functional consequence of
increased DR4 expression in PDAC tissues is currently not
known, PDAC cells displayed resistance to TRAIL-mediated
apoptosis despite high levels of death receptor expression.>”

In addition, acinar cells of PDAC patients expressed
lower DR4, but higher DcR2 expression, suggesting that not
only PDAC cells but also acinar cells of PDAC patients have
developed a mechanism to escape apoptosis compared with
patients without cancer. Apart from the exocrine constituent,
Langerhans islets are the discrete units of endocrine compart-
ment of the pancreas. The failure of pancreatic beta cell func-
tion due to autoimmune destruction mediated by islet-reactive
T cells results in type 1 diabetes. The expression profiles of
TRAIL and the TRAIL receptors were also analyzed in Lang-
erhans islets of non-PDAC versus PDAC patients. The Lang-
erhans islets from both non-PDAC and PDAC patients expressed
considerable TRAIL, DcR1, and DcR2, but only the low ex-
pressions of DR4 and DRS were detected in both cases.
Interestingly, increased TRAIL expression was observed in
the infiltrating immune cells of pancreatic islets in patients with
type 1 diabetes.*® Thus, under normal circumstances, Langer-
hans islets are expected to be protected from the immune-
mediated attacks through TRAIL expression and from death
ligand—mediated apoptosis by way of decoy receptor expres-
sion.*® Because Langerhans islets of PDAC patients exhib-
ited higher DcR2 expression compared with noncancer
patients, it would be interesting to see if these patients are
more resistant to developing type 1 diabetes compared with
noncancer patients.

Spearman p correlation test suggested the existence of a
positive correlation between TRAIL and DcR1 expression in
PDAC patients. Although increasing the level of TRAIL
decoy receptor expression might be necessary for protection
from T cell-mediated attacks, TRAIL overexpression might
endanger tumor cell survival because it would activate apopto-
tic pathways. One of the ways to counteract the action of
TRAIL is to up-regulate decoy receptor expression on surface.
DcR1 expression blocks TRAIL-mediated apoptosis by
acting as a decoy receptor.*’ Thus, PDAC cells might be
protected from the side effects of TRAIL overexpression
through up-regulation of TRAIL decoy receptor expression.

Annexin V-binding indicated that pancreatic ductal tissues
of PDAC patients exhibited increased apoptosis compared with
pancreata of noncancer patients. It is interesting to note that
PDAC tissues also displayed increased DR4 expression.
Although these cells also had increased DcR2 expression, the
up-regulation of DcR2 was not sufficient to protect PDAC
cells from apoptosis. In addition, although there was lower
DR4 expression and higher DcR2 expression seen in acinar
cells of PDAC patients, there was no difference in the apoptotic

© 2009 Lippincott Williams & Wilkins

index detected between the 2 groups. Similarly, although there
was higher DcR2 expression detected in islet cells of PDAC
patients compared with noncancer patients, annexin V-FITC
staining did not indicate any difference in apoptosis between
the 2 patient groups. Islets of PDAC patients exhibited less
apoptosis compared with acinar cells of the same patient group.
This can be explained by the DR4 expressed on acinar cells
of PDAC patients, which was expressed higher than that seen
on islets. Nevertheless, similar to the observation reported
before in noncancer patients,>' TRAIL expression displayed a
positive correlation with increased cell death in PDAC patients.
In conclusion, the TRAIL and TRAIL receptor expression
profile may play critical roles during pancreatic carcinoma
development by way of modulating apoptotic cell death.
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High Levels of Endogenous Tumor Necrosis Factor-Related
Apoptosis—Inducing Ligand Expression Correlate With
Increased Cell Death in Human Pancreas
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Mustafa Kemal Balci, MD,§ Abdulkadir Omer, MD,/| Thomas S. Griffith, PhD,q
and Salih Sanlioglu, VMD, PhD*

Objectives: Type 1 diabetes (T1D) has been characterized by the T
cell-mediated destruction of pancreatic 3 cells. Although various
members of the tumor necrosis factor (TNF) family, such as Fas
ligand or TNF, have recently been implicated in the development of
T1D, the lack of TNF-related apoptosis—inducing ligand (TRAIL)
expression or function facilitates the onset of T1D. Thus, the goal of
the present study was to investigate the expression profiles of TRAIL
and its receptors in human pancreas.

Methods: Pancreata of 31 patients were analyzed by immunohisto-
chemistry using antibodies developed against TRAIL and its receptors.
Apoptosis was confirmed by Annexin V—fluorescein isothiocyanate
binding and terminal deoxynucleotidyl transferase-mediated 2"-deox-
yuridine 5-triphosphate nick end labeling assays.

Results: Acinar cells displayed high levels of TRAIL and death
receptor 4, but only low levels of death receptor 5. In contrast, only
TRAIL and TRAIL decoy receptors (DcR1, DcR2) were detected in
ductal cells. Similarly, Langerhans islets expressed only TRAIL and
TRAIL decoy receptor. High levels of TRAIL expression in pancreas
correlated with increased number of apoptotic cells.

Conclusions: Although the expression of TRAIL decoy receptors
might be necessary for defense from TRAIL-induced apoptosis, high
levels of TRAIL may provide protection for Langerhans islets from
the immunological attack of cytotoxic T cells.

Key Words: TRAIL, death-decoy receptors, pancreas,
Langerhans islets
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he pancreas consists of both exocrine and endocrine

tissues that operate independently to regulate carbohydrate
metabolism and digestion in the gastrointestinal tract.
Langerhans islets are the discrete units of the endocrine
compartment involved in the secretion of insulin and glucagon
to control glucose homeostasis. The exocrine pancreas, by
contrast, holds clusters of acinar cells full of zymogens
(inactive pancreatic digestive enzymes), including trypsin,
chymotrypsin, carboxypeptidase, amylase, and lipase. Zymo-
gen activation typically takes place in the duodenum after its
secretion through the pancreatic duct.

Type 1 diabetes (T1D) occurs as a result of the pancreatic
B-cell destruction induced by an autoimmune reaction.'> The
inflammatory mediators that trigger the immune reaction in
T1D are also responsible for type 2 diabetes and islet graft
failure.>* Various members of the tumor necrosis family, such
as tumor necrosis factor (TNF) and Fas ligand (FasL), have
recently been implicated in the development of TI1D
(Sanlioglu AD, PhD, unpublished data). Invading immune
cells (activated mononuclear cells) release proinflammatory
cytokines such as TNF, interleukin 1 (IL-1[3), and interferon-
~v to induce pancreatic B-cell death.’ In addition, these in-
flammatory cytokines increase the vulnerability of islet cells to
autoimmune destruction.® For example, TNF production by
human islets induces postisolation cell death.” Similarly, pa-
tients with T1D demonstrate elevated levels of TNF production
from islet-infiltrating macrophages and dendritic cells.® In
addition, up-regulation of Fas in pancreatic islets via mac-
rophage production of inflammatory cytokines is another
means of causing B-cell death.® Fas expression can be up-
regulated by streptozotocin (STZ), a diabetogenic agent which
induces B-cell death.'® To further explore the functional role of
the Fas-FasL pathway in the pathogenesis of T1D, Lin et al''
created cytomegalovirus—human FasL transgenic mice. Inter-
estingly, transgenic mice were more sensitive to low doses of
STZ-induced T1D than the control wild-type mice. In similar
studies, Miwa et al'? observed that FasL expression in B cells
in rat insulin promoter—FasL—nonobese diabetic (NOD) mice
resulted in the earlier onset of T1D because the FasL stimulated
IL-1B production that facilitated neutrophil infiltration.'*'*

The TNF-related apoptosis—inducing ligand (TRAIL) is
another TNF family member that interacts with 4 different
receptors: TRAIL-R1 (death receptor 4 [DR4]), TRAIL-R2
(death receptor 5 [DRS5]), TRAIL-R3 (decoy receptor DcR1),
and TRAIL-R4 (decoy receptor DcR2).!> The DR4 and DR5
are the TRAIL receptors that signal for apoptosis, whereas DcR 1
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and DcR2 are unable to induce such signaling because they
lack the intracellular death domain.'® In comparison with other
members of the TNF family, TRAIL has distinct cytotoxic
and immunologic properties. For example, unlike TNF, which
initiates and exacerbates autoimmune diseases, TRAIL can
down-regulate immune responses. The potential outcome of
TRAIL blockade or TRAIL deficiency has been analyzed in 2
different animal models of autoimmune diabetes.!’ First,
TRAIL function was counteracted by an injection of soluble
TRAIL receptor into NOD mice, which enhanced the degree
of autoimmune inflammation in pancreatic islets and facili-
tated the onset of diabetes. Second, the delivery of multiple,
low doses of STZ into TRAIL-deficient mice resulted in a
higher degree of islet inflammation and an earlier onset of
diabetes. Although TNF and IFN-y treatments also up-regulate
TRAIL gene expression in pancreatic islets of NOD mice,'®
TRAIL does not induce apoptosis in freshly isolated pan-
creatic islets. Because of its connection to T1D, this study
investigated the endogenous expression profile of TRAIL and
its receptors in human pancreas.

MATERIALS AND METHODS

Patient Assessment

Pancreata of 31 patients admitted to the Akdeniz Uni-
versity Hospitals and Clinics were sectioned and immuno-
stained as described below. Patients’ written consents (Helsinki
Declaration) were obtained before the operation, and the
procedures were approved by the Akdeniz University Hospital
Committee on Ethics. Retrospective analyses and immuno-
staining procedures were performed in the Pathology depart-
ment. Patients’ ages ranged from 36 to 74 years, with a median
age of 54 years. Fourteen patients were men and 17 were
women. The normal tissues were obtained from 19 Whipple
resections of duodenal adenocarcinoma. In addition, 12
specimens were derived from patients who underwent resection
for gastric adenocarcinoma in which the tumor extended close
to the pancreas. Moreover, spleen sections prepared from 6
different patients (n = 6) were also stained using antibodies
developed against TRAIL and its receptors. Formalin-fixed
and paraffin-embedded tissue blocks from these cases were
retrieved from the database of the Department of Pathology.
Hematoxylin and eosin—stained sections were prepared from
each block, and slides were reevaluated. In each case, there was
no evidence of tumor involvement.

TRAIL/TRAIL Receptor Immunohistochemistry
on Normal Pancreas

All pancreatic tissue sections were initially stained
with hematoxylin and eosin. Immunohistochemistry for
TRAIL and TRAIL receptors was carried out as described
previously.'>?° All primary antibodies were obtained from
Alexis Biochemicals (Switzerland). The following primary
antibodies were used at 1:300 dilution in the staining of
pancreatic tissues: antihuman TRAIL monoclonal antibody
(mAb) (III6F; ALX-804-326-C100), antihuman TRAIL-R1
mAb (HS101; ALX-804-297A-C100), antthuman TRAIL-R2
polyclonal antibody (ALX-210-743-C200), antihuman TRAIL-
R3 polyclonal antibody (ALX-210-744-C200), and antihuman
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TRAIL-R4 mAb (HS402; ALX-804-299A-C100). Whereas
lymph node staining was performed as a positive control,
negative controls included pancreatic tissue samples that were
stained only with the appropriate secondary Ab. All sections
were counterstained with hematoxylin in Figures 1-4, 5B, and 6.

Immunohistochemical Scoring of TRAIL
and TRAIL Death-Decoy Receptor Expression
One pathologist (O.E.) with no prior knowledge of the
data and blinded to the names of the antibodies was charged with
specimen analysis. Both intensity and marker distribution (per-
centage of the positively stained epithelial cells) were considered
for the calculation of the final immunohistochemical staining
scores in pancreatic tissues. The intensity of the pancreatic tissue
staining was scored as: 0, negative; 1, weak; 2, moderate; and 3,
strong. Similarly, the marker distribution was scored as 0, less
than 10%; 1, 10% to 40%; 2, 40% to 70%; and 3, greater than
70% of the epithelial cells stained on the sections. The final
immunostaining score was assigned by summing the scores of
both the intensity and the marker distribution for a given patient.

Annexin V Binding Assay and the Quantification
of Apoptosis

Paraffin-embedded blocks were sectioned at 4-pM
thickness. After deparaffinization and dehydration, the
antigen retrieval process was carried out by boiling samples
in a solution containing 0.01 M of citrate buffer for 20
minutes. Proteinase K treatment was then performed for an
additional 10 minutes. An Annexin V fluorescent microscopy
kit (BD Pharmingen, cat no. 550911) was used for the
detection of apoptotic cells in pancreas. To do this, pancreatic
sections were washed with 1x phosphate-buffered solution
(BD Pharmingen, cat no. 51-6635KC) then with 1x Annexin
V binding buffer (BD Pharmingen, cat no. 51-66121E).
Sections were then stained with Annexin V-fluorescein
isothiocyanate (FITC) (BD Pharmingen, cat no. 51-8074KC)
diluted 1:10 in 1x Annexin V binding buffer for 15 minutes
at room temperature. After washing in Annexin V binding
buffer, Annexin V-FITC—stained cells were analyzed under
fluorescent microscopy. In each section, positive and negative
cells were counted in randomly selected 200x high-power
fields of acinar, ductal, or islet cells (area of each field,
0.06 mm?). The apoptotic index refers to the percentage of
Annexin V—positive cells and calculated from the ratio of
Annexin V—stained cells to the total number of cells counted.

Terminal Deoxynucleotidyl
Transferase-Mediated 2’-Deoxyuridine
5'-Triphosphate Nick End Labeling Assay

The in situ cell death detection kit POD (Cat no. 11 684
817 910) was used to confirm apoptosis according to the
protocol described by the manufacturer (Roche Applied
Science, Philadelphia, Pa). The kit is specifically designed for
the immunohistochemical detection and quantification of
apoptosis at single-cell level based on labeling of DNA strand
breaks. In this assay, labeling of DNA strand breaks is
accomplished via terminal deoxynucleotidyl transferase
enzyme, which catalyzes polymerization of labeled nucleotides
to free 3-OH DNA ends in a template-independent manner.

© 2008 Lippincott Williams & Wilkins

Copyright © 2008 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Pancreas ¢ Volume 36, Number 4, May 2008

Expression Profile of TRAIL and Its Receptors in Pancreas

Then, incorporated fluorescein is detected by antifluorescein
antibody Fab fragments from sheep, conjugated with horse-
radish peroxidase (POD). After substrate reaction, stained cells
were analyzed under light microscope. The apoptotic index was
calculated as described previously.

Statistical Analysis

The Statistical Package for the Social Sciences 13.0
software for Windows (SPSS Inc, Chicago, Ill) was used to
perform the statistical analyses as specifically stated in the
results. Statistical significance was considered at 5% prob-
ability level (P < 0.05). Error bars for all data points in all
figures display the *SEM.

RESULTS

TRAIL and TRAIL Receptor Expression Profiles
in Pancreatic Acinar Cells

Before the analyses of TRAIL and its receptor expression
profiles in pancreas, specificities of these primary antibodies
were confirmed on lymph node sections. As shown in Figure 1,

DR4
‘( M

© 2008 Lippincott Williams & Wilkins

primary antibodies developed against TRAIL and its receptors
generate a strong staining pattern on lymph node sections.
Conversely, incubation of lymph node sections with the
secondary antibody alone (negative control) did not produce
any detectable staining.

Normal acinar expression profiles of TRAIL and its
receptors in 31 pancreata were revealed using immunohisto-
chemistry as described in “Materials and Methods,” and
representative images are depicted in Figure 2A. Normality
of the group was tested by the Shapiro-Wilk method.
Because a Gaussian distribution was not observed, the
Friedman test followed by the Wilcoxon signed rank test
was applied to reveal the statistical differences in the group.
Although DR4 and TRAIL expression levels were the highest
in acinar cells compared with other death and decoy receptor
expressions, no statistical difference in the expression levels
was observed between DR4 and TRAIL (Fig. 2B). As
both decoy receptors DcR1 and DcR2 exhibited equivalent
levels of expression, DR5 expression was statistically the
lowest. Spearman p correlation test was administered to
determine a possible correlation among the markers. A

FIGURE 1. Lymph node staining
of TRAIL and its receptors. All
representative images are
provided only from a single
patient. C represents negative
control staining using secondary
antibody alone. Original
magnification x200.
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Acinus

DR4 DR5 DcR1DcR2TRAIL

B

FIGURE 2. Acinar expression profile of TRAIL and TRAIL receptors in pancreas (n = 31). A, Representative images of
immunohistochemical staining, with duplicate samples representing 2 different patients are provided. Original magnification
x200. B, Quantitative immunohistochemical scoring results. Error bars represent £SEM.

positive correlation was detected between the decoy recep- images from 2 patients are displayed in Figure 3A. Although
tors DcR1 and DcR2, as well as between DcR1 and TRAIL  both decoy receptors and TRAIL were readily detectable, no
(Table 1). TRAIL death receptor (DR4 or DRS) expression was

. . . observed in ductal cells. As equivalent levels of expression
Pancreatic Ductal Staining Profiles of TRAIL from both decoy receptors were measured, TRAIL expres-
and Its Receptors sion was statistically the highest (Fig. 3B). In addition,

Immunohistochemical staining of ductal region of  Spearman p correlation test demonstrated the presence of a
pancreas was analyzed microscopically, and representative positive correlation between DcR1 and TRAIL (Table 2).

TABLE 1. Spearman p Correlation Test Indicating Putative Correlations Detected Among Acinar Staining Profiles of TRAIL
and TRAIL Receptors

Spearman p Correlation (Acinus) DR4 DR5 DcR1 DcR2 TRAIL
DR4 Correlation coefficient 1.000 —0.098 —0.197 0.039 0.005
Significance (2-tailed) 0.601 0.287 0.837 0.980
N 31 31 31 31 31
DRS5 Correlation coefficient —0.098 1.000 0.182 0.133 0.269
Significance (2-tailed) 0.601 0.327 0.477 0.143
N 31 31 31 31 31
DcR1 Correlation coefficient —0.197 0.182 1.000 0.465* 0.566*
Significance (2-tailed) 0.287 0.327 0.008 0.001
N 31 31 31 31 31
DcR2 Correlation coefficient 0.039 0.133 0.465* 1.000 0.240
Significance (2-tailed) 0.837 0.477 0.008 0.193
N 31 31 31 31 31
TRAIL Correlation coefficient .005 269 .566* 240 1.000
Significance (2-tailed) 0.980 0.143 0.001 0.193
N 31 31 31 31 31

*Correlation is significant at the 0.01 level (2-tailed).
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DcR1

DcR2

TRAIL

Ductus

DR4 DRS5 DcR1 DcR2TRAIL

B

FIGURE 3. The TRAIL and TRAIL receptor expression profiles in ductal cells. A, Representative images of immunohistochemical
staining. Original magnification x200. B, Quantitative assessment of ductal staining patterns of 31 pancreata. Error bars

represent £SEM.

Correlation coefficients for DR4 and DRS were not asses-
sable because of the lack of expression in ductal cells.

Distinctive Expression Profiles of TRAIL and Its
Receptors in Langerhans Islets

Representative images of the immunohistochemical
staining of the Langerhans islets using specific antibodies
against TRAIL and the TRAIL receptors are provided in
Figure 4A. Similar to the finding in ductal cells, the
Langerhans islets primarily expressed the TRAIL decoy
receptors DcR1 and DcR2 and TRAIL. Although very low

TABLE 2. Correlation Coefficients Among TRAIL and TRAIL
Receptors in Pancreatic Ducts as Revealed by
Spearman p Correlation Test

Spearman p Correlation (Ductus) DcR1 DcR2 TRAIL
DcR1 Correlation coefficient 1.000 0.151 0.550*
Significance (2-tailed) 417 0.001
N 31 31 31
DcR2 Correlation coefficient 0.151 1.000 —0.060
Significance (2-tailed) 0.417 0.747
N 31 31 31
TRAIL Correlation coefficient 0.550* —0.060 1.000
Significance (2-tailed) 0.001 0.747
N 31 31 31

*Correlation is significant at the 0.01 level (2-tailed).
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levels of TRAIL death receptors were detectable, TRAIL
expression was statistically the highest (Fig. 4B). Langerhans
islets displayed equivalent levels of DcR1 and DcR2 ex-
pressions. Only DcR1 displayed a positive correlation with
TRAIL as shown by Spearman p correlation test (Table 3).

Presence of Apoptotic Cells in Pancreas and the
Connection to TRAIL and TRAIL Receptor
Expression Profiles

Because acinar, ductal, and islet cells in the pancreas
displayed differential amounts of TRAIL and TRAIL receptor
expression, an Annexin V binding assay was performed on
pancreatic sections to determine the level of apoptosis.
Whereas fluorescent microscopic views display Annexin
V-FITC-stained cells (Fig. 5A), quantitative assessments
regarding the apoptotic index are provided below each panel.
No difference in the degree of apoptosis was observed among
acinar, ductal, and islet cells in pancreas. These results were
further confirmed by terminal deoxynucleotidyl transferase—
mediated 2’-deoxyuridine 5'-triphosphate nick end labeling
(TUNEL) assay on the same sections (Fig. 5B). Quantita-
tive analyses of TUNEL assay did not reveal any difference
in the degree of apoptosis among the cell types tested, as
shown below each panel in Figure 5B. Moreover, both An-
nexin V binding assay and TUNEL method detected equiv-
alent levels of cell death for each cell type. However, high
levels of TRAIL expression did correlate with increased cell
death as revealed by Spearman p correlation test (Table 4).
Intriguingly, some degree of correlation was also evident
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DcR2

Langerhans Islets

Score

B DR4 DR5 DcR1 DcR2TRAIL

FIGURE 4. The TRAIL and TRAIL receptor expression profile in Langerhans islets. A, Representative images of immunohistochemical
staining. Original magnification x200. B, Quantitative analysis of scoring. Error bars represent +SEM.

between apoptotic cells and DcR1 expression in acinar versus

islets cells.

TRAIL and TRAIL Receptor Expression Profiles
in Spleen

Because TRAIL is preferentially expressed by immune
cells, we also analyzed TRAIL and TRAIL receptor ex-
pression profiles in the spleen using immunohistochemistry

for comparison with those observed in the pancreas. Death
and decoy receptors, as well as TRAIL, were all expressed
in the spleen (Fig. 6A). Statistical analysis of the normality
of the group was tested by the Shapiro-Wilk method.
Because a Gaussian distribution was not observed, the

Friedman test followed by the Wilcoxon signed rank test
was applied to reveal the statistical differences in the group.
Equivalently high levels of staining were observed in the

TABLE 3. Differential Expression Profiles of TRAIL and TRAIL Receptors in Langerhans Islets as Illustrated

by Spearman p Correlation Test

Spearman p Correlation (Islets) DR4 DR5 DcR1 DcR2 TRAIL
DR4 Correlation coefficient 1.000 —0.033 —0.115 —0.089 —0.220
Significance (2-tailed) 0.859 0.538 0.634 0.234
N 31 31 31 31 31
DR5 Correlation coefficient —0.033 1.000 0.332 —0.089 0.262
Significance (2-tailed) 0.859 0.068 0.634 0.154
N 31 31 31 31 31
DcR1 Correlation coefficient —0.115 0.332 1.000 0.061 0.450*
Significance (2-tailed) 0.538 0.068 0.743 0.011
N 31 31 31 31 31
DcR2 Correlation coefficient —0.089 —0.089 0.061 1.000 —0.256
Significance (2-tailed) 0.634 0.634 0.743 0.165
N 31 31 31 31 31
TRAIL Correlation coefficient —0.220 0.262 0.450* —0.256 1.000
Significance (2-tailed) 0.234 0.154 0.011 0.165
N 31 31 31 31 31

*Correlation is significant at the 0.05 level (2-tailed).
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FIGURE 5. A, Annexin V-FITC binding assay on pancreas. Apoptotic cell staining and the quantifications were performed as described
in “Materials and Methods.” Upper row shows representative views of acinar (left), ductal (middle), and islet cell (right) at 200x
magnification; lower row shows high-power magpnifications (400x) of the same fields. Quantitative analysis of apoptotic scoring

is given below each panel as a percentage of Annexin V—stained cells. B, TUNEL assay on pancreas. Only 1 representative image
(views of acinar [left], ductal [middle], and islet cells [right]) for each condition is shown for clarity. The numbers below each panel
represent quantitative analysis of TUNEL assay results in percentages (apoptotic index). Original magnification x200. Error bars

represent +SEM in both panels.

spleen for all the TRAIL markers tested (Fig. 6B). Despite
the fact that the mean DcR2 expression level was low in
comparison with other markers, the difference was not
statistically significant. Nonetheless, our results demon-
strated that the amount of TRAIL and its receptor expression
on average were much higher in the spleen than those of the
pancreas (Fig. 6B).

DISCUSSION

Immunostaining approaches, either by immunohisto-
chemistry or flow cytometry, have become valuable tools to

© 2008 Lippincott Williams & Wilkins

analyze TRAIL and TRAIL receptor expression profiles in
tissues such as prostate, lung, breast, and synoviocytes.'*
Despite its anticancer properties,> 2> TRAIL has also recently
been implicated in the destruction of pancreatic B cells because
the analysis of activated T cell lines derived from 29 children
with new-onset T1D showed an increase in TRAIL expression in
the infiltrating 3 cell-specific T cells (CD56").2° The fact that
TRAIL induced much stronger cytotoxicity to the human 3 cell
lines (CM and HP62) than did TNF and FasL further
strengthened the argument of TRAIL mediating (-cell
destruction.?’
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TABLE 4. Correlation of Apoptotic Cells With TRAIL and TRAIL
Receptor Profiles in Pancreas

Apoptotic
Cell Staining Acinus Ductus Islets
DR4 Correlation coefficient —0.044 NA —0.218
Significance (2-tailed) 0.813 0.239
N 31 31
DRS5 Correlation coefficient 0.135 NA 0.177
Significance (2-tailed) 0.468 0.342
N 31 31
DcR1 Correlation coefficient 0.383* 0.310 0.433*
Significance (2-tailed) 0.034 0.090 0.015
N 31 31 31
DcR2 Correlation coefficient 0.001 0.012 —0.168
Significance (2-tailed) 0.994 0.947 0.367
N 31 31 31
TRAIL Correlation coefficient 0.8721 0.6931 0.97871
Significance (2-tailed) 0.000 0.000 0.000

N 31 31 31

*Correlation is significant at the 0.05 level (2-tailed).
fCorrelation is significant at the 0.01 level (2-tailed).
NA indicates not applicable.

Because of its presumed role in the development of
TID, our study assessed TRAIL and TRAIL receptor
expression profiles using immunohistochemistry of 31
human pancreata specimens. Our investigation revealed
varying degrees of TRAIL and TRAIL receptor expression
in the acinar cells. Although DR4 and TRAIL expressions
were the highest, there were substantial levels of TRAIL
decoy receptor expression in the acinar cells. Ductal cells, in

DcR1
BB

contrast, exclusively expressed TRAIL and TRAIL decoy
receptors. Similar observations were made for the Langer-
hans islets, despite the presence of very low, but detectable,
amounts of TRAIL death receptor expression. Thus, the
absence of TRAIL death receptor expression was clearly
evident in ductal cells and in Langerhans islets. Despite
equivalent levels of apoptosis observed among the cell types
tested, high levels of TRAIL expression were correlated with
the increased amount of cell death in all 3 cell types (acinar,
ductal, and islet cells) analyzed. This may strengthen the
arguments implicating TRAIL as an apoptosis-inducing agent
in pancreas?®-?” Some degree of correlation was also observed
between Annexin V-FITC—stained cells and DcR1 expression
in acinar versus islet cells, but not in ductal cells. Although
the biologic basis of this finding is not clear and cannot be
explained with our current knowledge, our studies on prostate
cancer cells suggest that DcR1 expression by itself is not
sufficient to prevent TRAIL-induced cytotoxicity.**** Yet, the
removal of DcR1 from the membrane increased the suscept-
ibility of primary islet cells to TRAIL-induced apoptosis,?’
further suggesting the potential protective roles of TRAIL decoy
receptors in protecting Langerhans islets from the death
ligand—mediated apoptosis.

The expression profiles of TRAIL and TRAIL receptors
on fetal pancreas were recently analyzed using laser scanning
confocal microscopy.®’ In this study, TRAIL-positive cells
were primarily positioned on the periphery of the pancreatic
islets. Although DcR1 and DcR2 expressions were notice-
able on a few cells, no DR4 or DRS5 expression was detected
in the pancreatic islets. Our study however revealed uniform
but substantial levels of TRAIL and TRAIL decoy receptor
expressions in the Langerhans islets. Differences between these

DcR2

DR4 DR5 DcR1DcR2TRAIL

B

FIGURE 6. Expression profile of TRAIL and TRAIL receptors in spleen (n = 6). A, Examples of immunohistochemical staining
representing a single patient are provided. Original magnification x200. B, Quantitative immunohistochemical scoring results.

Error bars represent =SEM.
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2 studies can be attributed to the use of fetal versus adult
pancreata, in addition to the differences in antibodies used.
Nevertheless, the presence of substantial levels of TRAIL
decoy receptor expression in the absence (or trivial levels)
of TRAIL death receptor expression may suggest that
Langerhans islets are naturally resistant to the cytotoxic
effects of apoptotic ligands. Not surprisingly, certain differ-
ences in the TRAIL sensitivity of cancerous versus normal
islets were also reported.’® Although B cell lines were
sensitive to TRAIL treatment, normal primary islet cells
isolated from most donors displayed resistance to TRAIL-
mediated cytotoxicity.”” Moreover, because TRAIL-transduced
dendritic cells protected mice from acute graft-versus-host
disease and leukemia relapse through the suppression of
antigen-specific T-cell activity," it is reasonable to assume that
high levels of TRAIL expression may provide immune pro-
tection to Langerhans islets. In summary, our study revealed
differential expression profiles of TRAIL and TRAIL re-
ceptors in the pancreas with potential implications in T1D.
More importantly, this study demonstrated that high levels of
TRAIL expression correlated with increased amount of cell
death in the pancreas.
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Abstract Type 1 diabetes results from the T cell-mediated destruction of pancreatic beta cells. Islet transplantation
has recently become a potential therapeutic approach for patients with type 1 diabetes. However, islet-graft failure
appears to be a challenging issue to overcome. Thus, complementary gene therapy strategies are needed to improve
the islet-graft survival following transplantation. Immune modulation through gene therapy represents a novel way
of attacking cytotoxic T cells targeting pancreatic islets. Various death ligands of the TNF family such as FasL, TNF, and
TNF-Related Apoptosis-Inducing Ligand (TRAIL) have been studied for this purpose. The over-expression of TNF or FasL
in pancreatic islets exacerbates the onset of type 1 diabetes generating lymphocyte infiltrates responsible for the
inflammation. Conversely, the lack of TRAIL expression results in higher degree of islet inflammation in the pancreas. In
addition, blocking of TRAIL function using soluble TRAIL receptors facilitates the onset of diabetes. These results suggested
that contrary to what was observed with TNF or FasL, adenovirus mediated TRAIL gene delivery into pancreatic islets is
expected to be therapeutically beneficial in the setting of experimental models of type T diabetes. In conclusion; this study
mainly reveals the fundamental principles of death ligand-mediated immune evasion in diabetes mellitus.
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with diabetes in the world by 2010 [McCarty and
Zimmet, 1994], making it the third most common
disease and the fourth leading cause of death
in North America [Boyle et al., 2001]. Insulin
injection is the main treatment modality for
patients with type 1 diabetes. While this ap-
proach protects patients from nephropathy,
neuropathy and retinopathy, it does not prevent
the recurrence of hypoglycemic events, seizures,
and coma. In addition, the loss of physio-
logic insulin secretion cannot be compensated
through the insulin administration into the
patients. While pancreas transplantation
can prolong and improve the quality of life, the
procedure is controversial because of the less
favorable outcome due to major surgery and
the need for long-term immunosuppression
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[Gruessner et al., 1997]. As an alternative,
transplantation of pancreatic islets is one means
of avoiding major surgery and the complications
associated with insulin injections [Bromberg and
LeRoith, 2006]. Even though islet transplanta-
tion has been a promising approach for the
treatment of patients with type I diabetes, the
success of the approach was challenged due to
the high frequency of non-functioning grafts
and secondary graft failure leading to the
necessity of the majority of recipients to resume
the administration of insulin at 5 years [Shapiro
et al., 2005]. Despite all the methods devised to
protect the beta cells from the immune mediated
destruction, the agents could only delay, not
prevent, the eventual failure of the transplanted
beta cells [Skyler et al., 2002].

The ultimate goal of islet transplantation is to
completely correct the diabetic syndrome with-
out the need for chronic immunosuppressive
drug therapy. In order to maintain long term
graft function, both alloimmune and auto-
immune barriers must be overcome. Thus,
tolerance induction is one of the objectives in
islet transplantation. Initial studies investigat-
ing the protection of islets from the immune
system involved the transplantation of islets
into immune privileged sites, such as the testis,
brain or thymus. It quickly became obvious
that these sites did not protect the grafts
through sequestration, but relied on the acti-
vation of apoptotic pathways, such as Fas ligand
(FasL)-induced apoptosis [Takeda et al., 1998].
This observation revealed the feasibility of
an immune modulation strategy consisting of
death ligand expression in pancreatic islets
by means of gene therapy for the purpose of
destroying (or avoiding) beta cell reactive
cytotoxic T cells. Thus, gene therapy arose as
an alternative treatment modality for the treat-
ment of type 1 diabetes patients [Harlan, 2004].
Fasl., TNF [Dajani et al., 2007] and TNF
Related Apoptosis Inducing Ligand (TRAIL)
are well known as apoptosis inducing members
of the TNF family, which are all implicated in
the pathogenesis of type 1 diabetes. Below is
the summary of the current literature on
what we know about these death ligands, their
prospective roles in type 1 diabetes as well as
their potential therapeutic applications in the
context of gene therapy. A particular emphasis
will be given to TRAIL, since it has some
discrete immune-modulatory properties com-
pared to TNF or FasL.

TNF-ALPHA AND FASL PLAY ESSENTIAL ROLES
DURING THE COURSE OF TYPE 1 DIABETES

Despite the fact that apoptosis mediates beta-
cell death both in rodents and humans, the
effector molecules responsible of the develop-
ment of type 1 diabetes are still disputed
[Santamaria, 2001]. A model depicting the mole-
cular pathogenesis of type 1 diabetes is given
on Figure 1. An islet inflammation (insulitis)
generally precedes the development of type 1
diabetes. This process requires the involvement
of local professional antigen presenting cells
(APC), such as dendritic cells, macrophages
and B cells, in addition to CD4" T cells and
CD8*' T cells (Fig. 1A). A prolonged period of
insulitis may lead to the preferential amplifica-
tion of autoreactive CD8" T cells bearing high
affinity T cell receptors (TCR). The differentia-
tion of high affinity CD8" pre-CTLs into CTLs
is accomplished via TCR recognition of
target peptide-MHC I complexes on local APC
in CD4" T helper (Th) independent manner
(Fig. 1B). Co-stimulatory pathways involving
CD28-B7 are believed to be essential for this
process. T cell effector pathways involving Fas/
Fas-ligand (Fas-FasL) interaction or the per-
forin/granzyme system are primarily responsi-
ble for the beta cell destruction. According to this
model, perforin production from CD8" T cells
initiates the immune response, and then Fas/
FasL interaction causes CD4" T cell-induced
beta cell death [Augstein et al., 1998; Eizirik and
Mandrup-Poulsen, 2001]. In addition, the inter-
action between the APC and T cells initiates an
inflammatory response resulting in the produc-
tion of high concentrations of proinflammatory
cytokines locally in the islets. These cytokines
then facilitate the induction of apoptotic signal-
ing cascades in the pancreatic beta cells [Miwa
et al., 1998; Heimberg et al., 2001]. Both CD8"
and CD4" T cells can secrete TNF and INF-y
upon antigen recognition. TNF enhances auto-
antigen presentation and IL-1 secretion by local
APC. By binding to specific receptors on beta
cells, these proinflammatory cytokines induce
either apoptosis through caspase cleavage (TNF)
or necrosis through NO production (INF-y and
IL-1). These three cytokines can also upregulate
Fas and MHC I expression on beta cells in order
to facilitate cell recognition and cell death
[Yamada et al., 1996]. All these results suggest
that TNF and Fas signaling play major roles
during the development of type I diabetes. Yet,
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Fig. 1. An inflammatory model for the pathogenesis of type 1
diabetes. Prolonged insulitis leads to preferential amplification of
autoreactive CD8™ T cells bearing high affinity receptors for islet
antigens (Panel A). Differentiation of CD8" and CD4* T cells into
effector cytotoxic T cells (CTLs) (Panel B). Effector phase of type 1
diabetes (Panel C). Unknown environmental factors cause MHC
class | restricted presentation of the beta cell antigen on the cell
surface. CD8" T cells recognizing this antigen generates MHC
class | restricted beta cell damage through the secretion of INFy or

CTL

TNF-alpha
NF-gamma

TNF/TRAIL or the perforin/granzyme system. Liberated beta-cell
components, such as insulin are taken up by the dendritic cells in
islets and transported to the regional pancreatic lymph nodes,
where the antigens are processed and presented to CD4™ T cells.
After the clonal expansion, CD4™ T cells will move to the islets to
perform CD4" T cell-mediated killing using FasL/Fas system.
[Color figure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]
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another member of TNF superfamily, TRAIL,
has recently been linked to have a profound
impact on autoimmune diabetes.

MOLECULAR EVIDENCES CONNECTING TRAIL
SIGNALING TO AUTOIMMUNE DIABETES

Two animal models of autoimmune diabetes
were utilized to understand the potential roles
of TRAIL in type 1 diabetes [Lamhamedi-
Cherradi et al., 2003]. In the first model, a
soluble TRAIL receptor was injected into NOD
mice to counteract TRAIL function. Blocking
TRAIL in this manner considerably increased
the onset of diabetes and augmented the degree
of autoimmune inflammation in pancreatic
islets. In the second model, multiple low-doses
of streptozotocin (STZ) were given to normal
and TRAIL-deficient C57BL/6 mice. Contrary
to TNF or FaslL, TRAIL-deficient animals
manifested a higher degree of islet inflamma-
tion leading to an earlier onset of diabetes
[Lamhamedi-Cherradi et al.,, 2003]. This
finding suggests that TRAIL expression might
be required for the down-regulation of auto-
immune inflammatory response in type I
diabetes.

A recent study suggested that TRAIL re-
ceptors are expressed both in the human beta
cell lines and in the normal primary islet cells
[Ou et al., 2002]. Most of the human beta cells
expressed all four TRAIL receptors and/or
TRAIL. Interestingly, both of the beta cell lines
(CM and HP62) were sensitive to TRAIL,
whereas normal primary islet cells isolated
from the most donors were resistant to the
TRAIL-induced cytotoxicity [Ou et al., 2005].
Moreover, the fact that TRAIL induced much
stronger cytotoxicity to the human beta cell
lines than did the other cytokines brought up
the possibility of TRAIL involvement in the
development of type 1 diabetes. Freshly isolated
T cells do not express TRAIL unless they are
treated with the type I interferon or CD3
ligation [Kayagaki et al., 1999]. This was
further confirmed by the studies showing an
increased expression of TRAIL in the infiltrat-
ing cells of the pancreatic islets in patients
with type 1 diabetes [Cheung et al., 2005].
Intriguingly, TNF and IFN-y treatment up-
regulated TRAIL gene expression in pancreatic
islets of NOD mice but still TRAIL failed
to induce apoptosis of freshly isolated pancre-
atic islets [Mi et al., 2003].

FUNCTIONAL CONSEQUENCE OF TRAIL
SIGNALING IN PANCREATIC ISLETS

TRAIL is a type II membrane protein that
can bind to five different receptors: TRAIL-R1
(DR4), TRAIL-R2 (DR5), TRAIL-R3 (DcR1),
TRAIL-R4 (DcR2), and osteoprotegerin (OPG)
[Wiley et al., 1995]. Current TRAIL receptor
signaling and NF-xB activation pathway, as
well as their cross-talk, are displayed on
Figure 2 [MacFarlane, 2003; Sanlioglu et al.,
2003]. DR4 and DR5 function as authentic
death receptors that signal for apoptosis, while
DcR1 and DcR2 are unable to induce such
signaling because they lack the intracellular
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Fig. 2. TRAIL receptor signaling pathway. Activation of TRAIL
receptor 1 (DR4) or 2 (DR5) by trimeric TRAIL ligands leads to the
recruitment of Fas-associated death domain protein (FADD) to
the membrane. Then, FADD recruits procaspase 8 to form death
inducing signaling complex (DISC). DISC-induced signaling
activates caspase pathway pushing cells into apoptosis. cFlip, a
procaspase 8 homologue, competes with procaspase 8 for
binding to FADD, thereby inhibiting apoptosis. Antiapoptotic
NF-kB signaling can also be activated by TRAIL and TRAIL-R4
(DcR2) interaction in an IkB Kinase (IKK) dependent fashion.
TRAIL-R3 (DcR1) has a truncated cytoplasmic domain, allowing
it to serve as a decoy receptor for TRAIL. Interestingly
proinflamotory cytokine (TNF and IL-1) dependent activation of
IKK and thereby NF-kB, has been claimed to induce apoptosis in
pancreatic islets. If so, the reason why cells do not undergo
apoptosis when DcR2 activates NF-kB signaling presents itself as
an intricate dilemma to resolve. Knowing that the death
receptor activation (DR4 or DR5) also may lead to the activation
of NF-kB signaling via TRAF-2 and NIK complicates this issue
further. Four different ways of inhibiting TRAIL-mediated
apoptosis by way of NF-kB is outlined in the figure. Osteopro-
tegerin (OPQ) is also another receptor interacting with TRAIL.
[Colorfigure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]
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death domain [Griffith and Lynch, 1998;
Karacay et al., 2004; Aydin et al., 2007].
The engagement of TRAIL with its receptors
DR4, DR5, and DcR2 (but not DcR1) activates
anti-apoptotic NF-«kB signaling pathways
[Degli-Esposti et al., 1997; Sanlioglu et al.,
2005, 2006]. Thus, TRAIL over-expression in
islets is expected to activate NF-xB signaling as
well. However, the consequence of TRAIL-
induced NF-kB activation in islets is not known.
NF-xB is well known for its anti-apoptotic
properties as demonstrated in cancer cells.
Intriguingly, proinflammatory cytokine activa-
tion of NF-xB has been linked to beta cell death
[Larsen et al., 2005; Ortis et al., 2006], but its
inactivation correlated with islet graft function
[Eldor et al., 2006]. Consequently, the contro-
versial issue that remains is whether the
activation of NF-xB signaling is beneficial or
detrimental for the islet-graft survival in islet
transplantation [Kim et al., 2007]. Neverthe-
less, the consequence of TRAIL-mediated
NF-kB activation might differ from proinflam-
matory cytokine-induced NF-«xB signaling.

Previous studies demonstrated that NF-xB
inducing agents up-regulated cFLIP synthesis
blocking caspase activation [Kreuz et al., 2001].
In addition, NF-xB activation increases TRAIL-
R3 synthesis, a decoy receptor for TRAIL
[Bernard et al., 2001], and the expression
of apoptosis inhibitor Becl-x;, [Hatano and
Brenner, 2001; Ravi et al., 2001] resulting in
the inhibition of TRAIL-mediated apoptosis.
Apoptosis inhibitors such as cIAP are also
induced by NF-kB signaling [Mitsiades et al.,
2002]. Based on these results, there are at least
four different ways to block TRAIL-induced
apoptosis through NF-«xB (Fig. 2). Because
TRAIL can neutralize its own apoptosis induc-
ing effects, it is not clear how cells decide
whether to go under apoptosis or not following
TRAIL treatment. Nevertheless, activation
of antiapoptotic NF-xB signaling by TRAIL
itself might constitute one of the possible ways
of avoiding TRAIL cytotoxicity in pancreatic
islets.

The variations in the ratio of TRAIL death to
decoy receptors might constitute a reason for
TRAIL resistance in pancreatic islets. Immuno-
staining approaches became valuable tools to
analyze TRAIL expression on tissues [Aydin
et al., 2007; Sanlioglu et al., 2007b,c]. For
example, the localization of TRAIL and its
receptors on fetal pancreas were analyzed using

confocal fluorescence immunohistochemistry
[Chen et al., 2003]. TRAIL-expressing cells
were mainly located on the periphery of the
pancreatic islets. While DcR1 and DcR2 expres-
sions were detectable on a few cells, no expres-
sion was detected using DR4 and DR5
antibodies. The fact that the pancreatic cells
expressed TRAIL and the TRAIL decoy recep-
tors suggested the cells were resistant to
apoptosis. Our recent study showing high levels
of TRAIL and the decoy receptors expression
in human islets also supported this notion
[Sanlioglu et al., 2008]. Pancreatic ductal cell
carcinoma cells expressing both the TRAIL
and its receptors, however, are sensitive to
TRAIL-induced apoptosis [Satoh et al., 2001].
Thus, there appears to be certain differences in
the TRAIL sensitivity of cancerous islet cells
versus normal islets. Moreover, since cytokine-
induced OPG expression protected pancreatic
beta cells from destruction; this particular
TRAIL interacting receptor has recently been
identified as autocrine or paracrine survival
factor for beta cells [Schrader et al., 2007].

IS OVER-EXPRESSION OF DEATH LIGANDS OF
TNF SUPER FAMILY A VIABLE STRATEGY TO
AVOID BETA CELL SPECIFIC CYTOTOXIC T
CELL ATTACK?

Because type 1 diabetes results from the
T cell-mediated destruction of the insulin-
producing pancreatic beta cells [Kurrer et al.,,
1997], the depletion of the autoreactive T cells
via apoptosis represents a viable strategy for
the prevention of autoimmune diabetes (Fig. 3).
Activation of the Fas-induced pathway while
interfering with the co-stimulation (second
signal) enhances the apoptosis of peripheral
lymphocytes in vitro [Akalin et al.,, 1997].
Despite obtaining promising results using an
adenovirus carrying both the human CTLA-4
and FasL genes (AdCTLA4-FasL) to treat
diabetes [Jin et al., 2004], recent reports have
challenged the use of FasL in the generation of
immune tolerance. For example, CMV-hFasL
transgenic mice were generated in order to
investigate the role of the Fas-FasL pathway in
the pathogenesis of STZ-induced type 1 diabetes
[Lin et al., 2003]. Interestingly, the transgenic
mice were more sensitive to diabetes than the
control WT mice, because the over-expressed
FasL stimulated IL-1 production and facilitated
neutrophil infiltration [Miwa et al., 1998]. This
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Apoptosis ?

Fig. 3. Death ligand expression in pancreatic islets and its
potential outcome. These therapeutic approaches are designed
to prolong the graft survival in patients with type 1 diabetes.
Pancreatic islet grafts protected from the immune-mediated
cytotoxic T cell attack are expected to function longer after the
transplantation. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com.]

observation is consistent with reports that
transgenic expression of FasL on beta cells
resulted in the earlier onset of type 1 diabetes
[Allison et al., 1997; Chervonsky et al., 1997,
Petrovsky et al., 2002]. Similarly, cardiac
grafts expressing transgenic FasL were quickly
rejected by neutrophils when transplanted
into syngeneic or allogeneic hosts [Takeuchi
et al., 1999]. FasL is synthesized as a type 1L
transmembrane protein, but it can be cleaved
by matrix metalloproteases after cell surface
expression [Tanaka et al.,, 1998]. For this
reason, it was hypothesized that the soluble
FasL contributed to the graft rejection either by
preventing apoptosis of the graft-reactive T cells
[Suda et al., 1997], and/or acting as a chemo-
tactic factor for neutrophils [Seino et al., 1998].

Parallel results were obtained using TNF.
Specifically, transgenic production of TNF (RIP-
TNF) in pancreatic islets induced insulitis
[Higuchi et al., 1992; Picarella et al., 1993;
Rajagopalan et al., 2003]. Furthermore, local
TNF synthesis promoted type 1 diabetes in
NOD mice by enhancing antigen presentation
[Green et al., 1998]. In accordance with this,
transgenic expression of soluble TNF receptor
prevented autoimmune diabetes in NOD mice
[Hunger et al., 1997]. Since infiltrating cells of
the pancreatic islets displayed elevated levels
of TRAIL expression in patients with type 1

diabetes [Cheung et al., 2005], these cells might
well use TRAIL death ligand in the destruction
of beta cells. Conversely, it is expected that
exogenous TRAIL over-expression might pro-
tect pancreatic islets from CTL invasion, as
depicted on Figure 3. Below is such an assess-
ment of potential application of TRAIL for the
purpose of defying autoreactive T cells targeting
pancreatic islets.

POTENTIAL OUTCOME OF TRAIL
INTERACTION WITH ISLET TARGETING T CELLS

Compared to the other members of the TNF
family such as FasLh and TNF, TRAIL has
distinct apoptosis inducing properties on
cells—specifically, TRAIL is a potent inducer
of tumor cell apoptosis but is nontoxic to normal
cells and tissues [Griffith et al., 2002; Steele
et al., 2006; Terzioglu et al., 2007; Sanlioglu
et al., 2007a]. Furthermore, unlike TNF, which
can initiate and exacerbate autoimmune dis-
eases, TRAIL is reported to down-regulate
immune responses. For this reason, the role
of TRAIL in the lymphocyte survival was
also analyzed using splenocytes isolated from
BALB/c mice [Song et al., 2000]. While FasL
induced apoptosis of the activated T -cells,
TRAIL inhibited their proliferation without
inducing apoptosis. TRAIL also prevented the
cell cycle transition from G1 to S phase of the
lymphocytes by inhibiting DNA synthesis. For
this reason, it was suggested that, unlike TNF
or FasL, TRAIL inhibits the activation and the
expansion of lymphocytes in vivo, but does not
delete them from the system. Intriguingly,
contrary to resting T cells, IL-2 stimulated
T cells are sensitive to TRAIL-mediated apop-
tosis, suggesting that TRAIL might be involved
in the peripheral deletion of T cells [Ashkenazi
and Dixit, 1999]. All these results suggest that
exogenous TRAIL expression in pancreatic
islets may have beneficial results in the setting
of type 1 diabetes by virtue of its potential to
retaliate against the assault by CTL.

THE SIGNIFICANCE AND THE NEED FOR
THE COMPLEMENTARY GENE THERAPY
MODALITIES IN ISLET TRANSPLANTATION

Prior to in situ transduction of pancreatic
islets with viral vectors, the pancreas must be
dissected from the patient and the islets need to
be properly separated from the surrounding
tissue [Van Linthout and Madeddu, 2005]. An
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experimental pancreatic islet isolation scenario
for the purpose of transplantation is depicted on
Figure 4. Here, the islets go through a quality
check (the number, live-death ratio and the
purity etc.) following isolation before the trans-
plantation. Later, the islets are ready to be
transduced by gene therapy vectors, such as
adenovirus. Adenoviral vectors are the most
commonly used viral vectors in gene therapy
clinical trials [Sanlioglu et al.,, 2003]. The
importance of gene altered islets for trans-
plantation hasrecently been reviewed [D’Anneo
et al., 2006; Samson and Chan, 2006]. One
such example of adenoviral transduction of
rat pancreatic islets is depicted in Figure 5.

Despite high transduction levels and wide
tissue tropism, adenovirus can only provide
transient gene expression due to its inability to
integrate into the host genome. Conversely,
this integration defect can be advantageous,
considering the increased malignancy risks
associated with retroviral vectors [Woods
et al., 2006]. Despite the antigenic properties
of adenovirus [Doerschug et al., 2002], which
is a major concern limiting transgene expres-
sion, the induction of the cellular immune
response can be minimized using appropriate
immunosuppressant regiments. For example,
an adenovirus vector carrying hepatocyte
growth factor reduced the minimal islet

Fig. 4. Experimental pancreatic islet isolation and purification
scheme for the transplantation purposes. Rat islets were isolated
with in situ ductal diffusion of Liberase R1. Islets were separated
with density gradientin Histopaque-1077. A view of anislet layer
acquired during the pancreatic islet isolation procedure is given
on the top left panel. A phase contrast microscopic view of a
normal rat pancreatic islet is shown on the top right panel.
Propidium lodide (Pl—middle left panel) and Fluorescein

Diacetate (FDA—middle right panel) stainings were performed
for the cell viability and later analyzed under the fluorescent
microscope. Bottom panels represent unstained isolated rat
pancreatic islets (left panel) and Dithiazone (DTZ) staining
indicating the cell purity (right panel). [Color figure can be
viewed in the online issue, which is available at www.
interscience.wiley.com.]
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Fig. 5. First generation adenovirus transduction of rat
pancreatic islets. Adenovirus vectors carrying the Enhanced
Green Fluorescein Gene (AdEGFP) were infected into freshly
isolated rat pancreatic islets. Fluorescein micrographs (200x)
were taken 48 h after the infection using fully motorized
Olympus I1X81 inverted fluorescein microscope located at the

transplant mass required in a glucocorticoid
free rat model of allogeneic portal vein islet
delivery [Lopez-Talavera et al., 2004]. In addi-
tion, systemic delivery of adenovirus vectors
with clamped liver circulation effectively trans-
duced pancreatic islets in vivo [Ayuso et al.,
2004]. There are various strategies currently
being investigated as experimental gene ther-
apy models for type 1 diabetes patients which
are designed to subvert autoimmunity [Fer-
nandes et al., 2004]. For example, recombinant
adeno associated virus-IL10 (rAAV-IL10) injec-
tions reduced lymphocyte infiltration into
the transplanted tissue and prolonged graft
survival in NOD mice [Zhang et al., 2003].
Adenovirus vectors expressing TGF-B also
protected pancreatic islets from autoimmune
destruction [Suarez-Pinzon et al., 2002]. Lastly,
intra-pancreatic CCL4 expression effectively
suppressed inflammatory response targeting
beta cells [Meagher et al., 2007]. Collectively,
these studies suggest that improving islet graft
survival is achievable in the experimental
gene therapy animal models. Since normal
adult pancreatic cells are resistant to TRAIL,
this information alleviates the concerns about

Human Gene Therapy Unit of Akdeniz University Faculty of
Medicine. Top panels depict uninfected rat pancreatic islets.
Bottom panels indicate AdEGFP transduced rat pancreatic islets.
Left panels are the bright field images. Right panels are the
fluorescein images. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com.]

TRAIL cytotoxicity upon exogenous TRAIL
gene transfer into pancreatic islets and an
adenovirus-mediated TRAIL gene transfer
strategy (AdShTRAIL) [Griffith et al., 2000]
should be very useful to over-express TRAIL in
the pancreatic islets. Additional studies are
needed, however, to understand the molecular
mechanisms underlying islet graft survival to
develop more effective treatment strategies
against type 1 diabetes.
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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.
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Background

Cancer still appears to be a challenging disease to treat.
According to most recent estimates, more than 10 million
new cancer cases were reported in the year 2000 killing
around 6 million people [1]. In addition, 10 % of all can-
cers appear to be the breast cancer. Being the most fre-
quently diagnosed cancer type in women, the breast
cancer claims about 370,000 deaths each year around the
world [2]. Surgery, radiotherapy and chemotherapy are
among the most widely used 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.
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Resistance to TRAIL-induced apoptosis in normal cells
was initially considered to be caused by the presence of
decoy receptors (TRAIL-R3 and TRAIL-R4), which com-
pete with death receptors (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.

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

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
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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).

Page 9 of 17

(page number not for citation purposes)



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

70

] == Control

] - AdIKKBKA
56

] — AdhTRAIL

=—=AdhTRAIL+AdLacZ

= 42 — AdhTRAIL+AdIKKBKA
= (1000)
o — AdhTRAIL+AdIKKBKA
O 28 (5000)
14
o 1 2 3
10 10 10
AnnexinV
70

Count

AnnexinV

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.

Page 10 of 17

(page number not for citation purposes)



BMC Cancer 2005, 5:54

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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