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OZET

Romatoid Artrit (RA), kronik otoimmiin inflamatuvar hastaliklar igerisinde
en yaygin goriilen romatizmal hastaliktir. Giiniimiizde halen RA’ nin etiyopatogenezi
acikliga kavusturulmamis olmasina ragmen, hastaligin gelisim silirecinde T
hiicrelerinin 6nemli bir rol aldigi bilinmektedir. Bu etkilerini makrofaj ve B
hiicrelerinin aktivasyonu araciligi ile gosterirler. Merkezi ve periferal T hiicrelerinin,
immiin yanit esnasinda olusan aktiviteleri programli hiicre 6liimii olarak bilinen
apoptozis ile diizenlenmektedir. TRAIL (TNF ile iliskili apoptozisi aktive eden
ligand) ekspresyonundaki bozukluk sonucu olusan timosit apoptozisi, otoimmiin
hastaliklarla sonu¢lanmaktadir. Biz de burada T hiicrelerinin yiizeyindeki TRAIL
reseptor ve ligand kompozisyonlarini belirleyerek, RA’ 11 hastalarda TRAIL’ in
hastaligin gelisim ve ilerlemesindeki roliinlin saptanmasi ve bunun hastaligin seyri
ile iligkisini arastirmayr amagladik. Bu sayede RA’ mnin patofizyolojik
mekanizmasinda TRAIL ve reseptorlerinin T hiicrelerinin fonksiyonunu nasil
etkiledigi belirlendi.

Bu amagla yapilan akig sitometrisi analizleri sonucunda RA’ 11 hastalarda
saglikli bireylerle karsilastirildiginda, hem CD4" hem de CD8" T hiicrelerinde
TRAIL ligand ve hem &liimciil (DR4/DR5) hem de dekoy reseptér (DcR1/DcR2)
ekspresyonlarinda belirgin sekilde artis saptandi. Bu artiglar, RA’ nin klinik
degerlendirmesinde, hastaligin aktivite skoru olarak kullanilan DAS28 skorlamasi ile
karsilastirildi. Burada 6zellikle CD8" T hiicrelerindeki, en fazla DcR1 olmak iizere
DR4 ve DcR2 ekspresyonundaki artisin DAS28 ile korele oldugu saptandi.

Sonu¢ olarak, T hiicre yiizeyindeki TRAIL ligand ve reseptor ekspresyon
profillerindeki farkliliklar, TRAIL’ in RA patogenezinde onemli bir role sahip
olabilecegine gostermistir.

Anahtar Kelimeler: TRAIL, Molekiiler Tan1i, DAS28 Skoru, Romatoid Artrit



ABSTRACT

Rheumatoid Arthritis (RA) is the most common, chronic autoimmune
inflammatory disorder. Although the pathogenesis of the disease is unclear, it is well
known that T cells play a major role in both development and perpetuation of RA
through activating macrophages and B cells. Apoptosis or programmed cell death
regulates central and peripheral T cells’ activity during the immune response. Since
the lack of TNF-Related Apoptosis Inducing Ligand (TRAIL) expression resulted in
defective thymocyte apoptosis leading to an autoimmune disease, we explored
evidence for alterations in TRAIL/TRAIL receptor expressions on peripheral T
lymphocytes in the molecular mechanism of RA development.

Accordingly, we performed a flow cytometric analysis to examine the T cell
associated TRAIL and its receptors’ expression profile in patients with RA.
Significant up-regulation of TRAIL and its receptors (both death and decoy) was
detected on both CD4" and CD8" T cells in RA patients compared to control
individuals. The correlation between TRAIL and its’ receptor expression profile was
compared with clinical RA parameters such as RA activity (DAS28) scoring.
Intriguingly, only the CD8" T cell associated DR4 death receptor and both decoy
receptors (DcR1 and DcR2) displayed a positive correlation with patients’ DAS
scores.

In conclusion, differential alteration of TRAIL death and decoy receptor
expression profiles on T cells indicates that these profiles might be important in
revelation of RA pathogenesis.

Key Words: TRAIL, Molecular Diagnostics, DAS scores, Rheumatoid Arthritis
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GIiRIS VE AMAC

Romatoid Artrit (RA), en yaygin goriilen romatizmal hastaliktir. Kadinlarda
daha sik olmakla birlikte toplumun % 1’ inde goriiliir. RA’ nin 6zellikleri arasinda,
kronik inflamasyon sonucu ortaya ¢ikan sinovyal hiicre hiperplazisi ve sinovyal
eklemlerde lenfositler, makrofajlar ve plazma hiicrelerinden olusan infiltrasyon
vardir. Bunlarin sonucunda da kikirdak doku ve kemiklerde harabiyet olusur.

Giiniimiizde ne RA’ ya sebebiyet veren faktorler ne de eklemlerdeki zarari
giderecek herhangi bir tedavi edici metod bulunmamaktadir. Bu sebeple RA
etiyopatolojisine ve patogenezinin aydinlatilmasina yonelik olarak yapilan
arastirmamiz ile hastaligin primer etkenlerinden oldugu veya en azindan
etyolojisinde 6nemli bir rol aldig1 bilinen CD4" T yardimei hiicreleri ile yine T hiicre
grubunun bir alt grubu olan CD8" T hiicrelerinin, TRAIL ligand ve reseptor
kompozisyonlar1 belirlendi. Bu amagla, yeni RA tanis1 almis ve herhangi bir
DMARD kullanmamis hastalardan ve kontrol grubundan periferik tam kan 6rnekleri
toplandi. Bu orneklerde akis sitometrisi yontemi ile T hiicre yiizeyindeki TRAIL
ligand ve reseptdr sentez seviyeleri belirlendi. Burada, herbir TRAIL reseptor alt
tipine ve ligandina kars1 spesifik olarak gelistirilmis monoklonal antikorlar
kullanildi. Ayrica T hiicrelerinin alt gruplarinin, ayr1 ayr1 analiz edilebilmesi igin de
T hiicre reseptorlerine (CD4*, CD8") baglanan monoklonal antikorlar kullanildi. RA’
It hastalarda TRAIL’ in hastaligin gelisim ve ilerlemesindeki rolii ve hastalarda
sTRAIL serum diizeylerinin hastalik ile iligkisi saptandi. Burada elde edilen veriler
15181nda hastalarin DAS28 hastalik aktivite skorlari ile T hiicre iligkili TRAIL ligand
ve reseptor profili arasindaki korelasyona, normal saglikli bireylerle karsilagtirmali
olarak bakildi. Bu sayede TRAIL ve TRAIL reseptor kompozisyonlarina bagli
olarak, RA’ I1 hastalarda TRAIL’ in RA patofizyolojisindeki T hiicreleri ile olan
iliskisi belirlendi.



GENEL BIiLGIiLER

2.1. Romatoid Artrit

Romatoid Artrit (RA), romatizmal hastaliklar igerisinde en yaygin
gortilenidir. Kronik inflamasyon ile karakterize bir hastalik olan RA, primer olarak
sinovyal dokular1 hedef alir. Hastaligin genel seyrinde, sinovyal hiicrelerin
hiperplazisi ve sinovyal eklemlerin lenfositler, makrofajlar ve plazma hiicrelerince
infiltrasyonu sonucu olusan kikirdak doku ve kemiklerde harabiyet goriiliir [1-4].
Sistemik bir hastalik olan RA, viicuttaki tiim organlar1 etkiler ve hastalarda
yorgunluk, hafif derecede ates, anemi ve akut faz reaktanlarinin yiikselmesi (eritrosit
sedimentasyon hizi1 ESR veya C-reaktif protein CRP) gibi sistemik bulgulara yol agar

[5].

2.1.1. Romatoid Artrit’ in Yaygimhg

Tim diinyada yaklasik % 0,5-1’ lik bir prevalansla seyreder [6]. Tam olarak
bilinmeyen nedenlerle kadinlarda, erkeklere oranla iki-ii¢ kat daha fazla goriiliir. RA
herhangi bir yasta ortaya ¢ikabilir, ancak en ¢ok 35-60 yaslarinda baslayip yasla
birlikte insidansinda artig goriiliir [1, 6].

2.1.2. Genetigin Romatoid Artrit Uzerindeki Etkisi

Genetik faktorler, hem RA gelisme riskinin hem de hastaligin ciddiyetinin
belirlenmesinde anlamli bir rol oynar. Hastalik ayni aile i¢inde birden ¢ok kiside
goriilebilir. Ornegin, birinci derece akrabalari arasinda RA’ 11 bir hasta bulunan
kiside hastaligin gelisme riski, genel topluma gore 16 kat artmigtir. RA” It bir kiginin
birinci derece akrabalari arasinda hastalik bulunma siklig1 ise % 10 kadardir [7-9].
Tek yumurta ikizleri arasinda hastaligin birlikte goriilme sikligr % 30, ¢ift yumurta
ikizlerinde ise % 5 oranindadir [9, 10].

Insan 16kosit antijenleri (HLA), ozellikle de HLA-DR4 romatoid artrite
yatkinlik yaratan genlerin baginda gelir [11]. DR molekdilleri antijen sunan hiicrelerin
yiizeyinde bulunurlar ve T hiicrelerinin DR araciligiyla antijeni tanimasini saglarlar.
RA ile iligkili bulunan allellerin hepsinin yapisinda, benzer amino asit dizilimi
gosteren bir bolge vardir. Ortak ya da paylasilan epitop olarak adlandirilan bu
bolgenin RA’ ya genetik yatkinlig1 yarattigi diistiniilmektedir. HLA-DR4 ile iliskili



olan ortak epitopun iki kopyasini barindiran bireylerde daha ciddi ve destriiktif tipte
RA gelisir. Ozel bir antijen tanima bolgesi ile ilgili olan bu durumun, ortak epitopun
belli artrojenik antijenlerin taninmasini engellediginden dolayr RA gelisimi ile
yakindan ilgili oldugu gosterilmistir. RA’ da, belli DR tiplerinin 6n plana ¢ikmasi
hastalik patogenezinde T hiicrelerinin kesin bir sekilde yer aldiklarini gostermektedir
[12, 13].

Popiilasyon c¢alismalar1 HLA bolgesi ile iligkili olan RA’ nin, hastaligin
genetik riskinin sadece {igte birini olusturdugunu gostermistir [7, 11]. Son
zamanlarda da 6zellikle timor nekrozis faktor alfa (TNF-a) ve RA arasindaki iligkiyi
incelemeye yonelik ¢aligsmalar dikkat ¢ekmektedir [14-17].

2.1.3. Romatoid Artrit Patofizyolojisi

Hastaligin etiyolojisi heniiz tam olarak bilinmemektedir. RA genetik
faktorlerin, immiin sistemin, sinovyal dokularin ve gevresel faktorlerin karmasik bir
etkilesimi sonucu gelisir.

Sinovyal dokular RA’ daki otoimmiin inflamatuvar siirecin ana hedefidir,
ancak bunu baglatan neden bilinmemektedir. RA basladiginda, viicuttaki tim
sinovyal dokular T hiicreleri, B hiicreleri, makrofajlar ve sinovyal hiicrelerin
karmagik bir etkilesim alani haline gelirler. Sonugta da agiga ¢ikan sinovyal doku
proliferasyonu (sinovit), asir1 miktarda sinovyal sivi iretimine ve pannus
formasyonuna neden olur. Sinovit sonucu da kikirdak ve kemik dokuda harabiyet,
tendon ve baglarinda gerginlik ve yirtilmalar olusur. Biitiin bunlar, RA’ nin klinik
tablosunu olusturmaktadir (Sekil 2.1) [1-3].
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Sekil 2.1. RA patofizyolojisi. RA’ da klinik tabloyu olusturan karakteristik 6zellikler [18].



Hiicresel ve hiimoral immiinitenin her ikisi de RA’ nin baslamasinda ve
devaminda 6nemli rollere sahiptir. T hiicreleri, 6zellikle de aktive olmus yardimci T
hiicreleri tip 1 (Th1) sinovyal dokularda etkindir [19, 20]. Bu T hiicreleri, DR aracili
olarak makrofajlar, B hiicreleri veya sinovyositlerce sunulan heniiz bilinmeyen bazi
antijenler tarafindan aktive edilmekte ve ¢esitli sitokinleri salgilamaktadirlar.
Makrofaj kaynakli sitokinlerin, 6zellikle de interlokin-1 (IL-1) ve TNF-o’ nin bu
inflamatuvar siire¢te 6nemli rol aldiklar1, bu sitokinlere karsi olusturulan biyolojik
trtinlerin hayvan modelleri ve hastalar tizerinde yapilan c¢alismalarda ortaya
koyduklari etkinlikleriyle ispatlanmustir [16, 21, 22].

RA’ nin patogenezinde hiimoral bagisiklik da rol almaktadir. Romatoid faktor
(RF), RA’ nin uzun siiredir bilinen ve en yaygin kullanilan serolojik belirtecidir [9].
Hastalarda RF’ nin neden ¢ok yiikseldigi ve tam olarak oynadigi rol
bilinmemektedir. RF iiretimi kompleman aktivasyonunu arttirabilir ve lizozomal
enzimlerin, kininlerin ve serbest oksijen radikallerinin salinimina neden olabilir. RA
icin goreceli olarak daha 6zgiil olan diger bir otoantikor grubu yakin zamanda
bildirilmistir ve tip II kollajen, insan kikirdagi gp39 ve sitrulinize proteinlere karsi
olusan otoantikorlar1 icerir. Pek c¢ok vakada, bu antikorlarin diizeyi daha ciddi
hastaliklarla iligkili olsa da, tam olarak 6nemleri heniiz anlagilamamstir [5, 23-25].

2.1.4. Romatoid Artrit’ in Tanisi

RA’ nm baglama sekli hastadan hastaya farkliliklar gosterir. Hastalarin
yaklasik %70’ inde birkag¢ hafta ve hatta birka¢ aya yayilmis sinsi bir baslangi¢c s6z
konusudur. Bu siire icerisinde hafif bir atesin de eslik ettigi halsizlik, yorgunluk, kilo
kaybi1 ve bir veya birkag kiiclik eklemde agr1 vardir. Bu sebeple fizik muayenede RA’
ya patognomik bir bulgu yoktur [9]. Bunun yerine RA’ nin tanisi klinik olarak konur.
Amerikan Romatoloji Koleji’ nin (ACR) 1987 yilinda yayinladigi tani kriterleri
(Tablo 2.1), tek bir hastaya tan1 koymaktan ziyade klinik ¢alismalarda benzer
ozellikler tasiyan hastalar1 bir araya getirmek amaci ile gelistirilmis olsa da, bugiin
icin RA’ y1 tamimlayan tek aragtir. RA tanist konulabilmesi i¢in ilk dort kriterin en az
alt1 haftadir olmas1 gerekmektedir [26].



Ana Kriter Klinik Ozelligi
Sabah tutuklugu Eklemler ve gevrelerinde, en az 1 saat
Ug veya daha fazla eklemde artrit Bir hekim tarafindan tespit edilen, en

az 6 haftadir siiregelen eklem sisligi
veya S1vist

El eklemlerinde Artrit El bilegi, MCF ve PiF eklemlerinde en
az 6 haftadir siiregelen sislik
Simetrik Artrit Viicudun her iki yanindaki eklemlerde

simetri gosteren ve en az 6 haftadir
stiren tutulma

Romatoid nodiil Eklem kenarlar1 ve temas bolgelerinde
bir hekim tarafindan tespit edilen deri
alti nodiilleri

Romatoid faktor Normal kontrollerde %5’ den daha az
pozitif ~ bulunan  bir  yOntemle
bakilmalidir

Radyolojik degisiklikler On-arka planda ¢ekilmis diiz el
grafilerinde goriilen erozyonlar ve
periartikiiler osteoporoz

Tablo 2.1. ACR’ nin 1987 de belirledigi ve 2002’ de gdzden gegirilmis olarak
yayinladigi RA tani kriterleri. Tan1 i¢in en az dort kosulun bir arada
bulunmasi gereklidir.

2.1.5. Romatoid Artrit’ in Tedavisi

RA hastalarinda hedef, hastaligin ilk ii¢ ay1 icerisinde taniyr koymak ve
hastaligi degistiren anti-romatizmal ilag (DMARD) tedavisine baglamaktir [27].
DMARD’ lar, RA’ nin sakatliklara neden olan potansiyelini degistirme veya
modifiye etme 6zelligine sahip bir grup ilagtir. Bu grupta yer alan ilaglar arasinda
metotreksat, siilfasalazin, altin, antimalaryaller, leflunomid, azatiopiirin, penicilamin
ve minosiklin yer almaktadir [28]. Son yillarda da 6zellikle TNF-o ve IL-1 olmak
izere cesitli sitokinlerin RA’ nin patofizyolojisinde dnemli roller oynadiklar1 ortaya
cikmistir. Bu ¢alismalar sonucunda da biyolojik DMARD olarak isimlendirilen TNF-
a (etanercept ve infliksimab) ve IL-1’e karsi (anakinra) yonlendirilmis ajanlar
gelistirilerek klinik kullanima sunulmustur [16, 29, 30].

RA hastalarinda bir diger sorun da hastalara uygulanan tedavilerin
etkinliginin bireysel farkliliklar gostermesidir. Bugilin i¢in tedavi Oncesi ve
sonrasinda, verilen tedavinin degerlendirilmesinde hastalik aktivite skorlar1 (DAS-
28) hesaplanarak, klinik sonu¢ degerlendirmesi yapilmaktadir [31]. Bu
degerlendirmedeki ana eksiklik de, hastalarda direkt olusan eklem harabiyetinin degil
fonksiyonel durumun sorgulanmasidir.

2.2.  Romatoid Artrit Olusum Mekanizmasinda immiin Sistem
Gilinimiizde ne RA’ nin etiyolojisi tam olarak bilinmekte ne de hastaligin
seyrini yavaglatip eklem hasarindan koruyucu bir tedavi metodu bilinmektedir.



Ancak hastaligin sebebi ile iligkili olarak genetik faktorler ve otoimmiinite siiregleri
ile baglantilar mevcuttur. Hastaligin baglangi¢ slirecinde immiin sisteme ait hiicreler
aktif hale gelerek bir otoimmiinite siireci baslatirlar (Sekil 2.2). Bu siire¢ birkag
adimda gergeklesir. Ilk olarak lenfositler aktif hale gelir. Hastaligm olusumundan
sonraki adimlarda ise sinovyal zar ve sinovyum, baslica mononiikleer hiicrelerden
olusan bir inflamatuvar infiltrat ile karakterize olur. Bu inflamasyon, hiicreler
arasinda iletisimi saglayan sitokinler tarafindan yonetilmektedir. RA patogenezinde
rol alan bu sitokinlerin gorevleri iyi bilinmektedir. Ancak hastaligin karakteristik
patolojik ozelliklerini asil etkileyen pro- ve anti-inflamatuvar sitokinler arasindaki
dengedir. Makrofajlar, B lenfositler, fibroblast benzeri hiicreler ve endotelyal
hiicrelerden TNF-a, IL-1, IL-6, IL-15, graniilosit makrofaj koloni uyaric1 faktorii
(GMCSF) gibi bir¢ok inflamatuvar medyatoriin salinmasinda primer sorumlu olarak
T hiicreleri diistiniilmektedir [20, 32]. T hiicresi, hiicre-hiicre kontagi ile direkt olarak
veya inflamatuvar sitokinler araciligiyla aktive olarak interferonlar (IFN), IL-18, IL-
17 gibi sitokinler araciligi ile de indirekt olarak makrofajlari stimiile edebilir [33,
34]. Eklemlerde meydana gelen harabiyette birgok sitokinin bir arada rolii olmasina
ragmen, IL-1 kikirdak harabiyetinden esas sorumlu sitokindir [35, 36].

— Rc)lllatoicl . Immiin _lc.omll.)l"eksle
B hiicresi faktorler Bakteriyal tirtinler
s K IL-1, TNF-c. vb.

IL’-l, - -

o 2 N
Thiicresi ¥ Cozinebilir faktorler

ve direkt
H hiicre—hiicre
b -A-DR etkilsimi
Antijen
sSunan

hticreler

B hiicreleri

veya . ; IL-1ve s :
makrofajlar Sinovyositler gt TNF-o1 Kondrositler

Pannus l l ‘//

Eklem kikirdak Kollajenaz ve diger nétral
dokusu proteazlarin tretimi

Sekil 2.2. RA’ nin gelisim mekanizmasi. Immiin sistem hiicreleri ve bunlardan
salinan sitokinlerin RA olusumundaki etkileri [37].

Sonug olarak, RA olusumunda ilk olay T lenfositlerin antijen bagimli olarak
aktivasyonudur. T lenfositlerin aktivasyonu bir ¢ok etkiye, sinovyal ve endotelyal
proliferasyona oOnciilik eder. Kemik iligi ve kan dolasiminda bulunan birgok



proinflamatuvar hiicrenin aktivasyonuyla makrofajlardan ve fibroblast benzeri
sinovyal hiicrelerden ¢esitli sitokinler ve proteazlar salgilanir ve bunun sonucunda da
otoantikorlar yapilir [33, 34, 38-40]. RA’ da T lenfosit aktivasyonuna neden olan
baslangi¢ antijeni ya da antijenleri heniliz bilinmemektedir. Bu antijenin ekzojen
(enfeksiydoz ajanlar gibi) olabilecegi gibi endojen de (otoantijen) olabilecegi
diistiniilmektedir. Endojen antijen olarak tip II kollajen, kikirdak glikoprotein-39,
immiinoglobulin G ve sitriillenmis protein ve peptidler sorumlu tutulmaktadir [41-
44].

Romatoid artritli hasta sinovyumundaki inflamatuvar infiltrat1 olusturan
mononiikleer hiicreler; T hiicreleri ve T hiicreleri ile yakin iliskide olan kuvvetli
HLA-DR pozitifligi gosteren, antijen sunan hiicrelerden olusur [38, 45]. Lenfositlerin
olusturdugu lenfoid follikiil benzeri yapilarda B hiicreleri de bulunur. Ancak B
lenfosit veya plazma hiicreleri %5 gibi diisiik bir oranda bulunurlar. T hiicresi,
hastaligin seyrinde etkin olan ¢oklu inflamatuvar yolaklarin basinda rol oynamakta
ve inflamasyon 6zellikle CD4" T hiicresine ve kismen de IFN sekresyonuna bagimli
olarak olusmaktadir [1, 18, 34, 41].

RA’ da hiimoral immiinitenin de rol aldigi RA’ Ii hastalarin %80’ inden
fazlasinda otoantijen olarak saptanan RF nedeniyle iyi bilinmektedir [46-48]. RF,
IgG' nin Fc parcasina kars1 gelismis bir antikordur ve RA’ da otoimmiin fenomenin
en 6nemli bileskenidir. RA’ da RF’ nin bulunmasi, immiin toleransin kaybedildigini
diisiindiirmektedir. RF, RA icin spesifik olmayip diger romatolojik hastaliklarda,
kronik inflamasyon ile seyreden durumlarda ve bazi normal kimselerde bulunabilir.
RF iireten B hiicrelerinin fizyolojik rolii tam anlasilmis degildir. infeksiyoz ajanlara
karst bir konak¢t yaniti oldugu ileri sliriilmistiir. Bakteriyel ve parazitik
infeksiyonlarla  birlikte stk goriiliir  veya  bakteriyel/viral  antijenlerle
immiinizasyondan sonra gecici olarak pozitif bulunur. RF negatif olan hastalarin ise
sinovyal sivilarinda gizli ya da kompleks formda RF’ ler bulunabilmektedir. RE’ ler
in vitro ortamda, komplemani klasik yoldan aktive edebilmektedir. Bunun sonucu
olarak da sinovyal inflamasyon bolgelerinde immiin kompleks olusumunun
maksimum oldugu ve RA’ It hastalarin sinovyal sivilarinda serumdan daha fazla
miktarda kompleman aktivasyonu oldugu goriiliir. RA’ da, B hiicrelerinin antijen
sunumunda da Onemli rolleri vardir. RF iireten B hiicreleri, immiin kompleksler
icindeki antijenleri, antijen spesifik T hiicrelerine sunarak bolgesel olarak immiin
yaniti artirir ve sinovyal RF yapimimi ¢ogaltirlar. Son zamanlarda yapilan bu
caligmalar, B lenfositlerin de RA patogenezinde oOnemli  rol oynadigini
diistindiirmektedir [49-51]. Ayrica RA’ da B lenfosit sayisinin azaltilmasini
amaglayan tedavi metodlari da gelistirilmeye ¢alisilmaktadir [32, 48, 52].

RA’ da sinovyal hiicreler fenotipik olarak transforme olup asiri derecede
cogalarak kikirdak ve kemik dokusunu istila ederler [18]. Apoptozise direngli ve
aktive olmus sinovyal hiicreler yiiksek miktarlarda proinflamatuvar sitokinleri ve
metalloproteinaz enzimleri iireterek doku hasarina yol agarlar [53]. Bu nedenle,
sinovyal hiicrelerin asirt derecede ¢ogalmasi ile lenfosit ve makrofajlarin anormal
aktivasyonu, RA’ nin iki karakteristik 6zelligi olarak tanimlanirlar [54]. Programli
hiicre 6liimii olarak bilinen apoptozis, merkezi ve periferal T hiicrelerinin immiin



yanit esnasindaki aktivitelerini diizenler. Apoptozisteki diizensizlikler veya
eksiklikler insanlarda otoimmiin lenfo-proliferatif sendrom (ALPS) gibi immiin
hastaliklara yol agar [55]. ALPS’ de Fas aracili olusan apoptozisteki kalitsal
bozukluklardan dolay1 asir1 bir lenfosit birikmesi goriilir. Bu bulgular Fas
(CD95/APO-1), TNF ve TNF ile iliskili apoptozisi aktive eden ligand (TRAIL) gibi
Olimciil ligandlarin antijen aktivasyonunu takiben lenfosit oliimlerine sebebiyet
verebildiklerini gosterir [56-59]. TNF-a siiper ailesi tiyeleri, yapisal olarak benzer
proteinler iceren ayni zamanda hiicre Olimi, immiin yanit ve inflamasyonun
diizenlenmesinde 6nemli rol oynayan sitokinlerdir. Bu ailenin ¢ok iyi tanimlanmis ilk
tiyesi TNF-a’ dir. Bunun diginda yine bu ailenin bir iiyesi olan ve ayni zamanda
APO-2L olarak da bilinen TRAIL, en yiiksek amino asit benzerligini CD95L/FasL
tiyesi ile paylagsmaktadir.

2.3.  TRAIL Oliim Ligand1 ve TRAIL Sinyal Yolu

TRAIL, TNF siiper ailesine mensup bir tip Il membran proteinidir [60].
TRAIL; TRAIL-R1 (DR4), TRAIL-R2 (DR5), TRAIL-R3 (DcR1), TRAIL-R4
(DcR2) ve osteoprotegrin (OPG) olmak iizere bes degisik reseptore baglanabilme
Ozelligine sahiptir (Sekil 2.3) [61, 62]. Bir hiicrede birden fazla TRAIL reseptoriiniin
olmasi, TRAIL’ in hiicre i¢inde pek c¢ok islev gordiiglini diisiindiirse de saglikli ve
hasta insanlarda TRAIL’ in birbirinden farkli olarak ne fonksiyon gérdiigii heniiz tam
olarak anlasilamamistir. DR4 ve DR5 6liim reseptorii olarak fonksiyon gérmelerine
ragmen, DcR1 ve DcR2 oliimciil sinyal gondermemekte ve sadece dekoy (yalanci)
reseptOr olarak islev goriirler (Sekil 2.4) [63, 64].
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Sekil 2.3. TRAIL reseptorlerinin sematik gosterimi [65]
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Sekil 2.4. TRAIL 6liim reseptorleri araciligi ile hiicre 6limii [65]

TRAIL ve TRAIL reseptorleri ¢ok cesitli dokularda normalde de sentez
edilirler. Ancak transforme olmamuis hiicrelerde, TRAIL apoptozise neden olmaz [66,
67]. Gilinimiizde bile bu direnglilikten sorumlu tek bir mekanizma ortaya
cikarilamamistir. Ancak gozlemlenen TRAIL direngliligini, kismen de olsa
aciklayabilecek iki farkli hipotez ileri siiriilmiistiir.

Ik hipotez, normal hiicrelerin yalanct TRAIL reseptérleri (DcR1 ve DcR2)
tasidigini ve bunlarin da apoptozisi indiikleyen 6liimciil TRAIL reseptorleriyle (DR4
ve DR5) TRAIL ligandina baglanmak i¢in yaristigini ileri siirer [66, 67]. Bu



hipotezde yalanci reseptorlerin ya baglanarak serbest TRAIL ligandlarinin sayisini
azalttig1 (DcR1 gibi) ya da hiicrelere anti-apoptotik sinyaller gondererek (DcR2 gibi)
TRAIL direnci sagladig1 diisiiniilmektedir. Daha 6nce yaymlanan arastirmalarda,
TRAIL-DcR2 iliskisinin, anti-apoptotik NF-xB sinyal yolunu aktive ederek TRAIL
aracili apoptozisi inhibe edebildigi bildirilmistir [68]. Fakat diger taraftan, DR4 ve
DR5 olimciil reseptorlerinin TRAIL ile aktivasyonu sonucunda da NF-xB sinyal
yolu uyarilmaktadir [69, 70]. Bu nedenle, bir hiicrede anti-apoptotik sinyaller varken
bu hiicrede apoptozisin ne sekilde gerceklesebildigi tam olarak anlagilamamistir. NF-
kB, ayni1 zamanda yalanci bir reseptor olan DcR1 sentezini, BCL-xL ve cIAP’ lar
gibi baz1 apoptozis inhibitdrlerinin sentezini de arttirarak, TRAIL aracili apoptozisin
engellenmesinde rol oynamaktadir [71-74]. Boylece, NF-kB aktivasyonu, hiicreleri
TRAIL’ e dort degisik yoldan direngli kilar.

Ikinci hipotez ise, apoptozis inhibisyonunun bu hiicrelerde yer alan bazi
inhibitdr proteinlerden kaynaklandigini savunur. Boyle bir molekiil olan FLICE
inhibitor protein (cFLIP), bir kaspaz-8 homologu olup 6liim ligandlar1 tarafindan
uyarilan apoptozisi inhibe eder [75, 76]. Ayrica, NF-kB yolunu uyaran ajanlarin
cFLIP sentezini de arttirdigi bildirilmistir [77]. Nitekim adenovirus aracili FasL
transferi ile RA makrofajlarinda, yiiksek oranda olan FLIP sentezinden dolay1
apoptozis bu yolla indiiklenememektedir [78, 79]. Grubumuz tarafindan yapilan daha
onceki ¢aligmalarda da, TRAIL geni tasiyan adenoviriislerin RA vakalarindan izole
edilmis sinovyal hiicreleri iizerinde, degisen TRAIL reseptor kompozisyonuna bagh
olarak RA tedavisinde yeni bir yontem olarak kullanilabilecegi gosterilmisti [80].

2.4. TRAIL’ in Otoimmiin Hastaliklardaki Rolii

Saglkli insanlarda yapilan ¢alismalarda CD3*/CD19™ T lenfositlerinde DR4,
DR5 ve DcR1 ekspresyonu gozlenmezken, DCR2 ekspresyonunun oldugu; CD3
/CD19" B lenfositlerinde de DR4’ iin yiiksek oranda ekspresyonuna ragmen DR5,
DcR1 ve DcR2’ nin orta diizeyde eksprese edilebildigi gosterilmistir. Notrofillere
bakildiginda ise yiiksek oranda DcR1 ekspresyonu ve ¢ok diisiik miktarda da DR5
ekspresyonu mevcuttur. Monositlerde ise sadece DR5 ekspresyonu gergeklesir.
Ayrica, lenfositlerin alt tiplerine yonelik yapilan ¢alismalarda da DcR2’ nin CD8" T
lenfositlerinde eksprese edildigi, CD4" T lenfositlerin ise DR4,DR5,DcR1 ve DcR2
eksprese etmedikleri, TRAIL’ e direnglilik gosterdikleri gorilmistiir. Ayrica
CD56°/CD3" NK T lenfositlerinden de asir1 miktarda DcR2 eksprese edilmektedir.
CD56'/CD3" hiicrelerden ise diisiik miktarlarda DCR2 ekspresyonu saptanmistir.
Istirahat halindeki CD4" ve CD8" T Ilenfositlerinde TRAIL reseptorlerinin
ekspresyonu zayif iken, uyarildiklari takdirde ise CD8" T lenfositlerde her iki dekoy
reseptOr ekspresyonunun da arttigr ve bu sayede de TRAIL’ e direngli olabildikleri
gosterilmistir [81-84].

Kronik hepatit B ile TRAIL iliskisine yonelik yapilan arastirmalarda da
ozellikle CD4" ve CD8" T hiicrelerindeki membrana bagli TRAIL’ in yiiksek
miktardaki ekspresyonu hastalardaki karaciger hasarlanmasi ile iligkilidir. Bu TRAIL
ekspresyonundaki artig hem viral uyarima hem de inflamatuvar bir sitokin olan IFN-
v’ nin artisina bagl olarak gergeklesir [85].
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Diger TNF ailesi iiyelerine kiyasla (FasL ve TNF’ ye gore) TRAIL’ in,
apoptozisi indiiklemede daha farkli &zellikleri mevcuttur. Oregin otoimmiin
hastaliklar1 baglatip daha da ilerlemesine neden olan TNF-o’ nin aksine TRAIL
immiin yaniti baskilamaktadir. Bu nedenle, TRAIL’ in lenfositlerin fonksiyonunu
nasil etkiledigini ortaya ¢ikarmak i¢in BALB/c farelerden izole edilen splenositlerde
caligmalar yapilmistir [86]. Aktive olmus T hiicreleri CD95L’ nin etkisiyle
apoptozise ugrarken, TRAIL bu hiicrelerde yalnizca boliinmeyi durdurabilir. Ayrica
TRAIL, DNA sentezini de inhibe ederek hiicrelerin G1’den S fazina ge¢mesini de
onler. Bu durumda, TNF ve CD95L’ nin aksine TRAIL lenfositlerde 6liime sebebiyet
vermeden onlarin aktivasyonunu ve ¢ogalmalarini engellemektedir. Ayrica, TRAIL
geni sentez etmeyen (knock-out) farelerde aktive olmus T hiicre yaniti
bastirlamadigindan dolay1 bu farelerin kollajen indiiklii artrite (KIA) daha duyarh
olmasi da, bu bulgular desteklemektedir [87].

TRAIL’ in otoimmiin inflamasyon ve hiicre siklusuyla ilgili heniiz
transformasyona ugramamis hiicreler lizerindeki etkilerini arastiran ¢cok az calisma
mevcuttur. Yeni izole edilen T hiicreleri, ancak tip | interferon ve CD3 ile
uyarilmalarindan sonra TRAIL sentez edebilirler [88, 89]. Ayrica, IFN-y ve IFN-a ile
uyarilan periferal monositlerde, dendritik hiicrelerde ve NK hiicrelerinde TRAIL
sentezi gdzlemlenmistir. Bu sonuglar TRAIL’ in ancak bir stimiilasyon sonrasinda T
hiicrelerinde, monosit ve makrofajlarda sentezlendiginin gostergesidir [90, 91].
Bunun yaninda, dinlenme halindeki T hiicrelerinin aksine IL-2 ile uyarilan T
hiicreleri, TRAIL aracili apoptozise duyarlidirlar. Bu durum, TRAIL’ in periferal T
hiicresinin eliminasyonunda da gorev alabilecegini diisiindiirmektedir [92]. Ayrica,
otolog CD4" T hiicreleri makrofajlar1 kismen de olsa TRAIL araciliiyla apoptozise
ugratabilmektedirler [93, 94]. TRAIL sentezi olmayan farelerden izole edilen CD4"
ve CD8" T hiicrelerinin, anti-CD3 antikor aracili hiicre oliimlerine direnclilik
gostermesi, TRAIL’ in timusta T hiicrelerinin negatif seleksiyonunda {istlenmis
oldugu 6nemli roliinden dolayidir [87].

2.5.  Romatoid Artrit’ te TRAIL ve Reseptorlerinin Fonksiyonel Rolii

RA’ 11 hastalarin sinovyal fibroblastlarinda DR5 ekspresyonun arttigi ve DRS
aracilt apoptozisin artmig olabilecegi, bunun da kemik erozyonu ve kikirdak
hasarinda 6nemli rol alabilecegi daha dnce yapilan galismalarla tespit edilmistir [81,
95]. Ayrica daha dnce yapilan grubumuza ait ¢aligmalarda da artrosentez ile elde
ettigimiz sinovyal hiicrelerde TRAIL reseptor kompozisyonlarmin degiskenlik
gosterdigi ve TRAIL direncinin DcR2’ nin hiicre yilizeyindeki ekspresyonuna bagl
oldugu gosterilmisti [80]. Buna ek olarak, diger yapilan galismalarda da, RA’ I
hastalarin sinovyal sivilarindaki mononiikleer hiicrelerden ve lenfositlerden DR4,
DR5, DcR1 ve DcR2 ekspresyonunun degisen miktarlarda oldugu gozlenmistir [79].

Her ne kadar bazi hiicrelerin 6liimii fonksiyonel yetersizliklere yol agsa da,
bir kisim efektor hiicrelerin artmis sag kalimlar1 da doku hasarina yol agar ve gesitli
hastaliklarin patogenezinde énemli rol oynarlar [96]. Antijene bagimli immiin yanitin
olusabilmesi i¢in T hiicrelerinin aktivasyonu gereklidir. T hiicrelerinde meydana
gelen bu olaylar sonucu da doku hasar1 olusmakta ve artan sitokin salinimina baglh
olarak da kimi zaman otoimmiin hastaliklar olusurlar. Bu sebeple buna benzer
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etkilerin olusmasimi Onlemek ve doku hasarini durdurmak i¢in T hiicrelerinin
ortamdan uzaklastirilmas1 gereklidir. Iste tam bu noktada, T hiicrelerinin apoptotik
oliimii devreye girer [97]. Daha 6nceki calismalarda CD4" T hiicrelerinin, CD8" T
hiicreleriyle etkilesime girerek etkin bir immiin yanitin olusturulmasinda énemli rol
oynadigi gosterilmisti. CD4" hiicrelerinin bdyle bir etkilesime giremedigi
durumlarda ise CD8" T hiicreleri TRAIL eksprese etmekte ve apoptozise
gitmektedirler [98-100]. Dolays1 ile de TRAIL ve reseptorlerinin CD4* ve CD8" T
hiicrelerindeki ekspresyon diizeylerindeki degisimler araciligiyla immiin yanitta
onemli bir Kontrol mekanizmasi olabilecegi diistiniilmektedir.

2.6.  Coziinebilir TRAIL (sTRAIL)

TRAIL’ in hiicre membranina bagli formunun disinda ¢oziinebilir formu da
(STRAIL) dolasimda bulunur. STRAIL, birgok kanser tiiriinde ve otoimmiin
hastaliklarda 6liim reseptorleri araciligiyla apoptozisi indiiklemektedir.

Yapilan  calismalarda sTRAIL  konsantrasyonu  Sistemik  Lupus
Eritematozuslu (SLE) hastalarda yiiksek bulunmus, TRAIL yiiksekliginin nétropeni
ile iligkili oldugu tespit edilmistir. SLE’ li hastalarda yapilan bu g¢alismada kontrol
grubu olarak RA’ 11 hastalar arastirmaya dahil edilmis ve bu hastalarin serum TRAIL
konsantrasyonlarinin saglikli kontrollerle benzer oldugu, SLE’ li hastalardan ise
diisiik oldugu tespit edilmistir [101, 102]. Ayrica yine SLE® li hastalarda yapilan
caligmalarda STRAIL’ in DR4 ve DR5 ile etkilesime girmesi sonucu lenfosit ve
monositlerin yiiksek oranlarda apoptozise ugradigi ve bunun da apoptotik hiicre
birikimine yol acgarak otoimmiiniteyi artirdigi goézlenmistir [103]. Psoriatik artritli
hastalarda yapilan incelemede de TRAIL serum seviyesinin, bir pozitif reaktan olan
serum CRP seviyesindeki artis ve kemik mineral yogunlugundaki kayip ile dogru
orantili oldugu gosterilmistir [104]. Ancak diger otoimmiin hastaliklardaki durumu
hakkinda halen bir bulgu bulunmamaktadir.

Yine tarafimizdan yapilan bir diger calismada da sTRAIL diizeyleri ile
metastatik kolon ve meme kanseri olgularmin sagkalim siireleri ve almig olduklar
tedaviye verdikleri yanit agisindan degerlendirmeleri yapilmistir. Metronomik tedavi
alan metastatik meme kanserli hastalarda sTRAIL diizeylerinin bireyler arasinda
farklilik gosterdigi ancak bu degisikliklerin sag kalim siirelerine etkisi ya da tedaviye
yanit ile konsantrasyon miktar1 arasinda herhangi bir korelasyon saptanmamuistir.
Ancak yine yaptigimiz diger bir ¢alismada, vaskiiler endotelyal biiyiime faktoriine
(VEGF) yonelik anti-VEGF monoklonal antikoru olan BevacizumAb ile tedavi goren
metastatik kolon kanserli hastalarda tedavi Oncesi ve sonrasi serum sTRAIL
konsantrasyonlart belirlenmistir. Bu c¢alisma sonucunda ise sTRAIL’in serum
diizeyindeki artis1, bevacizumAb tedavisi alan olgularda hastaliin iyi seyri ile iligkili
bulunmustur.

Biitiin bu bilgiler 15181inda, sTRAIL’in hastalik prognozunun izlenmesinde ve
kullanilan ilaglarin tedavi etkinliginin belirlenmesinde degerli bir belirte¢ olabilecegi
sonucuna ulagilmistir.
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MATERYAL ve METODLAR

Bu calismada 20 yeni romatoid artrit tanisi almis olguda, periferik kanda
eritrosit sedimentasyon orani, serum C reaktif protein diizeyi ve romatoid artrit ile
iliskili DAS skorlar1 belirlendikten sonra es zamanli olarak alinan periferik kan
orneklerinde T hiicre iligskili TRAIL ligand ve reseptor profillerini belirleyebilmek
icin akis sitometrisi yontemi kullanilmistir. Ayrica kontrol grubu olarak da benzer
yas ve cinsiyet dagilimi gosteren 16 saglikli bireyin periferik kan 6rneklerinde T
hiicre iliskili TRAIL ligand ve reseptor profilleri yine akis sitometrisi yontemi ile
belirlenmistir.

3.1.  Hastalarin Se¢imi

Bu calisma, Akdeniz Universitesi Tip Fakiiltesi I¢ Hastaliklar1 Anabilim Dal1
Romatoloji Bilim Dali’ na bagvuran 20 hastadan olusmaktadir. Tiim hastalar
baslangicta uzman bir doktor tarafindan degerlendirilmis, medikal dykiileri alinmis
ve fizik muayeneleri yapilmistir. Calismaya daha 6nce anti-TNF tedavisi almamis ve
yeni romatoid artrit tanisi alan 20 birey dahil edilmistir. Bu hastalar Amerikan
Romatoloji Koleji kriterlerine (Tablo-1) gore degerlendirilmis ve romatoid artrit
tanist almustir. Calisma i¢in Akdeniz Universitesi Tip Fakiiltesi Etik Kurul onay:
alinmis, calismaya dahil edilen tiim hastalara ¢alisma hakkinda bilgi verilmis, yazil
ve s0zli aydinlatilmis onam formu sahit huzurunda imzalatildiktan sonra ¢alismaya
baslanmistir.

3.2.  Kontrol Grubu Se¢imi

Calismaya dahil edilen kontrol grubu olacak bireyler, Akdeniz Universitesi
Tip Fakiiltesi I¢ Hastaliklar1 Anabilim Dali Romatoloji ve Immiiniiloji Poliklinigi’ ne
miiracaat eden, uzman doktor tarafindan yapilan muayene ve incelemelerinde
herhangi bir otoimmiin hastaligi olmayan, ciddi hayati tehdit edici saglik problemi
(kronik kalp, akciger ve karaciger hastaligi tespit edilmeyen) saptanmayan ve
aydinlatilmis onam formu alman goniillillerden olugsmustur. Kontrol grubunun
seciminde ayrica, ¢aligmaya alinan hasta grubu ile benzer yas ve cinsiyet dagilimi
gostermelerine dikkat edilmistir.

3.3.  Hastalarin DAS28 Skorlarinin Hesaplanmasi

Calismaya dahil edilen hastalarin, romatoid artrit i¢in hastalik aktivasyon
gostergesi olarak kullanilan DAS-28 skorlar1 asagidaki formiile goére hesaplandi.
Burada hastalarin sis ve hassas eklem sayilar1 uzman doktor tarafindan yapilan
muayene sonucunda belirlendi. Hastalarin eritrosit sedimentasyon oranlar1 da ¢alisma
icin alinan 6rneklerle es zamanli alinan periferik kan 6rneklerinden ¢aligildi.
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DAS28 Skoru = [0,56.VHassas eklem sayisi + 0,28.VSis eklem sayisi +
0,70.Ln(Eritrosit sedimentasyon oran1)].1,08 + 0,16

3.4. Akis Sitometrisi Analizi

Akdeniz Universitesi Tip Fakiiltesi I¢ Hastaliklar1 Anabilim Dali Romatoloji
ve Immiinoloji Bilim Dali poliklinigine basvuran saglikli kontrol ve RA’ I
bireylerden alinan periferik kan 6rneklerinde akis sitometrisi yontemiyle T hiicre alt
gruplar1 saptanarak, bunlardaki TRAIL ligand ve reseptor ekspresyon profilleri
belirlendi.

Akis sitometrik analizler, Akdeniz Universitesi Tip Fakiiltesi Akis Sitometrisi
Unitesinde bulunan Epics Altra, Beckman Coulter cihazi kullanilarak
gerceklestirilmistir.

Akis sitometrisi ile yapilacak analizler i¢in tam kan yontemi kullanilmistir.

3.4.1. Kullanilan Soliisyonlar

Isoton II azide-free balanced electrolyte solution (Beckman Coulter,
8448022)

PBS (1000 ml’ sinde 8 g. NaCl, 1,15 g. Na2HPO4, 0,2 g. KCI ve 0,2 g.
KH2PO4 igerecek sekilde hazirlandi.)

Reagent I (Fixation, IntraPrep, Beckman Coulter, A07803)

Reagent Il (Permeabilization, IntraPrep, Beckman Coulter, A07803)

3.4.2. lislemler
1. Her hastadan ve kontrol bireyden K3EDTA’I1 tiiplere 8-10 cc periferik kan
ornekleri alindu.

2. Kan Ornekleri, vericilerden alinmalarini takiben en ge¢ 30 dakikalik siire
i¢erisinde laboratuvara ulastirildi.

3. 25%er pl. kan 6rnegi, 25’er pl. PBS ile test tliplinde sulandirildi.

4. Uzerine 3’er pl. monoklonal yiizeyel antikorlar eklendi. Calisma
grubundan her bir 6rnek i¢in toplam 10 test tiipii hazirlandi. Bunlardan ilk besine
CD4 FITC (Fluorescein isothiocyanate) (Beckman Coulter, IM1281) ve TRAIL
Ligand ve reseptorleri PE (E-Bioscience: DR4; 12-6644-73, DR5; 12-9908-73,
DcR1; 12-6238-73, DcR2; 12-6239-73, TRAIL; 12-9927-73); sonraki besine de CD8
FITC (Beckman Coulter, 1IM0451) ve TRAIL ligand ve reseptorleri PE (E-
Bioscience: DR4; 12-6644-73, DR5; 12-9908-73, DcR1; 12-6238-73, DcR2; 12-
6239-73, TRAIL; 12-9927-73) eklendi. ik 5 tiipiin {izerine 3’ er pl. CD25-ECD
antikoru (CD25 ECD; Beckman Coulter, 6607112) eklendi.

5. Her bir tiip vorteksle karigtirildu.
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6. 30 dakika oda 1si1sinda ve karanlikta inkiibe edildi.
7. Siire sonunda her bir tiipe 100 pl. Reagent I eklendi.
8. Tipler vorteksle iyice karistirildi.

9. 15 dakika oda 1s1sinda ve agikta bekletildi.

10. Siire bitiminde 4’er ml. PBS ilave edildi.

11. 300 g’ de 5 dakika oda 1sisinda santrifiij (Beckman Coulter Allegra X-
22R Centrifuge cihazinda) yapildi.

12. Santrifiij sonunda iistte kalan siipernatani atildi.

13. ik 5 tiipte (CD4 FITC ve CD25 ECD ile boyanmis olan), dipte kalan
hiicrelerin lizerine 100°er pl. Reagent II yavasca eklendi.

14. 5 dakika oda 1sisinda, vorteksle karistirmadan ve sallamadan, isikta
bekletildi.

15. Siire bitiminde tilipler yavasca, elle, 2-3 saniye karistirildi.

16. Reagent II eklenmis olan ilk 5 tiiplin iizerine 3’ er ul. monoklonal
intrasitoplazmik antikor  (APC-anti-human Foxp3; eBioscience, 17-4776-73)
eklendi.

17. Tiipler 20 dakika oda 1sisinda, karanlikta bekletildi.
18. Sonrasinda 4’ er ml. PBS ilave edildi.

19. 300 g’ de 5 dakika oda 1s1sinda santrifiij yapildu.
20. Ustte kalan siipernatant dokiilerek atildi.

21. Tiipiin dibinde kalan hiicrelerin iizerine 1,5 ml izoton eklenip analize
hazir hale getirildi.

15



Akis sitometrisi Flow-Check Fluorospheres (Beckman Coulter) ile kalibre
edildikten sonra ornekler cihazda analiz edildi. Analiz bdlgesinde negatif izotipik
kontroliin floresansindan daha yogun floresans gdsterenlerin total hiicre popiilasyonu
icerisindeki ylizdeleri (ilgili antijeni tasiyan hiicre yiizdesi) saptandi. Analiz programi
olarak Windows ile uyumlu ¢alisan Expo32 Flow Analyser programi kullanildi.

3.5. ELISA Deneyi

ELISA (enzyme-linked immunosorbent assay) deneyi i¢in hasta ve kontrol
bireylerinden akis sitometrisi deneyi i¢in alinan kan 6rnegi ile es zamanli olarak
biyokimya tiipiine 8-10 cc alinan kan ornekleri kullanildi. Tam kan 6rneklerinden
santrifiigasyon yontemi ile serum ayristirildi. Caligilan 6rneklerde serum ¢oziinebilir
TRAIL konsantrasyonlar1 saptandi. Her bir hasta ve saglikli birey i¢in bu deney iki
kez tekrarlanmastir.

3.5.1. Kullamlan Kit
STRAIL ELISA Kit (Diaclone, 850.770.192)
Kit Icerigi:
2 adet 96 kuyucuklu yiizeyi anti-TRAIL kapli ELISA plate
Liyofilize formda standart TRAIL
Liyofilize fromda kontrol TRAIL
Biotinli anti-TRAIL
Streptavidin-HRP
Standart diliient buffer 10X
Washing buffer 200X

3.5.2. Kullanilan Soliisyonlar

Standart Buffer Diliient 10X:
Kit igerisinden ¢ikan 25 ml buffer soliisyonu cam bir sisede 225 ml distile su
ile diliie edilir.

Standart TRAIL:

Kit icerisinden ¢ikan standart olarak kullanilacak olan liyofilize formdaki
TRAIL, 1,87 ml standart buffer diliient 10X ile sulandirilir. Final konsantrasyonu
3000 pg/ml’ dir.

Kontrol TRAIL.:
Pozitif kontrol olarak kulanilmasi amaglanan kit icerisinden ¢ikan liyofilize
formdaki TRAIL, 0,3 ml standart buffer diliient 10X ile sulandirilir.

Biotinli anti-TRAIL:

96 kuyucuklu bir ELISA plate’ i ¢calismak i¢in kit i¢eriginden ¢ikan biotinli
anti-TRAIL antikorundan 240 pl. almarak steril bir cam siseye konulur. Uzerine de
6360 pl. biotinli antikor diliient sollisyonu eklenir.
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Streptavidin-HRP Soliisyonu:

Kit igerisinden ¢ikan 5 pl. streptavidin-HRP {iizerine, yine kit icerisinden
¢ikan 0,5 ml HRP diliient eklenir. 96 kuyucuklu bir ELISA plate’ i ¢aligmak i¢in bu
diliie edilmis olan streptavidin-HRP stogundan 150 pl. steril bir cam siseye alinir.
Uzerine 10 ml. Streptavidin-HRP diliient ilave edilerek tekrardan diliie edilerek
kullanima hazir hale getirilir.

Washing Buffer 200X:

Deney sirasinda yikama islemlerinde kullanilacak olan soliisyon i¢in, kit
igerisinden ¢ikan konsantre haldeki washing bufferdan 10 ml alinarak distile su ile
2000 ml’ ye tamamlanir.

3.5.3. islemler

1. Deney igin kit igeriginden ¢ikan sTRAIL antikoru ile kaplanmis 96
kuyucuklu plate kullanildi. Dikey siralar rakamla, yatay siralar ise harfle
isimlendirilmistir.

2. IIk iki siitun digindaki her bir kuyucuga 100’ er pl. serum érnegi konuldu.
Her bir hasta ve kontrol birey 6rnegi deney giivenilirligi agisindan ¢ift olarak
calisildi.

3. Plate’in ilk iki siitunu standart egrinin belirlenmesinde kullanilacak olan
diliisyonlar ve pozitif ve negatif kontrol amagli kullanildi. Plate siitunlar1 rakamla,
siralart ise harfle belirtilmistir.

4. Ilk 2 siitunun ilk sirasina (A1 ve A2) 200 er pl. standart konuldu.
5. Al ve A2’ den 100’ er ul. B1 ve B2’ ye aktarildi.

6. B1 ve B2 kuyucuklarina 100’ er pl. standart diliient buffer eklenerek diliie
edildi.

7.B1 ve B2’ den 100’ er pl. C1 ve C2’ ye aktarildu.

8. C1 ve C2 kuyucuklarina 100’ er ul. standart diliient buffer eklenerek diliie
edildi.

9.Cl ve C2’ den 100’ er pl. D1 ve D2’ ye aktarildi.
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10. D1 ve D2 kuyucuklarina 100’ er pl. standart diliient buffer eklenerek
diliie edildi.

11. D1 ve D2’ den 100’ er ul. E1 ve E2’ ye aktarild.

12. E1 ve E2 kuyucuklarina 100’ er ul. standart diliient buffer eklenerek diliie
edildi.

13. E1 ve E2° den 100’ er ul. F1 ve F2’ ye aktarildu.

14. F1 ve F2 kuyucuklarina 100’ er pl. standart diliient buffer eklenerek diliie
edildi.

15. F1 ve F2’ den 100’ er pl. mikropipet yardima ile ¢ekilerek atildi.

16. Negatif kontrol olarak kullanilmak tizere G1 ve G2 kuyucuklarina sadece
100’ er pl. standart diliient buffer konuldu.

17. H1 ve H2 kuyucuklarina pozitif kontrol olmasi amaciyla 100’ er pl.
kontrol TRAIL eklendi.

18. Her bir kuyucuga taze olarak hazirlanmis olan biotinli anti-TRAIL’ den
50 ser pul. eklendi.

19. Plate’ in istii parafilm ile kapatildi ve 3 saat, oda 1sisinda beklemeye
birakildi.

20. Siire sonunda st agilan plate’ deki her bir kuyucugun icerisindeki
soliisyon multikanal mikropipet yardimi ile bosaltildi.

21. Her bir kuyucuga 0,3’ er ml daha onceden hazirlanmis olan washing
buffer eklendi ve mikropipet ile aspire edildi. Bu yikama islemi 3 kez tekrarlandi.

22. Her bir kuyucuga taze hazirlanan, streptavidin-HRP soliisyonundan
100’er pl. eklendi.

23. Plate’ in Ustii parafilm ile kapatilarak, 30 dakika, oda 1sisinda beklemeye
birakildi.

24. Siire bitiminde Ustii acilan plate daha once tarif edildigi sekilde 3 kez
yikama iglemine tabi tutuldu.
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25. Yikama islemini takiben her bir kuyucuga 100’ er ul. TMB substrat
soliisyonu eklendi.

26. Plate’ in st aliiminyum folyo yardimu ile kapatildi. 15-20 dk siireyle oda
1s1sinda, karanlikta beklemeye birakildi.

27. Siire sonunda Ustli agilan plate’ deki her bir kuyucuga stop soliisyonu
olarak 100’ er ul. H,SO, eklendi.

28. Renk reaksiyonu verene kadar bekletildi (en fazla 1 saat).

29. Plate, 450 nm’ de ELISA reader (Biotek ELX800)’ da okutuldu.

3.5.4. Sonuclarin Degerlendirilmesi

Yapilan ELISA deneyi sonucu 450 nm’de elde edilen okuma degerlerinin ng
cinsinden degerleri hesaplandi. Bu hesaplama isleminde, Microsoft Office Excel
2007 programi yardimi ile standart diliisyonlarin okuma degerlerinden elde edilen
standart egri formiili kullanildi.

3.6. Istatistiksel Degerlendirme

Sonuglarin istatistiksel testleri Windows SPSS (The statistical package for
social sciences) 13.0 versiyonu (SPSS Inc., Chicago, lll) ve GraphPad Prism 5.
Versiyonu (La Jolla, CA, USA) kullanilarak yapildi. Ortalama degerlendirmeler igin
tanimlayici testler, normalite testleri i¢in Shapiro-Wilk metodu, non-parametrik
karsilastirmalar i¢in Mann Whitney-U testi ve korelasyonlar i¢in Spearman’s Rho
korelasyon testi kullanildi. Bazi grafiklerin olusturulmas: sirasinda da SmartDraw
Health Science Edition (San Diego, CA, USA) kullanildi.
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BULGULAR

Bu calismaya Akdeniz Universitesi Tip Fakiiltesi I¢ Hastaliklar Anabilim
Dali Romatoloji Poliklinigi’ ne bagvuran ve burada ilk kez RA tanisi alan 20 olgu ve
Romatoloji ve iImmiinoloji Poliklinigi’ ne basvuran saglikli bulunan 16 goniillii dahil
edilmistir.

4.1. Romatoid Artrit’ li Hastalarin Klinik Degerlendirmesi

ACR® nin belirlemis oldugu kriterler dogrultusunda ilk kez RA tanis1 alan
toplam 20 ve yas-cinsiyet dagilimi yoniinden benzerlik gosteren saglikli 16 birey
calismaya dahil edilmistir. Hasta grubunda yer alan olgularin yas araliginin 29-73
arasinda (ortalama yas: 51,4) oldugu goriilmiis ve 20 hastanin 5° i erkek, 15° i
kadinlardan olusmaktadir. Hasta ve kontrol grubunda yer alan goniilliilerin genel
Ozellikleri Tablo 4.1° de 6zetlenmistir.

Hasta No Cinsiyet Kontrol No  Cinsiyet Yas
1 K 42 1 K 71
2 E 73 2 K 62
3 E 57 3 K 64
4 K 53 4 E 48
5 K 29 5 E 33
6 E 43 6 K 50
7 K 53 7 K 52
8 K 47 8 E 43
9 K 40 9 K 47
10 K 52 10 K 57
11 K 43 11 E 54
12 K 37 12 K 52
13 E 57 13 K 49
14 K 72 14 K 56
15 K 48 15 K 65
16 K 65 16 K 30
17 K 57
18 K 50
19 K 62

20 E 49

Tablo 4.1. RA’ li olgularin ve kontrol grubunun yas ve cinsiyet dagilimi
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RA’ 11 hastalarin klinik degerlendirmeleri uzman bir romatolog tarafindan
yapilmis olup 6zge¢misinde herhangi bir DMARD kullanim1 ve kronik bagka bir
hastalik Oykiisii olmayanlar arasindan seg¢ilmislerdir. Hastalarin yapilan fizik
muayene ve laboratuar testleri sonucunda hastalik aktiviteleri DAS-28 (sis eklem
sayisl, hassas eklem sayis1 ve ESR igerikli) formiilii kullanilarak degerlendirilmistir
(Tablo 4.2).

Sis Eklem

Hasta No

Sayisi

1 2 1 26 0,43
2 4 2 5 0,09 2,84
3 0 0 24 0,32 2,56
4 2 1 46 1,25 4,09
5 2 2 23 1,73 3,81
6 0 0 8 0,06 1,73
7 0 1 6 0,11 2,11
8 2 2 10 0,04 3,18
9 0 0 8 0,83 1,73
0 0 2 0,02 0,68
2 10 35 0,36 5,18
1 1 8 0,01 2,64
3 5 36 0,83 4,74
2 4 76 2,56 5
2 6 24 0,21 4,46
6 10 76 2,76 6,08
4 10 48 1,67 5,6
5 7 10 0,04 4,17
6 8 49 1,25 5,55
0 0 25 0,59 2,59

Tablo 4.2. RA’ I hastalarin DAS-28 skorlar1 ve klinik bulgulari

4.2.  Periferal Kan Orneklerinin Akis Sitometrisi Ile Degerlendirilmesi

RA’ nin heterojenik 6zellikler gosteren bir otoimmiin hastalik olmasindan ve
daha once SLE ile yapilan bir ¢alismada T hiicre alt tiplerinden CD4" ve CD8"
hiicre oranlarinda saglikli bireylere kiyasla farkliliklar gézlenmesi nedeniyle periferal
kan oOrneklerinde oncelikle T lenfosit alt tiplerinin oranlar1 saptanmistir. Burada
yiizde olarak hiicre oranlarinin belirlenmesi ve saglikli bireylerle kiyaslanabilmesi
i¢in akig sitometrisi yontemi kullanilmistir. Calisilan hasta 6rnekleri, saglikli kontrol
bireylerden elde edilen sonuglarla bagimsiz gruplar i¢in yapilan nonparametrik
student t testi kullanilarak karsilastirilmistir.

Calisilan 20 RA’ 11 hasta ile kontrol grubu arasinda ne CD4™ (p=0,63) ne de
CD8" (p=0,22) T lenfositlerinin oran1 yoniinden herhangi istatistiksel olarak anlamli
bir fark saptanmadi (Sekil 4.1). Bu durum SLE’ nin aksine RA’ 11 hastalarda,
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hastaligin  seyri ile T lenfosit alt tiplerinin oranlarimin etkilenmedigini
gostermektedir.
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Sekil 4.1. CD4"/CD8" T hiicre oranlari. RA’ I hastalarda CD4" /CD8" hiicre orani
saglikli bireylerle ayn saptandi. Her bir nokta bir hastanin sonucunu
gostermektedir. Sekil lizerinde ortalama + SEM degerleri hata gubugu olarak
gosterilmistir.

Calismamiza dahil edilen RA’ I1 hastalara ait CD4" CD25" FoxP3" lenfosit
yilizde oranlari ile kontrol grubu arasinda fark bulunmazken, literatiirle uyumlu bir
sekilde CD4" CD25" T lenfosit sayismin saglikli bireylerden fazla oldugu (p=0,001)
yapilan akis sitometri deneyleri sonucunda belirlenmistir. Bu deneye ait sonuglar
Tablo 4.3’ de verilmistir.

RA Kontrol p Degeri
CD4" CD25" 49+29 3,1+£2,0 0,001
CD4" CD25" FoxP3" 08+1,9 0,6+04 0,259

Tablo 4.3. CD4" CD25" ve FoxP3" hiicre yiizdeleri ile RA’ It ve saglikli kontrollerin
akis sitometrisi sonuglarinin karsilastirilmasi.
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4.3.  Romatoid Artrit’ de CD4" T Lenfositlerin TRAIL Ligand ve Reseptor

Profilleri

RA’ nin gelisimi sirasinda heniiz bilinmeyen bir antijenik uyarim sonucu
CD4" T hiicrelerinin aktif hale gegerek immiin yanit1 baslatti§1 ve bunun sonucunda
da sinovyal inflamasyon ve eklemlerde harabiyet olustugu bilinmektedir. CD4"
/ICD8" lenfosit oranlarinda saglikli bireyler ile RA’ Ii olgular arasinda fark
saptanmamasindan dolay1 her bir T hiicre alt tipinin hiicre yiizeyi TRAIL ligand ve
reseptOr profilleri akis sitometrisi yontemi kullanilarak belirlendi. Her iki grup arasi
ylizdesel hiicre oranlar1 bagimsiz gruplar ic¢in kullanilan student t testi ile
karsilastirildi (p<0,05).

Sekil 4.2° de gosterildigi iizere, CD4" T hiicrelerinden elde edilen sonuglara
gore RA”’ 11 hasta grubunda saglikli kontrol bireylere gore hem TRAIL ligand hem de
her iki grup (6liimciil ve yalanci) reseptorlerinin yiizey ekspresyonlarinda belirgin bir
artis saptandi. Yapilan analizlere 6rnek olarak bir RA’ I1 hasta bir de saglikli
bireyden calisilan periferik kan 6rneklerine ait akis sitometrisi sonuglar1 Sekil 4.3’ de
gosterilmigtir.
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Sekil 4.2. RA’ It hastalarin CD4" T lenfositlerindeki TRAIL ligand ve reseptor
ekspresyon diizeyleri saglikli bireylere gore yiiksek bulundu. Her
bir nokta bir hastay temsil etmektedir. Sekildeki hata gubuklari
+ SEM degerlerini ifade etmektedir.
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Bu gozlenen artislarin her bir reseptor ve ligand i¢in kontrol grubuna gore kag
kat oldugu hesaplanarak Sekil 4.4 de verilmistir. Burada 6zellikle diger reseptorler
ve liganddaki artis miktar1 10-15 kat iken DcR1 ekspresyonundaki artisin 35 kat
oldugu dikkat ¢cekmektedir.
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DR4 DRS DcR1 DcR2 TRAIL

Sekil 4.4. RA’ I hastalarin CD4" T hiicrelerindeki TRAIL ligand ve reseptor
ekspresyon miktarlarinin saglikli bireylere gore kag kat arttigi
gorilmektedir.

Ayrica RA hastalarma ait CD4" T hiicre yiizeyi TRAIL ligand ve reseptdr
ekspresyonlarinin birbirleri ile olan etkilesimleri de Spearman Rho korelasyon
analizi ile degerlendirildi. Ozellikle DR4 ekspresyonundaki artisin hem DR5 hem de
TRAIL’ in kendisindeki artis ile korele oldugu goriildii. Yine yalanci reseptorler
arasinda da (DcR1 ve DcR2) bir korelasyon saptandi (Tablo 4.4).
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RA-CD4 Spearman's Rho

DR4 DR5 | DcR1 | DcR2 | TRAIL
DR4 correlation Coefficient 1.000 | .620(**) 116 255 | .764(*%)
Sig. (2-tailed) : .004 .626 277 .000
N 20 20 20 20 20
DR5 correlation Coefficient | .620(**) 1.000 | .470(%) 416 374
Sig. (2-tailed) .004 s .037 .068 .104
N 20 20 20 20 20
DcR1 correlation Coefficient A16 | .470(%) 1.000 | .639(**) .086
Sig. (2-tailed) 626| .037 . .002 718
N 20 20 20 20 20
DcR2 correlation Coefficient .255 416 | .639(**) 1.000 414
Sig. (2-tailed) 277| .068|  .002 . 070
N 20 20 20 20 20
TRAIL correlation Coefficient | .764(*) 374 .086 414 1.000

Sig. (2-tailed) .000 .104 718 .070
N 20 20 20 20 20

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

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

Tablo 4.4. RA hastalarindan elde edilen CD4" T hiicrelerindeki TRAIL ligand
ve reseptorlerinin birbirleri ile olan Spearman Rho analizi sonuglart.

4.4. Romatoid Artrit’ li Hastalarin CD8" T Hiicre Yiizeylerindeki TRAIL
Ligand ve Reseptor Ekspresyon Diizeyleri
RA’ nin gelisimi sirasinda T hiicrelerinin merkezi rollerinden dolayi, RA’ I
hastalarin periferik kan &rneklerinde bir sonraki asama olarak CDS8" lenfositlerde
TRAIL ligand ve reseptor profilleri akis sitometrisi kullanilarak belirlendi.

Sekil 4.5° de goriildiigii iizere saglikli bireylerden olusan kontrol grubunda
CD8" lenfosit iliskili TRAIL ligand ve reseptdrlerinin ekspresyon diizeyleri %1
oraninda iken RA’ 11 hastalarda bu oran ortalama %14’ tiir. Her iki gruba ait 6rnek
akis sitometrisi grafikleri Sekil 4.6° da verilmistir. Her iki grup arasindaki bu farkin
istatiksel analizi student t testi kullanilarak yapilmistir (p<0,05).
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Sekil 4.5. Kontrol grubu ile RA’ 11 hasta grubundaki olgularin CD8" T hiicrelerindeki
TRAIL ligand ve reseptor diizeyleri. Sekil {izerinde ortalama + SEM

degerleri gosterilmistir.
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Sekil 4.6. CD8" lenfositlerdeki TRAIL ligand ve reseptorler ekspresyonlarini tespit etmede kullanilan akis sitometrisi analizinden her iki gruba ait birer &rnek.

Ust sira kontrol grubundan bir drnege ait iken, alt sira RA hasta grubundan bir olguya aittir.



Artis miktarlart bakimindan incelediginde CD8" T hiicrelerinde ozellikle
yalanci reseptorlerden DcR1 ekspresyonunun 66 kat arttig1 gézlendi (Sekil 4.7).
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Sekil 4.7. RA’ 11 hastalarin CD8" lenfositlerine baghh TRAIL ligand ve
reseptorlerinin kontrol grubuna gore artig miktart.

Tablo 4.5’ te CDS8" lenfosit yiizeyindeki TRAIL Ligand ve reseptor
ekspresyon diizeylerinin birbiri ile korelasyonunu gosteren Spearman Rho
korelasyon analizi sonuglar1 verilmistir. Burada hem yalanci reseptdrlerin hem 6lim
reseptorlerinin hem de TRAIL ligandinin birbirleri ile yiiksek oranda iligkili oldugu
goriilmektedir.
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RA-CD8 Spearman's Rho

DR4 DRS5 | DcR1 | DcR2 | TRAIL
DR4 correlation Coefficient 1.000 [ .868(**) | .948(**) | .740(**) | .744(*)
Sig. (2-tailed) . .004 .000 .000 .000
N 20 20 20 20 20
DR5 correlation Coefficient | .868(**)| 1.000 | .784(**)| .738(**)| .632(**)
Sig. (2-tailed) .000 : .000 .000 .003
N 20 20 20 20 20
DcR1 correlation Coefficient | .948(**)| .784(**)| 1.000| .773(**)| .689(**)
Sig. (2-tailed) .000 .000 : .000 .001
N 20 20 20 20 20
DcR2 correlation Coefficient | .740(**)| .738(**)| .773(**)| 1.000| .525(*)
Sig. (2-tailed) .000 .000 .000 ! .017
N 20 20 20 20 20
TRAIL correlation Coefficient | .744(**)| .632(**)| .689(*)| .525(*)| 1.000

Sig. (2-tailed) .000 .003 .001 017
N 20 20 20 20 20

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

Tablo 4.5. CD8" T hiicre iliskili TRAIL ligand ve reseptdr ekspresyonlariin RA” It
hastalardaki korelasyon analizi.

4.5. T Lenfosit TRAIL Ligand ve Reseptor Ekspresyon Profillerinin RA
Hastalik Aktivitesi Tle Tliskisi
Elde ettigimiz sonuglar 1s18inda T lenfosit TRAIL ve reseptdr ekspresyon
profilleri ve RA’ I1 hastalarda gozlenen artiglar, hastalarin hastaligin siddeti ve
aktivitesi ile iliskisi Spearman Rho korelasyon analizi ile degerlendirildi. Bu analizde
hastaligin aktivitesinin gostergesi olarak DAS-28 skoru kullanildi.

Burada 6zellikle CD8" T hiicrelerindeki, en fazla DcR1 olmak iizere DR4 ve
DcR2 ekspresyonundaki artisin DAS28 ile korele oldugu saptanirken, CD4" T
hiicrelerindeki ekspresyon artislari ile ilgili herhangi bir iliski bulunmadi (Sekil 4.8).
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P=0.018
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Sekil 4.8. CD8" T hiicresi iliskili 6liim reseptorii DR4 ve yalanci reseptérler
DcR1 ve DcR2 ekspresyonlarindaki artiglar, RA hastalarinin
DAS28 skorlart ile korele bulundu.

4.6. Romatoid Atrit’ li Hastalarda Serum sTRAIL Diizeylerinin Onemi

Literatiirde RA ile benzer bulgular1 olan baska bir otoimmiin hastalik olan
SLE ile yapilan bir caligmada, SLE hastalarinda serum sTRAIL konsantrasyonunun
arttigi ve bu artisin SLE patofizyolojisinde Onemli bir role sahip olabilecegi
vurgulanmistir. Biz de bu calismamizda sistemik ¢oziinebilir TRAIL’ in, yeni RA
tanis1 almis hastalarda diyagnostik bir dnemininin olup olmadigini ortaya ¢ikarmayi
amagladik. Burada ELISA yontemi kullanilarak gerekli 6l¢timler yapildi.

RA’ 11 hasta grubu ile saglikli bireylerden olusan kontrol grubu
karsilastirildiginda, serum SsTRAIL konsantrasyonlart agisindan bir farklilik
belirlenmedi (Tablo 4.6). Ortalama serum sTRAIL konsantrasyonlar1 kontrol
grubunda 1.25 ng/ml, RA’l1 hastalarda 1.28 ng/ml olarak hesaplandi (Sekil 4.9).
Ortalama degerler student t test kullanilarak istatiksel olarak analiz edildi.
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Hasta No sTRAIL miktari

1 1,098
2 0,799
3 1,198
4 2,998
5 0,969
6 1,054
7 1,396
8 1,254
9 1,239
10 0,828
11 1,877
12 1,275
13 1,707
14 0,622
15 1,411
16 1,249
17 0,684
18 1,110
19 1,162
20 1,301

Kontrol No sTRAIL miktar

1 1,159
2 1,023
3 0,956
4 1,049
5 0,941
6 1,977
7 0,910
8 1,411
9 1,000
10 1,365
11 1,458
12 1,586
13 1,175
14 1,566
15 1,450
16 1,500

Tablo 4.6. Yeni RA tanis1 konmug hastalarla, saglikli bireylerde saptanan
serum ¢oziinebilir TRAIL diizeyleri.

STRAIL ng/ml

Kontrol Grubu

RA Hasta Grubu

Sekil 4.9. RA’ I1 hastalar ile saglikli bireyler karsilastirildiginda, serum STRAIL
konsantrasyonlar1 a¢isinda herhangi bir farklilik belirlenmedi.
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Elde ettigimiz bulgularimiz sonucunda sSTRAIL’ in RA’ I1 hastalarin tanisinda
diyagnostik bir 6neminin olmadig1 goriildii. Ancak ¢oziinebilir TRAIL’ in hastaligin
prognozu ve tedaviye verecegi yanit1 gosteren bir belirte¢ olarak kullanilip
kullanilamayacagim tespit etmek icin Akdeniz Universitesi Tip Fakiiltesi Romatoloji
Bilim Dali 6nciiliigiinde ortaklasa yiiriittiigiimiiz baska bir ¢alismada, énceden RA
tanis1 almis ve DMARD kullanmakta olan 20 RA hastas1 ¢alisildi. Bu ¢alismada 2
kontrol grubu kullanildi, 20 saglikli bireyden olusan bir grup ve 20 Sjégren
Sendrom’ lu hastadan olusan diger bir grup. Burada DMARD kullanan RA hasta
grubunda sTRAIL konsantrasyonu hem saglikli kontrol grubuna gore hem de
Sjogren Sendrom’ lu hasta grubuna gore istatistiksel olarak anlamli derecede artmis
bulundu. Sjégren Sendrom’ lu grupla saglikli kisiler arasinda ise herhangi bir fark
gozlenmedi. Saptanan sTRAIL diizeyleri kontrol grubunda 1,25 ng/ml, Sjogren
Sendrom’ lu hastalarda 1,27 ng/ml ve DMARD kullanan RA’ 11 olgularda 1,75
ng/ml’ dir.
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TARTISMA VE SONUCLAR

Son yillarda yapilan ¢alismalar ile prostat, akciger, meme ve sinovyal dokular
ile iligkili hastaliklarda TRAIL ve reseptorlerinin ekspresyon profillerinin
belirlenmesi hastaligin tani, prognoz ve tedavisinin ydnlendirilmesinde Onem
kazanmistir [80, 105-107]. Kansere karsi olan etkinligine ilaveten TRAIL’ in T
hiicreleri iizerinde de etkisi vardir.

TRAIL proteininin, otoreaktif T hiicrelerinin timusta gerceklesen negatif
seleksiyonunda rol aldigi, bagka gruplar tarafindan daha 6nce iddia edilmisti [108].
Ayrica TRAIL’ den yoksun fare modellerinde T hiicrelerinin timik delesyonunun
gerceklesemedigi ve bu farelerin kollajen indiiklii artrit gelistirmeye yatkin olduklar
da bildirilmisti [93].

Gen tedavi alanindaki ¢aligmalar, TRAIL’ in asir1 ekspresyonunun otoimmiin
hastaliklardaki fonksiyonel roliinii ortaya ¢ikarmaya yardimci oldu [80]. Ornegin,
romatoid artrit tavsan modellerinin in vivo adenoviriis aracili gen aktarimina
duyarliliginin  yani sira, romatoid artritli hastalarindan izole edilen sinovyal
hiicrelerin de TRAIL gen aktarimini karst duyarli oldugu gozlendi [106, 109].

Periferal kan lenfositleri yiizeyindeki TRAIL ekspresyonu, sinovyal hiicreler
tizerindeki ekspresyonundan daha farkli bir etkiye yol agabilir. TRAIL, sinovyal
hiicrelerin apoptozisine neden olabilirken, lenfositler tizerinde ise baskilayici bir etki
olusturabilir [110].

Otoimmiin hastaliklarin 6tesinde, TRAIL/TRAIL reseptor etkilesimlerinin
kanserde hastalik aktivasyonunun bir gostergesi olarak kullanilabilecegi daha dnceki
caligmalarda gosterilmisti. Ornegin prostat kanserli hastalarda DcR2 ekspresyonu
kotii prognozu isaret ederken, invasiv duktal karsinomlu hastalarda ise yiiksek DR4
ekspresyonu hastaligin evresi ve kotii prognoz ile iligkilendirilmistir [107, 111].
Bunlara ek olarak, otoimmiin bir hastalik olan tip 1 diyabet {izerine yapilan bazi
caligmalarda da yiiksek miktardaki endojen TRAIL ekspresyonunun insan pankreas
dokusunda olusan hiicre 6liimii ile iligkili oldugu ve otoimmiin yanitin baglamasinda
etkin bir role sahip olabilecegi diistiniilmiistii [112, 113]. Ancak bugiine kadar bir
diger otoimmiin hastalik olan RA gelisimi ile TRAIL/TRAIL reseptor iligkisini
ortaya koyabilecek herhangi bir ¢alisma yapilmadig: dikkat cekmistir.

Calismamizda, toplam 20 RA’ 11 hasta ve 16 saglikli bireydeki periferal T
hiicrelerinin ylizeyindeki TRAIL ve reseptér kompozisyonlar1 akis sitometrisi ile
belirlendi. Saglikl1 bireylerle karsilastirildiginda RA’ 11 hastalarda, her iki T hiicre alt
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tipinde de (CD4" ve CD8" lenfositler) TRAIL ve reseptorlerinin ekspresyonlarinda
belirgin artis gozlendi. Daha Onceki c¢alismalarda prostat kanserinde, prostat
dokusundaki TRAIL ve reseptor ekspresyon diizeylerinin benign prostat hipertrofisi
ile kanser ayriminda kullanilabilecegi bildirilmisti [105]. Benzer bir durumu
gozlemledigimiz RA’ da da hastaligin tanisinda ve seyrinde periferal lenfositlerdeki
TRAIL/TRAIL reseptorlerinin ekspresyonlarinin takip edilmesi faydali olabilir.

RA’ I hastalarda, kontrollere gére en belirgin farklilik, hem CD4" hem de
CD8" T hiicrelerinde artan DcR1 ekspresyonudur. Daha &nce buna benzer bir durum,
baska gruplar tarafindan multiple skleroz (MS) hastalarinda da bildirilmisti [114].
MS hastalarinda, DcR1 ekspresyon artis1 gosteren antijen spesifik T hiicre
klonlarinin, TRAIL aracili apoptozise direngli olduklari saptanmisti. Bu bulgulardan
yola ¢ikarak, otoreaktif T hiicre klonlarinin sag kalimlarin1t DcR1 up-regiilasyonu ile
sagliyor olabilecekleri sonucuna varilabilir.

Bilindigi tizere RA’ 11 hastalarin aktiviteleri DAS28 skorlamas: ile
belirlenmektedir. Bizim c¢alismamiz sonucunda, hastalardaki DAS28 skoru ile
TRAIL ligand ve reseptdr ekspresyonlari arasindaki korelasyona bakildiginda,
sadece CD8" T hiicre iliskili DR4, DcR1 ve DcR2 reseptdr ekspresyonlarindaki
artiglar hastalik aktivasyonu ile iligkili bulundu. Dolayis1 ile bu sonuglardan yola
cikarak, CD8" T hiicrelerindeki TRAIL ve reseptdrlerinin ekspresyon diizeylerindeki
degisimler hastalik aktivitesinin degerlendirilmesinde CD4" T hiicrelerinden daha
onemli olabilir.

Sonug olarak, RA’ nin patogenezinde en dnemli rolii iistlenen hiicre grubu
olarak CD8+ T hiicrelerinin yiizeylerindeki TRAIL ligand ve reseptdr kompozisyonu
ile hastaligin molekiiler patogenezinde dnemli bir rol oynadigini diisiiniiyoruz.
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Concurrent gene therapy strategies effectively destroy synoviocytes
of patients with rheumatoid arthritis

E. Terzioglu™2*, A. Bisgin"**, A. D. Sanlioglu"*, M. Ulker', V. Yazisiz"%, S. Tuzuner'*
and S. Sanlioglu'?

Objectives. Rheumatoid arthritis (RA) is characterized by the chronic inflammatien of the synovial joints resulting from the hyperplasia of
synovial cells and the infiltration of lymphocytes, macrophages and plasma cels. Currently, the aeticlogy of RA is not known, and new
treatment modalities are needed to prevent the disease progression. Apoptosis induction of synovial cells through the use of death ligands
has been explored as a treatment modality for RA. Thus, the primary objective of this study was the testing of the efficacy of adenaovirus
delivery of human TRAIL (AdShTRAIL) for the treatment of patients with RA.

Methods. Primary synovial cell cultures were established from eight patients with RA. Adenovirus permissiveness of synovial cells was
determined by the infection of synoviccytes with adenovirus vector encoding green fluorescent protein (AJEGFP). TRAIL sensitivity of
synoviocytes was assessed through the infection with AdShTRAIL vector using Live/Death Cellular Viability/ Toxicity kit from Molecular Probe.
TRAIL receptor profiles of synoviocytes were revealed by realtime RT-PCR assays followed by flow cytometric analyses.

Results. While the presence of TRAIL death receptors were necessary for the induction of cell death, high levels of TRAIL-R4 decoy receptor
expression on surface were correlated with TRAIL resistance. A DcR2 siBNA approach in combination with AdShTRAIL infection eliminated
apoptosis-resistant RA synovial fibroblasts.

Conclusion. Because a DcR2 siRNA approach in combination with AdShTRAIL infection exterminated RA synoviccytes to a greater extent
than Ad5ShTRAIL alone, the modulation of TRAIL receptor expression might be a new gene therapy strategy to sensitize RA synoviocytes to

TRAIL.

Ker woros: Rheumatoid arthritis, Adenovirus, TRAIL, siRMNA.

Rheumatoid arthritis (RA) is a disease in which synovial cells are
phenotypically transformed to proliferate abnormally invading
both bone and cartilage [1]. In RA, apoptosis-resistant synovial
cells provoke tissue degradation through the production of
elevated levels of pro-inflammatory cytokines and metalloprotein-
ases [2]. Therefore, abnormal synoviccyte proliferation and
lymphocyte—macrophage activation are the two major pathogenic
hallmarks of RA [3]. Several strategies including gene therapy
were explored for the treatment of RA in order to overcome
current drug delivery problems to articular tissues [4]. With this
perspective, prospected goals were to inhibit the production of
pro-inflammatory cytokines [1] and matrix degrading enzymes [5]
to prevent the activation of specific signal transduction pathways
such as NF-kB [6] and finally to promote apoptosis in
synoviocytes and immune cells [7].

Induction of apoptosis is a common property of death ligands,
which belong to  tumour necrosis factor (TNF)  family.
TNF-related apoptosis inducing ligand (TRAIL) is a type 11
membrane protein of the TNF super family [8]. Five different
receptors were identified to interact with TRAIL and these are
TRAIL-R1 (DR4), TRAIL-R2 (DR5), TRAIL-R3 (DcR1),
TRAIL-R4 (DcR2) and osteoprotegrin (9, 10). While the existence
of multiple TRAIL receptors indicates that TRAIL is involved in
multiple processes in the cell, the precise role of TRAIL in health
and disease is unclear at this moment [11]. While TRAIL-R1 and
TRAIL-R2 function as authentic death receptors inducing
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apoptosis, TRAIL-R3 and TRAIL-R4 are unable to induce
such signalling but can serve as decoy receptors [12]. Compared
with the other members of TNF family such as FasL and TNF,
TRAIL has some distinct apoptosis-inducing  properties.
For example, unlike TNF-e, which initiated and exacerbated
autoimmune diseases, TRAIL was reported to down-regulate
immune responses.  This  was  demonstrated in TRAIL
null mice, which were more susceptible to collagen-induced
arthritis (CIA) due to the failure to properly silence activated T
cells [13].

Even though, TRAIL and TRAIL receptors are expressed
constitutively in various tissues, TRAIL does not induce apoptosis
of most non-transformed cells [11, 14, 15]. Even today, no single
mechanism is thought to be responsible for the TRAIL resistance
in normal cells. There are at least two different hypotheses claimed
for TRAIL resistance. The first hypothesis supports that normal
cells carry decoy receptors (TRAIL-R3, TRAIL-R4), which
compete with apoptosis-inducing TRAIL receptors (TRAIL-RIL,
TRAIL-R2) for binding to TRAIL[14, 15]. Here it is thought that
decoy receptors either serve to dilute out TRAIL ligands (like
TRAIL-R3) or provide anti-apoptotic signals (like TRAIL-R4) to
cells. For instance, TRAIL-R4 binding activated anti-apoptotic
NF-kB signalling pathway, which led to the obstruction of
TRAIL-mediated apoptosis [16). More interestingly, activation
of death receptors such as TRAIL-R1 and TRAIL-R2 also
activated NF-kB pathway [17, 18]. Under these circumstances,
how cells undergo apoptosis despite the induction of both
apoptotic and anti-apoptotic pathways s not known. The second
hypothesis proposes the presence of apoptosis inhibitory sub-
stances. Such a molecule, ¢cFLIP (FLICE inhibitory protein),
a caspase 8 homologue, was shown to obstruct death ligand-
induced apoptosis before [19, 20]. Despite these hypotheses,
no clear evidence to account for TRAIL resistance has been
asserted yet.

As gene delivery vehicles, vectors derived from retrovirus [21],
adenovirus [2] and herpes simplex virus [22] as well as cationic
liposomes and naked plasmid DNA were all tested to deliver
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therapeutic genes into the synovial lining of rabbit joints.
Among the ones tested. adenovirus was found to be the most
effective gene delivery vehicle [23]. Thus, in this study. adenovirus
was chosen as gene delivery vector to transfer hTRAIL
(AdShTRAIL) into synovial cells as a treatment modality for
patients with RA. Furthermore, TRAIL receptor compositions of
synoviocytes established from RA patients were analysed using
real-time RT-PCR assays and flow cytometric analyses. DcR2
sIRNA strategy was employed in order to alter the TRAIL
receptor composition of RA synoviocytes. A putative connection
between TRAIL sensitivity and TRAIL receptor profiles of RA
synoviocytes was explored in this study.

Patients and methods

Synovial cell isolation and culturing from patients with RA

Synoviocyte cultures were established from eight patients
diagnosed with RA based on the American Rheumatism
Association 1987 revised criteria for the classification of RA
[24]. RA synovial tissues were obtained at the time of knee/hip
arthroplasty or arthroscopy in the Department of Orthopedic
Surgery of Akdeniz University. The disease activity scores in 28
joints (DAS28) of eight patients were in the range of 3.8-6.5
(average 4.6). This study was approved by the Akdeniz University
Hospital Committee on Ethics. In addition, patients” written
consents based on Helsinki Declaration were obtained prior to the
operation. Single-cell suspensions were prepared from the isolated
human synovial tissues digested with 0.2% collagenase P as
described earlier [25, 26].

Amplification of the first generation recombinant adenovirus
vectors to deliver transgenes into RA synoviocytes

First generation recombinant adenovirus vectors used in the
infections such as AdShTRAIL [27]. AdEGFP [28] and
AdCMVLacZ [29] were amplified as described previously [30].
Adenoviral vectors were stored at —80°C in 10 mM Tris contain-
ing 20% glycerol following CsCl banding and vector purification.
The AdShTRAIL construct was used to overexpress hTRAIL in
RA synoviocytes. Adenovirus vectors expressing f-galactosidase
gene (AdCMVLacZ) was used as a negative control in the assays.
The particle titres of adenoviral stocks, which were in the range of
10"* DNA particles/ml for each prep were determined by A260
measurements. Plaque titration on 293 cells and expression assays
for encoded proteins were performed to obtain functional titres.
In our purifications, the particle/plaque forming unit ratio was
generally equal to 50.

The efficacy of adenovirus transduction of human
synoviocytes

Briefly, synovial cells were incubated in RPMI 1640 medium
supplemented with 10% FBS. 2.2 g/l sodium bicarbonate. 1 mM
L-glutamine and 1% penicillin-streptomycin-amphotericin mix-
ture (PSA) in Thermo SteriCult incubators. Adenovirus vectors
expressing enhanced green fluorescent protein (EGFP) reporter
gene (AJEGEP) were infected into synoviocytes at an increasing
multiplicity of infection (MOI) and synoviocytes were incubated
at 37°C in RPMI 1640 without FBS for 2h. After that, an equal
volume of RPMI 1640 supplemented with 20% FBS was added to
increase the serum concentration in the media to 10%. The
percentage of EGFP (+) cells was assessed under a fluorescent
microscopy and subsequently by flow cytometry 48h after the
infection. Cell viability was monitored using propidium iodide
exclusion technique.

Live|dead cellular viability and toxicity assays

Live/Dead Cellular Viability/Cytotoxicity Kit from Molecular
Probes (Eugene, OR, USA) was used to discriminate live cells
from dead cells. Calcein AM and ethidium homodimer-1 (EthD-1)
are the two molecular reporters in the kit. The intracellular calcein
esterase activity was assessed using calcein AM. a fluorogenic
substrate. In this assay, active esterases present only in live cells
with intact membranes, convert Calsein AM to a green fluorescent
compound (calcein). which serves as a marker for viable cells.
On the other hand, EthD-1 is a red fluorescent nucleic acid stain
only taken up by cells with damaged membrane. Here unharmed
cells with intact membranes do not allow EthD-1 to enter inside
the cell: therefore, live cells do not get stained with EthD-1.
However, harmed cells with damaged membrane up-take the dye
and stain positive. Cellular viability assays were conducted 35h
following the infections.

Quantitative real-time RT-PCR assays for synovial cells
established from RA patients

SDS 7500 ABI Prism instrument was used to perform relative
quantities of TRAIL receptor mRNAs. Total RNA was extracted
from RA synoviocytes using TRIzol reagent (Life Technologies.
Gaithersburg, MD. USA). A 2 ug of total RNA was included in
each reverse transcription reaction using TagMan Reverse
Transcription Reagents (Applied Biosystems Cat. N8080234).
Primer and probe sequences of TRAIL death receptors [31] and
TRAIL decoy receptors [32, 33] used for the real-time RT-PCR
assays were recently reported. In addition, ribosomal RNA
(rRNA) primers and probes, which serve as an internal control
in the same reaction, were acquired from PE Applied Biosystems
(Cat. 4308329). AACt method is employed to obtain the relative
quantities of TRAIL receptors. The TagMan PCR assays were
performed as suggested by the manufacturer (Applied Biosystems
Cat. NB080228). Reverse transcription step included a 50 ul
reaction mixture prepared in reverse transcription buffer with
225mm MgCly, 50pums from each dNTP., 2.5 um Random
Hexamer, 0.6U/ul RNase inhibitor and 1.25U/ul reverse
transcriptase. The thermal cyeling conditions for the reverse
transcription reactions were 10min at 25°C, followed by 60 min at
48°C. TagMan PCR assay was executed using TagMan Universal
Master Mix with 50 pmol of primer and probe mixture and 250 ng
of cDNA. For the real-time RT-PCR step: the thermal cycling
conditions are as follows: 2min at 50°C. 10min at 95°C, followed
by 40 cycles of 155 at 95°C and | min at 60°C. Here each reaction
produced a specific threshold cycle (Ct). Then. ACt values were
estimated for each receptor by taking the difference between the
Ct values of the TRAIL receptors and that of rRNA internal
controls. Moreover, a standard curve was generated using serial
dilutions of rRNA. The comparative AACt calculation was
computed then by finding the difference between each receptor’s
ACt value and that of 25 pg of rRNA. Final relative expression
levels were computed by the formula 2-24% Thus, relative
expression levels of TRAIL receptors were normalized to that of
25pg of rRNA.

Flow eytometric analyses of TRAIL receplor proiein
expression profiles in RA synoviocyles

Anti-TRAIL receptor flow cytometry kit (Cat. ALX-850-273-
KIO1) was used to detect the surface TRAIL receptor expression
profiles of synoviocytes. 100pg of MAb to TRAIL-RI
(clone HSI101, Cat. 804-297A). TRAIL-R2 (clone HS201,
Cat.804-298A), TRAIL-R3 (clone HS301, Cat. 804-344A) and
TRAIL-R4 (clone HS402, Cat. 804-299A) were included in each
kit. Primary antibodies were used at 5 pg/ml concentration. Since
the secondary antibody was the biotinylated goat anti-mouse
IgGl (Cat. ALX-211-202), the streptavidin-PE conjugate
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(Cat. ANC-253-050) was added before the flow cytometric
analysis. All the flow assays were performed in duplicates and
repeated at least twice to confirm the observation (n =4). Newly
acquired Beckman Coulter EPICS ALTRA (HyPerSort™)
instrument of the Human Gene Therapy Unit of Akdeniz
University Hospitals was used to perform the flow cytometric
analyses. The marker distribution (immune staining) based on
flow cytometric quantification of TRAIL and its receptors was
analysed similar to the one described recently [11]. The marker
distribution was scored as 0 (—. negative), =10%: 1 (4. weak).
between 10% and 40%: 2 (++. moderate). between 40% and 70%
and 3 (+++, strong), =70% of the synoviocytes stained. Surface
TRAIL expression was analysed using a monoclonal antibody to
TRAIL (human) (ALX-804-296-C100) followed by a polyclonal
antibody to mouse IgG1 (R-PE) (ALX-211-201-CO50).

Down-regulation of TRAIL-R4 expression by a DcR2
SIRNA approach

A DcR2 siRNA kit (sc-35185). siRNA transfection medium
(sc-36868) and siRNA transfection reagent (sc-29528) were used
to perform DcR2 siRNA experiments as described by the
manufacturer (Santa Cruz Biotechnology). Gene Bank Access
Number: NM_003840. A fluorescein conjugated control siRNA
(s¢c-36869) was used to determine the transfection efficiency under
the florescent microscope prior to analysis. More than 97% of the
cells were transfected by this procedure. As a negative control,
control siRNA-A  (sc-37007) containing scrambled sequences
which did not lead to the specific degradation of any cellular
RNA was used in siRNA experiments. Transfections were
performed 35h prior to the infections. The efficacy of the
siIRNA approach was measured 30h after the transfection using
real-time RT-PCR assay and flow cytometry.

Results

Adenovirus transduction of RA synovial cells

Recombinant adenovirus vectors carrying AdEGFP were infected
into synovial cells established from patients with RA. The
percentage of GFP (+) cells was determined 48h after the
infection by both fluorescent microscopy (Fig. 1A) and flow
cytometry (Fig. 1B). Flow cytometric analyses of synoviocytes
isolated from eight patients suggested that =90% of the cells (£7)

were transduced at an MOI of 5000 DNA particles/cell of

AdEGFP vectors. Almost all synoviocytes were GFP-positive
(97 £2%) when the MOI of AAEGFP virus was increased to the
MOI of 10000 DNA particles/cell as shown in Fig. 1, Panel B.
Since no patient’s synoviocytes exhibited resistance to adenovirus
infection, it was concluded that synoviocytes isolated from RA
patients were readily transducable by recombinant adenovirus
vectors.

TRAIL receptor compositions of RA synovial cells

In order to reveal TRAIL receptor profiles in patients with RA;
real-time RT-PCR assays and flow cytometric analyses (Table 1)
were employed. TRAIL-R1 death receptor mRNA expression was
detectable in the synoviocytes of six out of eight RA patients, but
only two of these synovial cultures displayed TRAIL-R1 death
receptor protein expression on the surface. On the other hand,
TRAIL-R2 death receptor mRNA expression was noticeable in all
RA patients’ synoviocytes and all synoviocytes displayed TRAIL-
R2 death receptor protein to varying degrees on their cell surface.
Furthermore. while TRAIL-R3 decoy receptor mRNA expression
was evident in all patients to some degrees, low levels of TRAIL-

R3 surface protein expression were measurable only in two out of

eight patients. RA synoviocytes isolated from three out of eight

A

-

GFP (+) Cells (%)

0 1000 2500 5000 10000 LacZ
AdEGFP (MOI)

Fia. 1. Adenovirus transduction of RA synoviocytes. Panel A indicates fluorescent
micrographs of RA synoviocytes infected with various MOls of ADEGFP vectors.
MOI values used in the infection are provided above the each panel. Fluorescent
micrograph images are provided in duplicates from only one patient out of eight.
Quantitative results of the flow cytometric analyses of eight patients are given in
Panel B. Values represent the mean (+s.em.) of 32 independent data points
(n=232). The percentage GFP (+) cells is ilustrated on y-axis. Viral doses applied
as MOI values in DMA particles/cell are shown below x-axis. AdCMVLacZ
infections are carried out at an MOI of 10 000 DMA particles/cell

RA patients showed evidence of an expression of TRAIL-R4
decoy mRNA in the cell and these cells were also positive for
TRAIL-R4 protein expression on the cell surface. As strong
TRAIL-R2 death receptor mRNA expression was correlated with
the prominent protein expression on the surface of RA
synoviocytes in some patients, even low TRAIL-R2 mRNA
expression inside the cell still generated detectable levels of the
surface protein expression in other patients. Similarly, as shown in
Figs 4 and 5, strong TRAIL-R4 decoy receptor mRNA expression
inside the cell was linked to high levels of surface TRAIL-R4
decoy receptor expression. While synoviocytes of three out of
eight patients exhibited all four TRAIL receptors on mRNA levels
(Figs 3-5). synoviocytes isolated from none of these RA patients
demonstrated both the death and the decoy receptors as a
complete set on the surface.

TRAIL sensitivity profiles of RA synoviocytes

Molecular Probes Live/Dead Cellular Viability/ Toxicity kit was
used to determine the cellular wviability of RA synoviocytes
following the infection with AdShTRAIL vector. Those synovial
cells with strong death receptor expression especially TRAIL-R2
on the surface either without the decoy receptor expression
(Fig. 2) or low levels of TRAIL-R4 decoy receptor expression
(Fig. 3), showed the highest degree of TRAIL sensitivity upon
infection. One patient displayed very low levels of TRAIL-R2
death receptor on the surface which were resistant to the cytotoxic
effects of AAShTRAIL. But in this case, TRAIL resistance can be
attributed to the insufficient amounts of death receptor expression
on the cell surface but not to the presence of decoy receptors.
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Taee 1. TRAIL receptor expression profile of synoviocytes isolated from patients
with RA.

Patient number TRAIL receptor

TR1 TR2 TR3 TR4
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Flow cytometric analysis and guantifications were performed as described in 'Patients and
methods’ section. Numbers on the left refer to the patient number (1-8). TRAIL receptor subtype
(TA-1-TH-4) is given at the top of each column

The patient who displayed low levels of both TRAIL-R2
death receptor and TRAIL-R3 decoy receptor expression on
synoviocytes were still partly sensitive to AdShTRAIL infection.
In this case TRAIL-R2 expression was slightly higher than
TRAIL-R3 despite the fact that both were low. This suggested
that low levels of TRAIL-R3 did not protect cells from TRAIL
cytotoxicity. However, the TRAIL resistance was restored in
synoviocytes with elevated TRAIL-R4 decoy receptor expression
(but low levels of TRAIL-R2 death receptor expression) on
surface (Fig. 4). Interestingly, a DcR2 siRNA approach employed
for the patient displayed on Fig. 5, lowered TRAIL-R4 decoy
receptor expression on the surface (Fig. 6, Panel A, label 4 to the
left) and this sensitized RA synoviocytes to AAShTRAIL as shown
in Fig. 6, Panel B. RA synoviocytes of this particular patient
exhibited 82 £ 6% decrease in surface TRAIL-R4 expression and
89+ 5% reduction in TRAIL-R4 transcripts following DcR2
siRNA approach as demonstrated by flow cytometry and real-
time RT-PCR assays, respectively. By deploying the DcR2 siRNA
approach, TRAIL resistance of synovial cells was reduced from
T3+5% to 20 £6%. Neither a reduction in TRAIL-R4 expres-
sion (Fig. 6, Panel A, label 4 to the right) nor a sensitization was
noticeable when siRNA-A was used in the transfection instead of
DcR2 siIRNA.

Discussion

Neither TRAIL receptor expression profiles nor the mechanism of
TRAIL resistance in RA synoviocytes are clearly known yet. In one
recent study, the lack of TRAIL receptor gene expression was
blamed for the failure to induce TRAIL-mediated apoptosis on
cultured RA synovial fibroblasts [34]. In another study, the presence
of high levels of TRAIL-R2 death receptor expression was reported
in synovial fibroblasts of RA patients using flow cytometry [35].
As the presence of all four TRAIL receptors in synovial fibroblasts
were also confirmed by western blotting, increased AKT activity
was pointed out as an inhibitor of TRAIL-mediated cytotoxicity
[36]. Although both the intra-articular adenovirus delivery of
TRAIL and/or recombinant TRAIL administration induced
apoptosis and reduced inflammation in a rabbit model of arthritis
[37, 38], TRAIL was reported to cause cell death only in a small
fraction of RA synovial fibroblasts (30%): conversely, the remain-
ing apoptosis resistant synoviocytes were stimulated to proliferate
by TRAIL [39]. Thus, TRAIL resistance manifested by synovial
cells remains as a major challenge for any adenovirus-mediated
TRAIL gene therapy approach. Nevertheless, a histone deacetylase
inhibitor, Trichostatin A, was reported to sensitize RA synoviocytes
to TRAIL [40]. Therefore, in terms of the mechanisms, both the
TRAIL sensitivity status and the TRAIL receptor composition of
RA synoviocytes deserve an extensive investigation.
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Fia. 2. Death receptor gene expression on surface is the main modulator of TRAIL
sensitivity. While intracellular mRMNA composition of TRAIL receptors is given in
Panel A, extra-cellular protein composition is provided in Panel B. As shown in
Panel B, C represents isotype control staining and the number above the each
peak displays particular TRAIL receptor. Each histogram represents 10° gated
cells. Cell survival analysis following infection with AdShTRAIL is provided in Panel
C. AdCMVLacZ infections (LacZ) are performed at an MOI of 10000 DNA
particlesicell. Values represent the mean (+s.£m.) of six independent data points.
These data (Panels A-C) belong to one patient only.

For this purpose, real-time RT-PCR and conventional flow
cytometric analyses were employed in order to determine TRAIL
receptor profiles of patients with RA. There were mainly two
purposes for performing these two assays in order. First, mRNA
levels do not necessarily correlate with the protein expression on
the cell surface, which 15 a more relevant issue for TRAIL
sensitivity. Second, an mRNA for a gene might still be expressed
in the cell even if the protein expression is undetectable on the cell
surface using flow cytometry. For example, while all TRAIL
receptors are expressed inside the cell displayed for the patients
depicted in Figs 3-5, surface TRAIL receptor expression is present
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Fia. 3. Low levels of TRAIL-R4 expression on the surface cannot protect cells from
TRAIL induced cell death. While realtime RT-PCR analysis is given in Panel A,
Panel B shows a flow cytometric assessment of synovial cells. Isotype staining is
shown as C, numbers above the each peak indicate each TRAIL receptor subtype
in Panel B. 10* cells are gated for each histogram. The assay is repeated twice to
confirm the cbservation. AdShTRAIL infection results in cell death of synovial cells
(Panel C). As a control, an adenovirus expressing p-galactosidase gene
(AdCMVLacZ) is infected at an MOI of 10 000 DNA particles/cell into synoviocytes.
Data represent the mean (*sem.) of three independent assays. Panels A-C
represent a single patient only.

as a complete set (1-4) in none of these patients. Thus, our result
proposes that intracellular TRAIL receptor compositions
do not necessarily match to the surface TRAIL receptor
expression profiles. Furthermore, AdShTRAIL infection mainly
killed RA synoviocytes with high levels of TRAIL-R2 death
receptor expression on the surface (Figs 2 and 3). The fact that
synovial fluid fibroblast express functionally active TRAIL-R2
death receptor is also confirmed by a recent report [41]. On the
other hand, synoviocytes with considerable levels of TRAIL-R4
decoy receptor expression (Figs 4 and 5) are resistant to TRAIL-
mediated cell killing. It is intriguing to note that the level of
TRAIL resistance is correlated with the amount of TRAIL-R4
decoy receptor expression on surface. This result also supports
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Fia. 4. Synovial cells expressing high levels of TRAIL-R4 decoy receptor is
resistant to the cytotoxic effects of hTRAIL. Panel A shows an intracellular TRAIL
receptor mAMA profile while Panel B indicates surface TRAIL receptor expression
pattern of synovial cells. 10® cells are gated for the flow cytometric analyses. Live/
Dead cellular viability and cytotoxicity assay is provided in Panel C. AdCMVLacZ
(LacZ) infections are performed at an MO of 10 000 DNA particles/cell. The assay
is repeated three times to confirm the experimental findings. These panels (A-C)
are derived from a single patient.

previous reports on surface TRAIL-R4 decoy receptor expression
pattern and its connection to TRAIL resistance as demonstrated
in prostate and breast cancer cells [32, 33]. A DcR2 siRNA
strategy but not an siRNA-A transfection in combination with
AdShTRAIL infection were necessary to destroy TRAIL-resistant
RA synoviocytes. Intriguingly. endogenous TRAIL death ligand
expression could not be detected on RA synoviocytes isolated
from the patients using flow cytometry (data not shown). This is
in accordance with that recently reported by Morel ez al. [39].
Due to its antigenic properties and transient gene expression,
adenovirus is the most commonly used viral vector in the clinical
trials of cancer gene therapy [42]. In addition, delivering
adenovirus into each cell appears to be quite easy in a laboratory
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Fiz. 5. High levels of TRAIL-R4 decoy receptor expression confer some dagree of
TRAIL resistance in synoviocytes despite the expression of TRAIL-RZ daath
raceptor on the surface. Intracallular mRNA composition is provided in Panel A and
the surface TRAIL receptor axprassion profile is given in Pana B, Each histogram
rapresents 10° gated cells. Treatment conditions are shown above the each peak.
The assay is repeated twice but only one is given for clarity. TRAIL sensitivity
profile of synovial cells expressing both the decoy mcaptor (TRAIL-R4) and the
death receptor (TRAIL-R2) on surface is given in Panel C. LacZ imples
AdCMWLacZ infections performed at an MOl of 10000 DNA particles/cell.
Only ona out of the three independert assays is shown, Panels A-C ame
composed of data from a single patient.

setting. On the other hand, despite its high transduction proper-
ties, targeting each cell is a challenging task to accomplish under a
clinical setting. Furthermore, the effect of the siRNA approach is
transient. Thus, both of these concurrent gene therapy modalities
have a short period of time to exert their action. If TRAIL
resistant cells are not completely eliminated along the process,
these cells may overtake the synovium. Then, a different serotype
of adenovirus carrying hTRAIL has to be administered in
combination with DcR2 siRNA due to the presence of neutraliz-
ing antibodies in the patient’s sera. Since RA is characterized by
the constant proliferation of synoviocytes, these cells but not the
chondrocytes have to be targeted for the apoptosis inducing
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Fiz. 6. Down-regulation of TRAIL-F4 expression further sensitized RA synovio-
cytes to AdShTRAIL. Panal A is a flow cytometnc analysis of TRAIL receptor
composition of synoviccytes following a siRNA approach. C represants isotype
control staining Numbers above the each peak represent TRAIL receptor subtype.
Peak labelled as 4 (far right) received siANA-A while the rest of the samples
received DcR2 siAMA. 10° cells are gated for each histogram. Panel B is the cell
viability assay following either DcR2 siRNA or siBMA-A approach. Both DeR2 and
sIANA treated samples are also infected with an AdShTRAIL vius at an MOI of
10000 DMNA particles/cell. Panels A and B are composed of data from a single
patiant.

therapeutic approaches. In order to confirm our findings,
experiments have to be performed on a larger group of patients
with a wide spectrum of disease progression. In addition, while
TRAIL-R2 was the predominant receptor type expressed in RA
synoviocyles, other TRAIL receptors exhibited a heterogeneous
expression profile for a given patient (Table 1). This might raise a
concern in the efficacy of AAShTRAIL application as a single
treatment modality since only a certain fraction of RA synovio-
cytes was TRAIL sensitive, and therefore TRAIL resistance cells
might prevail in the long run due to cellular proliferation
stimulated by the TRAIL as reported previously [39]. Although,
our study demonstrated that the DcR2 siRNA approach in
combination with AdShTRAIL delivery was effective in reducing
the number of TRAIL-resistant cells, whether such an approach is
useful in eliminating TRAIL resistant cells in the long term
remains to be seen.

Rheumatology key messages

« Synoviocytes of RA patients express various TRAIL receptors on
the surface and these surface TRAIL receptor profiles mainly
influence whether RA synoviocytes are sensilive or resistant
to TRAIL.

s A DeR2 siRMA approach in combination with AdShTRAIL infection
eliminated apoplosis-resistant RA synoviocytes to a greater
degree than AdShTRAIL alone.




TRAIL gene therapy in rheumatoid arthritis

Acknowledgements

W

e are thankful to RA patients for their enrollment in the study.

This work is supported by grants from Akdeniz University
Scientific Administration Division.

The authors have declared no conflicts of interest.

References

1
2

w

=

wm

(=]

-4

10

11

12

13

14

15

16

17

18

19

20

21

Feldmann M, Brennan FM, Maini BN. Rheumatoid arthritis. Cell 1996,;85:307-10.
Takayanagi H, Juji T, Miyazaki T ef al Suppression of arthritic bone destruction by
adenovirus-mediated csk gene transfer to synoviocytes and osteoclasts. J Clin Invest
1999;104:13746

Vaishnaw AK, McNally JD, Elkon KB. Apoptosis in the rheumatic diseases. Arthritis
Rheum 1997,40:1917-27.

Chernagjovsky Y, Annenkov A, Herman C et al. Gene therapy for rheumatoid arthritis.
Theoretical considerations. Drugs Aging 1998;12:20—41.

Jorgensen C, Gay S. Gene therapy in ostecarticular diseases: where are we?
Immunol Today 1998;19:387-01.

Tomita T, Takeuchi E, Tomita N et al. Suppressed severity of collagen-induced
arthritis by in vivo transfection of nuclear factor kappaB decoy oligodeoxynucleotides
as a gene therapy. Arthritis Rheum 1999;:42:2532-42.

Cherngjovsky Y, Gould D, Annenkov A et al Immunotherapy of auto-immune
diseases by gene transfer. Biochem Soc Trans 199927:869-73.

Wiley SR, Schooley K, Smolak PJ et al. Identification and characterization of a new
member of the TNF family that induces apoptosis. Immunity 1995;3:673-82.

Abe K, Kurakin A, Mohseni-Maybodi M, Kay B, Khosravi-Far R. The complexity of
TNF-related apoptosis-inducing ligand. Ann N Y Acad Sci 2000;926:52-63.

Sheikh M3, Fornace AJJr.. Death and decoy receptors and p53-mediated apoptosis.
Leukemia 2000;14:1500-13.

Sanlioglu AD, Koksal IT, Ciftcioglu A, Baykara M, Luleci G, Sanlioglu S. Differential
expression of TRAIL and its receptors in benign and malignant prostate tissues.
J Urol 2007;177:359-64.

Meng RD, McDonald ER, 3rd, Sheikh MS, Fornace AJ Jr, EI-Deiry WS. The TRAIL
decoy receptor TRUNDD (DcR2, TRAIL-R4) is induced by adenovirus-p53 over-
expression and can delay TRAIL-, p53-, and KILLER/DR5-dependent colon cancer
apoptosis. Mol Ther 2000;1:130-44.

Lamhamedi-Cherradi SE, Zheng SJ, Maguschak KA, Peschon J, Chen YH.
Defective thymocyte apoptosis and accelerated autoimmune diseases in TRAIL-/-
mice. Mal Immunol 2003;4:255—-60.

Pan G, Ni J, Wei YF, Yu G, Gentz R, Dixit VM. An antagonist decoy receptor and a
death domain-containing receptor for TRAIL. Science 1997,277:815-8.

Sheridan JP, Marsters SA, Pitti RM et al. Control of TRAIL-induced apoplosis by a
family of signaling and decoy receptors. Science 1997,277:818-21.

Degli-Esposti MA, Dougall WC, Smolak PJ, Waugh JY, Smith CA, Goodwin RG. The
novel receptor TRAIL-R4 induces NF-kappaB and protects against TRAIL-mediated
apoplosis, yet retains an incomplete death domain. Immunity 1997;7:813-20.
Schneider P, Thome M, Burns K ef al TRAIL receptors 1 (DR4) and 2 (DRS) signal
FADD-dependent apoptosis and activate NF-kappaB. Immunity 1997;7:831-6
Chaudhary PM, Eby M, Jasmin A, Bookwaller A, Murray J, Hood L. Death receptor 5,
anewmember of the TNFR family, and DR4 induce FADD- dependent apoptosis and
activate the NF-kappaB pathway. Immunity 1997.7:821-30.

Irmler M, Thome M, Hahne M, Schreider P et al. Inhibition of death receptor signals
by cellular FLIP. Nature 1997;388:190-5.

Griffith TS, Chin WA, Jackson GC, Lynch DH, Kubin MZ. Intracellular regulation of
TRAIL-induced apoptosis in human melanoma cells. J Immunol 1998;161:2833-40.
Mageed RA, Adams G, Woodrow D, Podhajeer OL, Chermajovsky Y. Prevention of
collagen-induced arthritis by gene delivery of soluble p75 tumour necrosis factor
receptor. Gene Ther 1998;5:1584—02.

22

24

2

w

2

@

2

=~

2

@

2

w0

30

3

3

R3

3

©w

34

3

@

36

37

38

39

11

42

789

Oligino T, Ghivizzani S, Wolfe D et al. Infra-articular delivery of a herpes simplex
virus IL-1Ra gene vector reduces inflammation in a rabbit model of arthritis. Gene
Ther 1999;6:1713-20.

Nita |, Ghivizzani SC, Galea-Lauri J ef al. Direct gene delvery to
synovium. An evaluation of potential vectors in vitro and in vivo. Arthritis Rheum
1996;39:820-8.

Arnett FC, Edworthy SM, Bloch DA et al. The American Rheurmnatism Association
1987 revised criteria for the classification of rheumatoid arthritis. Arthritis Rheum
1988;31:315-24.

Periman H, Bradley K, LiuH et al. IL-6 and matrix metalloproteinase-1 are regulated
by the cyclin-dependent kinase inhibitor p21 in synovial fibroblasts. J Immunol
2003;,170:838-45.

Perman H, Georganas C, Pagliari LJ, Koch AE, Haines K 3rd, Pope RM. Bel-2
expression in synovial fibroblasts is essential for maintaining mitochondrial
homeostasis and cell viability. J Immunol 2000;164:5227-35.

Griffith TS, Anderson RD, Davidson BL, Williams RD, Ratliff TL. Adenoviralmediated
transfer of the TNF-related apoptosis-inducing ligand/Apo-2 ligand gene induces
tumor cell apoptosis. J Immunol 2000;165:2886—-94

Sanlioglu AD, Aydin C, Bozeuk H, Terzioglu E, Sanlioglu S. Fundamental principals
of tumour necrosis factor-alpha gene therapy approach and implications for patients
with lung carcinoma. Lung Cancer 2004;44:199-211.

Sarlioglu S, Engelhardt JF. Cellular redox state allers recombinant adeno-
associated virus transduction through tyrosine phosphatase pathways. Gene Ther
1999:6:1427-37.

Engelhardt JF, Yang Y, Stratford-Perricaudet LD et al Direct gene transfer of human
CFTR into human bronchial epithelia of xenografts with E1-deleted adenoviruses.
Mat Genet 1993;4:27-34.

Karacay B, Sanlioglu S, Griffith TS, Sandler A, Bonthius DdJ. Inhibition of the NF-
kappaB pathway enhances TRAIL-mediated apoptosis in neuroblastoma cells.
Cancer Gene Ther 2004;11:681-90.

Sanlioglu AD, Koksal IT, Karacay B, Baykara M, Luleci G, Sanlioglu S. Adenovirus-
mediated |KKbetakA expression sensitizes prostate carcinoma cells to TRAIL-
induced apoptosis. Cancer Gene Ther 2006,13:21-31.

Sarlioglu AD, Dirice E, Aydin C, Erin N, Koksoy 5, Sanlioglu S. Surface TRAIL decoy
receptor-4 expression is correlated with TRAIL resistance in MCF7 breast cancer
cells. BMC Cancer 2005,5:54.

Perman H, Nguyen N, Liu H et al. Rheumatoid arthritis synovial fluid macrophages
express decreased tumor necrosis factor-related apoptosis-inducing ligand R2 and
increased decoy receptor tumor necrosis factor-related apoptosis-inducing ligand
R3. Arthritis Rheum 2003;48:3096-101.

Ichikawa K, Liu W, Fleck M et al. TRAIL-R2 (DR5) mediates apoptosis of synovial
fibroblasts in rheumatoid arthritis. J Immunol 2003;171:1061-9.

Miyashita T, Kawakami A, Tamai M et al. Akt is an endogenous inhibitor toward
tumor rnecrosis factor-related apoptosis inducing ligand-mediated apoptosis in
rheumatoid synovial cells. Biochem Biophys Res Commun 2003;312:397-404,

Yao Q Wang S, Gambotto A ef al Intra-aricular adenoviral-mediated gene
transfer of trail induces apoptosis of arhritic rabbit synovium. Gene Ther
2003;10:1055-60.

Yao Q, Seol DW, Mi Z, Robbins PD. Intra-articular injection of recombinant TRAIL
induces synovial apoptosis and reduces inflammation in a rabbit knee model of
arthritis. Arthritis Res Ther 2005;8:R16.

Morel J, Audo R, Hahne M, Combe B. Tumour necrosis factor-related apoptosis-
inducing ligand (TRAIL) induces rheumatoid arthritis synovial fibroblast proliferation
through mitogen-activated protein kinases and phosphatidylinositol 3-kinase/Akt.
J Biol Chem 2005;280:15709—18.

Jungel A, Baresova V, Ospelt C et al Trichostatin-A sensitizes rheumatoid arthritis
synovial fibroblasts for TRAIL-induced apoptosis. Ann Rheum Dis 2006:65:910-12.
Miranda-Carus ME, Balsa A, Benito-Miguel M, De Ayala CP, Martin-Mola E.
Rheumatoid arthritis synovial fluid fibroblasts express TRAIL-R2 (DRS) that is
functionally active. Arthritis Rheum 2004;50:2786-93.

Sarlioglu AD, Koksal T, Baykara M, Luleci G, Karacay B, Sanlioglu S. Current
progress in adenovirus mediated gene therapy for patients with prostate carcinoma.
Gene Ther Mol Biol 2003;7:113-33.



