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1. TABLO, SEKIL VE KISALTMA DIiZiNi

1.1. Tablo Dizini

Tablo 1. Skleroderma Deneysel Hayvan Modelleri

Tablo 2. Aragtirma Sirasinda Kullanilan Arag ve Geregler
Tablo 3. Deney Hayvani Arastirma Protokolii

Tablo 4. SDS-PAGE Yénteminde Ayiric Jelin (%12) Igerigi
Tablo 5. SDS-PAGE Yénteminde Paketleyici Jelin (%4) Igerigi
Tablo 6. RT-qPZR Reaksiyon Karisim Igerikleri

Tablo 7. Arastirma Takvimi



1.2. Sekil Dizini

Sekil 1. Fibrozis Olusumunda TGF-f3 ve SMAD Sinyalizasyonu

Sekil 2.

Sekil 3.

EGCG’1n Yapist

Calisma Gruplarinda Dermal Inflamasyon Skorlari. Grup 1: Kontrol Grubu, Grup 2:
Bleomisin Grubu, Grup 3: Bleomisin + Epigallokatesin-3-Gallat Grubu, Grup 4:
Epigallokatesin-3-Gallat Grubu. a) Deri Derin Tabaka Inflamasyon Skorlari, b) Deri
Yiizeyel Tabaka Inflamasyon Skorlari. Inflamasyon skorlari, bes alanin ortalamasi

alarak hesaplanmustir.

Sekil 4. Calisma Gruplarinda Masson Trikrom Boyama ile Elde Edilmis Dermis Kalinliklari. Grup

Sekil 5.

1: Kontrol Grubu, Grup 2: Bleomisin Grubu, Grup 3: Bleomisin + Epigallokatesin-3-
Gallat Grubu, Grup 4: Epigallokatesin-3-Gallat Grub. a) Ust Dermis Kalinliklar1, b) Alt
Dermis Kalinliklari. Dermal kalinlik, pm olarak verilmistir.

Calisma Gruplarinda Masson Trikrom Boyamalari. Grup 1: Kontrol Grubu, Grup 2:
Bleomisin Grubu, Grup 3: Bleomisin + Epigallokatesin-3-Gallat Grubu, Grup 4:

Epigallokatesin-3-Gallat Grubu. Yesil boyama alanlar1 kollajeni ifade etmektedir.

Sekil 6. Calisma Gruplarinda a-SMA+ Hiicre Sayilari. Grup 1: Kontrol Grubu, Grup 2: Bleomisin

Sekil 7.

Grubu, Grup 3: Bleomisin + Epigallokatesin-3-Gallat Grubu, Grup 4: Epigallokatesin-3-
Gallat Grubu. 5 farkli alanda a-SMA+ hiicre sayis1 ortalamasi verilmektedir.

Calisma Gruplarinda a-SMA+ Boyamalart. Grup 1: Kontrol Grubu, Grup 2: Bleomisin
Grubu, Grup 3: Bleomisin + Epigallokatesin-3-Gallat Grubu, Grup 4: Epigallokatesin-3-

Gallat Grubu

Sekil 8. Calisma Gruplarinda MMP-1 Protein Ekspresyon Diizeyleri. Grup 1: Kontrol Grubu, Grup

2: Bleomisin Grubu, Grup 3: Bleomisin + Epigallokatesin-3-Gallat Grubu, Grup 4:

Epigallokatesin-3-Gallat Grubu. MMP-1/ 3-Aktin bant yogunluk oranlari verilmektedir.

Vi



Sekil 9. Calisma Gruplarinda MMP-8 Protein Ekspresyon Diizeyleri Grup 1: Kontrol Grubu, Grup
2: Bleomisin Grubu, Grup 3: Bleomisin + Epigallokatesin-3-Gallat Grubu, Grup 4:
Epigallokatesin-3-Gallat Grubu. MMP-8/ 3-Aktin bant yogunluk oranlari verilmektedir.

Sekil 10. Calisma Gruplarinda MMP-13 Protein Ekspresyon Diizeyleri. Grup 1: Kontrol Grubu,
Grup 2: Bleomisin Grubu, Grup 3: Bleomisin + Epigallokatesin-3-Gallat Grubu, Grup 4:
Epigallokatesin-3-Gallat Grubu. MMP-13/ B-Aktin bant yogunluk oranlari verilmektedir.

Sekil 11. Calisma Gruplarinda p-SMAD 2-3/ total SMAD 2-3 Protein Ekspresyon Oranlari. Grup 1:
Kontrol Grubu, Grup 2: Bleomisin Grubu, Grup 3: Bleomisin + Epigallokatesin-3-Gallat
Grubu, Grup 4: Epigallokatesin-3-Gallat Grubu. p-Smad 2/Total-Smad 2, p-Smad 3/
Total-Smad 3 bant yogunluk oranlari verilmektedir.

Sekil 12. Calisma Gruplarinda Western Blot Yontemi ile Elde Edilen MMP-1, MMP-8, MMP-13,
p-SMAD 2/3 Protein Bant Goriintiileri. Grup 1: Kontrol Grubu, Grup 2: Bleomisin
Grubu, Grup 3: Bleomisin + Epigallokatesin-3-Gallat Grubu, Grup 4: Epigallokatesin-3-
Gallat Grubu

Sekil 13. Calisma Gruplarinda RT-qPCR yontemi ile elde edilen TGF- 1 mRNA’ larinin
degisimleri. Grup 1: Kontrol Grubu, Grup 2: Bleomisin Grubu, Grup 3: Bleomisin +
Epigallokatesin-3-Gallat Grubu, Grup 4: Epigallokatesin-3-Gallat Grubu (* p:0,002).

Bulgular, AACT hesaplama sonuglarina gore, ekspresyon katsayisi olarak verilmistir.
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1.3. Kisaltma Dizini

a-SMA: Alfa Diiz Kas Aktin

BLM: Bleomisin

CTGF: Bag Doku Biiyiime Faktorii

EGCG: Epigallo-katesin-3-gallat

ESM: Ekstraselliilar Matriks

MMP-1: Matriks Metalloproteinaz-1

MMP-8: Matriks Metalloproteinaz-8

MMP-13: Matriks Metalloproteinaz-13

NF-xB: Niiklear Faktor Kappa B

ROS: Reaktif Oksijen Tiirleri

RT-gPZR: Ger¢ek Zamanlh Kantitatif Polimeraz Zincir Reaksiyonu
SDS-PAGE: Sodyum Dodesil Siilfat- Poliakrilamid Jel Elektroforez
SSc: Sistemik Skleroz ya da Skleroderma

TEMED : Tetrametiletilendiamin

TGF-B: Transforme Edici Biiyiime Faktorii-p

TIMP: Doku MMP Inhibitorii
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OZET
FARELERDE BLEOMISIN iLE OLUSTURULMUS SKLERODERMA MODELINDE
EPIGALLOKATESIN 3 GALLAT’IN FIBROZIS UZERINE OLASI KORUYUCU
ETKILERININ ARASTIRILMASI

Ayse Kocak
Dokuz Eyliil Universitesi Saghk Bilimleri Enstitiisii, Molekiiler Tip Anabilim Dal

35340, Balg:ova-izmir
kocak.ayse@agmail.com

Amag¢: Bu calismanin amaci, bleomisinle (BLM) olusturulmus skleroderma modelinde
epigallokatesin-3-gallatin ~ (EGCG)  fibrozis  iizerine olast  koruyucu etkilerinin

degerlendirilmesidir.

Gerec¢ ve Yontem: Bu calismada; skleroderma deney hayvani modelinde EGCG’nin fibrozise
olas1 etkileri arastirildi. Ortalama viicut agirligi 22 £ 5 g olan 32 adet saglikli disi Balb-c fare
kullanildi. Fareler rastgele olarak; kontrol (n = 8), Bleomisin (n = 8), Bleomisin + EGCG (n = 8)
ve EGCG (n = 8) olmak {izere dort gruba ayrildi. p-SMAD 2/3, SMAD 2/3 ve matriks
metalloproteinaz (MMP-1, MMP-8, MMP-13) proteinlerinin western blotting tayini i¢in dermal
doku Ornekleri toplandi. TGF-B1 mRNA ekspresyonu qPCR ile belirlendi. Deri dokularinda

immiinohistopatolojik ve histopatolojik incelemeler yapilda.

Bulgular: Masson Trikrom boyama sonuglarima gore, EGCG uygulanan grupta fibrozisin
azaldig1 gozlendi. Hematoksilen-eozin boyama sonuglarina gore, Bleomisin + EGCG grubu ile
BLM grubu karsilastirildiginda EGCG uygulanan grupta fibrozis anlamli 6l¢iide azaldi. EGCG
uygulanan grupta MMP-1, MMP-8 protein diizeylerinin arttig1 ve p-SMAD 2/3 protein diizeyinin
azaldig1 western blot yontemi ile belirlendi. BLM ve BLM + EGCG gruplar karsilastirildiginda
TGF-B mRNA ekspresyonunun EGCG uygulanan grupta azaldigt RT-qPCR yontemi ile

gozlendi.


mailto:kocak.ayse@gmail.com

Sonu¢: Tim bulgular birbirini destekleyici 6zellikte olup, arastirma kosullarinda EGCG’nin
sklerodermada fibrozis olusumuna koruyucu etki gosterdigine isaret etmektedir. Bu ¢alismanin
sonuglarmin sklerodermada fibrozis olusumunun 6nlenmesinde kullanilabilecek yeni terapotik

yaklagimlara 151k tutabilecegi diisiiniilmektedir.

Anahtar sozciikler: BLM ile olusturulmus skleroderma, EGCG, fibrozis, TGF-p, MMP'ler



ABSTRACT
THE OF INVESTIGATION POSSIBLE PROTECTIVE EFFECTS OF
EPIGALLOCATECHIN-3-GALLATE ON THE BLEOMYCIN INDUCED
SCLERODERMA MODEL OF FIBROSIS

Ayse Kocak
Dokuz Eyliil University, Institute of Health Sciences, Department of Molecular Medicine

35340, Balcova-izmir
kocak.ayse@gmail.com

Objective: The aim of the present study was to evaluate the potential protective effects of

epigallocatechin-3-gallate (EGCG) on fibrosis in bleomycin induced scleroderma model.

Materials and Methods: Thirty-two healthy female Balb-c mice with the average body weight
of 22+5 g were used in this study. The mice were randomly divided into four groups as control
(n=8), Bleomycin (n=8), Bleomycin + EGCG (n=8) and EGCG (n=8). Skin tissue samples were
collected to quantify matrix metalloproteinases (MMP-1, MMP-8, MMP-13), p-SMAD 2/3 and
SMAD 2/3 in protein homogenates by western blotting. TGF-B1 expression was determined by
real-time PCR. Immunohistopathological and histopathological examinations of skin tissues were

also done.

Results: EGCG treatment was found to decrease fibrosis in connective tissue compared to the
BLM injected control, using measurements with Masson. Trichrome. Bleomycin + EGCG group
showed a significant reduction in fibrosis at the dermal surface area, compared with the BLM
Group, using hematoxylin measurement. MMP-1 and MMP-8 protein levels were increased and
p-SMAD 2/3 protein level was decreased, using the western blotting method. The results of the
gPCR method showed that TGF-f mRNA expression was decreased in the EGCG+BLM group
compared with the BLM group.
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Conclusion: All findings agree that EGCG has a protective effect against fibrosis in scleroderma.
This study is meant to reveal some novel therapeutic approaches for the cause of scleroderma and
prevent of fibrosis.

Key words: BLM induced Scleroderma, EGCG, fibrosis, TGF-f, MMPs



1. GIRIS VE AMAC

Skleroderma, ekstraselliilar matriks (ESM) artisi, damar hasari ve inflamasyon ile
karakterize olan otoimmun bir hastaliktir [1]. I¢ organ ve deriyi etkileyen sklerodermanin heniiz
bilinen bir nedeni yoktur. [2]. Kadinlarda daha ¢ok goriilen skleroderma, milyonda 50-300
arasinda goriiliir, bu sebeple nadir hastaliklar sinifina girmektedir [3-5].

Kollajen’in ESM’de anormal birikmesiyle olusan fibrozis ile ilgili ¢alismalarda,
bleomisinle olusturulmus skleroderma modelleri olduk¢a fazla kullanilmaktadir ve bu zamana
kadar en iyi model olarak kabul edilmektedir [6]. Sklerodermada, deri ve i¢ organ fibrozunun
etkilerini azaltmaya yonelik herhangi bir tedavi yontemi bulunmamaktadir. TGF- / Smad 2-3,
sklerodermadaki en Onemli sinyal ileti yolaklarindan biridir. TGF-B, tip I kollajen veya
fibronektin gibi ekstraselliilar matriks (ESM) proteinlerininin sentezini degistirir ve proteolitik
aktivite ile ilgili proteinlerin iiretimini modiile eder [7]. Sklerodermada TGF-f sinyalizasyonu
fibroproliferatif ve inflamatuvar yolaklar etkinlestirip ESM’nin progresif artisina ve fibrozise
neden olur [8]. Hiicre proliferasyonunun artisinda ve fibroblastlarin myofibroblastlara
donlismesinde a-diiz aktin (a-SMA) artis1 olduk¢a onemlidir [9]. a-SMA, artan fibroz igin
belirte¢ olarak kullanilmaktadir.

ESM’nin regiilasyonunda ve igerigindeki bircok proteinin yikiminda matriks
metalloproteinazlar (MMP’ler) rol oynar. MMP’ler, kollajenazlar (MMP-1, -8, -13, -18),
stromelizinler (MMP-3, -7, -10, -11, -12), jelatinazlar (MMP-2, -9) ve membran tip MMP’ler
(MT-MMP-14, -15, -16, -17) olmak tiizere dort farkli gruptan olusmaktadir [10]. MMP-8
(kollajenaz-2 ya da nétrofil kollajenaz), ESM proteinlerinden olan kollajen tip 1’in yikimindan
sorumludur [11]. MMP-13 (kollajenaz-3), pulmoner fibroz ile yiiksek korelasyon gosteren
interstisyel kollajenazdir [12].

Epigallokatesin-3-gallat (EGCG), yesil caym igeriginde en ¢ok bulunan katesindir ve
cilde faydali olan etkileri bulunmustur [13, 14]. EGCG’1n karaciger fibrozunda fibroblastlarin
proliferasyonunu ve kollajen birikimini azalttigi bildirilmistir [15].

Skleroderma patogenezine iliskin arastirmalar slirmektedir ancak hastaliga ait heniiz
etkin bir tedavi segenegi bulunmamaktadir. Skleroderma, nadir bir hastaliktir. Hastalar,

Romatoloji & Immunoloji polikliniklerine hastaligin cesitli evrelerinde basvurmaktadir. Bu



sebeple, yeterli sayida ve homojen bir hasta popiilasyonu saglanamamaktadir. Skleroderma
calismalar1 i¢in bu durum bir kisithilik olusturmakta ve deneysel hayvan modellerinin énemini
arttirmaktadir. Giintimiize kadar bir¢ok deneysel skleroderma modeli tanimlanmustir.
Tanimlanmis olan modellerden, uygulama kolayli§i ve insana benzer immiinolojik ve
histopatolojik o6zellikler gostermesi nedeniyle bleomisin ile uyarilmig dermal fibroz/skleroz
Balb/c disi fare modeli tercih edilmektedir. Bleomisin, Streptomyces verticillus olarak
adlandirilan bir mantardan izole edilir, giiniimiizde bir ¢ok kanser i¢in anti-tiimor ajani olarak
kullanilir [16]. Son yillardaki arastirmalar, bleomisinin in vivo modellerde insan akcigerinde veya
dermal fibroblastlarda kollajenin mRNA ekspresyonunu arttirdigini - gostermistir [17,18].
Yamamato ve ark. 21 giin boyunca subkutanéz (sc) bleomisin enjeksiyonu ile skleroderma fare
modeli olusturmustur [19-24].

Yukaridaki ¢alismalarin degerlendirilmesinde ortaya ¢ikan 6nemli bir arastirma sorusu:
EGCQG, Sklerodermada antifibrotik etki gostermekte midir?

Arastirmanin hipotezi, Bleomisinle olusturulmus deneysel skleroderma fare modelinde
EGCG fibrozu baskilar ve antifibrotik etkileri vardir.

Bu noktadan yola c¢ikarak, planladigimiz bu arastirmanin amact bleomisinle (BLM)

olusturulmus skleroderma modelinde epigallokatesin-3-gallat'in (EGCG) fibrozis iizerine olasi
koruyucu etkilerinin degerlendirilmesidir.

Bu amag dogrultusunda hedeflerimiz asagidaki sekilde olusturulmustur:

1. EGCG’nin MMP-1, MMP-8, MMP-13 iizerine etkisinin incelenmesi,
2. EGCG’nin dermal fibrozu TGF-B-SMAD 2/3 yolag iizerinden etkileyip-etkilemediginin
belirlenmesi,

3. EGCG’nin kollajen birikimindeki roliiniin histokimyasal yontemlerle a¢iga ¢ikarilmasidir.



2. GENEL BILGILER
2.1. Skleroderma ve Fibrozis

Sistemik skleroz (SSc) ya da skleroderma, mikrovaskiiler tutulum, bagisiklik sisteminin
aktivasyonu, ciltte ve i¢ organlarda hiicre dis1 matriks birikimi artisiyla karakterize edilen ¢ok
sistemli bir hastaliktir [25]. Sklerodermanin tipik bulgusu, deride sertlik, kalinlasma ve deri
fibrozudur. Hastalikta, i¢ organlardan akciger, kalp, gastrointestinal sistem (GIS) ve bdbrekler
siklikla tutulur. Skleroderma nadir goriilen hastaliktir. Hastaligin, Amerika Birlesik
Devletleri’ndeki prevalanst %0.01-0.03’ tiir. Diinya genelinde goriilen skleroderma, kadinlarda
erkeklere gore daha sik (kadin/erkek orani 3:1) goriiliir ve 30—50 yaslar1 arasinda gozlenir.

Sklerodermanin genetik yatkinligi olabilecegi disiintiliip caligmalar yapilmistir.
Skleroderma tanist olan hastalarin birinci dereceden akrabalarinda, hastalik gelisme riski
artmistir. Ancak; Ikizler arasinda goriilme oraninin diisiik olmas1 (monozigot ve heterozigotlarn
her ikisi i¢in de % 4,6) genetik etkinligin gii¢lii olmadigini1 gostermektedir [1].

Sklerodermanin hala belirsiz patogenetik karmasikligina ragmen, ¢esitli yeni yolaklar
arastirtlarak, terapotik alanda yeni olast hedefler belirlenmektedir. Sklerodermada, vaskiiler
hasar, fibroblastlarin aktivasyonuna ve esas olarak kollajenin ekstraselliiler matriks (ESM)’te
anormal birikmesiyle fibrozise neden olur. SSc'de, lezyon bolgelerindeki fibroblastlar cogunlukla
miyofibroblastlar halinde bulunur. Bununla birlikte yapisal olarak ESM bilesenlerinin degisiklige
ugramasi, cildin asir1 derecede gerilmesine ve sikilasmasina neden olur. Fibrozis sonucunda doku
islevinde bozulma gergeklesir. Fibroblast aktivasyonu, doku restorasyonunun saglanmasi i¢in
hasardan sonra fizyolojik bir tepki olarak da gerceklesir [26, 27]. SSc fibrobrobastlarinin
apoptoza gitme duyarliligi SSc'de disregiile fibrozisin 6nemli bir belirtecidir.

Fibrozis, ESM ve TGFJ tarafindan fibroblast proliferasyonunu destekleyen bir siiregtir.
Sistemik skleroz, fibrotik siirecin en iyi gozlendigi hastaliktir (Sekil 1) [1, 28]. ESM protein
dengesi MMP’ lerle yiiksek oranda iligkilidir. Dermal fibrozda en aktif MMP-1, MMP-8 ve
MMP-13"tiir [10].
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Sekil 1. Fibrozis Olusumunda TGF-f3 ve SMAD Sinyalizasyonu

Skleroderma i¢in tedavi planlamasi erken inflamatuvar fazda yani fibrotik degisiklikler
ortaya c¢ikmadan yapilmalidir. Giiniimiizde, mevcut tedaviler biiyiikk oranda semptomatiktir.
Skleroderma gelisimini engelleyen veya geciktiren uzun etkili bir ilag yoktur. Mevcut tedaviler

yasam kalitesini diizeltme ve mortaliteyi azaltmaya yardimeidir.

2.2. Epigallo-katesin-3-Gallat (EGCG)

Epigallo-katesin-3-gallat (EGCG) dogada bulunan bir fenoldiir ve giiglii bir antioksidan
ve reaktif oksijen tiirli temizleyici olarak bilinir [29,30]. Son on yilda EGCG'nin sagliga etkileri
yogun olarak arastinlmigtir. Lokosit kemotaksisini inhibe ettigi, serbest radikalleri
etkisizlestirdigi, gecis metallerini selatladig1 ve lipit peroksidasyon zincir reaksiyonunu bozdugu

gosterilmistir [31-33]. EGCG’nin dermal fibroblastlarda MMP ekspresyonu ve {iretimini



saglayan AP-1’i ve niikleer faktor xB (NF-kB)’i inhibe ettigi gosterilmistir [34]. Ayrica,
EGCG'nin TGF-B aktivasyonunu degistirdigi ve TGF-f reseptorlerini (I ve II) baskiladigi
gosterilmistir. Aym1 zamanda fibroziste rol oynadigi bilinen bag doku biiylime faktor (CTGF)
genini baskiladig1 gosterilmistir [35]. Klass ve arkadaslarinin yaptig1 bir ¢alismada EGCG’nin,
kollajen yapiminda gorevli olan TGF-f’in roliinii degistirdigi gosterilmektedir. Aynm1 ¢alismada,
miyofibroblast farklilasmasini, CTGF ve kollajen tip 1 gen ekspresyonunu azalttig
gosterilmektedir [36]. Hepatik fibrozda ¢alisilan EGCG’nin TGF-B/ SMAD, PI3K / Akt / FoxOl1
ve NF-xB yolaklarinin aktivitesini etkiledigi bilinmektedir [37]. Myokardiyal fibrozda ise
EGCG'nin in vitro ve in vivo endoglin ekspresyonu ve miyokardiyal fibrozu endoglin / INK / AP-

1 yolu ile fibrozu baskiladig1 gosterilmistir [38].
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2.3. EGCG ve Skleroderma iliskisi

EGCG ve skleroderma iliskisi ¢ok az ¢alisilmistir. In vivo ¢alisma yoktur ancak in vitro
yapilan bir calisma mevcuttur. Bu c¢alismada ise SSc hastalarindan elde edilen dermal
fibroblastlarda, EGCG uygulamasi ile ESM iiretimi ve CTGF protein ekspresyonunun azaldigini
gostermislerdir. Ayn1 zamanda, EGCG, hiicre i¢i reaktif oksijen tiirlerinin (ROS) {iretimini,

ERK1 / 2 ve NF-kB aktivitesini bastirmistir [39].

2.4. Bleomisinle Olusturulmus Skleroderma Modeli

Bleomisin, bir bakteri tiirli olan “Streptomyces verticillus” tarafindan iretilir ve
lenfoma, sukuamoz hiicreli karsinomlar, germ hiicreli tiimorler ve intraplevral uygulama ile
malign plevral efiizyonun tedavisinde kullanilan kemoterapdtik ajandir.

BLM kullanan hastalarda major yan etki olarak fibrozis ortaya ¢ikmistir. Bu 6zelligi ile
skleroderma olusturmak tizere hayvan deneylerinde kullaniminin temelini olusturur.

Glinlimiizde, skleroderma patogenezine iliskin tartismalar siirmektedir ve etkin bir
tedavi secenegi bulunmamaktadir. Bununla birlikte, skleroderma, nadir goriilen bir hastaliktir ve
hastalar romatoloji polikliniklerine hastalifin degisik evrelerinde basvurmaktadirlar. Yeterli
sayida ve homojen bir hasta populasyonu saglanamamaktadir. Skleroderma i¢in ideal bir klinik
calisma planlanmasi ve yapilmasi olast degildir. Tiim bu sebeplerden dolayr skleroderma
caligmalar1 agisindan deneysel hayvan modelleri 6nemli hale gelmektedir. Literatiirde, birgok
deneysel skleroderma modeli tanimlanmistir (Tablo 1) [19, 40-42]. Skleroderma modellerinden,
olusturulmasinin kolaylig1 ve insana benzer immiinolojik ve histopatolojik 6zellikler gostermesi
nedeniyle bleomisin (BLM) ile uyarilmis dermal fibroz/skleroz Balb/c disi fare modeli tercih
edilmektedir. Hastalik deney modellerinde, tiim g¢evresel faktorler kontrol edilebilmektedir ve
hastaligin patogenezinde rol alabilecek olasi tiim basamaklar test edilebilmektedir. Bununla
birlikte, hastalik deney modellerin avantajlar1 yaninda dezavantajlar1 da bulunmaktadir. Cogu
zaman, belirli bir hastaliga 6zgii deneysel modeli bulmak ve uygulamaya sunmak zor olmaktadir.
Segilecek olan deneysel model, hastaligin 6zelliklerini yansitmalidir. Skleroderma hayvan modeli

i¢in Tskl ve BLM ile uyarilan skleroderma modelleri, ¢alismalarda en ¢ok kullanilanlardir. Tsk1
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modelinde spontan fibroz gelisir ve oldukg¢a iyi bir modeldir. Ancak, bu modelde, akcigerde
fibrozis yerine amfizematdz degisikler olusmakta, deride inflamatuar hiicre infiltrasyonu
gorilmemektedir. Dolayisiyla sklerodermay1 tam olarak yansitmamaktadir.

Sklerodermada, vaskiilopati, hiicresel bagisiklik sistemi ve fibrozis gibi karmagsik
patolojik siireglerin arastirilmasi igin in vitro galismalarin yetersiz oldugu, in vivo ¢alismalarin
gerekliligi bircok ¢alismada vurgulanmistir [39]. Yamamato ve ark. 21 giin boyunca subkutanoz
(sc) bleomisin enjeksiyonu ile skleroderma fare modeli olusturmustur [19-24]. Arastirmacilar, 1
pg ve daha yiiksek dozlarda, tekrarlanan BLM uygulamalarinin 3. ve 4. haftadan sonra
skleroderma benzeri histopatolojik ve biyokimyasal bulgulara yol a¢tigini bildirmislerdir [19-24].
BLM uygulamalar1 sonlandirilsa dahi hastaliga dair bulgularin en az 6 hafta devam ettigi ve
giinasirt uygulamalarin da benzer histopatolojik bulgulart olusturdugu gosterilmistir [23].
Bleomisinle olusturulmus bu model, giiniimiizde ¢ok calisilan ve skleroderma patolojisine en

yakin olandir.
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Tablo 1. Skleroderma Deneysel Hayvan Modelleri [19, 40-42]

—{ GENETIiK MODELLER

* TBRIIAk fare

*TBR1CA fare

*MRL/lpryR-/- fare

*RLX-/- fare

+integrin al null (knockout) fare

—{ SPONTAN OLUSAN MODELLER

*UCD-200 tavuk
*Tskl fare

—{ BiR AJAN iLE OLUSANLAR

*Tsk2 fare

*BLM (fare)

*TGF-B ve CTGF (fare)
«Vinil klorid (fare)
«Civa klorid (fare)

—{ TRANSPLANTASYON YOLUYLA OLUSANLAR

«Sklerodermatoz GVHD (B10.D2 vs.Balb/c)
»Modifiye sklerodermatoz GVHD (B10.D2 vs. RAG-/-)
*Siklosporin A ile uyarilan otoimmiinite modeli (rat)
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3. GEREC VE YONTEM
3.1. Arastirmamn Tipi

Arastirmamiz deneysel niteliktedir.
3.2. Arastirmanin Yeri ve Zamani

Aragtirmamiz 2014-2017 yillar1 arasinda Dokuz Eyliil Universitesi, Saglik Bilimleri
Enstitiisi Molekiiler Tip Anabilim Dali, Laboratuvar Hayvanlar1 Bilim Dali ve Dokuz Eyliil
Universitesi, T1p Fakiiltesi, Arastirma Laboratuvarinda (ARLAB) yiiriitiilmiistiir.

3.3. Arastirmanin Evreni ve Orneklemi

Arastirmada deneysel hayvan modeli kullanilmistir. Bu model, bleomisin’in Balb/c disi

fareye uygulanmasiyla olusturulmustur. 32 adet Balb/c disi fare kullanilmustir.
3.4. Arastirmanin Materyali

Arastirmada Balb/c disi farenin deri materyali kullanilmigtir.
3.5. Arastirmanmin Degiskenleri

Bagimli degisken: MMP-8, MMP-13, MMP-1, p-SMAD, TGF-f, a-SMA
Bagimsiz Degisken: EGCG

3.6. Veri Toplama Araclar:
3.6.1. Tez Cahsmasinda Kullanilan Arac ve Gerecler

Tez calismasinda kullanilan tiim arag¢ ve gerecler Tablo 2’ de verilmektedir.
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Tablo 2. Aragtirma Sirasinda Kullanilan Arag ve Geregler

Salimimh santrifiij (Eppendorf)

Dokuz Eyliil Universitesi Tip Fakiiltesi
Arastirma Laboratuar1-ARLAB

Sabit acih santrifiij (Heraus)

Dokuz Eyliil Universitesi Tip Fakiiltesi
Arastirma Laboratuari- ARLAB

Vorteks (Ika)

Dokuz Eyliil Universitesi Tip Fakiiltesi
Arastirma Laboratuari- ARLAB

Saf su sistemi (Elga)

Dokuz Eyliil Universitesi Tip Fakiiltesi
Arastirma Laboratuari- ARLAB

Western blotting sistemi (Bio-Rad)

Dokuz Eyliil Universitesi Tip Fakiiltesi
Arastirma Laboratuari- ARLAB

Mikroplate okuyucu (Synergy HT, Multi-
Detection Microplate Reader, BIO-TEK)

Dokuz Eyliil Universitesi Tip Fakiiltesi
Arastirma Laboratuari- ARLAB

Isik mikroskobu (Nicon Eclipse C2)

Dokuz Eyliil Universitesi Tip Fakiiltesi
Patoloji Anabilim Dali

Isik Mikroskobu Kamerasi —-image sistem

Dokuz Eyliil Universitesi Tip Fakiiltesi
Patoloji Anabilim Dali

Termal Cycler (Bio-Rad)

Dokuz Eyliil Universitesi Tip Fakiiltesi
Arastirma Laboratuari- ARLAB

Derin Dondurucu -80C (Thermo Forma
Model 705)

Dokuz Eyliil Universitesi Tip Fakiiltesi
Arastirma Laboratuari- ARLAB

Derin Dondurucu -20C (Indesit)

Dokuz Eyliil Universitesi Tip Fakiiltesi
Arastirma Laboratuari- ARLAB

Buzdolabi +4C (Indesit)

Dokuz Eyliil Universitesi Tip Fakiiltesi
Arastirma Laboratuari- ARLAB

Buz makinasi (Scotsman AF-100)

Dokuz Eyliil Universitesi Tip Fakiiltesi
Arastirma Laboratuari- ARLAB
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Lab Roller (Labnet H5000 rotator)

Dokuz Eyliil Universitesi Tip Fakiiltesi
Arastirma Laboratuari- ARLAB

Plak karistirici (Labnet)

Dokuz Eyliil Universitesi Tip Fakiiltesi
Arastirma Laboratuari- ARLAB

Ph metre (Hanna)

Dokuz Eyliil Universitesi Tip Fakiiltesi
Arastirma Laboratuar1-ARLAB

Light Cycler (Roche 2.0)

Dokuz Eyliil Universitesi Tip Fakiiltesi
Arastirma Laboratuari- ARLAB

Otomatik Immiinhistokimya Cihazi

(Ventana Benchmark Ultra)

Dokuz Universitesi Tip Fakiiltesi-Tibbi
Patoloji Anabilim Dali

Otomatik Doku Takip Cihaz1
(Tissue-Tek Xpress)

Dokuz Universitesi Tip Fakiiltesi-Tibbi
Patoloji Anabilim Dali

Su Banyosu
(Leica HI1210)

Dokuz Universitesi Tip Fakiiltesi-Tibbi
Patoloji Anabilim Dali

Mikrotom (Shandon AS325)

Dokuz Universitesi Tip Fakiiltesi-Tibbi
Patoloji Anabilim Dali

Otomatik Hematoksilen & Eozin Boyama
Cihaz (Tissue Tek Prizma)

Dokuz Universitesi Tip Fakiiltesi-Tibbi
Patoloji Anabilim Dali

Otomatik Lam Kapatici
(Tissue-Tek-Film)

Dokuz Universitesi Tip Fakiiltesi-Tibbi
Patoloji Anabilim Dali

Parafine Gomme Cihazi

(Tissue-Tek AutoTek)

Dokuz Universitesi T1p Fakiiltesi-T1bbi
Patoloji Anabilim Dali

Isik mikroskobu (Nicon Eclipse C2)

Dokuz Eyliil Universitesi Tip Fakiiltesi
Patoloji Anabilim Dali

Isik Mikroskobu Kamerasi —-Image sistem

Dokuz Eyliil Universitesi Tip Fakiiltesi
Patoloji Anabilim Dali
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3.6.2. Kullamilan Sarf Malzemeler

=  MMP-1 primer antikor (ThermoFisher Scientific, lot n0:QB1974628, ABD)

= MMP-8 primer antikor (ThermoFisher Scientific, Lot no: QB19746211, ABD)

=  MMP-13 primer antikor (ThermoFisher Scientific, Lot no: QB1974761, ABD)

=  P-SMAD 2/3 primer antikor (ThermoFisher Scientific, Lot no #QB1974585, ABD)
= Total SMAD 2/3 primer antikor (ThermoFisher Scientific, Lot no #QB1974876, ABD)
= Beta- aktin primer antikor (ThermoFisher Scientific, Lot no #QB1974585, ABD)

» HRP bagh sekonder antikor (ThermoFisher Scientific, Lot no #2389230, ABD)

= cDNA sentez kiti (ThermoFisher Scientific, Lot no #1303184, ABD)

= SYBR Green PCR Master Mix (ThermoFisher Scientific, Lot no # 4334973, ABD)
* Bleomisin (Onko Kogsel, Tiirkiye)

» Epigallokatesin-3-Gallat (Sigma, ABD)

* 15 ml’lik tiip (IsoLab, Almanya)

* 50 ml’lik tiip (IsoLab, Almanya)

= Steril pastor pipet (IsoLab, Almanya)

= Mikropipetler ve pipet ucu (Vertex, ABD)

» Ornek saklama kutular1 (Vertex, ABD)

= Steril, DNaz, RNAz free pipet uclar1 (Vertex, ABD)

3.6.3. Yontemler
3.6.3.1.Bleomisin ile Skleroderma Hayvan Modeli Olusturma Deneyleri [24]
3.6.3.1.1. Amac ve Genel ilke

Amag, fibrotik bir ajan olan bleomisin ile 21 giin boyunca skleroderma modeli

olusturmaktir.

Genel ilke, BLM 21 giin i¢in uygulanan bolgede fibrozis baglatir ve bu etki
sklerodermanin klinik tablosunu olusturmaktadir [19-24]. Normal kosullarda kemoterapotik bir

ajan olan bleomisin, uygulanan hastalarda yan etki olarak fibrozis olugturmaktadir.
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3.6.3.1.2. Bleomisin ile Skleroderma Hayvan Modeli Olusturma Deneyleri

Calismaya ortalama alt1 haftalik ve 20-25 gram agirliklarinda, 32 adet Balb/c disi fare
alindi ve dort esit gruba ayrildi. Fareler, 12 saat giines 15181 alan bir odada, 6zel olarak
hazirlanmis kafeslerde barindirildi. Farelerin beslenmesinde, standart fare yemi kullanilarak ve
kafeslerde 6zel boliimlere yerlestirilmis olan ve u¢ kisimlarinda damlalik bulunan 6zel siseler ile
su verildi. Tiim farelerin sirt bolgesinde belirlenmis olan bir bolge, subkutan (Sc) uygulamalar

i¢in tiras edildi.

3.6.3.1.3. Bleomisin ve EGCG Uygulamalari

Deneysel skleroderma modeli i¢in 6n ¢alisma yapilmistir. 100 pL (100 pg) ve 150 uL
(150 pg) bleomisin (Onko Kogsel) dozlari, giinliik olarak, 21 giin boyunca subkutan (sc) olarak
Balb/c disi fareye verilmistir. Deney sonunda, Tibbi Patoloji Anabilim Dali’nda preparatlar
incelenmigtir. 100 pL (100 pg) bleomisin dozunun fibrozis gelisimi igin ideal doz oldugu
bulundu. Bu doz ile ve ayni takvim ¢ercevesinde ana g¢alismaya devam edildi.

Epigallokatesin-3-Gallat (Sigma, ABD), serum fizyolojik icerisinde 20 mg/kg olarak
¢oziindiriildii [43]. Farelere 100 uL intraperitoneal (ip) olarak enjekte edilmistir. Deney hayvani

caligmalar1 boyunca tutulan deney hayvanlar takip formu Ek-3’te verilmistir.

Calismaya ait protokol Tablo 3’ te verilmistir.
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Tablo 3. Deney Hayvani Arastirma Protokolii

BALB/c disi

subkutan (sc)
enjeksiyon ile
giinliik 100 pL
serum
fizyolojik,
haftada 2 kere
intraperitonal
(ip) enjeksiyon
ile 100 uL
serum fizyolojik
verilmistir.

ﬁ

subkutan (sc)
enjeksiyon ile
glinliik 100 pL
(100ug) BLM,
haftada 2 kere
intaperitonal
(ip) enjeksiyon
ile 100 uL
serum fizyolojik
verilmistir.

4 N 4 N 4 N 4 N
Grup 1 Grup 2 Grup 3 Grup 4
(n:8) (n:8) (n:8) (n:8)

Bleomisin BLM + EGCG
Kontrol grubu (BLM) grubu grubu EGCG grubu
4 N 4 N 4 N 4 N
21 giin boyunca . . 21 giin boyunca
21 giin boyunca 21 giin boyunca
hayvanlara hayvanlara hayvanlara SSS{L’?;A?;%)

subkutan (sc)
enjeksiyon ile
giinliik 100 pL
(100pg) BLM,
haftada 2 kere
intaperitonal
(ip) enjeksiyon
ile 100 pL
(100pg) EGCG
verilmistir.

enjeksiyon ile
giinliik 100 pL
serum
fizyolojik,
haftada 2 kere
100 pL (100pg)
intaperitonal
(ip) enjeksiyon
ile EGCG
verilmistir.

ﬁ

ﬁ

ﬁ



Hayvan c¢aligmas1 sonlandirildiginda deri dokular1 asagidaki sekilde ii¢ boliime ayrildi.

« Immunhistokimya ve histokimya calismalar1 icin
%10’1luk formalin igerisine alindi.
1
\
» Western blotgaligmasi i¢in eppendorf tiiplere alindi,
« -80°C' de saklandh.
2
A
» qPCR calismasi igcin RNA-Later igerisine alind.
v * -80°C' de saklandu.

3.6.3.2. Hematoksilen Eozin ve Masson Trikrom Histokimya Boyamalari [19]

3.6.3.2.1. Amag ve Genel ilke

Bu yontemin temel amaci, dermal dokularin hematoksilen & eozin ve masson trikrom
boyamalarindan dermal kalinlik kollajen birikimlerinin dl¢iilmesidir.

Hematoksilen & Eozin boyamasi rutin histopatolojik analizlerde en sik kullanilan boya
kombinasyonudur. Hematoksilen koyu mavi-mor renklidir ve niikleik asitleri boyar. Eozin
pembedir ve sitoplazma, protein birikimi, amiloid gibi yapilar1 boyar. Tipik bir dokuda
cekirdekler mavi-siyah renkte, sitoplazma ve ekstrasellular matrix (ESM) pembenin farkli
tonlarinda boyanir.

Masson Trikrom ise kollajen birikimi igin kullanilir. Masson Trikrom boyasi, kollajeni
yesil; kas, sitoplazma, eritrositler ve fibrini kirmizi boyar. Eger kollajen ekspresyonu artarsa yesil

tonu koyulasir.
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3.6.3.2.2.Uygulama Basamaklari

Formalin soliisyonu igerisindeki doku orneklerinden, ayni giin igerisinde, parafin
bloklari hazirlandi. Bloklardan alinan kesitler Hematoksilen-Eosin ve Masson-Trikrom ile
boyandi.

Hematoksilen &Eozin boyama islemi tamamen otomatize sistem tarafindan (Tissue Tek
Prizma) Dokuz Eyliil Universitesi, Tibbi Patoloji Anabilim Dali’nda boyanmistir.

Masson Trikrom boyamasi i¢in formalin solusyonu igerisine alinan dermal doku
orneklerinden, parafin bloklar1 hazirlandi. Bloklardan, 3 mikron kalinliginda kesitler elde edildi,
lam iizerine alind1. Asagida belirtilen boyama basamaklari uygulandi.

= Doku kesiti, 5 damla Weigert demirli hematoksilin ve 5 damla Weigert demirli

hematoksilin ile kaplandi.

= 10 dakika sonra lamdan boya uzaklastirildi.

= Lam, oda sicakliginda 60 dakika boyunca kurutuldu.

= Kesite, pikrik asit alkolik ¢dzeltisi damlatildi.

» 5 dakika inkiibe edildikten sonra dH,0 ile yikandi.

= Doku kesitine fuksin ¢ozeltisi damlatildi.

= 5 dakika inkiibe edildikten sonra dH;O ile yikandi.

= Fosfomolibdik asit ¢ézeltisi damlatildi ve Masson anilin mavisi ¢ozeltisi ile muamele

edildi.

= Lam dH,O0 ile yikandiktan sonra incelemeye alindi.

Isik mikroskobunda (Olympus BX-50) X40, X100, X200 ve X400 biiylitmede (uzman
bir patolog tarafindan incelenerek) fibroz dereceleri belirlendi. Dermal kalinlik (epidermo-dermal
bileske ile dermis-subkutan yag dokusu bileskesi arasi uzunluk) i¢in, her bir denekte, en az iki
farkli preparatta, X100 biiylitmede, en az 5 farkli 6l¢iimiin ortalamasi alindi. Yangt H&E boyali
kesitlerde yar1 nicel skorlandi; 0: yok, 1: hafif, 2: orta, 3: siddetli olarak siniflandirildi.
Inflamasyon bulgulari, gruplarin skor ortalamalar1 almarak verildi. Masson trikrom bulgular:

dermal kalinlik (um) olarak verilmistir.
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3.6.3.3. Alfa Diiz Kas Aktin Antikoru ile Immunhistokimya Boyamalari
3.6.3.3.1.Amac ve Genel Ilke

Bu yontemin temel amaci, dermal dokulart a- diiz kas aktin (a-SMA) antikoru ile
boyayarak myofibroblast hiicrelerini belirlemektir.

o~ diiz kas aktin, diiz kas hiicrelerinin farklilagma durumlarini ortaya koyan spesifik bir
belirleyicidir. Normal dermal hiicrelerin fibrozis siirecinde myofibroblast hiicrelerine doniisme

stirecinde belirteg olarak kullanilir.
3.6.3.3.2.Uygulama Basamaklari

Formalin solusyonu igerisine alman dermal doku orneklerinden, parafin bloklari
hazirlandi. 3 mikron kalinliginda elde edilen kesitler poly-I-lysine kapli lam {izerine alindu.
Kesitler etiivde yaklasik 60° C’de 2-3 saat bekletilerek deparafinize edildi. Lamlar cihaza
(Ventana Benchmark Ultra) yerlestirildi. o- diiz kas aktin antikoru uygulanacak olan
preparatlarda antijen aciga ¢ikarma uygulandi. Primer antikor (Santa Cruz, ABD) 1/300
diliisyonda damlatilarak 40 dk inkiibe edildi. Ultra view Universal DAB Detection kit sekonder
antikoru uygulandi. Hematoksilen ile 8 dk kontrast boyama uygulandi. Kesitler otomatik kapama
cihazinda (Sakura, Tissue-Tek Film) kapatildi.

Dermal alandaki a-SMA pozitif (a-SMA+) fibroblastik hiicre sayisini saptamak igin
her bir denekte, en az iki farkli preperatta, X400 biiyiitmede, en az 5 farkli alanda a-SMA+ hiicre
sayisi belirlenip, 6l¢iimiin ortalamasi alindi. Bulgular gruplardaki pozitif (a-SMA+ ) hiicre sayisi

olarak verilmistir.
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3.6.3.4. MMP-1, MMP-8, MMP-13 ve p-SMAD 2/3 Proteinl Ekspresyonlarinin
Western Blot Yontemi ile Analizi [11, 12]
3.6.3.4.1.Amac ve Genel ilke

Bu yontemin temel amaci, dermal doku homojenatlarindan MMP-1, MMP-8, MMP-13,
p-SMAD 2/3 protein ekspresyon diizeylerini belirlemekti.

Western Blot; dokudaki spesifik bir proteini analiz etmemizi saglayan molekiiler
biyoloji teknigidir. Bu teknik dokuda bulunan bir proteinin varligi, biiyiikliigli, konsantrasyonu,
konsantrasyon degisimlerinin saptanmasi ve farkli gruplar arasindaki konsantrasyonlarinin
karsilastirilmasi i¢in kullanilir.

Western Blot analizi, poliakrilamid jel elektroforezi ile ayrilmis olan protein karigiminin
icinde diizeyini 6lgmeyi planladigimiz proteinin buna 6zgiil antikorunun kullanilmasi ve bu
proteinin diizeyinin belirtimi amaciyla yapilmaktadir. Yontem, poliakrilamid jel elektroforezi ile
proteinlerin ayrilmasi, proteinlerin membrana transferi ve ilgili proteinlerin goriiniir ve diizeyi
Olciilebilir hale getirilmesi saklinde li¢ asamadan olugsmaktadir.

Tiim western blot deneyleri {i¢ kez tekrarlanmis ve bulgularin ortalamasi alinmistir.

3.6.3.4.2. Protein Saflastirilmasi

» Dermal doku 6rnekleri Tripure isolation reagent (Sigma Aldrich, Almanya) ile tissue
Lyser’da (Qiagen, Almanya) homojenize edildi.

= Homojenat 5 dakika oda sicakliginda inkiibe edildi.

= [:5 oraninda kloroform ilave edildi ve vortekslendi.

= 12,000 g'de 15 dakika boyunca santrifiijlendi.

» Ust faz alindi, RNA elde edildi. RNA’lar qPCR deneylerde kullanilmak iizere 80° C '
de saklandi.

= Toplam proteinin izolasyonu i¢in, altta kalan organik faza % 1 gliserol+ izopropanol
edildi.

» Ug kez % 95 etanol+ 0.3 M guanidin hidroklorit ile yikandi.
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= Aralikli vorteksleme yapilarak, % 1 sodyum dodesil siilfat (SDS) igerisinde organik
faz ¢ozlindiiriildii.
= Toplam protein ekstraktlar1 western blotting yonteminde kullanilmak iizere temiz

tiiplere aktarildi, -80 © C ' de saklandi.
3.6.3.4.3.Protein Konsantrasyonunun Hesaplanmasi

Elde edilen proteinin 6l¢iimiinde bigcinkonik (BCA) protein 6l¢iim yontemi kullanildi. Bu
amacla ThermoFisher marka (ThermoFisher Scientific, ABD) protein tayin Kiti kullanildi.
Yontemde bakir siilfat’in BCA ¢dzeltesine eklenmesi ile ¢ozelti elma yesili bir renk alir. Bu
¢ozeltide bulunan Cu *2 iyonlar1 alkali kosullarda, bir degerlikli Cu * iyonlarma indirgenerek,
protein ¢ozeltisi ile karigtirildiginda, proteinin peptid baglari ile etkileserek mavi-mor renkli bir

kompleks olugmaktadir. Mavi rengin siddeti protein konsantrasyonu ile orantilidir.

» Protein standarti olarak bidistile su igerisinde 0 pg/ml, 25ug/ml, 125 ug/ml, 250
ug/ml, 500 pg/ml, 750 pg/ml, 1000 pg/ml, 1500 pg/ml, 2000 pg/ml
konsantrasyonlarinda sigir serum albiimini (BSA) standartlart hazirlandi.

= Standartlardan ve 6rneklerden 25’er pl 96’ lik kuyucuklu plaga konuldu.

= Calisma cozeltisi; A reaktifi (bi¢inkonik asit soliisyonu, sodyum karbonat, sodyum
bikarbonat, bicinkonik asit ve sodyum tartarat) ve B reaktifinin (bakir siilfat
solusyonu) 1:20 oraninda karistirilmasiyla hazirlandi.

= 200 pl ¢aligma ayiract (protein assay), kuyucuklara eklendi.

= 96 kuyucuklu plak, 37°C’de 30 dakika inkiibasyona birakildu.

= Olusan mavi renk gozlemlenerek 562 nm’de spektrofotometrede (Biotek, Synergy
HT, ABD) absorbans 6l¢iildii. Olusturulan standart egriye gore orneklerdeki protein
miktarlar1 pg/ul olarak hesaplandi.
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3.6.3.4.4.

Sodyum Dodesil Siilfat-Poliakrilamid Jel Elektroforez (SDS-PAGE) Jelin

Hazirlanmasi

SDS-Poliakrilamid jel elektroforezi olarak adlandirilan elektroforezde; sodyum dodesil

stilfat (SDS), 1s1 ile birlikte bir indirgeyici ve denatiiran olarak kullanilmaktadir. Proteinler ya

ditiyotreitol (DTT) ya da SDS varliginda 1sitilarak denatiire edilmektedir. SDS, anyonik bir ajan

olup, proteinlerin primer yapida kalmalarini saglayan bir deterjandir. Proteinler sabit agirlik

oraninda SDS’e baglanirlar, bu sayede tiim proteinler esit yiik yogunluguna sahip olmaktadir.

SDS ile muamele edilen proteinler negatif yiiklerinden dolay: elektriksel alanda pozitif kutba

dogru go¢ ederler.

Bio-Rad marka vertikal elektroforez sistemi, elektroforez tanki, jel kabi ve giig

kaynagindan olusmaktadir.

Calismalara jellerin hazirlanmasi ile baglandi. 1cm aralik olusturacak sekilde iki cam
vertikal elektroforez sistemine yerlestirildi.

Sizint1 olup olmadigi su ile kontrol edildi. Tablo 5° de gdosterildigi gibi ayirici
monomer karigimi hazirlandi. Hazirlanan jel ¢ozeltisi pipet yardimiyla iki cam
arasindaki  bosluga dokiildi. Poliakrilamid jeller monomerik akrilamidin
poliakrilamid zincirlere polimerize olmasi ve N,N’-metilen-bis akrilamid tarafindan
cagraz baglanmasi sonucu olusmaktadir. Polimerizasyon reaksiyonu APS’nin
eklenmesi ile baslamaktadir. Reaksiyon APS’den serbest radikallerin olugmasini
katalize eden TEMED ile hizlandirilmaktadir.

Jelin {ist sinirinin diizgiin olmasi i¢in iizerine izopropanol eklendi.

Jel polimerize olduktan sonra iistteki izopropanol bosaltildi.

Paketleyici jel ¢ozeltisi Tablo 6’daki gibi hazirlandi ve ayirici jelin lizerine dokiildii.
12 kuyulu tarak 45° a1 ile iki cam arasina yerlestirildi. Polimerizasyon igin bir siire
beklendi.

25 pg protein ile total hacim 1 X olacak sekilde 5 X yiikleme tamponu ve %10
oraninda 3-merkaptoetanol karigimi eklendi.

Protein karisimimni iceren ependorf tiipler 95°C’de 5 dk inkiibe edilip ardindan +4 °C’e

alindi.
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= Dikey elektroforez tankina 10 kuyucuklu %12 konsantrasyonunda ayirict jel, %4

konsantrasyonunda ise paketleyici jel hazirlandi.

Tablo 4. SDS-PAGE Yénteminde Ayirict Jelin (%12) Igerigi

Bilesenler %12
ddH20 3.85ml
3 M Tris-HCI 1.25ml
%20 SDS 50 pl
%40 akrilamid-bis akrilamid 4.8 ml
%10 APS 200 wl
TEMED 20 ul

Tablo 5. SDS-PAGE Yénteminde Paketleyici Jelin (%4) Igerigi

Bilesenler %4
ddH20 '
7.35ml
1.5 M Tris-HCI 1.25 ml
%20 SDS 50 pl
%40 akrilamid-bis akrilamid 1.34 ml
%10 APS 100 pl
TEMED 20 |
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3.6.3.4.5. Ornek Hazirlanmasi

Protein ornekleri kuyucuk basina 25 pul’de 25 pg olacak bigimde hazirlandi ve 95°C’de
5 dakika tutuldu.

3.6.3.4.6.Jelin Yiklenmesi

Paketleyici jel polimerize olduktan sonra tarak ¢ikartildi. Jel bulunan cam, elektroforez
tanki i¢ine yerlestirildi ve running tamponu (Running stok: Tris 15.1 g, Glisin 72 g, SDS 5 g,
dH20 1000 ml’de) ile dolduruldu. Kuyulara protein 6rnekleri ve Bir kuyuya da proteinlerin
biiyiikliiklerini tahmin etmek amaciyla i¢inde bilinen biiyiikliiklerde ¢esitli proteinler bulunan

onceden boyal1 biiyiikliik belirteci (prestained size marker) yiiklendi.

3.6.3.4.7.Elektroforetik Yiiriitme

Ornek vyiiklendikten hemen sonra tank sisteminin {izeri kapatildi. Tank sistemi giic
sistemine baglandi. Ornekler ayirici jele girinceye kadar 70 Volt gerilim uygulandi. Ornekler
ayiric1 jele gectikten sonra, gerilim 100 Volt’a ¢ikarildi. Orneklerin yiiriimesi takip edildi.
Standart takip edilerek istenilen yol gegildikten sonra akim kesildi ve tank sistemi gii¢

kaynagindan alind1.

3.6.3.4.8.Proteinlerin Membrana Transferi

Proteinlerin membrana transferi i¢in 1slak transfer yontemi uygulandi. Transfer tamponu
icinde transfer kasetinin siyah kapagi tarafina sirasi ile; siinger, 2 adet whatmann kagidi, jel,
membran, 2 adet whatmann kagidi ve tekrar siinger konuldu ve aralarindaki hava kabarciklar
cikarilarak, dikkatlice sandvi¢ yapildi ve kasetin kapagi kilitlendi. Transfer tankinin kaset
boliimiiniin siyah yiizeyine kasetin siyah tarafinin gelmesine dikkat edilerek transfer kasetleri
tanka yerlestirildi. Tanka buz kabi yerlestirildi, transfer tamponu ile tank dolduruldu ve tank
kapag elektrotlara dikkat edilerek yerlestirildi. Manyetik karistiric1 iizerinde, 300 mAmp’de +4°
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C’ de 1 saat transfer islemi gerceklestirildi. Transfer kasetinin siyah tarafi (—) yiiklii anot gorevi
yaparken, diger taraf (+) yiiklii katot gorevi yapar; bdylelikle SDS muamelesi ile negatif yiikli

hale gelen proteinlerin jelden membrana gogii saglanir.

3.6.3.4.9. Jelde Proteinlerin Coomassie Blue Boyasi ile goriintiilenmesi

Coomassie Brilliant Blue R-250 boyasi nonspesifik olarak ¢ogu proteine
baglanmaktadir. Proteinlerin esit miktarda yiiklenip yiiklenmediginin ve blotlama isleminin
kontrolii i¢in yapilan bir uygulamadir. Jel, transferden sonra boya solusyonuna alindi ve oda
sicakliginda, 30 dakika boyunca calkalanarak bekletildi. Protein bantlarin daha belirginlesmesi
icin jelin boyasinin uzaklastirilmasi amaciyla jel once distile su ile yikandi ve destain (boya
uzaklagstiric1) soliisyonuna alindi. Oda sicaklifinda karistirilarak jel boyasizlastirildi. Goriintiisii
alindi.

Boyanin Hazirlanmasi: 0.006 %’ lik Coomassie Brilliant Blue R-250 ¢ozeltisi, 40 %
metanol ve 10 % asetik asit igceren distile su ile olusturulan bir karisim igerisinde ¢oziindiiriildii.
Bunun i¢in, tartilan coomassie boyasi (6 mg), ¢eker ocak altinda, dnce 50 ml distile su ve 40 ml
metanolden olusan karisiminda ¢6ziindiirtildii ve bu karisima 10 ml asetik asit eklendi. Bu ¢ozelti

oda sicakliginda saklanabilmekte ve tekrar kullanilabilmektedir.

Destain Soliisyonunun Hazirlanmasi: 10 ml metanol, 10 ml asetik asit 80 ml distile su

igerisinde karistirilarak destain ¢ozeltisi hazirlandi ve oda sicakliginda saklandi.

3.6.3.4.10. Bloklama

Transfer sonrasinda membran, blotlama sirasinda 6zgiil olmayan baglanmalarin
engellenmesi icin; % 5 yagsiz siit tozu ve % 0.5 Tween-20 iceren TBS tamponu ile muamele

edilerek 1 saat oda sicakliginda calkalanarak bloklama iglemi ger¢eklestirildi.
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3.6.3.4.11. Primer Antikor ile Inkiibasyon

Bloklamadan alinan membranlar 3 kez Tween-20 iceren TBS (TBST) tamponu ile
yikandi. 1:500 oraninda Rabbit poliklonal MMP-8 (Thermo, USA), 1:1000 oraninda Rabbit
poliklonal MMP-1 (Thermo, USA), 1:1000 oraninda Rabbit poliklonal MMP-13 (Thermo, USA),
1:1000 oraninda Rabbit poliklonal p-SMAD (Thermo, USA) antikorlar1t TBST ile hazirlandi.

Membranlar hazirlanan primer antikorlar ile 1 gece +4 % C’de bekletildi. Ertesi giin

alinarak 3 kez 15” er dakika TBST ile yikandi ve baglanmayan antikorlar uzaklastirilda.
3.6.3.4.12. Sekonder Antikor ile inkiibasyon

Primer antikor inkiibasyonundan alinan ve yikanan membranlar 1:3000 oraninda Anti-
rabbit sekonder antikor (Thermo, USA) ile oda 1sisinda 1 saat g¢alkalayicida inkiibe edidi.
Membranlar tekrar 3 kez 15° er dakika TBST ile yikandi ve baglanmayan antikorlar
uzaklastirildi.

3.6.3.4.13. Goruntiilleme

Tim yikamalar sonrasinda deteksiyon kiti (Millipore, Luminata, Forte Western HRP)
kullanilarak proteinlerin deteksiyonu yapildi. Kit direktiflerine gore hazirlanan reaktif
soliisyonundan membran1 kaplayacak miktarda membran {istiine yayilarak 5 dakika bekletildi. Bu
sirede sekonder antikorlara bagli olan peroksidaz enzimleri reaktifteki substratlarini
pargalamakta ve sonucta modifiye substrattan kimyasal bir 1s1ma olusmaktadir. Membranlar bir
kaset i¢ine alindiktan sonra uzerlerine kemiluminesansa duyarl film (Kodak, 5256441) koyulup

yeterli siire beklendi ve film yikanarak protein bantlar1 gériintiilendi.
3.6.3.4.14. Dansitometrik Analiz

Protein bant yogunluklari IMAGE-J Analysis Software programnda degerlendirildi.
Veriler -beta aktine oranlanarak standardize edildi. Bulgular MMP-1/3- Aktin, MMP-8/B3- Aktin,
MMP-13/B- Aktin, p-SMAD 2-3 / total SMAD 2-3 oranlar1 olarak verilmistir.
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3.6.3.5.Deney Gruplarinda TGF-Betal Gen Ekspresyonun RNA Diizeyinde RT-qPZR ile

Belirlenmesi
3.6.3.5.1.Amac ve Genel ilke

Bu yontemde temel amag, dermal dokulardaki TGF-B1 gen ekspresyonlarinin
belirlenmesidir.

RT-qPZR, ortamda polimeraz enzimi ve sentez igin diger uygun molekiillerin bulunmasi
durumunda, RNA dizisinin segilip taninmasi ve sayisal olarak artirilmasi esasina dayanan bir
yontemdir. Gen ekspresyon ¢alismalarinda siklikla kullanilmaktadir.

Tiim RT-qPZR deneyleri ii¢ kez tekrarlanmis ve bulgularin ortalamasi1 alinmistir.

3.6.3.5.2. Dermal Dokulardan Total RNA Izolasyonu ve Miktar Tayini

Protein eldesi kisminda anlatilan RNA’larin eldesine burada devam edildi. Tiim 6rnekler
RNaz icermeyen suda ¢oziildii. Ornekler ¢dziindiikten sonra RNA’nin safligin1 kontrol etmek ve
konsantrasyonunu hesaplamak i¢in nanodrop cihazinda (Thermo, ABD) uygun pipetler

kullanilarak 260 ve 280 nm dalga boyunda 6l¢iim yapildi.

3.6.3.5.3.Total RNA’lardan ¢cDNA Sentezlenmesi

Dermal dokulardan total RNA izole edilip konsantrasyonlar1 ve kalitesi belirlendikten
sonra bu RNA’lardan 1 pg kullanilarak cDNA sentezlendi. cDNA sentezinde The High Capacity
cDNA Reverse Transcription Kit (Thermo, USA) kullanildi. 1 pg total RNA ve 0.2 pg/ ul
random primer, dH20O igerisinde hazirlandiktan sonra 65 °C’de 5 dk inkiibe edildi. Daha sonra
karisgima 5x reaksiyon tamponu, riboniikleaz inhibitérii (20 u/ ul), ANTP (10 mM) ve en son
Reverse Transcriptase (200 u/ ul) eklendi ve 25 °C’de 5 dk, 42 °C’de 60 dk inkiibe edilerek
cDNA sentezi bir termal cycler (Bio-Rad, ABD) igerisinde yapildi. Tiipler 70 °C’de 5 dk.

tutularak reaksiyon sonlandirildi.
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3.6.3.5.4.Gercek Zamanh Kantitatif Polimeraz Zincir Reaksiyonu (RT-qPZR)

Tek iplik cDNA sentezlendikten sonra bu cDNA’lar kalip olarak kullanilarak TGF-Beta
genine spesifik primerler araciliiyla RT-qPZR kuruldu. Ayrica kontrol olarak da GAPDH
genine spesifik primerler kullanildi. Primer optimizasyonu i¢in farkli primer konsantrasyonlari,
farkli termal profiller gibi degiskenler uygulandi. Optimizasyon sonucunda RT-gPZR

reaksiyonlar1 kuruldu. Kullanilan primer dizileri asagidaki gibidir:

Fare TGF-B1 Reverse 5’-CTGTATTCCGTCTCCTTGGTTCA-3’
FareTGF-B1 Forward 5’-GCCTGAGTGGCTGTCTTTTGA-3’

Fare GAPDH Reverse 5’- TGTAGACCATGTAGTTGAGGTCA-3’
Fare GAPDH Forward 5’-AGGTCGGTGTGAACGGATTTG-3’

cDNA’lar, spesifik primerlerin varliinda Roche 2.0 Real Time PCR cihazinda (Roche,
USA) Luminaris HiGreen qPCR Master Mix (Thermo, USA) kullanilarak amplifiye edildi.
Negatif kontrol i¢in nukleaz-free su kullanildi. Real Time PCR reaksiyonu igin tablo 7° deki

reaksiyon karigimi hazirlandi ve 20 uL’lik reaksiyon karisimi kapillerlere pipetlendi.

Tablo 6. RT-gPZR Reaksiyon Karisim Igerikleri

Kimyasal Eklenen Son

Miktar konsantrasyon
Luminaris SYBR green gPCR Master Mix 10 uL 1X
Forward Primer (10 pL) 0,3 uL 0,3 uM
Reverse Primer (10 pL) 0,3 uL 0,3 uM
cDNA ornegi 5uL 100ng
Niikleaz free su 4,4 uL
Toplam 20 uL
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mRNA diizeylerindeki degisimler AACT yOntemine gore analiz edildi ve housekeeping
gen olarak GAPDH kullanildi. Bulgular, AACT hesaplama sonuglarina gore, ekspresyon

katsayis1 olarak verilmistir.

3.7. Arastirma Plani ve Takvimi

Arastirmanin Etik Kurul Onay1 Aralik 2012° de alinmistir. Deneysel ¢aligsmalar 2014-
2017 yillar1 arasinda gergeklestirilmistir. Ayrintili ¢alisma plani Tablo 3’ te verilmektedir.

Tablo 7. Arastirma Takvimi

Dokuz Eyliil Universitesi Bilimsel Arastirma
Projeleri Koordinasyon Birimi tarafindan
2014 Nisan 2014.KB.SAG.024 protokol numarasi ile maddi

olarak desteklenmistir.

Calisma, Tiibitak Bideb-2211-C programi tarafindan

2014 Kasim desteklenmistir ve bursiyerlik hakki kazanilmustir.

Projenin malzeme ve hizmet satin alimlari
2015 Ocak-Subat

tamamlanmustir.
13. 04. 2015 - 03. 05. 2015 Deney Hayvani ¢aligsmalari tamamlanmastir.
2015-2017 Projenin tiim laboratuvar ¢aligmalar1 tamamlanmistir.

Orpheus kapsaminda degerlendirilmesi amaciyla
2017-2018 caligmaya ait yayinlar tamamlanmistir.

Tez yazim siireci tamamlanmastir.
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3.8.  Verilerin Degerlendirilmesi

Calisma tamamlandiktan sonra elde edilen verilerin istatistikler analizleri, SPSS (v20.0,
SPSS Inc., Chicago, IL) istatistik programinda yapildi. Streklilik arz eden degiskenler
ortalamatstandart sapma (SD) olarak ifade edildi. Gruplar arasindaki olas1 farkliliklarin
anlamliligt ANOVA Sidak, Student t testleri ile degerlendirildi. P degerinin <0.05 olmasi

istatistiksel agidan anlamli kabul edildi.
3.9. Arastirmanin Simirhihiklar:

Calismamizin potansiyel siirlilig1 sadece bleomisinle olusturulmus skleroderma modeli
tizerinde gergeklestirilmis olmasidir. Daha gegerli ve kapsamli bir ¢aligma olmasi i¢in birgok
skleroderma hayvan modelinde de deneylerin yapilmasi gerekmektedir. Ancak diger modeller i¢

organ fibrozunu iyi yansitsalar dahi, insanda gelisen dermal fibrozu iyi mimik edememektedir.

Bu sebeple, calismanin sinirliligi olmaktan ¢ikmaktadir.

3.10. Etik Kurul Onay1

Arastirma protokolii, Dokuz Eyliil Universitesi Hayvan Arastirmalari Etik Kurulu

(Protokol No: 79/2012) tarafindan onaylanmustir.

3.11.  Arastirmammn Dokuz Eyliil Universitesi Bilimsel Arastirma Projeleri Birimi

Tarafindan Kabulii

Arastirma biitcesi, Dokuz Eyliil Universitesi Bilimsel Arastirma Projeleri Birimi (2014.

KB. SAG.024) tarafindan kabul edilmistir.
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4. BULGULAR
4.1. EGCG’nin Skleroderma Olusumunda Fibrozise Etkilerinin Mikroskobik Olarak

Degerlendirilmesi

4.1.1. Histokimyasal Boyama Analizleri

21. giin sonunda sakrifiye edilen farelerde histopatolojik degerlendirmede dermal

fibrozun olustugu goriildii.

Hematoksilen & FEozin boyamalarda derinin ylizeysel tabaka ve derin tabaka
skorlamalarinda gruplar arasinda anlamli farklilik bulunmamistir. Derinin yiizeyel tabaka yangi
skorlamasinda gruplar arasinda anlamli fark bulunmamistir. Ancak derinin derin tabaka yangi
skorlamasinda grup 1 (kontrol grubu) ve grup 2 (BLM grubu) arasinda anlamli fark bulunmustur.
Bununla birlikte grup 3 (Bleomisin + Epigallokatesin-3-Gallat) ve grup 2 (Bleomisin) grubu
arasinda da anlamli fark bulunmustur (p:0.000) (Sekil 3 a ve b)
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Sekil 3. Calisma Gruplarinda Dermal inflamasyon Skorlar1. Grup 1: Kontrol Grubu, Grup
2: Bleomisin Grubu, Grup 3: Bleomisin + Epigallokatesin-3-Gallat Grubu, Grup 4:
Epigallokatesin-3-Gallat Grubu. a) Deri Derin Tabaka Inflamasyon Skorlari, b) Deri Yiizeyel
Tabaka Inflamasyon Skorlari. Inflamasyon skorlar;, bes alanmn ortalamas: alinarak

hesaplanmuistir.

Masson trikrom boyama sonuglarina gore gruplar arasinda iist dermis kalinliklar1 arasinda
anlaml farklilik bulunmamustir. Alt dermis kalinliklar1 arasinda ise grup 1 (kontrol grubu) ve
grup 2 (Bleomisin grubu) arasinda anlamli fark bulunmustur. Bununla birlikte grup 2 (BLM
grubu) ve grup 3 (Bleomisin + Epigallokatesin-3-gallat) arasinda da anlamli fark bulunmustur
(p:0.000) (Sekil 4 a ve b, Sekil 5) .
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Sekil 4a. Calisma Gruplarinda Masson Trikrom Boyama ile Elde Edilmis Ust Dermis
Kalinliklari. Grup 1: Kontrol Grubu, Grup 2: Bleomisin Grubu, Grup 3: Bleomisin +
Epigallokatesin-3-Gallat Grubu, Grup 4: Epigallokatesin-3-Gallat Grubu. Dermal kalinlik pum

olarak hesaplanmistir.
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Sekil 4b. Calisma Gruplarinda Masson Trikrom Boyama ile Elde Edilmis Alt Dermis
Kalinliklari. Grup 1: Kontrol Grubu, Grup 2: Bleomisin Grubu, Grup 3: Bleomisin +
Epigallokatesin-3-Gallat Grubu, Grup 4: Epigallokatesin-3-Gallat Grubu.
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Sekil 5. Calisma Gruplarinda Masson Trikrom Boyamalari. Grup 1: Kontrol Grubu,
Grup 2: Bleomisin Grubu, Grup 3: Bleomisin + Epigallokatesin-3-Gallat Grubu, Grup 4:
Epigallokatesin-3-Gallat Grubu. Yesil boyama alanlar1 kollajeni ifade etmektedir.

4.1.2. Immiinhistokimya Boyama Analizleri
Calisma gruplan karsilastirildiginda, dermal alandaki a-SMA+ hiicre sayisinda grup 1
(kontrol grubu) ve grup 2 (BLM) arasinda; grup 2 (BLM) ve grup 3 (BLM+EGCG) arasinda

anlamli farklilik bulunmustur (p:0.0035) Grup 3, EGCG uygulanan grupta o-SMA+ hiicre
sayilar1 azalmistir (Sekil 6, Sekil 7).
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Sekil 6. Calisma Gruplarinda a-SMA+ Hiicre Sayilari. Grup 1: Kontrol Grubu, Grup 2:
Bleomisin Grubu, Grup 3: Bleomisin + Epigallokatesin-3-Gallat Grubu, Grup 4: Epigallokatesin-

3-Gallat Grubu. 5 farkli alanda a-SMA+ hiicre sayist ortalamasi verilmektedir.

Ortalama o-SMA+ hiicre sayisi, BLM grubunda, kontrol grubu ile karsilastirildiginda,
anlamli yiiksek bulundu. Ancak, BLM + EGCG grubu ve BLM grubu ile karsilastirildiginda,

anlaml diisiik bulundu.
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Sekil 7. Calisma Gruplarinda a-SMA+ Boyamalari. Grup 1: Kontrol Grubu, Grup 2:
Bleomisin Grubu, Grup 3: Bleomisin + Epigallokatesin-3-Gallat Grubu, Grup 4: Epigallokatesin-
3-Gallat Grubu

4.2. MMP-1, MMP-8, MMP-13 ve p-SMAD 2/3 Proteinlerinin Ekspresyonlarinin

Western Blot Yontemi ile Analizi

4.2.1. Kontrol ve Deney Gruplarinda MMP-1 Protein Ekspresyonlarinin Western Blot ile

Gosterilmesi

Dermal doku homojenatlarinda ¢alisilan MMP-1/ B-Aktin protein orani ekspresyonu,
grup 2 (BLM grubu) ve grup 3 (BLM + EGCG) arasinda anlamli farklilik bulunmustur. EGCG
uygulanan grup 3’te ise grup 2’ye oranla anlamli olarak artmistir (Sekil 8).
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Sekil 8. Calisma Gruplarinda MMP-1 Protein Ekspresyon Diizeyleri. Grup 1: Kontrol
Grubu, Grup 2: Bleomisin Grubu, Grup 3: Bleomisin + Epigallokatesin-3-Gallat Grubu, Grup 4:
Epigallokatesin-3-Gallat Grubu. MMP-1/ 3-Aktin bant yogunluk oranlar1 verilmektedir.

4.2.2. Kontrol ve Deney Gruplarinda MMP-8 Protein Ekspresyonlarinin Western Blot ile

Gosterilmesi

Dermal doku homojenatlarinda calisilan MMP-8/ B-Aktin protein orani1 ekspresyonlari
gruplar arasinda anlamli farklilik vardir. EGCG uygulanan grup 3’te grup 2’ye oranla anlaml
olarak artmistir (Sekil 9).
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Sekil 9. Calisma Gruplarinda MMP-8 Protein Ekspresyon Diizeyleri Grup 1: Kontrol
Grubu, Grup 2: Bleomisin Grubu, Grup 3: Bleomisin + Epigallokatesin-3-Gallat Grubu, Grup 4:
Epigallokatesin-3-Gallat Grubu. MMP-8/ 3-Aktin bant yogunluk oranlar verilmektedir.

4.2.3. Kontrol ve Deney Gruplarinda MMP-13 Protein Ekspresyonlarinin Western Blot

ile Gosterilmesi

Dermal doku homojenatlarinda ¢alisilan MMP-13/ B-Aktin protein orani ekspresyonlari

gruplar arasinda anlamli farklilik gostermedigi bulunmustur (Sekil 10).
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Sekil 10. Calisma Gruplarinda MMP-13 Protein Ekspresyon Diizeyleri. Grup 1: Kontrol
Grubu, Grup 2: Bleomisin Grubu, Grup 3: Bleomisin + Epigallokatesin-3-Gallat Grubu, Grup 4:
Epigallokatesin-3-Gallat Grubu. MMP-13/ B-Aktin bant yogunluk oranlar1 verilmektedir.

4.2.4. Kontrol ve Deney Gruplarinda p-SMAD 2/3 Protein Ekspresyonlarimin Western

Blot ile Gosterilmesi

Dermal doku homojenatlarinda ¢alisilan p-SMAD 2-3/ total SMAD 2-3 protein
ekspresyon oranlart agisindan, grup 1 (kontrol grubu) ve grup 2 (BLM grubu) arasinda anlamli
farklilik vardir. Grup 2’de grup 1’e oranla anlamli olarak artmistir. EGCG uygulanan grup 3’ te

ise grup 2’ ye oranla anlamli olarak azalmistir (Sekil 11).
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Sekil 11. Calisma Gruplarinda p-SMAD 2-3/ total SMAD 2-3 Protein Ekspresyon
Oranlari. Grup 1. Kontrol Grubu, Grup 2: Bleomisin Grubu, Grup 3: Bleomisin +
Epigallokatesin-3-Gallat Grubu, Grup 4: Epigallokatesin-3-Gallat Grubu. p-Smad 2/Total-Smad
2, p-Smad 3/ Total-Smad 3 bant yogunluk oranlar1 verilmektedir.
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Sekil 12. Calisma Gruplarinda Western Blot Yontemi ile Elde Edilen MMP-1, MMP-8,
MMP-13, p-SMAD 2/3 Protein Bant Goriintiileri. Grup 1: Kontrol Grubu, Grup 2: Bleomisin
Grubu, Grup 3: Bleomisin + Epigallokatesin-3-Gallat Grubu, Grup 4: Epigallokatesin-3-Gallat
Grubu

4.3. TGF-Beta Gen Ekspresyonunun Ger¢cek Zamanh Kantitatif Polimeraz Zincir
Reaksiyonu (RT-gPZR) ile Analizi

Dermal doku Orneklerinden ¢alisilan PZR reaksiyonlarinda, TGF- B gen ekspresyonu
grup 2’de (BLM grubu), grup 1’e oranla anlamli olarak artmistir (p:0,0012). Grup 3’te
(BLM+EGCG) ise Grup 2’ye (EGCG grubu) anlamli olarak diismiistiir (Sekil 13).
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Sekil 13. Calisma Gruplarinda RT-qPCR yontemi ile elde edilen TGF- 1 mRNA’
larinin degisimleri. Grup 1: Kontrol Grubu, Grup 2: Bleomisin Grubu, Grup 3: Bleomisin +
Epigallokatesin-3-Gallat Grubu, Grup 4: Epigallokatesin-3-Gallat Grubu (* p:0,002). Bulgular,

AACT hesaplama sonuglarina gore, ekspresyon katsayisi olarak verilmistir.
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5. TARTISMA

Kronik inflamatuvar otoimmiin bir hastalik olan skleroderma, romatizmal inflamatuvar
patolojiler arasinda, tedavisinde en basarisiz olunan hastaliktir. Bu sebeple, hastaligin
etiyopatogenezine yonelik calismalar gittikge dnem kazanmaktadir. Hastaligin patolojisindeki
geligsmelerin aydinlatilmasi yeni tedavi olanaklarinin gelistirilmesine yol acacaktir.

Skleroderma (SSc) i¢in giiniimiizdeki tedavi segenekleri, altta yatan patofizyolojiyi
hedef almadan sadece semptomlar1 kontrol altina aldig1 icin baz1 kisitlamalara sahiptir. Bununla
birlikte, uygulanabilir ve giivenli tedavi secenekleri i¢in daha fazla aragtirma gerekmektedir.
Sklerodermanin olusumunda yer alan molekiiler mekanizmalarin arastirilmasi son yillarda biiytlik
ilgi gérmiistiir [44]. SSc' nin en belirgin klinik 6zelligi, cilt ve akciger gibi ilgili organlarda ESM
bilesenleri olan tip I ve tip III kollajen birikimidir. ESM protein ve yap1 elemanlarinin yapimi ve
yikimi dinamik bir denge halindedir. ESM” de bu dengenin yapim lehine bozulmasi fibrozis ile
sonuglanir. ESM degradasyonu matriks metalloproteinaz (MMP)’lar ile saglanirken, doku MMP
inhibitorii (tissue inhibitor of metalloproteinases-TIMP) bu dengeyi fibrozis lehine kaydirir.
Skleroderma fibroblastlarinda, miyofibroblastlarin bir markeri olan a-SMA ekspresyonu artar.
Miyofibroblastlar, ESM” de patolojik siiregler sirasinda yiiksek diizeylerde bulunur ve aktive
durumdadirlar [45].

Sklerodermada fibrozis patogenezin son asamasini olusturur. Fibrozis siirecindeki en
onemli faktor aktive olmus fibroblastlardir. Yapilan deri biyopsilerinde miyofibroblastlarin
artmis oldugu ve doku miyofibroblast yogunlugunun Rodnan deri skoru ile korelasyon gdsterdigi
bildirilmistir [8].

Skleroderma nadir goriilen ve klinik olarak heterojen bir hastaliktir. Bu sebeple ideal bir
klinik caligmanin planlanmasi ve yapilmasit olduk¢a giictiir. Tiim bu nedenlerden dolayi
patolojiye yol acan yolaklarin aydinlatilabilmesi, gen analizi g¢aligmalariin yapilabilmesi,
hastaligi olusturan diger etkenlerin arastirilabilmesi ve etkin tedavi ajanin bulunabilmesi
amaciyla yapilan ¢alismalarda deneysel modellere basvurulmaktadir. Skleroderma i¢in birgok
deneysel model kullanilmaktadir ancak BLM ile uyarilan deneysel model, sklerodermanin birgok
fenotipik ozelliklerini sergilemektedir. Ayn1 zamanda BLM ile skleroderma modeli olusturmak

diisiik maliyetlidir. Bu sebeplerle, gliniimiize kadar tanimlanmis olan deneysel skleroderma
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modellerinden en uygunu ve en fazla kullanilamidir [46]. Tiim bu sebeplerden dolayi, bu
calismada Balb/c disi farelerde BLM ile olusturulmus deneysel skleroderma modeli
kullanilmistir. Disi fare kullanmamizin sebebi ise sklerodermanin kadinlarda daha fazla
goriilmesidir [1].

Bu ¢alisma, deneysel skleroderma modelinde EGCG’ nin potansiyel antifibrotik etkisini
arastiran ilk ¢alisma olma niteligindedir. Bu ¢alisma ile EGCG' nin sklerodermada antifibrotik bir
etkiye sahip oldugunu ve TGF-p gen ekspresyonunu azalttigini, protein diizeylerinde ise SMAD
2/3’1in fosforillenmesini diistirerek, MMP-8, MMP-1'i arttirdig1 ortaya konmustur. Sonuglarimiz,
EGCG' nin nin asir1 kollajen {iretimini azaltarak sklerodermanin fibrotik etkilerini diistirdiigii ve
terapotik tedavide potansiyel bir aday olabilecegini gdstermistir.

Skleroderma patogenezinde en dnemli molekiillerden birisi, Transforme edici biiylime
faktorii (TGF-B)’ diir. Bu biiyiime faktorii, hiicrede, fibrozis sirasinda énemli gorevlerde rol alir.
Ozellikle fibroblastlarin stimiilasyonu, kollajen iiretimini arttirma gibi fibrozisi tesvik eden
etkileri vardir. Aktive endotelyal hiicreler ve inflamatuar hiicreler, hiicre-hiicre etkilesimi ile
dogrudan ya da cesitli sitokin, adezyon molekiilii ve biiyiime faktorii ile dolayli olarak
fibroblastlar1 aktive eder. Bu siireglerin timiinden TGF-beta sorumludur. TGF- 1, 2 ve B3
olmak tizere ii¢ izoformu bulunmaktadir. Bu {i¢ izoform birbirlerine %60-80 oraninda
homologdur ve 12-kDa polipeptid dimerleridir. Bu izoformlardan TGF-f1 ve B2 profibrotik
olarak bilinmektedir (Sekil 1). TGF-B, bleomisin modelinde sklerotik evrede fibroblastlarda ve
infiltre hiicrelerde tretilir. Calisilan deneysel modelde, kollajen iiretimini saglayan TGF-B1 ve
fosforile Smad 2 / 3 yolagi gorevlidir [47]. Bizim ¢alismamizda da, pozitif kontrol olan grup 2’de
TGF-BI’'in gen ekspresyonunun artmistir. TGF-p aktif hale geldigi zaman hedef hiicrelerle temasa
gecer. Hedef hiicre yiizeyindeki TGF- RI reseptoriinii aktif reseptdr kompleksine doniistiiren
TGF-B R2 reseptoriine baglanir. Bu sinyal, ¢ekirdege Smad’ lar tarafindan iletilir. Smad 2 veya
Smad 3 TGF-f reseptér kompleksine baglanir ve fosforillenerek Smad kompleksini ¢ekirdege
tasiyan Smad 4 sitoplazmik proteini ile kompleks olusturur. Smad 7, TGF-B reseptor
kompleksine baglanabilen ve Smad 2/3” iin fosforilasyonunu engelleyen bir proteindir; bir nevi
bu yolagin inhibitordiir. EGCG, TGF- B1 yolagini etkiler ve Smad 7°nin ekspresyonunu arttirarak
Smad 3'lin fosforillenmesini engeller. Boylece tip I kollajen iiretimi azalir [48]. Sunulan

calismamizda Balb/c disi fare skleroderma modelinde, BLM ile uyarilan dermal fibroz modelinde
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(Grup 2) TGF-f1 mRNA expresyonunun arttigi saptanmistir. Smad 2 ve Smad 3 proteinlerinin

ise fosforillenmesi artmigtir.

Skleroderma hastalarinin dermal dokularinda yapilan arastirmada TGF-p / Smad yolunun
onemli bir rol oynadig1 kabul gérmiistiir [39]. Pulmoner ve hepatik fibrozda EGCG'nin muhtemel
antifibrotik etkileri arastirilmig olmasina ragmen [49-51], deneysel bir skleroderma modelinde
EGCG'in cilt dokular1 {izerindeki etkisi ile ilgili literatiir verileri bulunmamaktadir.
Calismamizda, EGCG uygulanan grupta a-SMA ekspresyonunun inhibisyonu gozlemlenmistir.
Buna ek olarak, kollajen diizeyleri 6nemli 6lgiide azalmistir. Bu bulgular EGCG' nin kollajen
tiretimini ve fibroblast farklilagmasini inhibe ettigini gostermektedir.

EGCG' nin farkli hiicre tiplerinde ESM' yi modiile ettigi ile ilgili literatiirde onemli
kanitlar bulunmaktadir [39]. EGCG' nin, insan ve sigan hepatik stellat hiicrelerinde, sican
pankreatik hiicrelerinde, fare aortik diiz kas hiicrelerinde, glioblostomada ve insan keloid
fibroblastlarinda TGF-f ve PDFG sinyalleri yoluyla anti-fibrotik, anti-kanser ve anti-inflamatuar
etkinligi oldugu gosterilmistir [52-58]. Hsieh ve arkadaslart EGCG’ nin TGF-B’ yi baskilayarak
kollajen sentezini azalttigini bulmustur [59]. Bir baska ¢alismada ise EGCG hem in vivo hem de
in vitro miyokardiyal fibrozu baskilamistir [38]. Bleomisinle indiiklenmis rat akciger
fibroblastlarinda prokollajen yapimi, TGF-f mRNA ve TGF- B protein sentezi artmistir [60]. Bir
baska calismada bleomisinle olusturulmus deneysel fare modelinde TGF-B1 ekspresyonu ve
sentezi artmigtir [61]. In vitro yapilan EGCG c¢alismasinda, fibroblast aktivitesinin bastirildigi
gosterilmistir [39]. Suzuki ve arkadaslar1 diger c¢alismalara benzer olarak, insan dermal
fibroblastlarinda EGCG’nin kollajen iiretiminde inhibitdr gorevi oldugunu gostermislerdir [62].
Bizim g¢alismamizda ise literatiirde ilk defa, bleomisinde olusturulmus deneysel skleroderma
modelinde, deride, EGCG’ nin kollajeni, TGF-B1 ve p-SMAD 2/3 mRNA diizeylerini azalttig1
bulunmustur. Buna paralel olarak, MMP-1 ve MMP-8 protein diizeyleri EGCG uygulanan deney
grubunda artmistir. Calismamizdan ¢ikan bu sonuglara goére, EGCG'min SSc'de kolajen
metabolizmasi iizerinde ¢ift etkiye sahip olabilecegi diisiiniilmektedir. Bu iki olay ; hem kollajen
tiretimini inhibe etmekte hem de kollajenazlarin aktivasyonu ile ESM regiilasyonunu
diizenlemektedir. Sonuglarimiza paralel olarak, pulmoner fibrozda, EGCG'nin TGF-B1 sinyalini

inhibe ederek fibroblast aktivasyonunu ve kollajen birikimini inhibe ettigi gosterilmistir [63].
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TGF-B, aktive lenfosit ve monositlerden salinir ve ESM sentezini uyararak, SSc’deki
fibroz gelisiminde temel rolii oynar [64]. Ayrica kollajeni ytkan MMP’ lerin tiretimini azaltir ve
proteaz inhibitorlerinin liretimini arttirir. Boylece ESM yikimini indirekt olarak 6nlemektedir [65,
66]. EGCG, bir¢ok hastalikta ve saglik arastirmasinda calisilmistir. Bu arastirmalar ¢ogunlukla
antioksidan etkisi tizerinedir [30, 67, 68]. EGCG, TGF-f yoluyla a-SMA ekspresyonundaki artisi
azaltir. Bu sonuglar, EGCG'nin o-SMA ekspresyonu iizerindeki inhibe edici etkisinin
antioksidatif etkisinden bagimsiz oldugunu diisiindiirmektedir. Tabuchi ve arkadaslar1 yaptiklari
calisma ile EGCG’ nin, TGF-B reseptoriine baglandigini ve MMP'leri diizenleyerek kollajen
bozulmasimi arttirdigini diistinmiislerdir [69]. Bu nedenle, EGCG'in skleroderma iizerindeki
etkileri kismen Smad 2 / 3’ iin fosforilasyonunun inhibisyonundan kaynaklanabilir.

EGCG sadece bu yolaklar1 degil diger inflamatuar, apoptotik ve hiicre sag kaliminda
onemli rolleri olan yolaklar1 da etkilemektedir. Dermal fibroblastlarda yapilan bir ¢aligmada,
EGCG’ nin AP-1 ve niikleer faktér- kB (NF-kB)’ yi inhibe ettigi gosterilmistir, bu yolaklar
inflamasyonda ve ESM modiilasyonunda gorevlidir [34]. Skleroderma ayni zamanda inflamutuar
bir hastalik oldugu i¢in planlanan ileri ¢aligmalarda, EGCG’ nin etkisini tam incelemek amaciyla
bu yolaklara da bakmak faydali olacaktir. Ay zamanda, EGCG, bag doku biiyiime faktorii
(CTGF)’ nii inhibe etmektedir [35]. Park ve arkadaslarinin yapti§i calismada, keloid
fibroblastlarina uygulanan artan EGCG dozlarinin (25-100 pM) STAT-3 yolagini inhibe ettigi
belirtilmistir [58]. Farklilagsmis adiposit hiicrelerinde ise EGCG, PPARy ve fosforile-FOXO1
yolaklarin1 baskilamistir [70]. Deneysel otoimmun tiroitit farelerde yapilan bir ¢alismada ise,
EGCG’nin anti-apoptotik bir gen olan B-hiicre lenfoma-2 (BCL-2) protein ekspresyonunu arttigi,
kaspaz-3 aktivitesini ve TNF-a-iliskili apoptozis indiikleyici ligand (TRAIL) protein diizeysini
baskiladig1 belirtilmistir [71]. Aym1 zamanda, in vitro ve in vivo deneylerde PI3K/Akt sinyal
yolagini inhibe ederek epitelyal mezenkimal transizyon (EMT)’ u baskiladig: bildirilmistir [72].

Bunun yaninda tamamen bagka bakis agisiyla yapilan bir calismada, EGCG’ nin
yaslanmaya bagli olarak gelisen kardiyak hipertrofiyi, organlarda olusan fibrozisi, apoptozisi ve
yag lipidlerini diisiirerek kardiyovaskiiler sistemi korudugu bulunmustur. Yine ayni ¢alismada, bu

etkiyi TGFB1, TNF- a, ve NF-kB yolaklarimi baskilayarak yaptigi ortaya konmustur [73].
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Sonuglarimiza gére EGCG uygulamasinin, sklerodermada, TGF-B sinyal yolunu inhibe
ederek, Smad 2 ve Smad 3 fosforillenmesini ve a-SMA ekspresyonunu azaltarak farklilagsmis
miyofibroblastlar1 kismen geri dondiirebilecegini diisiinmekteyiz.

Calismamizin hipotezini dogrulamis bulunmaktayiz: “Bleomisinle olusturulmus
deneysel skleroderma fare modelinde EGCG fibrozu baskilar ve antifibrotik etkileri vardir.”

diyebilmekteyiz.
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6. SONUC VE ONERILER

Sonu¢ olarak, bulgularimiz, EGCG' nin, Balb/c disi farelere uygulanan deneysel
skleroderma modelinde, TGF- -SMAD 2/3 aktivasyonunu diisiiriip, MMP-1 ve MMP-8 protein
ekspresyonunu artirarak deri fibrozunu azalttigini géstermektedir.

Bu kapsamda sonuglarimiz sunlardir:

4.2.1. EGCG, skleroderma hayvan modelinde MMP-1 protein diizeyini arttirmistir.

4.2.2. EGCG, skleroderma hayvan modelinde MMP-8 protein diizeyini arttirmistir.

4.2.3. EGCG, skleroderma hayvan modelinde p-SMAD 2/3 protein diizeyini azaltmistir.

4.2.4. EGCG, skleroderma hayvan modelinde TGF-betal gen ekspresyonu diizeyini azaltmistir.

4.2.5. EGCG, skleroderma hayvan modelinde pozitif a-SMA hiicre sayisini azaltmstir.

4.2.6. EGCG, skleroderma hayvan modelinde dermal kalinlagmayi ve kollajen miktarini
azaltmustir.

4.2.7. EGCQG, skleroderma hayvan modelinde, derin dermis alanda yangiy1 azaltmistir.

4.2.8. EGCG, skleroderma hayvan modelinde MMP-13 protein diizeylerinde etkili olmamustir.

Calismamizda, EGCG' nin sklerodermali hastalarda fibrozis tedavisinde potansiyel yeni

bir ajan olarak kullaniminin arastirilmaya deger olabilecegi ortaya ¢ikmistir. Ancak EGCG’nin

inhibisyon mekanizmasini nasil aktif ettigi daha kapsamli calismalarla ortaya konmalidir.
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1. Introduction:
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Systemic sclerosis or scleroderma (SSc) is an autoimmune connective tissue disease (1).
SSc is characterized by fibrosis of skin and internal organs. The cause of SSc is unknown and
pathogenesis is unclear; it is characterized by overproduction of ECM (2). In this disease, normal
tissue architecture is broken and replaced with collagen-rich, stiff connective tissue (3). Also, SSc
is a very rare disease in the population and shows three pathological features: injuries to vascular
endothelial cells, imbalanced immune system and excessive extracellular matrix (ECM)
accumulation (1). As in other autoimmune diseases, women are at higher risk than men (3-5). In
this disease, oxidative stress may play a role for pathogenesis (6-8). Recent studies showed a

relationship between oxidative/antioxidative markers and SSc (9-12).

Animal models are used to provide clues and therapeutic interventions for human
diseases. Bleomycin is often used as an anti-tumour agent for several cancer types and is
originally isolated from the fungus Streptomyces verticillus (13). Recent studies showed that
bleomycin upregulates collagen mRNA expression in human lung or dermal fibroblasts in vivo
models like a normal scleroderma phenotype (14, 15). Yamamoto et al. established a mice model
for scleroderma by local treatment by bleomycin subcutaneous (sc) injections during 21 days (16-
21). Concerning the in vivo research, the bleomycin-induced experimental scleroderma mouse is

the most used model for studying scleroderma (22).

Overproduction of ROS is known to induce tissue damage and cell death, which could
lead to several physiological and pathological processes. Studies have shown that ROS
generation occurs in fibrosis. ROS, such as superoxide anions, hydrogen peroxides, and hydroxyl
radicals have been demonstrated to be an important mediator of BLM-induced fibrosis (23-25).
In scleroderma, TGF-f signaling increases fibroblast proliferation, collagen synthesis and ROS
production (26,27). This situation also leads to suppress the expression of antioxidant enzymes
such as superoxide dismutase (SOD) (27). The accumulation of matrix proteins is increased by
both TGF-B signaling and ROS production (27). Besides, there are studies showing that free
radicals cause immune system activation and cytokine production and stimulate extracellular

matrix elements and the amount of collagen (28-30).
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There are two types of antioxidant systems in human metabolism. The first one is the
enzymatic antioxidant system, including SOD, glutathione peroxidase (GSH-Px), and catalase
(CAT) enzymes. The second is the nonenzymatic antioxidant system, including carotenoids,
vitamin E, vitamin C, thiol, and glutathione. Malondialdehyde (MDA\) is a lipid peroxidation

marker for oxidative stress.

This study was planned to investigate the possible role of Epigallocatechin-3-gallate
(EGCG) on the oxidative stress in BLM-induced fibrosis on scleroderma. ECGC, the most
abundant catechin, is the major effective component of green tea and has been shown to have
beneficial health effects on skin (31, 32). In liver fibrosis, EGCG was shown to inhibit
proliferation of fibroblasts, reducing collagen deposition, and upregulating the mitochondrial
respiratory chain (33). EGCG has been shown to play protective role against breast cancer (34-
36) colon and prostate cancer (37). Besides, it has been promising as a source of new molecular
therapies. The possible role of EGCG in oxidative stress has attracted attention over the last few
years. However, the role of EGCG on scleroderma focusing on the pathways involving oxidative

stress has not been investigated.

In this study we investigated the potential antioxidant role of EGCG on the scleroderma
model focusing on the following parameters: Malondialdehyde (MDA), superoxide dismutase
(SOD), NF-xB, pp-38 and p-Akt protein levels.

2. Materials -Methods:

2.1. Animals: Skin fibrosis was induced in 6-8-week-old, 20-22 gram- weight, pathogen-
free female Balb/c mice (Dokuz Eylul University, Department of Experimental Animals) by local
injection of bleomycin for 21 days (16, 20, 38). The animals were kept under standard animal
laboratory conditions: temperature of 20-22°C, humidity of 55-60%, photoperiod of 12:12 hour
light: dark cycle. They had free access to standard laboratory feed and water, according to the
study protocol. All methods including the euthanasia procedure were conducted in accordance

with Guide for Care and Use of Laboratory Animals, Institute for Laboratory Animal Research,
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National Institute of Health (NIH). The study protocol was reviewed and approved by Dokuz
Eyliil University Ethics Committee for Animal Research (Protocol No: 1/2018).

2.2. Experimental Model Design: Skin fibrosis was induced in 6-8-week-old, pathogen-
free 32 female Balb/c mice (DEU, Department of Experimental Animals) by local injection of
bleomycin for 21 days. Bleomycin was used for scleroderma model (Onko Kogsel, Turkey). The
epigallocatechin-3-gallate-EGCG (Sigma-Aldrich, UK) solution was prepared as 20 mg/kg in
saline as reported earlier (39). A total of 32 female Balb/c mice were used and randomly divided
into 4 groups of 8 animals each, as follows:

1. Control group (n:8) was given 100 m puL (100 pg) subcutaneous (sc) saline (SF) once a day,
100 pL (100 pg) intraperitoneal (ip) SF twice a week,

2. BLM group (n:8) was given 100 pL (100 pg) sc BLM once a day, 100 puL (100 pg) ip
SF twice a week,

3. BLM + EGCG group (n :8) was given 100 pL (100 pg) sc BLM once a day, 100 pL
(100 pg) ip EGCG twice a week,

4. EGCG group (n:8) was given 100 pL (100 pg) sc SF once a day, 100 puL (100 pg) ip
ECCG twice a week.

After 21 days, the animals were sacrificed under ether anesthesia in sterile condition. The

injected skin section was removed and processed for analysis.

2.3 Histopathological Examination: The injected sections of mice skin were fixed in 4%
formalin and embedded in paraffin. Four micrometer (um) sections were stained with Masson’s
trichrome. Dermal thicknesses of the injected sections were analyzed with an Nikon Eclipse C1
microscope (Nikon, Japan) at 200-fold magnification and digitalized by Nikon DS-Fi2 camera.
Dermal sections were measured (as um) on 10 areas. In each series of experiments, the dermal

thicknesses were evaluated statistically.
2.4. Malondialdehyde (MDA) and superoxide dismutase (SOD) assays: All dermal

tissues were stored at —80°C befor the experiment. Dermal tissues were washed with cold

phosphate buffer solution and homogenized using a Tissue Lyser (Qiagen, UK) in 50 mM
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potassium phosphate buffer pH: 7.8, containing 0.5 mmol/L PMSF, 10 pg/mL aprotinin, and
centrifuged at 2500 g for MDA analysis.

The protein content in each tissue was determined using the bicinchoninic acid protein

assay (BCA) (Pierce, USA). Bovine serum albumin was used as a standard.

The MDA assay was based on the condensation of one molecule of malondialdehyde with
two molecules of thiobarbituric acid (TBA) in the presence of reduced agents. The TBA + MDA
complex was analyzed by HPLC system. The MDA levels were expressed as umol/g protein.

For the SOD assay, homogenates were centrifuged at 11000 xg for 10min. The
supernatant was used for determination of SOD enzyme activity. SOD activity was analysed by
spectrophotometric assay kit (Cayman, MI, USA) and performed according to the manufacturer’s
instructions. This assay utilizes a tetrazolium salt for the detection of superoxide radicals
generated by xanthine oxidase and hypoxanthine. The reaction was monitored at 440 nm using a
plate reader (Synergy HT, BioTek Instrument Inc., Winooski, USA). One unit (U) of SOD is
defined as the amount of enzyme needed to exhibit 50% dismutation of the superoxide radical.
SOD activity data were expressed as U/mg protein.

2.5. Detection of pp-38, p-Akt, NF-kB by western blotting: The protein concentration
was quantified using a bicinchoninic acid (BCA) protein assay kit (Thermo Pierce, USA). A total
25 ug of protein was separated by SDS—polyacrylamide gel electrophoresis and transferred to a
0.45 um pore size, Polyvinylidene difluoride (PVDF) membrane (Millipore, USA) which was
then blocked for 1 hour at room temperature using 5% skim milk/Tris buffered saline—Tween
(TBST). The blots were incubated overnight with a 1:1,000 dilution of appropriate primary
antibody in 5% skim milk/TBST. The following antibodies were used: Rabbit pp-38, p-38, Akt,
p-Akt, NF-xB (Cell Signaling, USA). After the primary incubation, membranes were washed
with TBST, the blots were incubated with the appropriate horseradish peroxidase—conjugated
mouse anti-rabbit secondary antibody (Cell Signaling, USA). As a control for equal protein

loading, membranes were stripped and re-incubated for B-actin using a monoclonal antibody
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(Santa Cruz Biotecnology, USA). Protein bands were visualized using enhanced
chemiluminescence (ECL) (Millipore, USA) and were quantitated using Image-J, NIH Image
densitometry software. Relative expressions of proteins were calculated using the ratios: NF-kB /
B-actin, p-Akt/Akt, pp-38/p-38. All experiments were performed in triplicate and the western
blotting images were presented as the representative of three images.

2.6. Statistical analysis: All experimental data are presented as the mean+standard
deviation. The data were analyzed using Student's t-test and differences between multiple groups
were evaluated by ANOVA two-way analysis of variance. Statistical analyses were performed
with SPSS 22.0 (IMB, SPSS, Armonk, NY, USA). P<0.05 was considered to indicate a

statistically significant difference.

3. Results:

3.1. Effects of EGCG on dermal thickness and collagen content: Masson trichrome
staining was performed and the histological examination of the skin tissues from the mice is

shown in Figure 1. The dermal thicknesses in the BLM+EGCG injected mice were significantly
lower than in the BLM injected mice respectively (p<0.05, Figure 1).
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control

BLM + EGCG |

Figure 1. Masson- Trichrome staining. Evidence of fibrosis (green color) was more prominent
in the BLM group than BLM + EGCG group. Original magnification 20X. (A) Control Group (B)
BLM group (C) BLM + EGCG group (D) EGCG group.

3.2. Effects of EGCG on SOD activity and MDA levels: The effect of EGCG on the
activity of the antioxidant enzyme (SOD) and MDA content is represented in Figure 2. A marked
decrease in the SOD activity and a significant increase in the content of MDA were observed in
the Bleomycine groups compared with the controls. The MDA content was decreased and SOD
activity was increased in the EGCG groups (P<0.05) compared with the BLM groups.
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Figure 2. EGCG increased SOD activity and decreased MDA activity. (**p<0.05)

3.3. Effect of EGCG on pp-38, NF-kB and p-Akt activity: The western blotting
analysis showed that EGCG increased the phosphorylation of AKT in the EGCG group compared
with the control and BLM groups significantly ( Figure 3, p<0.05). The pp-38 and NF-«B
protein levels did not different between control, EGCG and BLM group (p>0.05)
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Figure 3. Effects of EGCG treatment on p-Akt, pp-38, NF-kB protein levels. (A) Western blotting were performed to measure protein levels of p-

Akt, pp-38 and NF-kB, as described under materials and methods. (B) Quantitative results of p-Akt, pp-38, NF-kB protein levels. Data are
expressed as mean + SD (n=3). (1) Control Group, (2) BLM Group, (3) BLM + EGCG Group, (4) EGCG Group (*p<0.05, **p<0.01).
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As shown Figure 3, p-Akt protein levels increased in the BLM + EGCG group compared
with the BLM group (p<0.05). Also, The pp-38 and NF-«kB protein levels were decreased (p
<0.01) in the BLM + EGCG groups compared with the BLM groups.

4. Discussion: In this study, the effect of EGCG on BLM-induced scleroderma mice
model was evaluated, focusing on the oxidative stress pathways (p-38, p-akt and NF-«B) as well

as the oxidative stress parameter MDA and the and the anti-oxidant enzyme SOD.

The p38-mitogen activated protein kinase (MAPK) pathway is conserved signaling
pathway that responds to oxidative stress (40). NF-«kB signaling is also activated and regulates
cellular behaviour. Also, PIBK/AKT pathway is considered one of the most crucial factors for

cell survival against oxidative stress (41).

Scleroderma (SSc) is a systemic autoimmune disease of unknown aetiology and
pathogenesis. It is characterized by progressive tissue fibrosis. Fibrosis, characterized by
excessive accumulation of the extracellular matrix, is a clinical hallmark of many disorders such
as scleroderma. Oxidative stress and tissue inflammation are the underlying events that
accompany the development of fibrosis in scleroderma (4).

In one study, several dietary antioxidants in nature were studied as therapeutic agents (42)
and it was observed that the different antioxidants showed different defense mechanisms, and
thus they possessed different potential therapeutic treatments. They reported that EGCG, one of
the most active components of tea polyphenols, acts as antioxidant by scavenging reactive
oxygen species. The significant antioxidant effect of EGCG is sweeping the free radicals. EGCG
can act as electron traps to scavenge free radicals or inhibit the formation of ROS such as O, and

ONOO" (43). However, they have not studied its role on the signaling pathways in scleroderma.
In our study, SOD activity was decreased and MDA content was increased in the

experimental group (Figure 2). SOD enzyme activity and MDA levels are important indicators of

oxidative stress and respond to induced oxidative stress (44).
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EGCG has also been shown by some studies to directly inhibit several molecular targets
and regulate multiple signal transduction pathways such as MAP kinases (p38) and the redox-
sensitive transcription factor (NF-kB) in the cardiovascular and cancer studies (45-47). Akt
signaling pathway plays an important role in cell growth, survival and motility. Several studies
have also highlighted mechanisms by which EGCG could exert anti-fibrotic effects such as
blocking the activation of NF-xB (48, 49). NF-kB signalling pathway is activated by both
oxidative stress and inflammatory factors and it is considered to be a prototypical pro-
inflammatory signalling pathway for its role in the expression of other pro-inflammatory genes
(50). Dooley et al and Kim et al reported that EGCG reduces ROS, ERK1/2 and JNK signalling
pathways, as well as NF-kB activity (51, 52).

Our findings on the scleroderma mice model showed that Akt phosphorylation was
increased in the experimental groups, and suggest that EGCG helps the survival of the cell
(Figure 3). We also showed that EGCG could suppress phosphorylation of p38 signalling and
also decrease NF-kB activity of dermal tissue of mice (Figure 3). Also, we showed that NF-kB

phosphorylation was decreased in the ECGC groups.

Our previous data showed that EGCG can effectively inhibit collagen content and
myofibroblasts and TGF- signaling (53). In this study, we suggest that the inhibitory effect of
EGCG on fibrosis may be at least partly due to ROS inhibition.

In conclusion, we state that EGCG reduced the severity of fibrosis in an experimental
animal model of scleroderma. The improved pathology occurred in association with lower
concentrations of pro-fibrogenic factors, lipid peroxides, Akt, p-38 and NF-«B. This study
presents novel data concerning the effect of EGCG on the oxidative state in a scleroderma model.
In the future, these parameters may be investigated for their possible role in the diagnosis and

monitoring of the scleroderma.

80



Acknowledgements: This research was carried out at Dokuz Eylul University Medical
Faculty Research Laboratory (R-LAB)

References:

1.  VargaJ, Abraham D. Systemic sclerosis: a prototypic multisystem fibrotic disorder. J Clin
Invest 2007;117(3):557-67.

2.  Bhattacharyya S, Wei J, Varga J. Understanding fibrosis in systemic sclerosis: shifting
paradigms, emerging opportunities. Nat Rev Rheumatol 2011;8(1):42-54.

3. Hunzelmann N, Genth E, Krieg T, Lehmacher W, Melchers I, Meurer M, et al. The
registry of the German Network for Systemic Scleroderma: frequency of disease subsets and
patterns of organ involvement. Rheumatology 2008;47(8):1185-92.

4.  Allanore Y, Dieude P, and Boileau C. Genetic background of systemic sclerosis:

autoimmune genes take centre stage. Rheumatology 2010; 49(2): 203-10.
5.  Mayes MD, Lacey JV Jr, Beebe-Dimmer J, Gillespie BW, Cooper B, Laing TJ, et al.
Prevalence, incidence, survival, and disease characteristics of systemic sclerosis in a large US

population. Arthritis Rheum 2003;48(8): 2246-55.

6.  Herrick AL, Matucci Cerinic M. The emerging problem of oxidative stress and the role of

antioxidants in systemic sclerosis. Clin Exp Rheumatol 2001;19:4-8.

7. Lundberg AC, Akesson A, Akesson B. Dietary intake and nutritional status in patients
with systemic sclerosis. Ann Rheum Dis 1992;51:1143-8.

81



8.  Servettaz A, Goulvestre C, Kavian N, Nicco C, Guilpain P, Chereau C, et al. Selective
oxidation of DNA topoisomerase 1 induces systemic sclerosis in the mouse. J Immunol
2009;182:5855-64.

9.  Kawashiri SY, Ueki Y, Terada K, Yamasaki S, Aoyagi K, Kawakami A. Improvement of
plasma endothelin-1 and nitric oxide in patients with systemic sclerosis by bosentan therapy.
Rheumatol Int 2014;34:221-5.

10. Abou-Raya A, Abou-Raya S, Helmii M. Statins as immunomodulators in systemic
sclerosis. Ann N Y Acad Sci 2007;1110:670-80.

11. Riccieri V, Spadaro A, Fuksa L, Firuzi O, Saso L, Valesini G. Specific oxidative stress
parameters differently correlate with nailfold capillaroscopy changes and organ involvement in
systemic sclerosis. Clin Rheumatol 2008;27:225-30.

12. Ogawa F, Shimizu K, Muroi E, Hara T, Sato S. Increasing levels of serum antioxidant

status, total antioxidant power, in systemic sclerosis. Clin Rheumatol 2011;30:921-5.

13. Umezawa H, Maeda K, Takeuchi T, Okami Y, et al. New antibiotics, bleomycin A and B.
J Antibiot 1966;19(5):200-9.

14. Yamamoto T, Eckes B, Krieg T. Bleomycin increases steady-state levels of type |
collagen, fibronectin and decorin mRNAs in human skin fibroblasts. Arch Dermatol Res 2000;

292(11):556-561.

15. Clark JG, Starcher BC, Uitto J. Bleomycin-induced synthesis of type | procollagen by
human lung and skin fibroblasts in culture. Biochim Biophys Acta 1980;631(2): 359-370.

82



16. Yamamoto T, Kuroda M, Nishioka K. Animal model of sclerotic skin. IlI:
Histopathological comparison of bleomycin-induced scleroderma in various mice strains. Arch
Dermatol Res 2000;292(11):535-41.

17. Yamamoto T, Nishioka K. Animal model of sclerotic skin. IV: induction of dermal
sclerosis by bleomycin is T cell independent. J Invest Dermatol 2001;117(4):999-1001.

18. Yamamoto T, Nishioka K. Animal model of sclerotic skin. V: Increased expression of
alpha-smooth muscle actin in fibroblastic cells in bleomycin-induced scleroderma. Clin
Immunol 2002;102(1):77-83.

19. Yamamoto T, Nishioka K. Animal model of sclerotic skin. VI Evaluation of bleomycin-
induced skin sclerosis in nude mice. Arch Dermatol Res 2004;295(10):453-6.

20. Yamamoto T, Takagawa S, Katayama |, Yamazaki K, Hamazaki Y, Shinkai H, et al.
Animal model of sclerotic skin. I: Local injections of bleomycin induce sclerotic skin
mimicking scleroderma. J Invest Dermatol 1999;112(4):456-62.

21. Yamamoto T, Takahashi Y, Takagawa S, Katayama I, Nishioka K, et al. Animal model of
sclerotic skin Il. Bleomycin induced scleroderma in genetically mast cell deficient WBB6F1-

W/W(V) mice. J Rheumatol 1999;26(12):2628-34.

22. Avouac J, Elhai M, Allanore Y. Experimental models of dermal fibrosis and systemic
sclerosis. Joint Bone Spine 2013;80(1):23-8.

23. Rice-Evans CA, Miller NJ, Paganga G. Structure antioxidant activity relationships of
flavonoids and phenolic acids. Free Radic Biol Med 1996;20:933-956.

24. Hu C, Kitts DD. Evaluation of antioxidant activity of epigallocatechin gallate in biphasic
model systems in vitro. Mol Cell Biochem 2001;218:147-155.

83



25. Nakagawa H, Wachi M, Woo JT, Kato M, Kasai S, Takahashi F, et al. Fenton reaction is
primarily involved in a mechanism of (-)-epigallocatechin-3-gallate to induce osteoclastic cell
death. Biochem Biophys Res Commun 2002;292:94-101.

26. Badea I, Taylor M, Rosenberg A, Foldvari M. Pathogenesis and therapeutic approaches
for improved topical treatment in localized scleroderma and systemic sclerosis. Rheumatology
2009;48(3):213-221.

27. Gabrielli A, Svegliati S, Moroncini G, Amica D. New insights into the role of oxidative

stress in scleroderma fibrosis. Open Rheumatol J 2012;6:87-95.

28. Distler JH, Jungel A, Pileckyte M, Zwerina J, Michel BA, Gay RE, et al. Hypoxia-
induced increase in the production of extracellular matrix proteins in systemic sclerosis.
Arthritis Rheum 2007;56(12):4203-4215.

29. Bozkurt M, Dag S, Oktayoglu P, Em S, Yuksel H, Caglayan M, et al. Serum prolidase
enzyme activity and oxidative status in patients with scleroderma. Acta Medica Mediterranea
2014; 30:127-132.

30. Gabrielli A, Svegliati S, Moroncini G, Pomponio G, Santillo M, Avvedimento EV.
Oxidative stress and the pathogenesis of scleroderma: the Murrell’s hypothesis revisited. Semin

Immunopathol 2008;30(3):329-337.
31. Roh E, Kim JE, Kwon JY, Park JS, Bode AM, Dong Z, et al. Molecular Mechanisms of
Green Tea Polyphenols with Protective Effects against Skin Photoaging. Crit Rev Food Sci

Nutr 2017;57(8):1631-1637.

32.  White OP, Tribout H, Baron E. Protective mechanisms of green tea polyphenols in skin.
Oxid Med Cell Longev 2012; 560682.

84



33. Santamarina AB, Carvalho-Silva M, Gomes LM, Okuda MH, Santana AA, Streck E, et al.
Decaffeinated green tea extract rich in epigallocatechin-3-gallate prevents fatty liver disease by
increased activities of mitochondrial respiratory chain complexes in diet-induced obesity mice.
J Nutr Biochem 2015;26(11):1348-1356.

34. K. Imai, K. Suga, K. Nakachi. Cancer-preventive effects of drinking green tea among a
Japanese population, Prev Med 1997; 26 (6): 769-775.

35. Shrubsole MJ, Wei L, Zhi C, Xiao OS, Ying Z, Qi D, et al. Drinking green tea modestly
reduces breast cancer risk, J Nutr 2009;139(2):310-316.

36. Wu AH, Yu MC, Tseng CC, Hankin J, Pike MC. Green tea and risk of breast cancer in
Asian Americans, Int J Cancer 2003;106 (4):574-579.

37. GuoY, zhi F, Chen P, Zhao K, Xiang H, Mao Q, et al. Green tea and the risk of prostate

cancer: a systematic review and meta-analysis, Medicine 2017;96 (13):6426.

38. Yamamoto T. Animal model of sclerotic skin induced by bleomycin: a clue to the

pathogenesis of and therapy for scleroderma? Clin Immunol 2002;102(3):209-16.

39. Sriram N, Kalayarasan S, Sudhandiran G. Enhancement of antioxidant defense system by
epigallocatechin-3-gallate during bleomycin induced experimental pulmonary fibrosis, Biol
Pharm Bull 2008; 31: 1306-11.

40. Tian L, Chen J, Chen M, Gui C, Zhong C, Hong L, et al. The p38 Pathway Regulates

Oxidative Stress Tolerance by Phosphorylation of Mitochondrial Protein IscU. J Biol Chem
2014; 289: 31856.

85



41. Ying Liang, Jigjia Li, Qinlu Lin, et al. Research Progress on Signaling Pathway-
Associated Oxidative Stress in Endothelial Cells. Oxidative Medicine and Cellular Longevity
2017;7156941, 8.

42. Bruckdorfer KR. Antioxidants and CVD. Proc Nutr Soc 2008; 67:214-22.

43. Tipoe GL, Leung TM, Hung MW, Fung ML. Green tea polyphenols as an anti-oxidant
and anti-inflammatory agent for cardiovascular protection. Cardiovasc Hematol Disord Drug
Targets 2007;7: 135-44.

44. Del Rio D, Stewart AJ and Pellegrini N: A review of recent studies on malondialdehyde
as toxic molecule and biological marker of oxidative stress. Nutr Metab Cardiovasc Dis
2005;15:316-328.

45. Khan N, Mukhtar H. Multitargeted therapy of cancer by green tea polyphenols. Cancer
Lett 2008; 269:269-80.

46. Stangl V, Dreger H, Stangl K, Lorenz M. Molecular targets of tea polyphenols in the
cardiovascular system. Cardiovasc Res 2007; 73:348-58.

47. Yang CS, Lambert JD, Hou Z, Ju J, Lu G, Hao X. Molecular targets for the cancer
preventive activity of tea polyphenols. Mol Carcinog 2006; 45:431-5.

48. Yasuda Y, Shimizu M, Sakai H et al. (-)-Epigallocatechin gallate prevents carbon
tetrachloride-induced rat hepatic fibrosis by inhibiting the expression of the PDGFR-beta and
IGF-1R. Chem Biol Interact 2009;182:159-64.

49. Sakata R, Ueno T, Nakamura T, Sakamoto M, Torimura T, Sata M. Green tea polyphenol

epigallocatechin-3-gallate inhibits platelet-derived growth factor-induced proliferation of
human hepatic stellate cell line LI190. J Hepatol 2004;40:52-9.

86



50. Guo Y, Zhi F, Chen P, Zhao K, Xiang H, Mao Q, et al. The non-canonical NF-xB

pathway in immunity and inflammation. Nature Reviews Immunology 2017; 17: 545-558.

51. Dooley A et al. Modulation of collagen type I, fibronectin and dermal fibroblast function
and activity, in systemic sclerosis by the antioxidant epigallocatechin-3-gallate. Rheumatology
2010; 11: 2024-2036.

52. Kim J, Hwang JS, Cho YK, Han Y, Jeon YJ, Yang KH. Protective effects of
epigallocatechin-3-gallate on UVA and UVB induced skin damage. Skin Pharmacol Appl Skin
Physiol 2001; 14: 11-9.

53. Kocak A et al. Effects of epigallocatechin-3-gallate (EGCG) on a scleroderma model of
fibrosis. Turkish Journal of Biochemistry 2018; 0(0), pp. -. Retrieved 8 Feb. 2018, from
d0i:10.1515/tjb-2017-0185.

87



8.3.2. Kocak A, Harmanci D, Birlik M, Sarioglu S, Osman Y, Zahide C, Guner G. Effects of
Epigallocatechin-3- gallate (EGCG) on a Scleroderma Model of Fibrosis. TJB: vol:43 (2018),

iss:6. DOI: 10.1515/tjb-2017-0185.

88



DE GRUYTER

Turk ) Biochem 2018; aop

Research Article

Ayse Kocak*, Duygu Harmanci, Merih Birlik, Sulen Sarioglu,

Osman Yilmaz, Zahide Cavdar and Gul Guner

Effects of epigallocatechin-3-gallate

(EGCG) on a scleroderma model of fibrosis
Epigallokatesin-3-gallat’in (EGCG) Skleroderma
Fibrozis Modeli Uzerine Etkileri

https://doi.org/10.1515/tjb-2017-0185
Received April 6, 2017; accepted April 11, 2017

Abstract

Objective: The aim of the present study was to evaluate
the potential protective effects of epigallocatechin-3-
gallate (EGCG) on fibrosis in bleomycin induced sclero-
derma model.

Materials and methods: Thirty-two healthy female Balb-c
mice with the average body weight of 22+ 5 g were used in
this study. The mice were randomly divided into four groups
as control (n=8), Bleomycin (n=8), Bleomycin+EGCG
(n=8) and EGCG (n=8). Skin tissue samples were col-
lected to quantify matrix metalloproteinases (MMP-1,
MMP-8, MMP-13), p-SMAD 2/3 and SMAD 2/3 in protein
homogenates by western blotting. TGF-B1 expression was
determined by real-time PCR. Immunohistopathological
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and histopathological examinations of skin tissues were
also done.

Results: When measured with Masson Trichrome, EGCG
treatment was found to decrease fibrosis in connective
tissue compared to the BLM injected control. EGCG was
decreased dermal fibrosis. Bleomycin+EGCG group
showed a significant reduction in fibrosis at the dermal
surface area using hematoxylin measurements compared
with the BLM group. MMP-1, MMP-8 protein levels were
increased and p-SMAD 2/3 protein level was decreased.
TGF- mRNA expression was decreased in the EGCG + BLM
group compared with the BLM group.

Conclusion: These results suggest an antifibrotic role for
EGCG.

Keywords: BLM induced Scleroderma; EGCG; Fibrosis;
TGF-B; MMPs.

Ozet

Amag: Bu calismanin amaci, bleomisinle (BLM) olustu-
rulmus skleroderma modelinde epigallokatesin-3-gal-
lat’'m (EGCG) fibrozis {izerine olasi koruyucu etkilerini
degerlendirmektir.

Gere¢ ve Yontem: Bu calismada ortalama viicut agirhigi
22+5 g olan 32 adet saglikli disi Balb-c fare kullanildi.
Fareler rastgele olarak; kontrol (n=8), Bleomisin (n=8),
Bleomisin+EGCG (n=8) ve EGCG (n=8) olmak iizere
dort gruba ayrildi. p-SMAD 2/3, SMAD 2/3 ve matriks
metalloproteinaz (MMP-1, MMP-8, MMP-13) proteinlerinin
western blotting tayini icin dermal doku Ornekleri top-
landi. TGF-$1 mRNA ekspresyonu qPCR ile belirlendi. Deri
dokularinda immiinohistopatolojik ve histopatolojik ince-
lemeler yapild1.

Sonuglar: Masson Trikrom boyama sonugclarina gére, EGCG
uygulanan grupta fibrozisin azaldig1 gozlendi. Hematok-
silen-eozin boyama sonuclarina gore, Bleomisin+EGCG
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grubu ile BLM grubu karsilastirildiginda EGCG uygula-
nan grupta fibrozis anlaml 6l¢iide azaldi. EGCG uygula-
nan grupta MMP-1, MMP-8 protein diizeylerinin arttig1 ve
p-SMAD 2/3 protein diizeyinin azaldig1 belirlendi. BLM ve
BLM + EGCG gruplarn karsilagtirildiginda TGF- mRNA eks-
presyonunun EGCG uygulanan grupta azaldig1 gozlendi.
Sonug: Sklerodermada, EGCG antifibrotik bir rol
oynamaktadir.

Anahtar soézciikler: BLM ile olusturulmus scleroderma;
EGCG; Fibrozis; TGF-p; MMP’ler.

Introduction

Systemic scleroderma (SSc) is a complex disease with
three main clinical features: excessive chronic matrix
(ECM) accumulation, vascular damage and inflamma-
tion autoimmunity [1]. Although the pathogenesis is
unclear, SSc is characterized by abnormal reshaping of
connective tissues in the skin and internal organs, due to
the overproduction of ECM, in particular that of collagen,
by fibroblasts [2]. SSc is a very rare disease all around the
world having a prevalence ranging from 50 to 300 cases
per million. As with other autoimmune diseases, women
are at higher risk than men [3-5]. Concerning the in vivo
research, the bleomycin-induced experimental sclero-
derma mouse is the most widely used model for study-
ing scleroderma, and it is the best model for studying
the prevention or treatment of fibrosis [6]. Nevertheless,
there is no therapy or cure for SSc or for reversing the
fibrosis of the skin and internal organs. TGF-/Smad 2-3
is one of the most important pathways in scleroderma.
TGF-B promotes ECM synthesis, such as collagen type
I or fibronectin, thereby altering the proteins of the
cell matrix, and modulating the production of related
proteins by its proteolytic activity [7]. In this disease,
increased TGF-B signaling may span fibroproliferative
and inflammatory subsets and lead to the progressive
deposition of ECM, resulting in fibrosis [8]. The expres-
sion of a-smooth muscle actin (o-SMA) in fibroblasts
are also very important for differentiation into myofibro-
blasts and it coincides with an increase in the process of
cell proliferation [9].

Matrix metalloproteinases (MMPs) are important
enzymes of breakdown for various ECM components.
MMPs can be divided into subgroups such as collagenases,
stromelysins, stromelysin-like =~ MMPs, gelatinases,
membrane-type MMPs, and other Matrix metalloprotein-
ases. MMP-1 (interstitial collagenase-1) is effective in ini-
tiating degradation of interstitial collagen types I, II, and
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III [10]. MMP-8 (collagenase-2 or neutrophil collagenase)
belongs to the collagenase family, which degrades various
ECM proteins such as collagen type I [11]. MMP-13 (colla-
genase-3) is the interstitial collagenase which is elevated
and positively correlated with pulmonary fibrosis [12].

Epigallocatechin-3-gallate (EGCG), the most abundant
catechin, is the major effective component of green tea
and has been shown to have beneficial health effects on
skin [13, 14]. In liver fibrosis, EGCG was shown to inhibit
proliferation of fibroblasts, to reduce collagen deposition
and to upregulate the mitochondrial respiratory chain
[15]. It has also been promising for being a source of new
molecular therapies.

Animal models are used to provide clues and thera-
peutic interventions for human diseases. Bleomycin is
often used as an anti-tumor agent for a lot of cancers,
which is originally isolated from the fungus Streptomy-
ces verticillus [16]. Recent studies showed that bleomycin
upregulates collagen mRNA expression in human lung or
dermal fibroblasts in in vivo models [17, 18]. Yamamato
et al. established a mice model for scleroderma by local
treatment of bleomycin via subcutaneous (sc) injections
for 21 days [19-24].

In this study, we investigated the possible antifibrotic
effects of EGCG in vivo in bleomycin-induced sclerotic
mice. This study contributes to the knowledge of the
potential use of EGCG as a treatment for fibrosis in SSc
patients.

Materials and methods

The study protocol was reviewed and approved by Dokuz
Eyliil University Ethics Committee for Animal Research
(Protocol No: 79/2012).

Animals

Skin fibrosis was induced in 6-8-week-old, weighing
about 2022 g, pathogen-free female Balb/c mice (DEU,
Department of Experimental Animals) by local injection
of bleomycin for 21 days [19, 23, 25]. The animals were
kept under standard animal laboratory conditions: tem-
perature of 20-22°C, humidity of 55-60%, photoperiod
of 12:12 h light: dark cycle. They had free access to stand-
ard laboratory feed and water. All methods including the
euthanasia procedure were conducted in accordance with
Guide for Care and Use of Laboratory Animals, Institute
for Laboratory Animal Research, National Institute of
Health.
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Experimental design

The experimental design was performed according to

Yamamato et al. [19, 23, 25]. Bleomycin was used for scle-

roderma model (Onko Kogsel, Turkey). EGCG (Sigma-

Aldrich, USA) and bleomycin solutions were prepared at

1 ug/1 uL concentration before the experiment. A total of

32 female Balb/c mice were used and randomly divided

into 4 groups of 8 animals each, as follows:

1. Control group (n:8) was given subcutaneous (sc)
saline (SF) once a day, intraperitoneal (ip) SF twice
a week,

2. BLM group (n:8) was given 100 uL of BLM sc once a
day, 100 pL of SF ip twice a week,

3. BLM+EGCG group (n:8) was given 100 uL of BLM sc
once a day, 100 uL of EGCG ip twice a week,

4. EGCG group (n:8) was given 100 uL of SF sc once a
day, 100 pL of ECCG ip twice a week.

After 21 days, the animals were sacrificed under ether
anesthesia in sterile condition. The injected skin was
removed and processed for analysis. Skin tissue samples
were separated for immunohistochemistry, histochemis-
try, western blotting analyses and qPCR analysis.

Immunohistochemical and histological
analyses

The injected sections of skin were fixed in 10% formalin
and embedded in paraffin. Four micrometer (um) sections
were stained with hematoxylin and eosin for the determi-
nation of dermal thickness. For the analysis of connec-
tive tissue, Masson’s trichrome staining was performed.
Dermal thicknesses of the injected sections were analyzed
with an Nikon Eclipse C1 microscope (Nikon, Japan) at
200-fold magnification and digitalized by Nikon DS-Fi2
camera. Dermal sections were measured (as um) on 10
areas. In each series of experiments, the dermal thick-
nesses were evaluated statistically.

o-Smooth muscle actin (o-SMA) (Thermo, USA) was
used for immunohistochemical analyses. Four microm-
eter sections were cut, baked at 60°C for 30 min, and
cooled. Sections were deparaffinized and rehydrated
through graded alcohols to water. Antigen retrieval was
required and it was done as follows: Slides were placed in
Tris-buffered saline with 0.1% Tween-20 and loaded onto
a Ventana Autostainer (Roche, USA). Blocking was done
and the primary antibody (Thermo Fisher Scientific, USA)
was applied for 30 min at room temperature. A horserad-
ish peroxidase (HRP) derived secondary antibody (Thermo
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Fisher Scientific, USA) was applied. Slides were washed
with wash buffer, incubated with liquid diaminobenzi-
dine tetrahydrochloride (DAB) substrate (Agilent Technol-
ogies, Dako, USA) for 7 min, and rinsed with water. They
were counterstained for 2 min with hematoxylin (Agilent
Technologies, Dako, USA), blued with wash buffer, rinsed
with water, dehydrated, cleared, and coverslipped. a-SMA
positive cells were counted on five areas. Images were vis-
ualized with a Nikon Eclipse C1 microscope (Nikon, Japan)
at 200-fold magnification and digitalized by Nikon DS-Fi2
camera. In each series of experiments, a-SMA positive
cells were counted and evaluated statistically.

Preparation of tissue extracts for western
blotting and quantitative reverse
transcriptase—polymerase chain reaction
(RT-PCR) analysis

Skin tissues were prepared for the western blotting and gPCR
analysis. Each sample was homogenated with the trizol
reagent (Roche, USA) using TissueLyser II (Qiagene, USA).
The homogenate was incubated for 5min at room tempera-
ture. A 1:5 volume of chloroform was added, and the tube
was vortexed and subjected to centrifugation at 12,000 g for
15min. The aqueous phase was isolated, and the total RNA
was precipitated by cold absolute ethanol. After centrifuga-
tion and washing, the total RNA was finally eluted in 20 uL
of RNase, DNase free water. The quantity was characterized
using a UV spectrophotometer (NanoDrop 8000, Thermo
Scientific, USA). RNA was isolated from the homogenates.
The isolated RNA had a 260/280 ratio of 1.9-2.1.

For the isolation of total protein the organic phase
was obtained at the bottom of the tube as described above
(12,000 g centrifigation/15 min) Isopropanol in 1% glycerol
(Sigma Aldrich, USA) was added to bottom of the tube.
This protein precipitate was washed three times with
0.3 M guanidine hydrochloride in 95% ethanol. In addi-
tion, the protein precipitate was dried and solubilized in
1% sodium dodecyl sulfate (SDS). To ensure maximum
dissolution, the protein precipitate was incubated at 50°C
with intermittent vortexing in 1% SDS. This produced a
fairly good amount of protein. Total protein extracts were
transferred to fresh tubes and stored at -80°C.

Detection of MMP-1, MMP-8, MMP-13
and pSMAD 2/3 by western blotting

The protein concentration was quantified using a bicin-
choninic acid (BCA) protein assay kit (Thermo Pierce,
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USA). A total 25 ng of protein was separated by SDS—
polyacrylamide gel electrophoresis and transferred to
a 045 um pore size, Polyvinylidene difluoride (PVDF)
membrane (Millipore, USA) which was then blocked for
1 h at room temperature using 5% skim milk/Tris buff-
ered saline-Tween (TBST). The blots (For each MMP type,
four blots-representing four experimental groups) were
incubated overnight with a 1:1000 dilution of appropri-
ate primary antibody in 5% skim milk/TBST. The follow-
ing antibodies were used: Rabbit MMP-1, MMP-8, MMP-13
(ThermoFisher Scientific, USA) and total Smad 2/3,
P-Smad 2/3 (Santa Cruz Biotechnology, USA). After the
primary incubation, membranes were washed with TBST,
the blots were incubated with the appropriate horserad-
ish peroxidase—conjugated mouse anti-rabbit secondary
antibody (Santa Cruz Biotechnology, USA).

The following steps involved the processing of beta
actin in a similar way, to be further used for comparison
with the intensity of the MMP bands:

After visualizing the bands, MMP-1, MMP-8 and
MMP-13 membranes were stripped, [using a solution
(Thermo, USA) to dissociate the appropriate antibody]
and the remaining protein band was re-incubated for -
actin using a monoclonal antibody (Santa Cruz Biotech-
nology, USA).

For the analysis of Smad and p-Smad: p-Smad mem-
brane (following visualation for p-Smad) was stripped
[using a solution (Thermo, USA) to dissociate the appro-
priate antibody] and re-incubated for Smad 2/3 with the
Smad 2/3 antibody.

All protein bands were visualized using enhanced
chemiluminescence (ECL) (Millipore, USA) and were
quantitated using Image-J, NIH Image densitometry
software. Relative expressions of proteins were calcu-
lated using the ratios: MMP-1/B-actin, MMP-8/B-actin,
MMP-13/B-actin and P-Smad 2-3/Smad 2-3 (Figure 6). All
experiments were performed in triplicate and the western
blotting images were presented as the representative of
three images.

Detection of TGF-B1 mRNA levels by
quantitative reverse transcriptase—
polymerase chain reaction (RT-PCR)

First-strand cDNA was synthesized from 1ug total RNA in
20 uL by reverse transcription using high capacity cDNA
kit (Applied Biosystems, CA, USA) according to the man-
ufacturer’s instructions. Reverse transcription reaction
consisted of 2uL Oligo-dT (50 uM), 2uL of 10x reverse
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transcriptase buffer, 0.8 uL of deoxynucleoside triphos-
phate (25 mM), 1 uL of RNase inhibitor (40 U/uL), 1 uL of
MultiScribe Reverse Transcriptase (50 U/uL), and RNase
free dH,0, up to a final volume of 20 uL. The cDNA was
then stored at —20°C for the gene expression study.

Real time quantitative PCR was performed to detect
the gene expression of TGF-fB1 in skin tissue using SYBR
master mix (ThermoFisher Scientific, USA) at 95°C for
10 min, followed by 40 cycles of 95°C for 15 s and 60°C
for 30 s and the reaction was performed on Roche
Lightcycler (Roche, USA). GAPDH, mouse sequence
5’-AGGTCGGTGTGAACGGATTTG-3" and reverse 5-TGTA-
GACCATGTAGTTGAGGTCA-3’, was used as an internal
control. The primers that were used are TGF-Bf1 mouse
sequence Forward 5-GCCTGAGTGGCTGTCTTTTGA-3" and
Reverse 5-CTGTATTCCGTCTCCTTGGTTCA-3'.

A relative quantification was performed using the 244
method [26, 27]. The experiments were performed in tripli-
cate and were repeated twice.

Statistical analysis

Data were presented as means*SD and for compari-
sons between the groups, ANOVA Sidak analysis of vari-
ance and for dual comparisons Mann-Whitney U-test
were used. Statistical evaluations were performed using
the SPSS package program, version 20.0 (IBM, USA).
A p-value of <0.05 was considered to be statistically
significant.

Results

Investigation of the effects of EGCG on the
expression of antifibrotic molecules using
histochemical and immunohistochemical
staining

H&E and Masson Trichrome staining were performed and
the histological examination of the skin tissues from the
mice is shown in Figures 1 and 2. The dermal thicknesses
in the bleomycin+ EGCG injected mice was significantly
lower than in the bleomycin injected mice respectively
(p<0.05, Figures 1 and 2). Alpha smooth muscle actin
immunohistochemical staining score was lower in the
BLM + EGCG injected mice than bleomycin injected mice
(p<0.05, Figures 3 and 4). EGCG shows inhibitory effect
on fibrosis.

Brought to you by | Géteborg University - University of Gothenburg

92

Authenticated
Download Date | 2/6/18 6:00 PM



DE GRUYTER

Figure 1: Masson-Trichrome staining.
Evidence of fibrosis (green color) was more prominent in the BLM group than BLM + EGCG group. Original magnification 20x. (A) Control
group, (B) BLM group, (C) BLM +EGCG group, (D) EGCG group.

Effects of EGCG on MMP-1, MMP-8, MMP-13
and p-Smad2/3 protein expressions in skin
tissues

As mentioned above, all experiments were performed
in triplicate. For this reason, all images obtained from
three independent western blotting experiments (MMP-1,
MMP-8, MMP-13, p-smad 2/3) were evaluated statistically
following the calculation of MMP(s)/B-Actin band area
ratios obtained from densitometric measurements. The
western blotting analysis showed that EGCG increased
the MMP-1, MMP-8 levels in the bleomycin induced mice.
Also, p-SMAD 2-3/Total SMAD 2-3 protein level ratio
was decreased (p<0.05, Figures 5 and 6) in the bleo-
mycin+EGCG group. MMP-13 was not found to be sig-
nificantly different in comparison with the BLM controls
(p>0.05, Figures 5 and 6).

Effect of EGCG on TGF-f1 mRNA levels in SSc
tissues

As expected in a succesful bleomycin induced sclero-
derma model, the levels of TGF-B mRNAs in the BLM group

Ayse Kocak et al.: Effects of epigallocatechin-3-gallate (EGCG) on a scleroderma model of fibrosis =—— 5

was significantly increased (p<0.01) compared with the
control group. TGF-B mRNA levels in BLM+EGCG group
was found to be lower (p<0.01) in comparison with the
BLM group (Figure 7).

1804 *

1601 | |

Dermal thickness (um)

N - '
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Control BLM BLM + EGCG EGCG
Masson trichrome staining of subdermis

Figure 2: Staining score for Masson trichrome.
Results are presented as mean + SEM. *p <0.05.
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Figure 3: o-SMA staining of dermal tissue sections.

Alpha smooth muscle actin (-SMA) is a marker for activated fibroblasts. The number of a-smooth muscle actin-positive fibroblast cells
(black arrows) was higher in the BLM group than BLM + EGCG group. Original magnification 20x.

Discussion

Current treatment options for scleroderma have limitations
that they simply control symptoms without targeting the
underlying pathophysiology. More research is needed for
these more feasible, safer treatment options. The investi-
gation of the molecular mechanisms underlying sclero-
derma has attracted considerable attention in recent years
[28]. It has been widely accepted that the dysregulation of
the TGF-B/Smad pathway plays a key role in human skin
tissues [29]. Although a variety of molecules have been
investigated to check for possible antifibrotic effects of
EGCG in pulmonary and hepatic fibrosis [30-32], there is
no literature data encountered regarding the effect of EGCG
on skin tissues in an experimental scleroderma model.
This is the first study aiming to elucidate if EGCG has an
effect on the fibrotic component of scleroderma, in an exper-
imental scleroderma model. We hypothesized that EGCG
has an antifibrotic effect on scleroderma and the present
study demonstrates for the first time that the natural green
tea antioxidant, EGCG reduces collagens and TGF- sign-
aling and also, increases MMP-8, MMP-1 while decreasing
P-SMAD 2/3 protein levels. Our results suggest that EGCG
may be a potential candidate for therapeutic treatment by

reducing the fibrotic effects of SSc disease characterized by
oxidant stress as well as excessive collagen production and
precipitation with fibroblasts in the skin.
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Figure 4: Staining score for alpha smooth muscle actin.
Results are presented as mean+ SEM. *p <0.05.
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Figure 5: Effects of EGCG treatment on MMPs and Smad pathway proteins in scleroderma.
Western blottings were performed to measure protein levels of MMP1, MMP8, MMP13, SMAD 2/3 and pSMAD 2/3, as described under mate-
rials and methods. (1) Control group, (2) BLM group, (3) BLM +EGCG group, (4) EGCG group.
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Figure 6: Effects of EGCG treatment on MMPs and Smad pathway proteins in scleroderma.
Quantitative representation of protein expression in all groups were obtained by densitometric analysis. (1) Control group, (2) BLM group, (3)
BLM +EGCG group, (4) EGCG group. *p <0.05.
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Figure 7: EGCG decreased TGF-B1 mRNA.
mRNA expression of TGF-B1 was analyzed by quantitative real-time
qPCR. Results are presented as mean+SEM. *p <0.01.

The most prominent clinical features of SSC are exces-
sive accumulation of ECM components, especially type
I and type III collagen, in related organs such as the skin
and lung. In scleroderma fibroblasts, a-SMA, which is a
marker of the myofibroblasts, shows increased expression.
SSc is associated with the differentiation of fibroblasts into
myofibroblasts, characterized by the expression of o-SMA
contractile filaments. Myofibroblasts provide some activa-
tion features, including high levels of ECM gene expression,
during normal repair or during pathological fibrotic proce-
dures [33]. We also observed EGCG-induced inhibition of
o-SMA expression in SSc groups. In addition, in our study,
EGCG significantly decreased collagen levels in the EGCG
treated groups. These findings indicate that EGCG inhibits
production of collagen and the differentiation of fibroblasts.

There is important evidence in literature that EGCG
modulates the ECM of different cell types [29]. EGCG has
been shown to have anti-fibrotic, anti-cancer and anti-
inflammatory activities via TGF-B and PDFG signaling in
human and rat hepatic stellate cells, rat pancreatic cells,
rat aortic smooth muscle cells and human keloid fibro-
blasts [34—40]. Hsieh et al. [41] observed that EGCG blocks
the ability of TGF-B1 to produce collagen. Another study
indicated that EGCG reduced myocardial fibrosis in vitro
and in vivo [42]. Bleomycin induced, in rat lung fibro-
blast cultures, an increase in TGF-B mRNA synthesis and
TGF-B protein, followed by increased procollagen gene
transcription [43]. Increased expression of TGF-B1 and
TGF-B2 mRNA were also detected in the lesional skin. In
addition, recently, increased expression and synthesis of
TGF-B1 in bleomycin-induced mice have been observed
[44]. Dooley et al. [29] showed that EGCG can effectively
inhibit fibroblast-mediated gel contraction. EGCG has
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shown an inbitory effect on human dermal fibroblasts
[45]. Our data show, for the first time in the literature,
the decreasing effects of EGCG on collagen, TGF- and
p-SMAD 2/3 mRNA levels in skin tissues of the bleomy-
cine induced sclerodermic animals. In addition, we noted
that MMP-1, MMP-8 protein levels in the scleroderma mice
fibroblasts increased by treatment with EGCG. This obser-
vation suggests that EGCG may have dual effects on the
metabolism of collagen in SSc, involving both inhibiting
the production and increasing the degradation of colla-
gen. In parallel in our results EGCG was shown to inhibit
fibroblast activation and collagen accumulation by inhib-
iting TGF-B1 signaling and thus was considered to be
effective on pulmonary fibrosis [46].

TGF-B is produced by fibroblasts and infiltrating cells
at the sclerotic stage in the bleomycin model. In this model,
TGF-B and phosphorylated Smad2/3 are upregulated [47].
EGCG is a powerful antioxidant which has a lot of health
benefits. The effects may be due to its antioxidative action
[48-50]. EGCG reduced the increase in a-SMA expression
via TGF-B. These results indicate that the inhibitory effect
of EGCG on a-SMA expression is independent of its anti-
oxidative action. Tabuchi et al. [51] found that EGCG binds
to the TGF- receptor and affects collagen degradation
by regulating MMPs. The effects of EGCG on scleroderma
might thus be partially caused by inhibition of phospho-
rylation of Smad2/3.

Taking our results into consideration, we think that
EGCG treatment, by inhibiting TGF-B1 signaling pathway,
may partially revert differentiated myofibroblasts, which
is supported by our data on decreased o.-SMA.

In conclusion, our findings provide new evidence
to medical literature, that EGCG reduces skin fibrosis by
increasing MMP-1 and MMP-8. This study highlights the
potential use of EGCG as a new drug for the treatment
of fibrosis (following further investigations), in patients
with SSc.
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Abstract

Background: Vitamin D receptor (VDR) is a member of the nuclear localized hormone
receptor family. 1,25- (OH) 2D, a form of metabolically active Vitamin D3, is the ligand of VDR.
When VDR and 1,25-(OH) 2D are linked, many genes initiate molecular interaction reactions
that will modulate the transcription. VDR has been shown to be a negative regulator of the TGF-
B / Smad signaling pathway, which is important in the pathogenesis of scleroderma (SSc).
Vitamin D has pleiotropic effects including immunomodulatory and antifibrotic properties in
scleroderma pathogenesis.
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Objectives: The aim of this study was to investigate the expression of VDR and the
levels of vitamin D in scleroderma subtypes and study the possible corelation between the two

parameters.

Methods: 19 SSc patients and 6 healthy controls were included in the study and they
were classified according to the 2013 ACR / EULAR criteria and Rodnan scores were calculated.
11 were of the limited type and 8 were of the diffuse type of scleroderma. Vitamin D levels were
determined in serum. Vitamin D level was measured by chemiluminescence immunometric
assay. VDR gene expression was determined by quantitative PCR in isolated RNAs from the
blood. Changes in mRNA levels were analyzed and beta-actin was used as the housekeeping

gene.

Results: VDR gene expressions in diffuse type scleroderma patients were statistically
significantly decreased compared to the control (p <0.01). It was found that VDR gene
expression in limited type scleroderma patients did not show any significant difference when
compared to control. Vitamin D levels and VDR gene expressions showed no correlation in

scleroderma subtypes.

Discussion: VDR gene expression decreased in patients with diffuse type scleroderma
and showed negative correlation with the Rodnan score. There was no significant difference
between vitamin D and VDR levels.

Keywords: Vitamin D, vitamin D receptor, scleroderma, scleroderma subtypes

Introduction

Systemic sclerosis or scleroderma (SSc) is autoimmune disease which is characterized
fibrosis, dysregulation of immunity and damage of vascular system [1]. The fibrosis involve skin

and internal organs such kidney, heart and lung [2]. Exracellular matrix is increased in this

disease. However, intracellular signaling cascades that activate extracellular matrix production
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are partly known. However, the available information has not yet been converted into antifibrotic
therapies [3, 4].

Scleroderma patients have heterogeneity of clinical findings, autoantibody profiles,
disease progression, treatment response and survival [5]. The disease is basically divided into two
according to the skin condition: patients are grouped into limited cutaneous systemic sclerosis
(IcSSc) and diffuse cutaneous systemic sclerosis (dcSSc) subsets [6]. However, some patients
with systemic sclerosis do not observe any of these two disease classes. Some of them may
change over time. The extent of skin fibrosis is calculated using the modified Rodnan skin score
(mRSS) at 17 body surface areas with a scale of 0 (normal) to 3 (severe) and has a maximum
total score of 51.

Vitamin D is synthesized in the skin. Deficiency of Vitamin D is associated with
pathological conditions of many different organs and systems, including the autoimmune disease
[7]. In addition, vitamin D has been shown to have immunomodulatory effects and, its role
observed in several clinical manifestations of chronic autoimmune diseases [8]. In SSc patients,

vitamin D levels are found to be low [9, 10].

1,25-(0OH),D3 is active form of the Vitamin D and it activates vitamin D receptor (VDR).
VDR is a member of the superfamily of nuclear receptors [11]. VDR signaling has a role calcium
and phosphorus balance in human metabolism. Also, VDR signaling is a key modulator of cell
differentiation, immunomodulation and proliferation [12].

Here, we present the results of VDR expressions and Vitamin D levels in limited

cutaneous systemic sclerosis (IcSSc) and diffuse cutaneous systemic sclerosis (dcSSc).

Patients and methods
The study was approved by the ethical committee of the University of Dokuz Eylul.
Informed consent was obtained from all participants. All patients were examined by the

rheumatologist and diagnosis made according to the American College of Rheumatology (ACR)
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criteria for scleroderma. 11 were of the limited type and 8 were of the diffuse type of

scleroderma. Patients’ Rodnan scores were calculated.

1 mL blood samples were collected from the patients. The blood samples were
centrifuged and the sera, separated. = Serum concentrations of 25(OH)D in patients—were

determined using the chemiluminescence immunometric assay [13].

Total RNA was isolated from blood using the RNeasy kit (Qiagen, Basel, Switzerland)

according to the manufacturer’s instructions. First-strand cDNA was synthesized from 1 pg total
RNA in 20 puL by reverse transcription using high capacity cDNA kit (Applied Biosystems, CA,
USA) according to the manufacturer’s instructions. Reverse transcription reaction consisted of
2 uL Oligo-dT (50 uM), 2 uLL of 10x reverse transcriptase buffer, 0.8 uL of deoxynucleoside
triphosphate (25 mM), 1uL of RNase inhibitor (40 U/uL), 1puL of MultiScribe Reverse
Transcriptase (50 U/uL), and RNase free dH2O, up to a final volume of 20 pL. The cDNA was
then stored at —20°C for the gene expression study.
Real time quantitative PCR was performed to detect the gene expression of VDR in blood using
SYBR master mix (ThermoFisher Scientific, USA) at 95 C for 10 minutes, followed by 40 cycles
of 95C for 15 s and 60°C for 30s and the reaction was performed on Roche Lightcycler (Roche,
USA)., B-Actin human sequence forward 5’-5’-AGAGCTACGAGCTGCCTGAC-3’ and reverse
5’-AGCACTGTGTTGGCGTACAG-3’, was used as an internal control. The primers that were
used are VDR human sequence forward 5’-CCTTCACCATGGACGACATG-3', reverse 5°-
CGGCTTTGGTCACGTCACT-3".

A relative quantification was performed using the 2*“Ct method. The experiments were

performed in triplicate and were repeated twice.
Statistical analysis

Data were presented as means =SD and for comparisons between the groups, ANOVA

Sidak analysis of variance and, for dual comparisons, Mann-Whitney U-test were used.
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Statistical evaluations were performed using the SPSS package program, version 20.0. A p-value

of <0.05 was considered to be statistically significant.

Results

Vitamin D status

19 patients with scleroderma were included in this study. In the diffuse cutaneous
systemic sclerosis (dcSSc) (n=8) the mean of vitamin D levels was 16,54 ng/mL and in limited
cutaneous systemic sclerosis (IcSSc) (n=11) vitamin D, the mean was 20,50 ng/mL. No patients
showed toxic concentrations of vitamin D. Regarding the 25(OH)D serum concentration of the
two groups, no statistical differences were observed as assessed by Student’s t-test (P>0.05).

VDR expression

VDR expression was decreased in diffuse cutaneous systemic sclerosis (dcSSc) compared

to limited cutaneous systemic sclerosis (IcSSc) (Figure 1), **P<0.01.
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Figure 1. Expression of Vitamin D Receptor (VDR) in diffuse and limited Systemic
Sclerosis (SSc).

Discussion
We demonstrate in the present study the VDR signalling and Vitamin D levels in SSc

subtypes.
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Scleroderma is a multisystem disease mediated by autoimmunity and results in tissue
fibrosis [14]. Excessive extracullar matrix (ECM) is synthesized. Several studies from different
countries reported significantly reduced levels of vitamin D3 in patients with SSc as compared
with healthy individuals [15]. This study has not shown statistically significant differences in

Vitamin D levels between SSc patients and healthy controls.

Vitamin D is synthesized-in the skin and hydroxylated in two steps in the liver and
kidneys. Vitamin D is generated into its active form, 1,25 dihydroxyvitamin D (1,25-(OH)2D3)
[16]. 1,25-(OH)2D3 activates vitamin D receptor (VDR). VDR is member of the superfamily of
nuclear receptors [12]. VDR is best known for its role in calcium and phosphorus
metabolism[16]. Besides, VDR signaling is the key regulator of cell proliferation, differentiation
and immunomodulation [17]. Cutolo stated that vitamin D deficiency is important in various
autoimmune diseases such as scleroderma [18]. Giovannucci in his review [19] pointed out to the
fact that Vitamin D deficiency may increase the risk of cancer.

In scleroderma, several researchers suggest that vitamin D3 is significantly reduced [20-
27]. Arnson suggested that vitamin D deficiency and VDR signaling may contribute to SSc [20].
This study offers to the scientific literature the finding that VDR expression is decreased in
diffuse cutaneous systemic sclerosis (dcSSc) compared to limited cutaneous systemic sclerosis,
which is expected to be of value in the design of research on the therapeutic approaches to the

different types of SSc.
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8.5. Deney Hayvani Deneyleri Takip Formlar1

Grup 1. Kontrol Grubu

Her giin ; 100 uL subkutan (sc) Fosfatla tamponlanmis salin (FTS) ve ek olarak haftada iki

kez 100 uL intraperitoneal (ip) serum fizyolojik (SF) uygulandi.

. 1.hayvan 2.hayvan 3.hayvan 4.hayvan 5.ha¥van 6.hayvan 7-hayvan 8.hayv_a n
Giinler - . s e e . (dort (bes (alt1 (yedi
(cizgisiz) (bir ¢izgi) | (iki ¢izgili) | (iic cizgili) cizgili) cizgili) cizgili) cizgili)

1.gilin- X X X X X X X X
13.04.15

2.giin- X X X X X X X X
14.04.15

3.giin- X X X X X X X X
15.04.15

4.gilin- X X X X X X X X
16.04.15

5.glin- X X X X X X X X
17.04.15

6.giin- X X X X X X X X
18.04.15

7.giin- X X X X X X X X
19.04.15

8.giin- X X X X X X X X
20.04.15

9.giin- X X X X X X X X
21.04.15

10.giin- X X X X X X X X
22.04.15

11.giin- X X X X X X X X
23.04.15

12.giin- X X X X X X X Ex.
24.04.15

13.giin- X X X X X X X Ex.
25.04.15

14.giin- X X X X X X X Ex.
26.04.15

15.giin- X X X X X X X Ex.
27.04.15

16.giin- X X X X X X X Ex.
28.04.15

17.giin- X X X X X X X Ex.
29.04.15

18.giin- X X X X X X X Ex.
30.04.15

19.giin- X X X X X X X Ex.
01.05.15

20.giin- X X X X X X X Ex.
02.03.15

21.giin- X X X X X X X Ex.
03.03.15
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Grup 2. BLM grubu

1 mg BLM, 1 mL FTS igerisinde ¢ozdiiriilerek 100 pL (100 pg) dozunda hergiin sc olarak,
haftada iki kez 100 pL intraperitoneal (ip) serum fizyolojik (SF) uygulandi.

. 1.hayvan 2.hayvan 3.hayvan 4.hayvan 5.ha¥van 6.hayvan 7-hayvan 8.hayv§ n
Giinler RN Lo A, A, (dort (bes (altr (yedi
(cizgisiz) (bir ¢izgi) (iki cizgili) | (li¢ cizgili) cizgili) cizgili) cizgili) cizgili)

1.gilin- X X X X X X X X
13.04.15

2.giin- X X X X X X X X
14.04.15

3.giin- X X X X X X X X
15.04.15

4.glin- X X X X X X X X
16.04.15

5.giin- X X X X X X X X
17.04.15

6.giin- X X X X X X X X
18.04.15

7.giin- X X X X X X X X
19.04.15

8.glin- X X X X X X X X
20.04.15

9.giin- X X X X X X X X
21.04.15

10.gilin- X X X X X X X X
22.04.15

11.giin- X X X X X X X X
23.04.15

12.giin- X X X X X X X X
24.04.15

13.giin- X X X X X X X X
25.04.15

14.giin- X X X X X X X X
26.04.15

15.giin- X X X X X X X X
27.04.15

16.giin- X X X X X X X X
28.04.15

17.giin- X X X X X X X X
29.04.15

18.giin- X X X X X X X X
30.04.15

19.giin- X X X X X X X X
01.05.15

20.giin- X X X X X X X X
02.03.15

21.giin- X X X X X X X X
03.03.15
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Grup 3. BLM + EGCG Grubu

1 mg BLM, 1 mL FTS igerisinde ¢dzdirilerek 100 pL (100 pg) dozunda hergiin sc olarak,
EGCQG ise 20 mg/kg SF igerisinde ¢ozdiriilerek /p olarak haftada 2 kez uygulandi.

i Lhayvan 2.hayvan 3.ha.y\.7an 4—.hayvan 5.ha¥van 6.hayvan 7.hayvan 8.hayv:3m
Giinler Lo L (iki (ii¢ (dort (bes (alta (yedi
(cizgisiz) | (bir cizgi) cizgili) cizgili) cizgili) cizgili) cizgili) cizgili)

1.glin- X X X X X X X X
13.04.15

2.giin- X X X X X X X X
14.04.15

3.giin- X X X X X X X X
15.04.15

4.gln- X X X X X X X X
16.04.15

5.giin- X X X X X X X X
17.04.15

6.giin- X X X X X X X X
18.04.15

7.gun- X X X X X X X X
19.04.15

8.giin- X X X X X X X X
20.04.15

9.glin- X X X X X X X X
21.04.15

10.glin- X X X X X X X X
22.04.15

11.glin- X X X X X X X X
23.04.15

12.glin- X X X X X X X X
24.04.15

13.glin- X X X X X X X X
25.04.15

14.glin- X X X X X X X X
26.04.15

15.glin- X X X X X X X X
27.04.15

16.glin- X X X X X X X X
28.04.15

17.glin- X X X X X X X X
29.04.15

18.giin- X X X X X X X X
30.04.15

19.giin- X X X X X X X X
01.05.15

20.glin- X X X X X X X Ex.
02.03.15

21.glin- X X X X X X X Ex.
03.03.15
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Grup 4. EGCG Grubu

Her giin ; 100 pL subkutan (sc) Fosfatla tamponlanmis salin (FTS) ve ek olarak EGCG, 20
mg/kg SF igerisinde ¢dzdiiriilerek Ip olarak haftada 2 kez uygulandi.

cote | g P [T [ S T e [T O
cizgi) cizgili) cizgili) cizgili) cizgili) cizgili)

1.giin-13.04.15 X X X X X X X X
2.giin-14.04.15 X X X X X X X X
3.giin-15.04.15 X X X X X X X X
4.giin-16.04.15 X X X X X X X X
5.giin-17.04.15 X X X X X X X X
6.giin-18.04.15 X X X X X X X X
7.giin-19.04.15 X X X X X X X X
8.giin-20.04.15 X X X X X X X X
9.giin-21.04.15 X X X X X X X X
10.giin-22.04.15 X X X X X X X X
11.giin-23.04.15 X X X X X X X X
12.giin-24.04.15 X X X X X X X X
13.giin-25.04.15 X X X X X X X X
14.giin-26.04.15 X X X X X X X X
15.giin-27.04.15 X X X X X X X X
16.giin-28.04.15 X X X X X X X X
17.giin-29.04.15 X X X X X X X X
18.giin-30.04.15 X X X X X X X X
19.giin-01.05.15 X X X X X X X X
20.giin-02.03.15 X X X X X X X X
X X X X X X X X

21.giin-03.03.15
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