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YAYIMLAMA VE FIKRi MULKIYET HAKLARI BEYANI

Enstitii tarafindan onaylanan lisansiistii tezimin/raporumun tamamini veya herhangi bir kismini, basili
(kagit) ve elektronik formatta arsivleme ve asagida verilen kosullarla kullanima agma iznini Hacettepe
Universitesine verdigimi bildiririm. Bu izinle Universiteye verilen kullanim haklar1 disindaki tiim fikri miilkiyet
haklarim bende kalacak, tezimin tamaminin ya da bir béliimiiniin gelecekteki ¢aligmalarda (makale, kitap, lisans
ve patent vb.) kullanim haklar1 bana ait olacaktir.

Tezin kendi orijinal ¢alismam oldugunu, bagkalarinin haklarmni ihlal etmedigimi ve tezimin tek yetkili
sahibi oldugumu beyan ve taahhiit ederim. Tezimde yer alan telif hakki bulunan ve sahiplerinden yazili izin alinarak
kullamlmas1 zorunlu metinlerin yazih izin ahnarak kullandigimi ve istenildiginde suretlerini Universiteye teslim
etmeyi taahhiit ederim.

Yiiksekogretim Kurulu tarafindan yaymlanan “Lisansiistii Tezlerin Elektronik Ortamda Toplanmasi,
Diizenlenmesi ve Erisime Acillmasma fliskin Yonerge” kapsammnda tezim asagida belirtilen kosullar haricince
YOK Ulusal Tez Merkezi / H.U. Kiitiiphaneleri Acik Erisim Sisteminde erigime acilir.

0 Enstitii / Fakiilte yonetim kurulu karari ile tezimin erisime agilmas1 mezuniyet tarihimden itibaren 2

yil ertelenmistir. (1)
0  Enstitii / Fakiilte yonetim Kurulunun gerekgeli karari ile tezimin erisime agilmasi mezuniyet
tarihimden itibaren ... ertelenmistir. (2)

0 Tezimle ilgili gizlilik karar1 verilmistir.
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Fatma KABAKOGLU

“Lisansiistii Tezlerin Elektronik Ortamda Toplanmasi, Diizenlenmesi ve Erigime A¢ilmasna Iliskin Yonerge”

(1) Madde 6. 1. Lisansiistii tezle ilgili patent basvurusu yapilmasit veya patent alma siirecinin devam etmesi
durumunda, tez danismaninin énerisi ve enstitii anabilim dalinin uygun goriisii iizerine enstitii veya fakiilte
yonetim Kurulu iki yil siire ile tezin erisime a¢imasmin ertelenmesine karar verebilir.

(2) Madde 6. 2. Yeni teknik, materyal ve metotlarin kullanildigi, heniiz makaleye déniismemis veya patent gibi
yontemlerle korunmamis Ve internetten paylasimas: durumunda 3. sahuslara veya kurumlara haksiz kazang imkani
olusturabilecek bilgi ve bulgulari iceren tezler hakkinda tez danigmaninin énerisi ve enstitii anabilim dalinin
uygun goriisii tizerine enstitii veya fakiilte yonetim kurulunun gerekgeli karari ile alti ay1 asmamak iizere tezin
erisime agilmasi engellenebilir.

(3) Madde 7. 1. Ulusal ¢ikarlart veya giivenligi ilgilendiren, emniyet, istihbarat, savunma ve giivenlik, saglik vb.
konulara iliskin lisansiistii tezlerle ilgili gizlilik karari, tezin yapddigi kurum tarafindan verilir *. Kurum ve
kuruluslarla yapilan isbirligi protokolii ¢ergevesinde hazwrlanan lisansiistii tezlere iliskin gizlilik karart ise, ilgili
kurum ve kurulusun onerisi ile enstitii veya fakiiltenin uygun goriisii iizerine iiniversite yonetim kurulu
tarafindan verilir.

Gizlilik karari verilen tezler Yiiksekogretim Kuruluna bildirilir.

Madde 7.2. Gizlilik karar: verilen tezler gizlilik siiresince enstitii veya fakiilte tarafindan gizlilik kurallar:
cergevesinde muhafaza edilir, gizlilik kararimin kaldirilmas: halinde Tez Otomasyon Sistemine yiiklenir

* Tez danismaninin onerisi Ve enstitii anabilim dalinin uygun goriisii iizerine enstitii veya fakiilte yonetim
kurulu tarafindan karar verilir.
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OZET

Kabakoglu, F., Farkh Tipteki Aluminyum Adjuvanlarm Monositik Hiicrelerde
Olusturdugu Etkilerin Proteomiks Ve Metabolomiks Diizeyde Incelenmesi.
Hacettepe Universitesi, Saghk Bilimleri Enstitiisii, As1 Cahsmalar1 Programa,
Yiiksek Lisans Tezi, Ankara, 2023. Asilar, dogal enfeksiyonu taklit ederek ve uzun
stireli immiinolojik hafiza iireterek bulasici hastaliklarin neden oldugu hastaliklarin
mortalite ve morbiditesini azaltan biyolojik bilesiklerdir. Asilarda kullanilan
antijenlerin ¢ogu zayif immiinolojik cevaba sebep olduklarindan dolay1 asilarin
etkisinin giictinii ve siiresini artirmak amactyla as1 bilesenlerine adjuvanlar da
eklenmektedir. Eski yillardan beridir aluminyum tuzlart adjuvan olarak en sik
kullanilan maddelerdir ve 6zellikle monositlere olgun bir dendritik fenotipe
farklilagmalar i¢in giiclii bir uyarim saglamaktadirlar. Bu tez ¢aligmasinda U-937 ve
THP-1 hiicre kiiltiiriinde aluminyum oksihidroksit (AH) ve aluminyum hidroksifosfat
(AP) tuzlarmin farkli derisimleri kullanilarak metabolomiks ve proteomiks ¢aligmalar
yuriitiilmiistir. Bu amagla gaz kromatografisi-kiitle spektrometrisi (GC-MS) ile
intraseliilar ve ekstraseliilardametabolomiks analizler ve sivi kromatografisikuadropol
ucus zamanh kiitle spektrometresi (LC-qTOF-MS) ile proteomiks analizler
gerceklestirilmistir. Analizler sonucunda toplamda 170 metabolit ve 403 protein
tanimlanmugtir. Tek degiskenli ve cok degiskenli veri analizleri aliiminyum adjuvan
tuzlarina ve THP-1 ve U937 hiicre kiiltiirii tiplerine bagh olarak degisen metabolitleri,
proteinleri ve yolaklarin belirlenmesini saglamistir. Farkli derisimlerde AH ve AP
tuzlarina maruz kalan hiicrelerde anlamli diizeyde degisen endojenik metabolit ve
proteinlerin mevcut aliiminyum adjuvanlarin etkisinin giiclendirilmesine ve yeni

endojen adjuvanlarmin gelistirilmesine 6nciiliik edebilecegi diistiniilmektedir.

Anahtar kelimeler: Asi, aliiminyum oksihidroksit, aliiminyum hidroksifosfat, GC-
MS, LC-qTOF-MS, proteomiks, metabolomiks, yolak analizi,
U-937, THP-1.
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ABSTRACT

Kabakoglu, F., Investigation of The Effects of Aluminium Adjuvants on
Monocytic Cells at The Proteomics and Metabolomics Level. Hacettepe
University, Hacettepe University Health Sciences Institute, Vaccine Studies
Program, Master Thesis, Ankara, 2023. Vaccines are biological compounds that
reduce the mortality and morbidity of diseases caused by infectious diseases by
mimicking natural infection and producing long-term immunological memory. Since
most of the antigens used in vaccines cause weak immunological response, adjuvants
are also added to the vaccine components in order to increase the potency and duration
of the effect of the vaccines. Since ancient times, aluminum salts have been the most
commonly used adjuvants and provide a particularly strong stimulus to monocytes to
differentiate into a mature dendritic phenotype. In this thesis, metabolomics and
proteomics studies were carried out using different concentrations of aluminum
oxyhydroxide (AH) and aluminum hydroxyphosphate (AP) salts in U-937 and THP-1
cell cultures. For this purpose, intracellular and extracellular metabolomics analyzes
with gas chromatography-mass spectrometry (GC-MS) and proteomics analyzes were
performed with liquid chromatography-cyclopol time-of-flight mass spectrometry
(LC-gTOF-MS). As a result of the analysis, a total of 170 metabolites and 403 proteins
were identified. Univariate and multivariate data analyzes allowed the identification
of metabolites, proteins and pathways that vary depending on aluminum adjuvant salts
and THP-1 and U937 cell culture types. It is thought that endogenic metabolites and
proteins that change significantly in cells exposed to different concentrations of AH
and AP salts may lead to the strengthening of the effect of existing aluminum adjuvants

and the development of new endogenous adjuvants.

Keywords: Vaccine, aluminum oxyhydroxide, aluminum hydroxyphosphate, GC-
MS, LC-qTOF-MS, proteomics, metabolomics, pathway analysis, U-
937, THP-1.
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1. GIRISve AMAC

Bulasic1 hastaliklara bir kisiden (veya hayvandan) digerine gegcen bulasici
ajanlar neden olur ve bu ajanlar diinya ¢apinda insan saghg iizerinde biiyiik bir etkiye
sahiptir. Bu enfeksiyonlara bakteriler, parazitler, viriisler veya mantarlar (veya
bunlarin toksik yan tirtinleri) gibi ajanlar neden olur ve bulasma dogrudan, dolayl veya
bir vektor (6rn. sivrisinekler) araciligiyla gerceklesir (1). Bulasic1 hastaliklar tiim
diinyada mortalite ve morbiditenin temel sebeplerinden biridir. Asilar, dogal
enfeksiyonu taklit ederek ve uzun siireli immiinolojik hafiza olusturarak bulasici
hastaliklarin neden oldugu diinya ¢apindaki 6liim oranin1 6nemli 6l¢tide azaltmuslardir.
Astyla Onlenebilir hastaliklar, bes yasin altindaki ¢ocuklar arasinda her yil meydana
gelen 10 milyon 6liimiin yaklasik %25'inden hala sorumludur (2). Su anda ¢ok sayida
basarili ag1 kullanimdayken, asi olmayan hastaliklarin listesi uzundur. Asilama, insan
poplilasyonundaki bulasict hastaliklarin kiiresel kontroliine en biiyiik katkilardan
biridir. Asillamanin, yalnizca Amerika Birlesik Devletlerinde 1920'lerden bu yana
insanlarda 100 milyondan fazla bulasici hastalik vakasini 6nledigi tahmin edilmektedir
3).

Son yillarda, biyoteknoloji, molekiiler biyoloji ve immiinolojideki gelismeler,
yeni as1 antijenlerinin giderek daha hizli tanimlanmasima ve daha etkili ve daha giivenli
astlarin  Uretilmesine Yol ag¢mustir. Yiiksek oranda saflastirilmis  rekombinant
antijenlerin ¢ogu zayif bir sekilde immiinojenik oldugundan, asilar tarafindan
indiiklenen korumanin seviyesini ve siiresini arttirmak igin adjuvanlara siklikla ihtiyag
duyulmaktadir (3). Immiin uyaricilar (veya adjuvanlar), tiim patojen asilara kiyasla
azalmig immiinojenisiteleri nedeniyle 6zellikle inaktive ve alt iinite bazli asilar i¢in as1
gelistirmede vazgecilmez ajanlardir (1).

Olii mikroorganizmalarm tamami veya fraksiyonlarindan iiretilen cansiz
(inaktive) asilar antijenik proliferasyon gostermez. Daha az immiinojenik olan olii
agilarin  immiinizasyon olusturabilmeleri i¢in belli araliklarla birkag doz
tekrarlanmalar1 ve adjuvanla birlikte verilmeleri gerekir (4). Adjuvanlar asi
antijenlerinin - olusturdugu bagisik yanit1 giiglendirmek tiizere asilara eklenen
maddelere veya antijen tasiyici olarak kullanilan sistemlerdir (5). Adjuvanlar
immunojenik  etkiye sahip olmayan ancak birlikte verildikleri antijenin

immiinojenitesini arttiran maddelerdir (4). Adjuvanlar, ideal olarak, asilamalarin



miktarini  ve sayisii  azaltarak antijenlerin - immiinojenikligini  artirmayi ve
iyilestirmeyi amagclar; bu nedenle, adjuvan aktiviteye sahip yeni maddelerin
arastirilmasi, on yili agkin bir siiredir immiinolojik arastirmalardaki ana konulardan
biri olmustur (6).

Omiks teknolojilerinin  ve biyoinformatik araglarm ortaya ¢ikisi, son
zamanlarda insan asilarmm ve adjuvanlarmm molekiiler ve hiicresel -etkilerini
tanimlamak ic¢in kullanilmistir. Metabolomiks, o6zellikle ila¢ kesfi ve hassas tipta
olmak iizere c¢esitli biyomedikal uygulamalarda kullanilmigtir ancak asi
arastirmalarinda uygulanmasi biiyiik 6l¢tide kesfedilmemistir (7).

Asgilarm neden oldugu koruyucu bagisiklik, yalnizca dogal ve adaptif bagisiklik
hiicrelerinin tepkisini igermez, ayni zamanda hiicresel proteomiks ve metabolomiks
yollarda derin degisikliklere neden olarak bu bagisiklik hiicrelerinin ikincil uyarima
yanit verme kapasitesini artirir.  Yiiksek verimli hiicresel ve molekiiler omiks
teknolojilerini kullanan ag1 bilimi, as1 kaynakli bagisikligi artirmak igin bagisiklik
tepkisinin  kapsamli  bir sekilde ¢ahsilmasma olanak tanimaktadir. Asi
immiinojenisitesini ve spesifik protein ve metabolit degisikliklerini belirleyebilmek,
yeni asilarin gelistirilmesi ve mevcut agilarin daha etkili hale getirilmesi agisindan
bliyiik avantaj saglamaktadir (8).

Bilimsel ¢aligmalarda genomiks ve proteomiks teknolojilerin kullanim, hiicre
kiltiiri tirtinlerinin gelistirilmesine olanak saglar. Bir hiicre kiiltiirii igindeki mRNA
veya protein seviyelerine bakmamizi ve kiiltiirden bir yaniti neyin ortaya
cikarabilecegini ifade modellerine dayanarak tahmin etmemize yardimci olur.
Arastirmalar ig¢in Onemli yollar1 gosterebilecek reseptorlerin (biliyiime faktorleri,
hormonlari sitokinler vd.), adhezyon molekiillerinin veya hiicre sinyalleme
bilesenlerinin ekspresyon modelleri incelenerek ¢ogalmanin diizenlenmesi, apoptoz,
farklilasma, yapisma veya tiretim gibi ¢ok cesitli islevler agisndan faydali olabilecegi
disiiniilmektedir (9)(10).

Aluminyum tuzlar adjuvan olarak en sik kullanilan maddelerdir ve 6zellikle
monositlere olgun bir dendritik fenotipe farklilagsmalari igin gii¢lii bir uyarim
saglamaktadirlar. Aluminyum tuzlar bagisiklik sistemini harekete gecirerek viicutta
birgcok metabolitin ortaya ¢ikmasina ve proteom diizeyinde degisiklige sebep

olmaktadir (11). Aluminyum hidroksit ve aliminyum fosfat adjuvanlarin fiziksel ve



kimyasal Ozellikleri belirgin sekilde farklidir ve bu durum bagisiklik tepkilerinde
farklihklara yol agmaktadir. Bu nedenle ¢alismada aliiminyum hidroksit ve
aliminyum fosfat olmak iizere iki farkli adjuvan kullanilmistir. Yapilan ¢aligmada
aliminyum adjuvanlarnin proteomiks ve metabolomiks diizeyde olusturduklar
profiller incelenerek ve analizler sonucunda belirlenen ve anlamli diizeyde degisen
endojenik metabolit ve proteinlerin  mevcut aliminyum adjuvanlarinin  etki
mekanizmasi Ve adjuvan etkisine nasil bir katkida bulunacag: tartisilmistir. Bu amagla
doku kokenli ve daha olgun agamada olan U937 ve daha az olgun asamada olan THP-

1 hiicre hatlarinda metabolomiks ve proteomiks ¢aligmalar yiiriitiilmiistiir.



2. GENELBILGILER
2.1. Gen ve Genom Kavrami

Uzun yillar boyunca bilim adamlar, hiicrelerin faaliyetlerini yo6nlendiren
bilgiyi ne tiir molekiillerin tasidig1 ve bilginin bir nesilden digerine nasil aktarildigini
merak ederek c¢esitli arastirmalarda bulunmuslardir. 1920'ler ile 1950'ler arasinda
yapilan temel deneyler, bu genetik bilginin deoksiriboniikleik asit (DNA) tarafindan
tasindigmi ikna edici bir sekilde ortaya koymustur. 1953 yilinda DNA'nin yapisinin
aydmlatilmasiyla bu bilginin nasil aktarildigmi ve nasil kullanildigini arastirmaya
baslamak miimkiin hale gelmistir (12).

[Ik tanimlamalara gore bir organizmanm belirli bir 6zelligini ve bu 6zelligin
kalitsalligin1 belirleme yetenegini igermesine ragmen, terimin cesitli tanimlar1 vardur.
‘Gen’ kelimesi ilk kez 1909'da Wilhelm Johannsen tarafindan kullanilmis ve
"(gametlerde) benzersiz, ayr1 ve dolayisiyla bagimsiz sekillerde (organizmanin birgok
Ozelliginin  belirlendigi) o6zel kosullar, temeller ve belirleyiciler" olarak
adlandinlmistir (13). 1860'larda bezelye ¢esitleri arasinda keskin ve agik bir sekilde
farklihk gosteren Ozelliklerin  kalitimmn1  inceleyen Gregor Mendel tarafindan
gelistirilen konsepte dayali olarak kullanilmistir (14). Kelime, Hugo De Vries
tarafindan Darwin'in varsayimsal kalitim mekanizmasi olan pangeneze dahil olan
varliklar i¢in kullanilan bir pangenin bir tiirevidir (14,15).

Gen, kalitimm temel fiziksel birimidir ve protein ad1 verilen belirli bir iglevsel
birimi yapan riboniikleik asit (RNA) adi1 verilen bir bilesikten olusan genlere sahip
baz1 viriisler dismda DNA’dan olusur. Genler ebeveynlerden yavrulara aktarilir ve
canliya 6zgii Ozellikleri belirlemek i¢in gereken bilgileri igerir. Genler, kromozom ad1
verilen yapilarda birbiri ardina diizenlenmistir. Bir kromozom, yalnizca bir kism1 tek
bir gene karsilik gelen tek, uzun bir DNA molekiilii icerir. Tiim insan genomunun
yaklasik 21.500 gen igerdigi tahmin edilmektedir (16).

Bir DNA molekiilii, birbiri etrafinda dolanan iki niikleotid zincirinden olusur.
Kenarlan sekerler ve fosfatlardan olusur ve nitrojenli baz ¢iftleriyle birbirine baglanir.

Bu bazlar adenin (A), guanin (G), sitozin (C) ve timin (T) olarak adlandirilmaktadir.



Sekil 2.1. DNA sarmal yapisi.

"Genom™ terimi 1920'de Alman botanik¢i Hans Winkler tarafindan "gen
(GENe)" ile "kromozom (chromosOME )" un birlestirilmesiyle gelistirilmis ve
akabinde tiirlerin 'maddi temeli' olarak haploid bir kromozom setinden bahsetmistir.
Giinlimiizde genom, ‘Canli bir organizmanin tiim genetik tamamlayicisi olarak bir
okaryotun kromozomlarindaki tiim DNA, prokaryotlarin kromozomundaki tiim DNA
veya bir virlisteki tim DNA veya RNA’’ olarak tanimlanmaktadir. Yani bir
organizmanin genomu, bir kromozom setinin eksiksiz bir DNA dizisi demektir.
Genom, organizmanm Kkendini insa etmesi ve siirdiirmesi i¢in gerekli kodlanmis

talimatlar1 icerir ve 3 milyar baz ¢iftinden olusan DNA'dan olusur (17-19).
2.2.  Protein ve Proteom Kavram

Proteinler, amino asit monomerlerinden olusmus polimerlerdir ve bilinen en
karmagik yapili ve bir veya birden fazla polipeptid zinciri iceren makromolekiillerdir.
Amino asitler, merkez karbon atomuna (Ca) bagh hidrojen atomu (H), amino grubu (-
NHz2), karboksil grubu (-COOH) ve bir degisken yan zincirden (R) meydana gelirler
(Sekil 2.2). Bir protein molekiilii, amino asitlerin kovalent peptit bagiyla birbirlerine
baglanmasi sonucu meydana gelen uzun bir zincirden olugmaktadir. Proteinler bu

nedenle polipeptitler olarak da bilinir (20).
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Sekil 2.2. Aminoasit yapist (21).

Proteinler yapisal olarak kovalent baglar ve kovalent olmayan baglardan
olusmaktadirlar. Kovalent baglar, peptit baglann ve disiilfid baglandir; kovalent
olmayan baglar ise hidrojen baglari, iyon baglar1 ve hidrofob baglardir.

Proteinler hiicre iginde meydana gelen tiim metabolik reaksiyonlari
gerceklestiren temel yapilardir. Hiicrenin disindan igine iletisim kuran ve hiicre zar
boyunca iyonlarin ve kiigiikk molekiillerin akigma izin veren reseptorler ve iyon
kanallari, bag dokusu, kas, kemikler ve hiicresel boliinme mekanizmasmi olusturan
yapisal proteinler, bagisiklik sistemimizin temeli olarak antikorlar ve RNA, DNA ve
karbonhidrat molekiilleri ile makromolekiiler kompleksler halinde viicutta bir¢ok
islevi yerine getirmekle gorevlidirler (22).

Proteinler {i¢ veya bazen de dort yapmin birbirini tamamlamasiyla olusur. Bu
yapilar birincil, ikincil, tiglinciil ve dordiinciil yapr olarak adlandirimaktadir (Sekil
2.3). Protein yapisinin en basit seviyesi olan birincil yapi, basitge peptid baglariyla
olusan bir polipeptit zincirindeki amino asit dizisidir (23). Bu proteinin {i¢ boyutlu
yapisini ve islevini belirleyen temel yapidir. Birincil yapida meydana gelen diizenli
katlanmalar proteinin ikincil yapisin1 olusturur.

Ikincil yap1, bir polipeptit zincirindeki bitisik amino asit kalntilarmin
uzaymda diizenli, yinelenen diizenlemeleri ifade eder. Peptit omurgasmnin amid
hidrojenleri ve karbonil oksijenleri arasindaki hidrojen baglari ile korunur. Baslica
ikincil yapilar a-heliksler ve B-yapilardir (24).

Ugiinciil yapi, protein molekiiliiniin genel {i¢ boyutlu sekli, iigiinciil yapidir.
Protein molekiilii, maksimum stabilite veya en diisiikk enerji durumunu elde edecek
sekilde biikiilmektedir. Ugiinciil yapilar, komsu olmayan amino asit kalintilarmin yan

zincirlerinin etkilesimleri ve birincil olarak kovalent olmayan etkilesimler tarafindan



stabilize edilir. Ugiinciil yapmim olusumu, birincil yapida birbirinden uzak olan amino
asit kalintilarin1 birbirine yaklastirir (24).
Birden fazla polipeptid zincirinden olusan bazi proteinlerin olusturdugu yapi

ise dordiinciil yapt olarak bilinmektedir (25).

Amino acid sequence
VETISFSFSEFEPGN..... . AQRDAAETHOVYSWSFQASLPE

kincil Ugiinciil Dordiinciil

Birincil

Sekil 2.3. Protein birincil, ikincil, ti¢iincitil ve tersiyer yapisi (26).

Proteom, belirli bir zamanda bir hiicre, doku veya organizma iginde bir genom
tarafindan kodlanan proteinlerin toplamidir (27). Bu protein popiilasyonu, gen
ekspresyonundaki farkliliklar nedeniyle zaman iginde, biiylime kosullar1 arasinda ve
hiicre tipleri arasinda farklihk gosterebilir. Proteom, genoma goére, doku tipi,
metabolik durum ve gesitli etkilesimler gibi birgok dis faktérden etkilenir ve oldukga
dinamiktir. Proteom, genom ekspresyonu, tek bir gene ait proteinlerin farkli formlarin
tamamu olup sadece genler tarafindan kodlanan polipeptid yapilart degil, ayn1 zamanda

post translasyonel modifikasyonlar1 da igerir (27—-29).
2.3.  Metabolit ve Metabolom Kavram

Metabolitler, belirli bir siie igerisinde hiicresel metabolizmanin olusturdugu
tirtinler ve ara tirtinlerdir. Bunlar lipid, vitamin, karbonhidrat ve diiger hiicre bilesenleri
olarak ortaya ¢ikmakadir. Metabolitler, enerji doniigiimii, sinyallesme, epigenetik etki
ve kofaktor aktivitesi dahil olmak tizere ¢ok sayida isleve sahip olabilir (30).

Metabolom, bir hiicre veya organizmada bulunan metabolik yollarda ve
hiicresel siireclerde 6nemli roller oynayan diisitk molekiiler agirlikli bilesikler (< 3000
Da) olan metabolitlerin toplam kantitatif koleksiyonudur. Metabolom; hastalik, ilag,



yasam tarzi ve beslenme gibi ¢evresel faktorlerin de sebep oldugu bircok durumu
yansitmaktadir (31). Metabolomdaki degisiklikler, organizmanin genetik degisiklik,
hastalik ve cevresel degisikliklere verdigi en son yanittir. Metabolom; beslenme,

cinsiyet, yas ve hastalik gibi ¢evresel degiskenlerden anlik olarak etkilenir (32).

2.4.  Omiks Teknolojileri

Omiks teknolojileri, bir hiicre, doku veya organizmay1 olusturan molekiillerin
biitlinsel bir goriiniimiinii benimser. Omiks teknoloji genlerin (genomiks), mRNA'nin
(transkriptomiks), proteinlerin  (proteomiks) ve metabolitlerin  (metabolomiks)
saptanmasini amaglamaktadir (Sekil 2.4). Bu aym1 zamanda yiiksek boyutlu biyoloji
olarak da adlandirlabilir; Bu tekniklerin entegrasyonuna sistem biyolojisi ad1 verilir

(18).

Metabolomiks

/ Fluxomiks
Yolaklar /
. Proteomiks
ZE Iy
Proteinler L 7 I
A G
S wr Transkriptomiks
R
mRNA %&

Genomiks

DNA

Sekil 2.4. Omiks teknolojileri ve kavramsal iliski.

Popiilasyon Orneklerinin ¢oklu omiks oOlgiimlerini ¢ok boyutlu ag ve sistem
analizlerine dahil etmek, kronik hastaliklarin gelisimi sirasinda molekiiler aracilik
mekanizmalari, gen-gevre etkilesimleri ve uzunlamasina etkilerin hakkindaki mevcut
bilgilerdeki bosluklar1 dolduracagi disiiniilmektedir (33). Omiks teknolojilerinin
biitiinlestirici yaklagimi, hastaliklarin patofizyolojisinin altinda yatan molekiiler
faktorlerin anlagilmasini saglayabilir ve hastaliklarm erken teshisi, Onlenmesi ve

tedavisi i¢in yeni stratejilere katki saglayabilir. Bu stratejilerin birgok uygulamasi ve



potansiyeli vardir (34). Omiks teknolojisi sadece normal fizyolojik siireglerin daha iyi
anlagilmas: i¢in degil, ayn1 zamanda tarama, teshis ve prognozda rol oynadiklart
hastalik siireglerinde ve hastaliklarin etiyolojisini anlamamiza yardimci olmak igin de
uygulanabilir. Omiks stratejiler, ayn1 anda birden fazla molekiilii arastirirken
biyobelirteg kesfine katkida bulunur. Omiks arastirma, ila¢ kesfinde ve toksisite ve
etkinliklerinin degerlendirilmesinde giderek daha fazla kullaniimaktadir (33).

Transkriptomiks, proteomiks ve metabolomiks, gen iriiniiniin biyolojik
islevini ortaya koymaktadir. "-Omiks-" teknolojiler yiiksek verimli teknolojilerdir ve
karmagik karigimlari gen/ protein ekspresyon profilleri formundaki karmasik etkilerle
iligkilendirmek i¢in eszamanli olarak tespit edilebilen proteinlerin / genlerin sayisini
onemli Ol¢iide artirir. Omiks teknolojilerin  birincil amaci, belirli bir biyolojik
numunede bulunan tiim gen driinlerinin (transkriptler, proteinler ve metabolitler)
hedeflenmemis olarak tanimlanmasidir (19).

‘Genomiks’ ise bir organizmanin genomu veya genetik materyali {izerine
yapilan genlerin ve proteinlerin statik dizilimlerini ortaya cikaran sistematik bir
calismadir ancak bu teknolojinin odag giinlimiizde genlerin ve proteinlerin dinamik
islevlerine ve etkilesimlerine kaymis durumdadir (19,35). Genomiks, niikleotid
dizilerinin, genom yapisinin ve bilesiminin analizi yoluyla yapilan bir genom
arastirmasidir. Genetik varyantlara sahip bireylerin bulunmasini saglar; bu nedenle
genler / varyantlan ile hastalik veya tedaviye yanit arasindaki iliskiyi ortaya cikarr
(18).

Transkriptom, bir organizmanin genomunun protein kodlayan kismimni ifade
eder. Haberci RNA (mRNA), transfer RNA (tRNA), ribozomal RNA (rRNA) ve
hiicrelerde bulunan diger kodlamayan RNA molekiilleri gibi RNA molekiilleri
kiimesini ifade eder. Bu nedenle, mRNA proteinlere daha fazla gevrildiginden,
transkriptom proteomun Onciisli olarak goriilebilir (36). Transkriptomiks, bir hiicrede
transkript olarak adlandirilan tiim RNA dizileri koleksiyonunu igeren transkriptom
calismasidir. Bir insan hiicresinin yaklastk 25.000 transkript igerdigi tahmin
edilmektedir (35).

Karmasik da olsa kan transkriptomikleri, bagisiklik tepkisinin erken olaylar
hakkinda c¢ok bilgilendirici olmustur. Ornegin, asilamadan sonraki transkriptomiks

imzalar, ¢ok sayida ¢alismada asi1 ile indiiklenen antikor ve T hiicre yanitlarin1 tahmin
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etmek i¢in kullanilmistir ve farkli as1 smniflari, farkli gen ekspresyon programlarini
indiiklemistir (16).
Tez ¢aligmalarinda omiks analizlerden proteomiks ve metabolomiks analizler

gerceklestirildiginden bu analizler detaylandiriimistir.
2.5. Proteomiks

Insan Genom Projesi’nin tamamlanmasmin ve verilerinin agiklanmasmim
ardindan, genlerin temel bileseni olan proteinlere ait bilgiler artmadik¢a genetik
bilginin tek basna yeterli olamayacagi ortaya konmustur. Genom projesi sonrasinda
proteinlerle ilgili calisgmalar DNA ve RNA calismalan igerisinde agirhk kazanarak
“proteomiks” alan1 dogmustur (37). Bu nedenledir ki insan Genom Projesi’nin
ardindan, insan genlerine ait protein iiriinlerinin tanimlanmasmi ve ifade analizlerini
kapsayan “Insan Proteom Projesi” ile ilgili cahsmalar dabaslamstir (37).

Proteomiks, proteinlerin tanimlanmasini ve miktarmm belirlenmesini ile
birlikte aynm1 zamanda proteinlerin yerlesimlerini, degisimlerini, aktivitelerini ve
nihayetinde islevlerini belirlenmesi ve belirli bir organizmanmn genomunda kodlanan
tim proteinlerin envanterini ¢ikararak, bu proteinlerin diger protein ve makro
molekiillerle etkilesimlerin haritalarin1 ortaya ¢ikarmak igin kullanilan bir dizi anahtar
teknolojidir  (29,38,39). Metodolojik olarak, proteomiks canl sistemlerdeki
proteinlerin yiiksek verimli ayrilmasi ve analizi yontemlerine dayanmaktadir. Ideal
olarak, bu yontemlerin kullanimi, canli sistemlerdeki proteinlerin protein ekspresyon
seviyesi, translasyon sonrast modifikasyonlar, protein-protein etkilesimleri gibi
biyokimyasal 6zellikleri hakkinda kapsamli bilgi saglamaktadir (38,40).

Proteomiks, genin islevini anlamada en onemli yontemlerden biridir, ancak
genomiks ile karsilastirldiginda ¢ok daha karmagsiktir. Bununla birlikte,
transkriptomiks deneylerden elde edilen veriler, proteomiks analizden tiiretilenlerle
her zaman tutarli degildir, bu da hiicre proteom profilinin diizenlenmesinde
translasyon sonrasi mekanizmalarin bir roliinii ortaya ¢ikarmaktadir (2,7). EK olarak,
transkript profilleri, protein tasinmasi, lokalizasyonu ve islevi i¢in ¢ok Onemli olan
proteinlerin posttranslasyonel modifikasyonlar1 (fosforilasyon ve glikozasyon gibi)
hakkinda herhangi bir bilgi saglamaz. Proteinler hiicre ici ve hiicre dis1 ortama yanit

olarak siirekli degiskenlik gostermektedir ve protein ekspresyonunun bu dinamik
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dogasi, onlar1 karmagik hiicre davranisini ve islevini agiklamak igin transkriptomdan
daha uygun hale getirmektedir (39,41). Bununla birlikte, genomiks veya
transkriptomiksin aksine, proteomiks ve ilgili teknik ve stratejiler hala biiyiik olgiide
gelistirilme agamasmdadir (18).

Proteomiks teknolojiye ait ¢aligmalarin asamalar1 dort ana baslikta toplanabilir:
Protein izolasyonu, proteinlerin ayrimi (elektroforetik, kromatografik vs.) ve ifade
analizleri, protein tanimlamasi (kiitle spektrometreleri, Edman), protein etkilesimleri
ve yapisal analizler (Sekil 2.5) (32). Glinlimiizde proteomiks ¢alismalarin temelini,
proteinlerin iki boyutlu jel elektroforezi veya sivi kromatografi gibi yontemlerle
ayrilmasmi takiben kiitle spektrometreleriyle tanimlanmasi ve karsilagtirmal ifade
analizleri olusturmaktadir. Ancak son yillarda farkl teknikler igeren yeni yaklagimlar
da gelistirilmektedir (37).

Yiiksek verimli, ultra duyarh, diisiikk maliyetli biyobelirte¢ analizi yetenegine
sahip yeni nesil mikrodiziler, biiyiilk olasilhikla nanoteknoloji, yiizey enzim
reaksiyonlar, mikroakiskan aglar ve gelismis veri analizi araglarmm bir
kombinasyonunu icerecektir. Bu teknolojinin protein biyobelirte¢ kesfini ve hastaliga
0zgii yolaklarin karakterizasyonunu hizlandiracagi disiintilmektedir (42).

Gintimiizde proteinlerin karmasikhigi ve dinamik araligin1 ele almak igin
yalnizca birka¢ ¢6ziim bulunmaktadir. Birincisi, proteomun karmagikligini azaltmak
ve diisiik miktarda bulunan proteinleri daha bol olanlardan ayirmaktir. Bu ¢ok boyutlu
aymrma yontemleriyle gergeklestirilebilir. Ancak, ongoriilemeyen protein kayiplar ve
ortaya ¢ikan ¢ok sayida fraksiyon, bu yaklasimi zaman alici ve dolayisiyla gok
maliyetli hale getirir. Alternatif olarak, arastirilacak proteom, spesifik bir biyolojik
bolme ile baslayarak veya uygun bir numune hazirlama yontemi (6. Enzim ligand
cipleri, islevsellestirilmis yiizey c¢ipleri, smifa 6zgili antikorlar) kullanilip karmagik ig1
azaltarak basitlestirilebilir (43).

Proteomiks analizde geleneksel olarak; iyon degisim, boyut dislama ve afinite
kromatografisi  kullanilirken  segici  proteinlerin  analizi i¢cin enzime bagh
immiinosorbent deneyi (ELISA) ve western blot kullanilabilir. Bu teknikler, birkag
ayri proteinin analizi ile smirli olabilir, ancak ayn1 zamanda protein ekspresyon
seviyesini tanimlayamayabilir. Karmasik protein drneklerinin ayrilmasi igin sodyum

dodesil siilfat-poliakrilamid jel elektroforezi (SDS-PAGE), iki boyutlu jel
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elektroforezi (2-DE) ve iki boyutlu diferansiyel jel elektroforezi (2D-DIGE) teknikleri
kullanilmaktadir (Sekil 2.5) (7).

Analiz Karakteriza
syon

Saflagirma ELISA Jelbazh Teknikler
Eromatografik Western Blot, Kiile Spekiroruetrisi
teknikler Protein Ilicroarzan
Y apisal Analiz Miiktar Tayini Selcans Analizi
Horay ICAT Edrran
NMR. SILAC T

ITELG)

analiz

Sekil 2.5. Proteomiks teknolojilerin uygulama teknikleri (7).
2.5.1. Proteinlerin Saflastirilmasi
Geleneksel Teknikler

Geleneksel teknikler son derece yararli olmasina ragmen, hem teknik
sinirlamalardan hem de protein karakterizasyonu igin zorunlu hale gelen yiiksek
verime sahip degillerdir. Bu nedenle, bu geleneksel proteomiks teknolojilerin yiiksek
verimli formatlara uyarlanmasmm yani1 sira protein islevini ve etkilesimlerini
incelemek igin yeni teknolojilerin gelistirilmesine son zamanlarda ilgi duyulmaktadir
(39).

Kromatografi:

Iyon degisim kromatografisi (IEC): Yiizeyindeki yiiklii gruplar temelinde
proteinlerin saflastirilmasi i¢in ¢ok yoOnli bir aragtir. Proteinler amino asit

dizilimlerinde birbirinden farklidir; bazi amino asitler anyonik iken digerleri

katyoniktir. Fizyolojik pH'ta bir protein tarafindan yiiklenmis net yiikli igerik, bu
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yiikler arasindaki denge ile degerlendirilir. Diisiik maliyeti ve tampon kosullarinda
kalma kapasitesi nedeniyle oldukca degerlidir (44).

Boyut diglama kromatografisi (SEC): SEC, proteinleri gegirgenlik temelinde
farkli gbzenek boyutuna sahip gézenekli bir tastyict matris yoluyla ayirir; bu nedenle
proteinler, molekiiler boyut temelinde ayrilir (44).

Afinite  kromatografisi:  Protein  bozunmasini,  translasyon  sonrasi
modifikasyonlar1 ve protein-protein etkilesiminin kesfedilmesini saglayan 6nemli bir
protein saflagtirma yontemidir. Afinite kromatografisinin arkasindaki temel prensip,
kromatografik matrisin afinite ligand1 ile saflastirilacak proteinler arasindaki tersinir
etkilesimdir (44).

ELISA: Olduke¢a hassas bir kantitatif Ol¢iim yontemidir ve teshis amaciyla
yaygm olarak kullanilmaktadir. Test, kat1 ylizeydeki antijen veya antikorlar1 kullanir
ve enzimle konjuge antikorlarin eklenmesini kullanir ve biyolojik 6rnekteki antikor ve
antijen konsantrasyonuyla orantili olan enzim aktivitelerindeki dalgalanmalar1 6lger
(45).

Western Blot: elektroforez kullanilarak proteinlerin ayrilmasini, nitroseliiloz
membrana aktarilmasini ve hedef proteinin enzimle konjuge antikorlar tarafindan
kesin olarak tespit edilmesini iceren diisiik bolluktaki proteinlerin saptanmasi icin

onemli ve giiglii bir tekniktir (46).
Gelismis Teknikler

Protein mikrodizi teknolojisi: Protein mikrodizi teknolojisi, uygulamal
proteom arastirmalarinda proteinlerin tanimlanmasi, nicelendirilmesi ve fonksiyonel
analizi  i¢in  hizla ilerlemistir.  Multipleks analizler, proteinlerin  kesin
karakterizasyonunu ve karmasik protein-protein etkilesimlerinin yani sira peptitleri,
diisik molekiiler agirlikli bilesikleri, oligosakaritleri veya DNA'y1 da incelemede az
miktarda numuneden yiiksek verimli algilama yaparak analiz etmeye olanak tanir.
Protein mikrodizileri {i¢ kategoriye ayrlabilir; analitik protein mikrodizisi,

fonksiyonel protein mikrodizisi ve ters fazli protein mikrodizisi (7,42).
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Jel bazli teknolojiler:

SDS-PAGE: Proteinlerin boyutlarma gore ayrilmasi i¢in yiiksek ¢oztintirliiklii
bir tekniktir, bu nedenle molekiiler agirhigin yaklastirilmasmi kolaylastirir. Proteinler,
izoelektrik noktalarindan farkli bir pH'a sahip bir ortamda elektrik alantyla hareket
edebilirler. Kanisimdaki farkli proteinler, yiikleri ve kiitleleri arasindaki orana gore
farkl hizlarda go¢ ederler. Bununla birlikte, sodyum dodesil siilfat ilavesi, proteinleri
denatiire eder, bu nedenle onlar1 Kesinlikle molekiiler agirhga gore ayirir.

Higbir protein aymrma teknigi SDS-PAGE'den daha yaygm olarak
kullanilmamaktadir, bunun nedeni ¢ogunlukla basitligi, tekrarlanabilirligi ve kabul
edilebilir alet ve sarf malzemesi masraflaridir. SDS-PAGE, numunelerin safligini
kontrol etmek ve bilinmeyen proteinler i¢in molekiiler agirliklar1 tahmin etmek i¢in
kullanilabilir (42).

Iki Boyutlu Poliakrilamid Jel Elektroforezi (2D-PAGE): Proteinlerin kiitle ve
yiiklerine gore ayrilmasi i¢in etkili ve giivenilir bir yontemdir. 2D-PAGE, jel boyutuna
bagh olarak ~ 5.000 farkh proteini art arda ¢6zebilir. Proteinler birinci boyutta yiike
gore ayrilirken, ikinci boyutta kiitleleri arasindaki farkliliklara gore ayrilir. 2-DE, post-
translasyonel modifikasyonlarm, mutant proteinlerin karakterizasyonu ve metabolik
yollarin degerlendirilmesi i¢in basartyla uygulanir (47).

2D-DIGE: Boyay1 belirli bir dalga boyunda uyararak kolayca
gorsellestirilebilen CyDye ile etiketlenmis proteinleri kullanir. Cy3 ile etiketlenmis
toksik dinoflagellat Alexandrium catenella'nin hiicre duvari proteinleri 2D-DIGE
araciligiyla tanimlanmistir (47).

Jel bazli proteomikslerin, tekrarlanabilirlik ve dinamik aralikta igsel
smirlamalar1 bulunmaktadir. Aynmi laboratuvarlarda bile tekrarlanabilir sonuglar elde
etmek icin standart ¢alisma prosediirlerinin dikkatlice takip edilmesi gerekmektedir.
Farkli laboratuvarlarda ayni numunelerden iiretilen sonuglar, niceliksel diizeyde
neredeyse karsilastirilabilir olmamakla beraber yiik kapasitesindeki smirlamalar,
kantitatif  tekrar dretilebilirlik, kullannm zorluklar1 ve problemlerin kiitle
spektrometrisiyle arayiizlenmesi, jel bazli proteomiks ¢aligmalarinin analiz derinligini

ve kapsamuni smirlandirmaktadir (43).
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2.5.2. Proteinlerin Analizleri
Kiitle Spektometrisi (MS):

Kiitle spektrometreleri, analit molekiillerini gaz fazindaki iyonlara ddniistiiren
bir iyon kaynagi, iyonize analitleri kiitle/ylik oranina gore ayran bir kiitle analizorii ve
her bir kiitle/yiik degerindeki iyon sayismi kaydeden bir dedektorden olusur (48).
Kiitle spektrometresi molekiillerin iyonize oldugu ve gaz fazina gectigi iyon kaynagi,

iyonlarin islendigi kiitle analizorii ve bir dedektorden olusmaktadir (Sekil 2.6).

KOTLE

Len ANALIZORD DEDEKTER

oM KeriAG]

Sekil 2.6. Kiitle spektroskopisi temel kisimlari

Proteomiks ¢aligmalarda iki farkli tiir iyonlasma kaynagi kullanilmaktadir.
Kiitle analizinin hassas bir sekilde yiiriitiilebilmesi igin proteinleri ve peptidleri iyonize
etmek i¢in en sik kullanilan iyonizasyon yontemi elektrosprey iyonizasyon (ESI) ve
matris destekli lazer desorpsiyon/iyonizasyon (MALDI) yontemleridir. ESI ile
soliisyondaki peptidler ve proteinler ucucu hale getirilir ve iyonize edilirken, MALDI
ile lazer 1sinlar1 kat1 matriksi uyarir ve analiti iyonize eder (48,49).

Kiitle analizorleri iyon kaynagmda olusan kiitleleri kiitle/yiik oranmna gore
ayiran cihaz bilesenleridir. Proteomiks calismalarda ¢ogunlukla kullanilan analizorler
kuadrapol analizorii (Q), ugus zamanh kiitle analizérii (TOF), iyon siklotron rezonans
analizorii (FTICR), iyon kapam analizorii (IT) (dogrusal iyon kapani (LIT) veya
kuadrapol iyon kapani (QIT)) ve bunlari kombinasyonlaridir (50).

Kiitle spektrometrisi, uygulanabilir bir sekilde proteomikste ¢ekirdek teknoloji
haline gelerek karmasik karisimlardan tiiretilen kiiresel proteom numunelerinin
kalitatif ve kantitatif analizi i¢cin uygulanan ve hiicresel islevi anlamamizda ¢ok 6nemli
bir role sahip olan bir yontemdir (42). Proteinlerin yiiksek verimli karakterizasyonu ve

tanimlanmasi i¢in kullanilmaktadir ve diisiik konsantrasyonlarda proteinlerin
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molekiiler agirhigini ve amino asit bilesimini belirlemek i¢in kullanilabilir. MS ayrica
yiiksek verimli formatlara kolayca uyarlanabilir, bu da onu protein tanimlama ve
karakterizasyon i¢in tercih edilen yontem haline getirmistir (39).

MS bir numunede bulunan bir veya daha fazla molekiiliin kiitle-ylik oranimni
Olgmek igin yararh bir analitik araci temsil etmektedir. Bu oOl¢iimler daha sonra
genellikle s6z konusu bilesenlerin tam molekiiler agirligini hesaplamak igin kullanilir.
MS, bilinmeyen proteinleri molekiiler agiliklarmi belirlemek i¢in ve segilen
molekiillerin yapisini, Kimyasal 6zelliklerini belirlemek i¢in kullanilabilir (42).

Peptid dizilerinin elde edilmesinden once, proteinlerin peptidlere boliinmesi
gerekir. Bunun nedeni, peptit kiitlelerini 6lgmek veya peptit dizilerini elde etmek i¢in
kullanilan kiitle spektrometrelerinin bu 6l¢iimleri dogrudan saglam proteinler {izerinde
gergeklestirememesidir.  Modern MS  enstriimanlari, nispeten karmasik peptit
karisgimlarindan bile muazzam miktarda veri elde edebilmesine ragmen, karigimlarin
basitlestirilmesi, en fazla sayida bilesenle ilgili verilerin toplanmasma izin verir (51).

Genel siire¢ {ic adimdan olusur: 11k asamada molekiiller, siv1 veya kat1 fazdaki
biyomolekiiller igin bir zorluk olusturan gaz fazi iyonlarma déniistiiriilmelidir. Tkinci
adim, kiitle analizorii olarak bilinen bir bélmede elektrik veya manyetik alanlarin

varliginda kiitle/ylik degerleri temelinde iyonlarin ayrilmasini igerir. Son olarak,
ayrilmig iyonlar ve belirli bir kiitle/yiik degerine sahip her tiiriin miktar 6lgiiliir (7).

MS veya tandem kiitle spektrometrisi (MS/MS) ile birlikte yiiksek
performansh sivi  kromatografisinin  (LC) kullanimi, yeni ilag kesfinin ¢esitli
asamalarinda ve birgok c¢alismada tercih edilen analitik tekniktir (52). LC-MS
sistemleri, sivi kromatografinin fiziksel aymrma giicli ile MS’in kiitle analiz giicliniin
kombinasyonundan olusmus sistemlerdir. LC-MS sisteminin 6geleri arasmda
otomatik ornekleyici, yliksek performansh LC sistemi, iyonizasyon kaynagi ve kiitle
spektrometresi bulunur (Sekil 2.7). ideal olarak, bu &gelerin tiimii tek bir bilgisayar

sisteminin kontrolii altndadir.
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Sekil 2.7. LC-MS sistemi temel kisimlari.

Ek olarak, belirli bir proteinin amino asit dizisini belirlemek i¢in Edman
bozunmasi gelistirilmistir. Izotop kodlu afinite etiketleme (ICAT), hiicre kiiltiiriinde
amino asitlerle stabil izotop etiketleme (SILAC) ve goreceli ve mutlak niceleme
(ITRAQ) teknikleri i¢in izobarik etiket, kantitatif proteomiks i¢in yakin zamanda
gelistirilmistir.  X-1isin1  Kristalografisi ve niikleer manyetik rezonans (NMR)
spektroskopisi, biyolojik islevini anlamaya yardimci olabilecek ii¢ boyutlu protein
yapisi saglayan iki ana yiiksek verimli tekniktir (53,54).

Yiiksek verimli teknolojilerin destegiyle, biiylik miktarda proteomiks verisi
toplanir. Biyoinformatik veritabanlari, muazzam miktarda veriyi ve bunlarin
depolanmasimi islemek icin olusturulmustur. Ug boyutlu yap: tahmini, protein alani ve
motif analizi, protein-protein etkilesiminin hizli analizi ve MS veri analizi igin ¢esitli
biyoinformatik araclar gelistirilmistir. Proteom analizi, hiicrenin yapisal ve
fonksiyonel bilgilerinin yani sira hiicrenin ¢esitli stres tiirlerine ve ilaglara karst yanit
mekanizmasmin tek veya coklu proteomiks teknikler kullanilarak tam olarak

olusturulmasmi saglar (7).
2.6. Metabolomiks

Metabolomiks, hiicrelerde, dokuda ve viicut sivilarinda bulunan kigiik
molekiillerin  Slgiilmesi ve karsilastirilmasmi  kapsayan analitik bir profilleme
teknigidir. Kimyasal kimlikler ve bolluk i¢in hesaplama yontemlerine sahip mevcut
metabolomiks teknolojiler, minimum miktarlarda biyolojik numuneden yiizlerce ila
binlerce metabolitin eszamanli 6lglimiine izin verir (34). Hastalik arastirmalarmda
giiclii bir ara¢ haline gelen metabolomik, 6zellikle hastaliklar1 teshis etmek, izlemek
veya tahmin etmek igin kullanilabilen, olgiilebilir biyolojik okumalar olan biyobelirteg
kesfinde umut vaat etmektedirler (31). Metabolom, cinsiyet, yas ve hastalik gibi
cevresel degiskenlerden anlik olarak etkilenir (32). Glukoz diyabet hastaliginin
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biyobelirteci, kreatinin ise bobrek fonksiyonlarini Glgmede biyobelirte¢ olarak
kullanilan metabolitlerdendir. Saglik alaninda amag hastaliklarin tespiti ve tedavisinde
kullanilabilecek yeni biyobelirteglerin tespit edilmesidir (32).

Transkriptomiks veya proteomiks gibi tek bir molekiil sinifina odaklanan
sistem biyolojisi yaklagimlari, hastaligin biyolojik mekanizmalarmm o6nemli ancak
sinirh - sekilde anlagilmasmi saglayabilmektedir. Metabolomiks; transkriptomiks,
proteomiks ve genomiks tarafindan dogrudan ¢ikarilamayan molekiilleri tanimlamak
icin kullanilan geleneksel omiks teknikleri tamamlamaktadir (55,56). Sonug olarak,
metabolomiks yeni tanisal ve prognostik hastalik biyobelirteglerinin kesfine ve
karmagik hastaliklarin patolojik mekanizmalarmin anlasilmasina yonelik biitiinsel bir
yaklasim sunmaktadir (19,31,57).

Biyolojik sistemlerde 6nemli bir role sahip olan ve hastalik fenotiplerini
anlamaya yardimci olan metabolitlerin analizi ¢cogunlukla kan, diski, hiicreler veya
bitkisel 6zler gibi karmasik matrislerde gergeklestirilir. Metabolitler; lipidler, amino
asitler, peptidler, niikleik asitler, organik asitler, vitaminler, tioller ve karbonhidratlar
dahil olmak tiizere cesitli diisiik molekiiler agirlikli yapilar grubunu temsil eder ve bu
da cesitli bilesiklerin hizli ve ayn1 anda belirlenmesi i¢in yeterli numune hazirlama ve
uygun analitik teknikleri gerekli kilmaktadir (31). Metabolomiks bir profil olusturmak
icin, yiiksek alan NMR ve MS gibi spektroskopik ve spektrometrik teknikler
metabolitlerin analizini saglayan dedeksiyon teknikleridir. LC, gaz kromatografisi
(GC), kapiler elektroforez (CE), 2D kromatografi gibi teknikler metabolitlerin
ayrimint saglayan metabolit ayrim teknikleridir. Metabolitlerin ve ilgili metabolik
yollarn ayrilmasini, saptanmasini, Karakterizasyonunu ve miktar tayini bu

yontemlerle miimkiin hale gelmektedir (31,58,59).

Untargeted Metabolomics
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Sekil 2.8. Hedeflenmis ve hedeflenmemis metabolomik ¢alismalarin semasi (60).
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Metabolomiks c¢aligmalar, en genel anlamiyla metabolit profilleme ve
hedeflenmis metabolomiks olmak iizere 2 ana bashga ayrilirlar (Sekil 2.8).
Hedeflenmis metabolomiks yaklasimlar, biyolojik olarak ilgili metabolitlerin bilindigi
hipotez testidir. Yiiksek 6zgiilliik, hassasiyet ve dogruluk saglamakta ve hastaliklarin
anlagilmasinda 6nemli bir rol oynamaktadir. Benzer islevlere sahip olan veya benzer
bir metabolit smifinda yer alan az sayidaki spesifik metabolitlere odaklanmaktadir
(34,61). Omegin diyabetle ilgili yapilan bir ¢ahismada, hastanmn glikoz yiiklemesine
verdigi yanit1 aragtirmak icin hedeflenen metabolomiks yontemler kullanilmis ve
hastalardaki insiilin yanitim1 belirlemek i¢in glikoz alimindan sonra spesifik plazma
metabolitlerinin seviyeleri 6l¢iilmiistiir (60). Hedeflenen ¢alisma icin baska analitik
yontemler mevcut olsa da, MS ve NMR yontemleri, hedeflenen metabolomik
aragtirmalarinda genis c¢apta benimsenmistir, ¢linkii bunlar iistiin analitik 6zgulliik,
tekrar tiretilebilirlik ve dogru 6lgtimleme sunarlar (34).

Hedeflenmemis ¢alismalar veya metabolik profilleme, kapsamu kiireseldir ve
biyolojik numunelerden olabildigince ¢ok metabolitin -yanlilik olmaksizin- eszamanli
olarak oOlglilmesini amaglamaktadir. Ashinda, g¢alisgmaya dahil edilen vakalar ve
kontroller arasinda metabolik farkhiliklar vardir, ancak belirli farklihklar
bilinmemektedir. Klinik olarak metabolik profilleme uygulandiginda genellikle biiyiik
Olgekli caligmalara ihtiyag vardir (60,61).

Yakin gelecekte hedeflenmemis metabolomiks ¢alismalar sonucu elde edilen
bilgi hedeflenmis calismalar ile valide edilerek metabolom diizeyinde farkli hastaliklar
icin erken tanmi ve siire¢ inceleme amaciyla kullanilabilecek ¢ok sayida yeni

biyobelirteg klinik uygulamalarda kendine yer bulacaktir (32).
2.6.1. Aywrma Teknikleri

GC: Metabolomiks teknolojide en sik kullanilan tekniklerden biridir. GC ayrim
kapasitesi yiiksek bir tekniktir ancak ugucu metabolitlerin ayrimminda daha basarili
bir tekniktir ve dolayisiyla ugucu olmayan molekiiller igin tiirevlendirme
gerekebilmektedir. MS ile kombine vaziyette kullanilir. GC-MS, metabolomik
alaninda kullanilan en verimli tekniklerden biridir. Yiiksek ayirma kabiliyetine,
hassasiyete ve tekrarlanabilirlige sahiptir. Yiiksek kromatografik ayrim kapasitesi elde

edilebilir ancak sadece diisiik molekiiler agirliga sahip ugucu bilesikleri tanimlamak
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i¢in kullanilabilir (62). Veri taban1 oldukga genistir ve bu da analizi daha basit ve daha
hizli hale getirir (63).

GC-MS tabanli metabolomiks, kiigiik asitler, alkoller, hidroksil asitler, amino
asitler, sekerler, yag asitleri, steroller, katekolaminler, ilaglar dahil olmak tizere kii¢iik
molekiiler metabolitlerin (<650 dalton) tanimlanmasi ve miktarmin belirlenmesi igin
kullanilmaktadir. Bu bilesikleri gaz kromatografisi i¢in yeterince ugucu hale getirmek
amaciyla kimyasal tiirevlendirme kullanilmaktadir (64).

LC: Hem hedeflenen hem de hedeflenmeyen analizler i¢in kullanilabilen
evrensel bir ayirma teknigidir. GC’ye gore kromatografik ayrim kapasitesi diistiktiir.
Ancak daha fazla sayida metabolitin ayrimmna olanak saglamaktadir (62).

CE: Cok ¢esitli kimyasal bilesiklerin yiiksek ¢Oziiniirliikli ayrilmasini
saglayabilen analitik bir ayirma teknigidir. LC ve GC’ ye gore daha fazla sayida
metabolitin analizine imkan saglamaktadir (65). Ozellikle polar ve yiiklii bilesiklerin
ayrilmasi i¢in uygundur. Ayirma verimliligi agisindan LC'den daha giiclii bir tekniktir
ve analiz icin gereken numune miktar1 azdir. Ayrica, ¢ok diisiik organik solvent
tiiketimi (hatta hi¢ olmamasi), az miktarda reaktife ihtiya¢ duyulmasi ve daha pahal

LC kolonlan yerine kilcal damarlarm kullanilmasi nedeniyle maliyeti LC'den daha
dusiiktiir (65).

2.6.2. Tayin Yontemleri

NMR: Molekiillerin yapisi ve dinamikleri hakkinda bilgi saglamak igin
manyetik bir alandaki kimyasal olarak farkli atomik cekirdekler tarafindan radyo
frekansi uyaranlarma verilen tepkileri dlgen yaygim bir metabolomik yontemdir NMR
spektroskopisi molekiiler hakkinda ayrintili bilgi saglayabilir. karmagik karigimlarda
bulunan bilesiklerin yapis1 ve bir numunedeki ¢ok ¢esitli kii¢iik molekiillii metabolitler
ayn1 anda tespit edilebilir (34).

NMR, ¢ok az numune hazirhg: gerektirdiginden veya hi¢ gerektirmediginden
¢ok bilesenli karigimlarin analizi i¢in 6nde gelen yontemlerden biri olarak bilinir;
hizhidir, tahribatsizdir ve invaziv degildir; ve yliksek oranda tekrarlanabilir sonuglar

saglar (66).
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NMR teknigi genellikle bir hidrojen spektrumu (*H NMR), bir karbon
spektrumu (3C NMR) veya bir fosfor spektrumu (3P NMR) kullanir ve bunlardan en
yaygin olarak *H NMR kullanilir (67)

MS: Kiitle spektrometresi tabanli metabolomik yaklagimlar, binlerce metabolit
Ozelliginin ayn1 anda saptanmasini ve miktarinin belirlenmesini saglayabilir (68). MS,
tek bir Olciimde yiizlerce metabolitin saptanmasi, miktarmmn belirlenmesi ve yapi
aydmlatmasi i¢in dogas1 geregi oldukga hassas bir yontemdir (69).

Metabolomiks, karmagik karisgimlarda ¢ok sayida bilesigi kapsaml bir sekilde
tanimlamay1 ve Olgmeyi amacgladigindan, hedefleri standart analitik kimya i¢in bir
sorundur. Bu nedenle her ozelligin kiitle-ylik oram1 0lgiildiigii ve yapisal
karakterizasyonunun yapildig: kiitle spektrometrisi NMR bazli metabolomiklere bir
alternatif olarak ortaya ¢ikmustir, yiiksek Segicilik ve hassasiyet sunar ve metabolitleri
hem Kalitatif hem de kantitatif bir sekilde degerlendirme potansiyeline sahiptir (Tablo
2.1) (31,34). Sonug¢ olarak, MS bazli metabolomiksler/lipidomiksler, hem
biyoakiskanlarda veya dokudaki hastalikla iliskili metabolitlerin tanimlanmasi igin
yararli bir yaklagim saglar hem de metabolitlerden iiretilen hastalik veya tedaviyle

iligkili molekiiler kaliplarm smiflandirilmasmi ve/veya karakterizasyonunu kapsar

(35).

Tablo 2.1. Metabolomiks teknolojide sik kullanilan yontemlerin karsilastirmasi

(70).
Teknik Kullanim Ozellikler

LC-MS a,b,c Yiiksek hassasiyet, ucucu olmayan metabolitler,
pahali

GC-MS a,c Yiiksek hassasiyet, ucucu bilesikler, ucuz

NMR b, d Bol miktarda metabolit, tekrarlanabilir, disiik
hassasiyet

MS a,b,cd Yiiksek hassasiyet, diger tekniklerle birlikte
kullanim

a: metabolit hedeflenmis analiz,b: metabolit profilleme, ¢: metabolomik, d:metabolik akis analizi.

2.6.3. Uygulama Alanlari

Metabolomiks ilk olarak toksikoloji ve farmakoloji, dogustan gelen metabolik

bozukluklar ve beslenme calismalarma uygulanmustir. Su anda farkli patolojik
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durumlarin1 karakterize etmek i¢in metabolomiklerin uygulanmasina biiyiik ilgi vardir.
Su anda, metabolomiks kanser, diyabet, otoimmiin ve koroner hastaliklar gibi gesitli
hastaliklar1 aragtirmak, bunlarm teshisini ve Onlenmesini saglamak, iyilestirmek ve
daha iyi tedavi stratejileri tasarlamak igin uygulanmaktadir. Ayrica metabolomiks,
mikrobiyal biyoteknoloji, gida teknolojisi, farmakoloji, toksikoloji, enzim kesfi,
sistem biyolojisi ve bitki biyoteknolojisi dahil olmak {izere ¢ok ¢esitli uygulamalarda
degerli araglar saglayabilmektedir (Sekil 2.9) (34,66,70-72).

Hastaliklar
Tamisi
Hastaligin = Farmakoloji = Toksikolaji
Asamas) = jlagkesfi = Toksisite
Anlenmesi = Tedavi Degerlendirmesi
Bivobelirter Kesfi *  Tedaviigin = ilaglanntoksik
Risk Faktarler uygun doz etkileri
Gida Teknolojisi \ I /
Gidalann givenlig, E':tki
itesi . Bilirmi
kNELIJItI:;E;;n orniks — izl il —
Uygulamalar:
Mikrobival l Enzirn Kesfi
Bivoteknol oji - - — = Bivokiryasal
Fermentasyon ) Sl_stem_ﬁlyulmlsx Yolak Kesfi
Bivoteknal ojik B.WDIC'J'k .
Bilesikler Sl.stem!erl.n
Dinarizmmi
Metabolik

valaklann kesfi

Sekil 2.9. Metabolomiks uygulamalar1 (70).
2.7. Ast: Genel Kavramlar

Asilar patojenlere maruziyet sonucunda olusabilecek hastalik ya da
enfeksiyonlara kars1 korunma amaciyla immiin cevabi indiikleyen biyolojik iriinlerdir.
Asilar, patojenik bir enfeksiyonun sonuglart olan hastalik semptomlarmi 6nlemeyi
amaglar (73). Asilama yoluyla hastaligin 6nlenmesi, bulasic1 hastaliklarin yayilmasini
kontrol etmenin en iyi yoludur. Asilar her zaman hastaligm bulasmasini 6nlemesede,
enfekte olan canlilarda hastaligin siddetini degistirebilir veya duyarli kisilere

bulasmay1 azaltabilir (73).
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Canli agilar, hastaliga neden olan viriislerin veya bakterilerin laboratuvar
kosullarinda zayiflatilmasiyla elde edilmektedir. Bu asilardaki mikroorganizmalar
cogalma ve bagisiklik yaniti olusturma yetenegine sahiptir. Hastalik yapici 6zellikleri
ise zayiflatilmistir. Tiiberkiiloz asisi, oral polio asisi, sart humma asisi, rotavirlis asisi
bu tip asilara 6rnek verilebilir.

Inaktive asilar, bir hastaliga neden olan mikrobun cansiz halinin
kullanilmasiyla elde edilmektedir. Inaktif asilar genellikle canh asilar kadar giiclii bir
bagisiklik saglamaz. Bu nedenle, hastaliklara karsi siirekli bagigiklik kazanmak igin
rapel dozlar gereklidir. Hepatit A asis1 bu asilara 6rnek verilebilir.

m-RNA agilar, hedeflenen mikroorganizmanin antikor olusturan antijenik
yapisinin mRNA’smi i¢eren asilardir. Covid-19 asis1 buna 6rnek verilebilr.

Alt birim, rekombinant, polisakkarit ve konjuge asilar, mikroorganizmanin
proteini, karbonhidrat1 veya kapsidi (mikrop etrafindaki bir kilif) gibi belirli
parcalarin1 kullanilmasiyla elde edilmektedir.

Toksoid asilar, bir hastaliga neden olan mikroorganizma tarafindan
yapilan  toksinin  kullanilmasiyla elde edilmektedirler. Mikrooganizmanin
hastaliga neden olan kisimlarina karsi bagisiklik olustururlar. Difteri asis1 bu
asilara ornek verilebilir.

Agilar temel olarak antijen, adjuvan, stabilizator, siispansiyon sivisi Ve
kouyucudan olugmaktadir. Antijenler immiinolojik cevaba sebep olan temel
bilesenlerdir. Adjuvanlar, antijenle birlikte verildiginde immiin yanitin artmasina

yardimci olan maddelerdir.

2.7.1. Aluminyum Adjuvanlari

Asgilar temel olarak antijen, adjuvan, stabilizat6r, siispansiyon sivisi Ve
koruyucudan olugmaktadir. Antijenler immiinolojik cevaba sebep olan temel
bilesenlerdir. Adjuvanlar, antijenle birlikte verildiginde immiin yanitin artmasina
yardimci olan maddelerdir.

Asilarda kullanilan aliiminyum adjuvanlar baslica aliiminyum oksihidroksit
(Al(OH)3), aliiminyum hidroksifosfat (AIPO4) ve alum (KAI(SO4)2-12H20) igerir.
Aliiminyum hidroksit, fizyolojik pH'da (izoelektrik nokta (pl) = 11) pozitif yiiklii olan
kristalli bir aliminyumoksihidroksittir. Aliiminyum fosfat, fizyolojik pH'da (pl = 5-7)
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negatif yiiklii olan amorf bir aliiminyum hidroksifosfattir. Alum ¢okeltilmis agilarda
aluminyum, baz siilfat anyonlarinin yani sira genellikle fosfat olmak {izere tamponda
kullanilan anyonlar1 igeren bir aliiminyum hidroksittir (74). Bunlar arasinda adjuvan
olarak en sik kullanilan kimyasal aliiminyum hidroksittir (75).

Kullanilacak adjuvan dozu optimal etkiye sahip olmalidir. Az miktarda
aliminyum bilesikleri, antijenleri tamamen adsorbe edebilse de optimal adjuvan etki
gostermeyebilir.  Yiiksek miktarda aliiminyum bilesikleri ise, antijeni tamamen
mineral bilesiklerle kaplayarak bagigiklig1 baskilayabilir veya aliiminyum bilesikleri
makrofajlar i¢in sitotoksik etki gosterebilir. Aliiminyum hidroksitin, daha yiiksek
adsorpsiyon kapasitesi ve bazi antijenlerin nétr pH'ta daha iyi adsorpsiyonu nedeniyle
aliminyum fosfattan daha giiclii bir adjuvan etkisi oldugu gosterilmistir (76).

Aliminyum hidroksit bazli adjuvanlarin ve aliiminyum fosfat bazli
adjuvanlarin fiziksel ve kimyasal 6zellikleri belirgin sekilde farklidir ve bu bagigiklik
tepkilerinde farkliliklara yol agar (75). Bir ¢alismada, her iki adjuvan tarafindan
indiiklenen dogustan gelen bagisiklik tepkisi in vitro ve in vivo olarak karsilastirilmis
ve aliminyum hidroksit ile inkiibasyonun, in vitro olarak antijen isleme ve sunum
yollarinin aktivasyonunu spesifik olarak arttirdigi ve in vivo deneylerin, yalnizca
aliminyum hidroksit ile kas i¢i asilamanm nétrofilleri salgilattigi, aliiminyum fosfat
ile kas i¢i asilamanin ise enjeksiyon bolgesine monositleri/makrofajlart salgilattig
ortaya konmustur. Bir ¢alismada aliiminyum fosfat bazli adjuvanmn enjeksiyondan
sonra daha kolay ¢6ziindiigiinii bulunmustur. Her iki adjuvanin farkli fizikokimyasal
Ozelliklerinden dolay1 immunolojik farklilara sahip oldugu disiiniilmektedir (77).

Adjuvanlar, as1 icerisine katildig1 durumlarda asinin tek basina kullanilmasina
gore daha kuvvetli bagisiklik yanit olusturan ve etkisini giiclendiren, bagisiklik
yanitinin biiylikligiinii, genisligini ve dayanikliligmi artiran a1 bilesenleridir. Tek
baslarma immunojenik etki olusturmamaktadirlar. Ozellikle zayif immunojenik
ozellikteki ¢igek agis1 ve sart humma asisi gibi protein, peptid ve DNA agilarinin (dogal
bagisiklik tetikleme 6zellikleri zayif olan) uygulanmasmi takiben, bu maddelere karsi
gelisen zayif aktif kazanilmig bagisiklig tetikleyerek imunojenitelerini arttirirlar (78).
Asilamanin amaci, istenmeyen yan etkilerden kacinirken enfeksiyonlara karsi uzun
stireli koruma saglamaktir bu nedenle birlikte uygulanan bir antijene karst adaptif

bagisiklik tepkisini artirma yetenekleri agisindan as1 adjuvanlari kullanilmaktadir (79).
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Ast-adjuvan iligkileriyle ilgili son zamanlardaki biiyiik ilerlemelere ragmen,
adjuvanlarin etki mekanizmalar1 tam olarak halen bilinememektedir (78,80). Ancak,
dogustan gelen bagisiklik tepkilerini aktive ettikleri bilinmektedir. Etkili bir as1
yanitinin baglatilmasi, lokal inflamasyon gerektirmektedir (81).

Dendritik hiicreler (DC) gibi giiclii antijen sunan hiicreler (APC) dahil olmak
tizere dokuda yerlesik ve/veya infiltre olan bagisiklik hiicreleri, ast antijenleriyle ilk
kez uygulama yerinde karsilasir. Bu nedenle, as1 uygulama bolgesinde baslayan yerel
dogustan gelen bagisiklik tepkilerinin biiyiikligii adaptif bagisiklik icin 6nem arz
etmektedir (81). Aluminyum adjuvanlar 6zellikle monositlere olgun bir dendritik
fenotipe farklilagsmalar igin giiglii bir uyarim saglamaktadirlar. Dendritik hiicreler, asi
uygulamasindan sonra goézlemlenen antijen sunumunun ve islenmesinin ¢ogundan
sorumludur ve bu nedenle aliiminyum tuzlarinin yonlendirdigi immiinomodiilator
olaylarda ¢ok onemli bir rol oynamaktadirlar (82). Aluminyum adjuvanlar, in vivo
olarak enjeksiyon bolgesinde eozinofillerin birikmesi ile karakterize edilen bir tip 2
enflamatuar yanit1 ortaya cikarir ve bu etkinin, aluminyumun spesifik bagisiklik
tepkileri lizerindeki etkilerine katkida bulunabilecegi diisiiniilmektedir. Eozinofiller,
major doku uygunluk kompleksi II (MHCII) seviyelerini ve B hiicrelerinde 1L-4
yoluyla sinyal iletimini arttirmakta ve erken IgM yanitlarimi tesvik etmektedir.
Aluminyum adjuvanlar ayrica monositlerin antijen sunan DC’ye doniisiimiini de
indiikler (83).

Aluminyum adjuvanlar baslangigta bagisiklik kazandima bolgesinden
antijenin salinmasini1 yavaslatarak ve boylece antijen sunumunu uzatarak (depo etkisi)
bagisiklik tepkisini artirdigr distiniiliyordu. Bununla birlikte, bu hipotez son
zamanlarda, en azindan hayvan modellerinde, asilama bdolgesinin enjeksiyondan
sonraki saatler i¢inde ¢ikarilmasi, adaptif immiin yanit1 bozmadig1 i¢in ¢lirlitilmiistiir
(84). Aluminyum adjuvanm adjuvan aktivitesi daha ziyade, hasarl hiicreler tarafindan
salinan ve spesifik reseptorler tarafindan taninan trik asit ve konakgi DNA
gibi hasarla iliskili molekiiler yapilarim (DAMP) salimmin interlokin-1beta (IL 1B)
tiretimine baghdir (85).

DAMP'lerin aluminyum adjuvan aktivitesinde Kilit bir role sahiptir ve esas
olarak dogustan gelen bagisikhigi tetiklemektedir. Yapilan bir galismada, niikleik

asitlerin ana metaboliti ve kristallestiginde potansiyel bir DAMP olan iirik asidin, alum
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astlamasindan sonra DC aliminda ve T hiicresi aktivasyonunda bir rolii oldugu 6ne
striilmiistir ve Olmekte olan konak hiicreler tarafindan sallnan DNA'nin,
aluminyumun adjuvan aktivitesine aracilik eden o6nemli bir DAMP oldugu 6ne
stirilmiistiir (86).

Bir ¢alismada, aliiminyum adjuvanlanmis asmnin kas i¢ine enjeksiyonunun, ilk
olarak noétrofiller, ardindan makrofajlar ve ardindan eozinofiller ve MHCII hiicreleri
ile karakterize edilen steril bir inflamatuar yanit1 indiikledigi gériilmiistiir. Enflamatuar
yanit, dnceden asilanmis farelerde eozinofillerin ve MHCII hiicrelerinin daha hizli ve
daha giiglii bir sekilde toplandigi gozlemlenmistir (87).

Aliiminyum adjuvanlarin enjeksiyonu, hiicre igeriginin salinmasmma Ve
enflamasyona yol agan hiicre hasarina neden olur. Serbest birakilan hiicresel igerikler,
oOrlintii tanima reseptorlerine baglanarak dendritik hiicreleri aktive eden {irik asit, ATP
ve hiicresel DNA gibi molekiiler tehlike sinyalleri saglar. Aliiminyum adjuvanlar
ayrica, I1L-1 ve IL-18'in kaspaz-1'e bagh salinimina yol agan nod benzeri reseptor 3
(NLRP3) enflamasomunun birlesmesini indiikleyerek dogrudan dendritik hiicreleri
aktive edebilir (88).

Etkili bagigiklik tepkilerinin erken ortaya ¢ikmasi i¢in kritik olan, toll benzeri
reseptorler (TLR) veya retinoik asitle etkinlestirilen gen I (RIG-I) benzeri reseptorler
(RLR) gibi patern tanima reseptorlerinin (PRR) dahil edilmesiyle karakterize edilen
dogustan gelen bagisiklik sisteminin devreye girmesidir. Dogal ve adaptif bagisiklik
arasinda dnemli bir baglanti olan bir model tanima reseptorleri ailesine dahil olan TLR
gibi PRR veya patojenle iliskili molekiiler patern (PAMPS) gibi RLR'ler sitokinlerin
ve kemokinlerin iiretimine yol acar (89). Buna karsilik, bunlar APC, 6zellikle de
DC’leri etkinlestirerek, onlar1 antijene 6zgli bagisikligm gelisimi i¢in hazirlayan,
adaptif bagisiklik yanitinin hiicrelerine bir dizi sinyal baslatir. Adjuvan tarafindan
indiiklenen dogustan gelen yanit, sonraki adaptif yanitin tiirli ve giicii i¢in 6nemlidir.

T hiicreleri, bagisikligin uyarilmasinda kilit rol oynayan bir lenfosit tiiriidiir. T
hiicresi farklilagmasi, olgun dendritik hiicreler ve yerel farklilagsma ortami tarafindan
saglanan ii¢ molekiiler sinyal tarafindan etkili bir sekilde aktive edilir. 11k iki sinyal,
antijen sunumu ve yardimci uyarict molekiiller tarafindan saglanir. Ugiincii sinyal igin,
aliminyumun DC'lerin 1L-1b ve IL-18 dretimlerini indiikleyebilecegi gosterilmistir.

DC'ler daha sonra efektor T hiicrelerinin farklilasmasmi destekler. Adjuvanlar, ortaya
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cikan antikor ve T lenfosit seviyelerini artiran as1 katki maddeleridir (90). Calismalar,
aliminyum bazli adjuvanlarn, CD4+ T hiicrelerinin T yardimeci hiicre 2 (Th2)
hiicrelerine farklilasmasini indiikleyebildigini gostermistir (91). Bu nedenle, asi
performansini iyilestirmeye yonelik anahtar stratejilerden biri, antijen alimmi
kolaylastiran dogal bagisikligin uyarilmasmi, antijen sunan hiicrelerin uyarilmasmni
icermektedir (79,90).

NLR proteinleri, bagisiklik sisteminde yer alir. Bu proteinler bagisiklik
sisteminde mikroorganizmalar yiiziinden olusan Yyaralanmalara, toksinlere veya
istilaya kars1 tepkisini Aliiminyum adjuvanlari, bagisikhik sisteminde yer alan NLRP3
enflamatuar aktivasyonunu uyarabilir. Caligmalar, aliminyum adjuvanlarmin NLRP3
enflamasyon aktivasyonunu indiikleyebildigini ve IL-1b ve IL-18 diretimlerini
uyarabildigini gostermistir, bu da onlarin lokal inflamasyonu, APC alimini, dendritik
hiicre olgunlagmasmi, gelismis antijen alimini indiikleme yeteneklerini agiklayabilir.
Yapilan bir calismada NLRP3 olmayan farelerde, ovalbiimine absorbe edilmis
aliminyumun antijene o6zgii antikor iretemedigi goézlemlenmistir. NLRP3
enflamasyon aktivasyonunun aliiminyumun adjuvanliktaki rolii hala tartisilmaktadir
(91,92).

Aliiminyum adjuvanlar1 as1 preparasyonlarinda adjuvan olarak kullanilmakla
birlikte proteinleri iyi emdikleri icin, saklama sirasinda agidaki proteinlerin
¢Okelmesini veya kabm duvarlarina yapismasini Onleyerek asilart  stabilize
etmektedirler (79).

Ast gelistirmeye rehberlik edecek bir strateji, enfeksiyon ve asilamaya yanit
olarak meydana gelen protein degisikliklerinin daha kapsamli bir sekilde goriiniimiinii
elde etmek tizerine odaklanmalidir (93). Asi gelisimi i¢in patojenleri ve enfeksiyona
ve asilamaya karsi konagin tepkisini incelemek 6nemli bir uygulama alanidir. Gelisen
bir disiplin olarak, proteomiks ve metabolomik alani yeni teknolojiler ve yontemlerle
stirekli olarak degismektedir (93) ve patojen salgilanan veya ylizeye maruz kalan
proteinlerin tanimlanmasi yoluyla potansiyel as1 adaylarmin segimine izin vermektedir
(94).
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2.8. As1ve Proteomiks Teknoloji

Proteomiks teknolojinin, en bol sekilde ifade edilen ve asilanmig deneklerin
serumlariyla pozitif tepkimeye giren aday proteinleri tanimlayabilen giiglii bir yontem
oldugu kanitlanmistir. Proteomiks ¢ok sayida proteini yliksek hassasiyetle hizli bir
sekilde tanimmlama yetenegi, hem bakteri hem de viriisler i¢in as1 gelistirilmesine
yardimci olmaktadir. Bakterilerin, viriislerin, mantarlarin ve parazitlerin yapisi ve etki
tarz1 arasindaki farklar, asi antijen tanimlamasi i¢in kullanilacak ¢esitli proteomiks
yontemlere ihtiya¢ duyulmasina neden olmustur (93). Bu asamada immunoproteomiks
tanimi karsimiza ¢ikmaktadir. Immiinoproteomiks, antijenik peptitleri veya proteinleri
tanimlama ve Olgme ortak amacmna sahip, hizla biiyiiyen bir yaklagimlar
koleksiyonunu tanimlamaktadir. Bu alan hizla genislemekte ve patojenlerden, konakg1
hiicrelerden veya immiin sinyal molekillerinden tiiretilen bagisiklik ile ilgili
proteinlerin ve peptitlerin tanimlanmasiyla sonuclanan giderek daha cesitli teknikler
icermektedir. Immiin biyobelirtegler veya antijenlerle ilgili ¢alismalar yeni bir calisma
alan1 olmamakla birlikte agliitinasyon, ELISA veya Western blot gibi klasik
yontemler, asilama veya hastalia verilen immiin yanit1 incelemek i¢in uzun yillardir
kullanilmaktadir. Bununla birlikte, bu geleneksel tekniklerin ¢ogunda, protein veya
peptit tanimlamasi genellikle yetersiz kalmistir. MS enstriimantasyonu dahil olmak
tizere genomik ve proteomiksteki son gelismeler, immiinoproteomiks yaklasimlarda
hizl ilerlemelerin ¢oguna yol agnustir.

Immiinoproteomiksler, hastalik ve hastalign ilerlemesi, as1 adaylari ve
biyobelirtegler hakkinda 6nemli bir bakis agis1 saglamaktadir (95). Antijen kesfine ek
olarak, as1 biliminde MS'nin yaygin uygulamalari arasinda, sekanslarinin analizi,
translasyon sonras1 modifikasyonlar ve konjugasyon bolgesi tanimlamalari yoluyla
rekombinant protein alt birimi ve glikokonjugat asilarmin karakterizasyonu yer alir
(94).

Cesitli asilama tiplerinden biri olan Onleyici antiviral agilamanin amaci, uzun
stireli bir immiinolojik hafizayi indiiklemek ve enfeksiyon sirasinda hem humoral hem
de hiicre aracili yanitlart hizlandirmaktir. Etkili antiviral asilar gelistirmek igin,
konak¢1 proteomda temsil edilmeyen enfeksiyonda erken eksprese edilen yiiksek
derecede immiinojenik ve bol miktarda epitoplarm belirlenmesi ¢ok onemlidir.

Proteomiks teknoloji, yeni protein epitoplarinin tasarlanmasi, viriis yayilmast i¢in yeni
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hiicresel suslarin olusturulmas1 veya asilamaya konak¢i bagisiklik —sisteminin
tepkisinin izlenmesi gibi antiviral ag1 liretiminin tiim asamalarinda uygulanmaktadir
2).

Etkili antiviral agmm icat edilmesindeki ilerlemeyi smirlayan ana sorun, asi
tiretimi i¢in uygun hiicresel suslarin mevcudiyetine iliskin bazi eksikliklerdir. Yiiksek
seviyede viryonlar1 ¢ogaltmak i¢in hiicre hattinin giivenli ve viriis sitotoksisitesine
"direngli" olmas1 gerekir. Iki farkli konakg¢idan tiiretilen hiicre hatlarinmn genellikle
glikosilasyon mekanizmasinda, metabolizmada, enzim aktivitelerinde ve proteom
profilinde varyasyonlar gosterdigine dikkat edilmelidir (2).

Cogu proteomiks as1 ¢alismasindaki ilk adimlardan biri, patojen proteomunun
ve konagm enfeksiyondan sonra immiin tepkisinin kiiresel bir goriiniimiinii elde
etmektir. Tarihsel olarak bu, patojenin proteomunun 2D jel elektroforezi ve ardindan
patojenle enfekte olmus bireylerin serumunda bulunan antikorlar kullanilarak bir
Western blot kullanilarak yapilmustir (93). Antikorlar blottaki proteinlerle reaksiyona
girer ve bu proteinler daha sonra saflastirilir veya MS analizi i¢in sindirilir. MS'in
yaygin kullanmm, lekelerdeki proteinlerin hizli bir sekilde yiiksek hassasiyette
tanimlanmasma izin vermektedir. Ornegin, {ireazin bakteriyel patojen Helicobacter
pylori'de baskin bir immiinojenik protein oldugunu kesfetmek icin 2D jeller ve MS
kullanilmistir. McAtee ve arkadaglar, enfekte hastalarin serumlariyla reaksiyona giren
2D protein noktalarini sindirerek bunlart matriks ile desteklenmis MALDI-TOF-MS
ile analiz etmis ve seropozitif adaylar olarak iireaz dahil 20 protein belirlemislerdir
(93).

MS tabanh proteomiks en yaygimn kullanilan yaklagimdir ve T hiicre profili
baglaminda MHC ve ayrica B hiicresi aktivitesini tetikleyen antijenik belirleyicileri
tanimlamak ¢ok oOnemlidir (96). MS yontemi 6nceden tanimlanmis proteinlerin
kullanimiyla sinirhi olmadigindan farkh alanlarda protein kesifleri icin tercih edilen
yontem haline gelmistir. Diisiik 6rnek girisi, yiiksek ¢ikt1 ve giiclii proteomiks derinlik,
bu yontemi farkli klinik ve bilimsel ortamlarda protein biyobelirteglerinin
tanimlanmasini amaglayan biiylik tanisal ¢alismalar i¢in ¢ekici kilmaktadir (96).

Karsilagtirmali proteomiks analizler, mevcut asilar1 daha etkili hale getirmek
ve potansiyel olarak evrensel asilar olusturulmasma olanak saglar. Karsilastirmal

calismalar, Mycobacterium tuberculosis ile mevcut tek tiiberkiiloz asisimda kullanilan
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bir inek tiiberkiiloz susu olan Mycobacterium bovis'in proteomlar: arasindaki
farkliliklar1 tanimlamustir. Benzer sekilde, B. anthracis'in virtilan ve aviriilan suslar1 da
dahil olmak iizere Bacillus cereus grubunun spor proteinlerinin bir karsilastirmasi,
yiiksek derecede immiinojenik 15 sarbon asis1 adayr tanimlanustir. Iki Bordetella
pertussis susunun karsilagtirilmasi, mevcut anti bogmaca asisinda temsil edilmeyen 15

protein tespit etmistir (93).
2.9. As1ve Metabolomiks Teknoloji

Metabolomiks, klasik metabolik hastaliklarla olan iliskisine ek olarak,
16kositler tirettikge ve dogustan gelen ve adaptif bagisiklik icin 6nemli olan anahtar
metabolitlerden etkilendik¢e, onemli bir ¢alisma alani olan immiinometabolizmanin
ortaya ¢ikmasinda kilit rol oynamistur.

Plazma veya serum metabolomiksleri, enfekte bir hastada metabolomun
profilini ¢ikarabilir, spesifik bir patojenden etkilenen ¢esitli organ sistemlerindeki
cesitli hiicre tiplerinin sistemik tepkilerini yansitir ve bdylece potansiyel enfeksiyon
biyobelirteglerini belirleyebilir buna bagl olarak daha fazla metabolomiks kesfi ve
hedeflenen metabolitlerin dogrulanmasi, bulasici hastaliklarin yeni biyobelirteglerini
ortaya c¢ikarmay1 ve asilamay1 basarih bir sekilde yapmay: saglayabilir. Enfeksiyon
sirasinda, patojen-konakci arasinda karsihikli etkilesimler sonucunda bazi metabolik
degisiklikler meydana gelmektedir. Okaryotik konakcilarda bakteriyel veya viral
patojenler biyoenerjetik ve biyosentetik gereksinimlerini karsilamak icin besinler ve
diger metabolitler icin rekabet etmektedir. Bu nedenle mikroorganizmalarin ¢ogu
konakgidaki spesifik anabolik yollar1 gii¢clendirmektedir. Bu metabolik degisikliklerin
karakterizasyonu tanisal, prognostik ve terapotik uygulamalar alaninda aydmlatict bir
yol sunmaktadir (56,97).

Yapilan bir calismada as1 adayi tiiberkiiloz as1 adayt MTBVAC ile onun
ebeveyn Mycobacterium tuberculosis susu arasindaki hiicre igi metabolitlerdeki
farklihklart arastirilmustir.  Bazi  farkli  metabolitlerin - M. tuberculosis'e 6zgii
olabilecegini ve bu patojenin viriilansiyla iligkili olabilecegini varsayilmig ve viicut
svilarinda tiiberkiilozun biyolojik belirtecleri olarak kullanilabilecegi diistiniilmiistiir.
Ayrica, MTBVAC'ye 6zgii metabolitlerin, klinik ¢alismalarda asilanmig bireyleri

enfekte kisilerden ayirmak i¢in kullanilabilecegi distiniilmektedir (55). Omiks



31

teknolojilerinin ve biyoinformatik araglarin ortaya ¢ikisi, son zamanlarda insan
asilarinin ve adjuvanlarinin molekiiler ve hiicresel etkilerini tanimlamak i¢in
kullanilmistir. Metabolomiksler, 6zellikle ilag kesfi ve hassas tipta olmak tizere ¢esitli
biyomedikal uygulamalarda kullanilmigtir ancak as1 arastirmalarinda uygulanmasi
bliyiik olclide kesfedilmemistir.

Yang ve arkadaglar1 tarafindan yapilan bir ¢aliymada, metabolomikslerin ve
proteomikslerin (MS tabanli) bir kombinasyonu, bir DNA asisi ile bagisiklastirildiktan
sonra farelerin serumlarinda lipit profillerinde ve protein kompozisyonunda
degisiklikler ortaya c¢ikarirken (98), McClenathan ve arkadaslari NMR bazh
metabolomikslerin kullanilmasi ile bir bireyin ¢igek asist uygulamasindan once ve
sonra metabolit profillerinde farkliliklar oldugunu ortaya koymustur (99).

Aluminyum adjuvanlari, asilarda yillardir kullanilan adjuvan maddedir ancak
aluminyumun etki mekanizmas1 hakkinda kesin bir bilgiye biyiik 6lgiide
ulagilamamigtir. Aluminyum adjuvaninin asilamadan 6, 24, 72 ve 168 saat sonra fare
serumu iizerindeki etkilerini izlemek i¢in LC-MS tabanli metabolik ve lipid profili
uygulanmis ve as1 uygulamasi sonrasi farelerin serumlarinda lipit seviyeleri ile ilgili
degisiklikler gozlenmistir. Hatta lipidlerin aluminyum uygulamasindan en ¢ok
etkilenen metabolitler oldugu ortaya konmustur. Bu ¢alismanin aliiminyumun etki
mekanizmasma yeni bakis acilart saglayabilecegi diisiiniilmektedir (100).

Metabolik profillemenin en eski uygulamalarindan biri olan ve yine Yang ve
arkadaglarmin 2008°de yaptig1 calismada, hepatit B viriisii yilizey antijenini kodlayan
bir plazmid ile farelerde immiinizasyona metabolit yanitlari iizerine yapilan bir fare
caligmasinda, asilama grubunda birka¢ metabolitin serum seviyelerinin artmasiyla
sfingolipid metabolizmasinda degisiklikler oldugu ortaya konmustur (98).

Farelerin canli bir rekombinant kuduz asis1 (TriGAS) ile bagisiklastirilmasi,
ardindan kuduz viriisii ile enfekte farelerin metabolik profilleri incelenmistir. Enfekte
olan farelerin enerji metabolitlerinde, noérotransmiterlerinde ve viral RNA'nin
replikasyon seviyeleri ile iligkili olan stres hormonlarinda ¢ok sayida degisiklik
gozlemlenmistir. TriGAS ile bagisiklanan farelerde bu etkilerin  higbiri
gozlemlenmezken bu farelerde karnitin ve agilkarnitin ekspresyonunun yukari
regiilasyonu gozlemlendi. Bu durum bu bilesiklerin noéroprotektif oldugunu

dustindtiirmistiir. Enfekte farelerde goriilen en carpict degisiklik, beyin ve serum
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kortikosteron seviyelerinde artig olmustur. Bu aragtirma sonucunda, kuduz virtisii ile
enfeksiyon durumunda kortikosteron biyosentezini inhibe etmek igin uygulanan
farmakolojik miidahalelerin, kuduz viriisiiniin patojenitesini 6nemli olgiide azaltarak
beyin homeostazin1 korumaya yardimci oldugunu bdylece hastalik mortalitesini

azalttigini gostermektedir (101).
2.10. Hiicre Kiiltiirii Cahsmalari

Hiicre kiiltirt, belirli bir dokudan tek tek hiicrelerin toplanmasmi ve
hiicrelerin, insan viicudunun i¢ ortamini taklit eden zengin bir ortamla kaplh plastik
veya cam bir sisede viicut sicakhiginda (37 °C) bir inkiibatorde tutulmasini
icermektedir (102). Farkli hiicre kiiltiir ortamlarinin gelistirilmesi ile hiicre ¢ogalmasi,
farklilasmasi, biliyime faktorlerinin tanimlanmasi, ¢esitli hiicre tiplerinin normal
fonksiyonlarinin altinda yatan mekanizmalarin anlagilmasi, hiicre-hiicre veya hiicre-
matriks etkilesimlerinin ve olusturulan hastalik modellerinde biyolojik bilesenlerin
(as1 ilag, terapotik proteinler vd.) etkilerinin belirlenmesi gibi bircok deneysel
caligmalarin yapilmasi miimkiin olabilmektedir (103). Ayrica hiicre kiiltiirii sistemleri,
canli hayvan testlerine alternatif olarak biiyiik potansiyele sahiptir. Bircok hastalik igin
agilar, varliklarini hiicre kiiltiiriiniin gelismesine bor¢ludur (102,104).

Tarihsel siirece bakildiginda; ilk ¢alisma 1885 yilinda Roux tarafindan
embriyonik civciv hiicrelerinin viicut disinda serum ¢ozeltisi iginde canli kalmalar
tizerinedir (105).

Hiicre kiiltiiri, embriyoloji, gelisim biyolojisi ve daha sonra kanser
arastirmalarindan gelistirilmistir. Yirminci yiizyillin basinda Ross Harrison (1870—
1959) ve Leo Loeb (1869-1959) tarafindan gergeklestirilen ilk deneylerde, sivi ortam
olarak kan pihtilari, agar veya tuz ¢ozeltileri kullanilarak test tiiplerinde canli tutulan
doku veya organ pargalar1 kullanilmigtir (102).

Hiicrelerin optimum sekilde biiyiimesi i¢in temel c¢evresel gereksinimler
sunlardir: kontrollii sicaklik, hiicre baglanmasi igin substrat ve dogru pH ve
ozmolaliteyi koruyan uygun biiyiime ortamm ve inkiibatér. Hiicre kiiltliriindeki en

onemli ve can alict adim, in vitro yetistirme i¢in uygun biiylime ortaminin se¢ilmesidir
(102).
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Hiicre bazh tiretim teknolojisi, tireticilerin pazar ihtiyaclarma daha hizl
ve daha kisa {iretim dongiilerinde yanit vermesine olanak tanir ve ayn1 zamanda daha
fazla dalgalanma kapasitesi, daha fazla proses kontrolii ve daha giivenilir ve iyi
karakterize edilmis bir iirlin saglar (106). Yeni ilaglarin etkinliginin ve toksisitesinin
degerlendirilmesi, as1 ve biyofarmasétik tiretimi ve yardimci tireme teknolojisi dahil
olmak tizere ¢esitli alanlarda hiicre kiiltiirii tabanl pratik teknolojiler gelistirilmistir
(106).

[laglarm hayvanlar iizerinde test edilmesinin klinik testlerde yetersiz oldugu ve
hiicre kiiltiirlerinin ilag adaylarinin spesifik metabolizmasini anlamak igin bir alternatif
olabilecegi bilinmektedir. Gilinlimiizde hiicre fenotip analizi ve hastalik alt tipinin
molekiiler siniflandirmasi ve ilag testi calismalari, fenotiplerin belirteglerinin veya ilag
hedeflerinin kesfine odaklanmaktadir. Hiicre kiiltiirlerinin metabolik analizi, hiicre
testi igin su anda kullanilan yontemlere gore bir¢ok potansiyel uygulamaya ve avantaja
sahiptir (107).

Proteomiks de hiicre kiiltiirii alaninda uygulamalar artik yaygin bir sekilde
kullanilmaktadir. Bununla birlikte, hiicre kiiltiirii i¢in proteomiks kullanimi, numune
hazirlama, MS ve biyoinformatik optimizasyonu gibi yontemlerdeki gelismelerle de

ilerleme gostermistir (108).
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3. GEREC VE YONTEM

3.1. Kullamilan Kimyasal Maddeler ve Ekipmanlar

Tez kapsaminda kullanilan kimyasallar, gerecler, cihazlar ve yazilimlar Tablo

3.1-3.6’da verilmistir.

Tablo 3.1. Hiicre kiiltiirii calismasinda kullanilan malzemeler

Kimyasal Firma
RPMI 1640 Biological Industries
Fetal Sigir Serum Advansta
Fosfat Tamponlu Salin Cozeltisi Advansta
L-glutamin Advansta
Tripan mavisi InvivoGen
Metanol InvivoGen
Alhydrogel® adjuvan 2% InvivoGen
Adju-Phos® adjuvan InvivoGen
96 kuyucuklu plaka Nest

6 kuycuklu plaka Nest

T25 ve T75 flask

Serolojik pipetler

Santrifiij Tiipleri

FACS flow™ Cell wash™
propidyum iyodiir
lumogallion

SDS/DMF

Orange Scientific
Orange Scientific
Sarstedt

BD Biosciences
Sigma-Aldrich
TCI Chemicals

Tablo 3.2 Hiicre kiiltiiri calismalarinda kullanilan antikorlar.

Hedef Klon Florokrom Uretici Firma Konsantrasyon
HLA-DR L243 PERCP Sony 1:100
CD11b ICRF44 APC-Cy7 BD 1:100
CD86 1T2.2 Pasific Blue Biolegend 1:100
CD33 WM53 PE-Cy7 Sony 1:100
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Kimyasal Firma

Aseton (GC saflikta) Merck

Asetonitril (LC-MS saflikta) Merck

Doymus alkan serisi (Cs-Cao) Sigma Aldrich

Diklorometan Merck

Ditiotreitol Merck

Formik asit (LC-MS saflikta) Merck

Helyum gazi (%99,999) Ankara Gaz

Iyodoasetamit Merck

Kloroform Sigma Aldrich

Metoksiamin hidrokloriir Sigma Aldrich

MSTFA + %1 TMCS Sigma Aldrich

Piridin (GC saflikta) Sigma Aldrich
Tablo 3.4. Kullanilan cihazlar

Cihaz Firma

Derin donduruculu buzdolab1 (-20 °C)  Argelik

Derin dondurucu (-80 °C) Niive

GC-MS

Hassas Terazi
Kuru blok 1s1tict
Milli-Q su cihazi
gTOF-MS
Santrifiij (1)
Santrifiij (2)
Ultrasonik banyo
UPLC

Vakum santrifiij
Vorteks karistirict
Stv1 azot tanki

Shimadzu (QP2010 Ultra)
Mettler Toledo (AG285)
Allsheng MS-100

Barnstead NanoPure Diamond
Agilent (6530)

Hermle (Z233 M-2)

Hettich (EBA 20)

Bandelin Sonorex (RK 514 BH)
Agilent (1260 Infinity)
Labconco CentriVap Concentrator
Ika Vortex 3

MVE Lab10

Tablo 3.5. Cam ve sarf malzemeler

Sarf Malzeme

Firma

Balon joje ve beher (gesitli hacimlerde)
C18 kolon (2.1 x 100 mm, 2.7 um)

GC kolon (30 m +10 m 6n kolon, 0,25 mm, 0,25 um)

Insert (200 pL)
Meziir (gesitli hacimlerde)

Otomatik mikropipet (0,1-10, 10-100, 100-1000 puL)

Santrifiij tiipti (1,5 ve 2 mL)
Siringa
Vial (2 mL) ve vida kapak

Isolab

Agilent (Poroshell HPH)
Agilent (DB5-MS)
Agilent

Isolab

Eppendorf

Isolab

Hamilton

Agilent
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Tablo 3.6. Yazilimlar

Yazihm Firma

ABF Converter Reifycs

Excel 2020 Microsoft

GraphPad Prism (ver. 7.04) GraphPad Software
MS-DIAL (ver. 4.92) RIKEN

SIMCA (ver. 14.1) Umetrics AB

Metaboanalyst (ver. 5.0) https://www.metaboanalyst.ca

3.2. Cozeltilerin Hazirlanmasi

Tam RPMI besiyeri: RPMI 1640 besiyeri (1 mM L-glutamin igeren) final
derisimi %10 olacak sekilde 1siyla inaktive edilmis fetal bovin serumu ve son derisimi
%1 olacak sekilde penisilin/streptomisin eklenerek tam RPMI besiyeri hazirlanmistir.
Besiyeri 2-8 ' deen fazla 4 hafta saklanmistir.

Fosfat Tamponlu Salin Cozeltisi (PBS) (1x): Toz formundaki hazir karisim
500 mL distile suda (dH20) ¢oziilerek 150 mM sodyum kloriir ve 10 mM sodyum
fosfat iceren, 7.2 pH degerindeki 1x PBS ¢ozeltisi elde edilir. Otoklavlanarak sterilize
edilir ve 2-8  sicaklikta saklanur.

Tripan Mavisi: 1x PBS ile tripan mavisi tozunun %4 liikk (g/mL) ¢ozeltisi
hazirlanmustir.

3-(4,5-dimetiltiazol-2-il)-2,5-difeniltetrazolium bromid (MTT): 1xPBS ile
toz MTT 5 mg/mL derisimde ¢6ziiliir. Taze hazirlanir. 2-8 sicaklikta, 1siktan
korunarak saklanmistir.

2.5 mM Propidyum lyodiir (P1): Toz propidium iyodiiriin 5 mg’1 dH20’da
¢ozlindurilmiis ve 2-8  sicaklikta, 1giktan korunarak saklanmustir.

Lumogallion: 1xPBS ile toz lumogallion 0.2 mg/mL (0.58 mM) derisimde
¢oziilir. -20  sicaklikta, 1siktan korunarak saklanir.

%0.1 Formik Asit (FA) ¢ozeltisi: MS saflikta bir miktar su igeren bir litrelik
balon jojeye derisik FA (%98) ¢ozeltisinden 1 mL aktarilmus ve bir litreye MS saflikta
su ile seyreltilmistir.

%0.1 FA iceren asetonitril ¢ozeltisi: MS saflikta bir miktar asetonitril iceren
bir litrelik balon jojeye derisik FA (%98) ¢ozeltisinden 1 mL aktarilmis ve bir litreye
LC-MS saflikta asetonitril ile seyreltilmistir.


http://www.metaboanalyst.ca/
http://www.metaboanalyst.ca/
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%0.1 FA ve 10 mM amonyum format (AF) iceren su:asetonitril (6:4, h/h)
cozeltisi: MS saflikta 400 mL asetonitril ile bir miktar su bulunan bir litrelik balon
jojeye 0,6306 g amonyum format tartilarak aktarilmistir. Amonyum format’nin
¢oziinmesi saglandiktan sonra derisik FA (%98) ¢ozeltisinden 1 mL alinarak balon
jojeye ilave edilmistir. Sonrasinda hacim MS saflikta su ile bir litreye tamamlanmustir.

%0.1 FA + 10 mM AF iceren isopropil alkol:asetonitril (9:1, h/h) ¢ozeltisi:
MS saflikta 100 mL asetonitril ile bir miktar isopropil alkol bulunan bir litrelik balon
jojeye 0.6306 g amonyum format tartilarak aktarilmis ve amonyum formatin
ultrasonik banyoda tamamen ¢o6ziinmesi saglandiktan sonra derisik FA (%98)
¢ozeltisinden 1 mL alinarak balon jojeye ilave edilmistir. Sonrasinda hacim MS
saflikta su ile bir litreye tamamlanmustr.

Metoksiamin Hidrokloriir (MeOX) cozeltisi (20 mg/mL): 20 mg MeOX
tartilarak viale aktarilmig ve iizerine 1 mL piridin ilave edilerek vortekslenmistir.
MeOX ¢ozeltisi her analizden Once taze olarak hazirlanmustir.

10 mM ditiotreitol (DTT) cozeltisi: 23.15 mg DTT tartilarak santrifiij tiipiine
alinmis ve tizerine 300 uL. MS saflikta su eklenmistir.

55 mM iyodoasetamid (IAA) c¢ozeltisi: 148 mg | AA tartilarak santrifiij tiipiine
alinmis ve tizerine 800 L. MS saflikta su eklenmistir.

50 mM Tripsin Reaksiyon Tamponu (pH:8.2): 150 mg Tripsin tartilarak
santrifiij tliptine aktarilmis ve tizerine 25 mL amonyum bikarbonat ¢6zeltisi eklenerek

hazirlanmustir.

3.3. Hiicre Kiiltiirleri

Tez kapsammda c¢ahsilan THP-1 (Prof. Dr. Nesrin Ozéren, Bogazici
Universitesi, Tiirkiye, tarafindan hediye edilen) ve U937 (Dr. Yulia Nefedova, H. Lee
Moffitt Cancer Center, FL, ABD, tarafindan hediye edilen) insan monosit hiicre hatlar
siispanse Ozelliktedir ve kiiltiirleri tam RPMI besiyeri ortaminda, T-75 kiltiir
kaplarinda, 37 °C ve %5 CO: inkiibatér kosullarnda idame edilmistir. Kiiltiir
ortammda c¢ogalan hiicrelerin mikroskop (inverted) ile yaklasik %80 yogunluga
ulagtiginin  gézlemlenmesiyle pasajlama islemi gergeklestirilmistir. Pipetaj ile
siispande haline getirilen hiicreler THP-1 i¢in 2:5, U937 i¢in 1:5 oraninda taze tam

RPMI ile 20 mL' ye seyreltilerek hiicrelerin geri inkiibatére almmasiyla pasajlama
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islemi tamamlanmustir. Hiicrelerin toplanan kisimlart ise deney kurulumunda
kullanilabilir veya atilir.

In vitro deney kurulumlarinda istenilen canli hiirce sayisinin tespiti i¢in pasaj
sonrasinda toplanan hiicre stispansyonundan 10 pL 6rnek almir ve 10 pL tripan mavisi
cozeltisi ile boyama islemi gergeklestirilir. Tripan mavisi ile boyanmayan canli
hiicrelerinin saymmi Fuchs-Rosental (Hausser Scientific, ABD) kamarasi kullanilarak

mikroskopta 10x biiyiitme ile gergeklestirilir.

3.4. In vitro Analizler i¢in Deney Tasarimmm Olusturulmasi
3.4.1. MTT Hiicre Canhlik Analizi

Pasajlama islemi ardindan toplanan THP-1 ve U937 hiicreleri, 40x10° hiicre/50
L tam RPMI besiyeri derisimde diiz alth 96 kuyucuklu plaka kuyularma ekilmistir.
Hiicrelerin adaptasyonu i¢in 4 saat beklenildikten sonra iizerlerine 50 uL. tam RPMI
besiyeri igerisinde aliiminyum hidroksit (AH, Alhydrogel®) veya aliiminyum fosfat
(AP, Adju-Phos®) adjuvanlari uygulanmustir. Her iki adjuvan igin, igerdikleri
aliminyum (Al) derisimi iizerinden; 1, 0.5, 0.25, 0.125, 0.0625 mM derisimlerde
adjuvan uygulanan hiicreler 24, 48 veya 72 saat inkiibasyona birakilmistir. Sonrasinda
kuyulara, 5 mg/mL MTT ¢ozeltisi 25 uL. hacimde eklenerek 4 saat 37 ’ de inkiibe
edilmistir. Devamunda, 80 pL hacimde sodyum dodesilsiilfat/dimetilformamit
(SDS/DMF) ¢ozeltisi kuyulara eklenmigtir. 37° C’ de 16 saat inkiibasyonun sonrasinda
kuyularda olusan renkli ¢6zeltinin absorbanst mikroplaka spektrofotometresinde
(Spectra Max Molecular Devices, ABD) SDS/DMF kor okumastyla, 570 nm dalga
boyunda 6l¢iilmiistiir. Her bir kuyudan o6lgiilen OD (optical density, optik yogunluk)
degeri ilgili hiicrenin kontrol kosulunun (0 pg/mL Al) dortli teknik replikasinin OD
degerleri ortalamasma oranlanarak roélatif canliik ylizde degisim degerleri
hesaplanmstir.

%.Canli hiicre miktar1 = Td uygulanmug kuyu OD / Kontrol OD ortalamasi X
100
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3.4.2. Propidyum lyodur Hiicre Canhihk Analizi

Toksisiteyle membran biitlinliigii bozulan hiicrelerde propidyum iyodiir (PI)
boyasi hiicre igine gecerek DNA' ya baglanabilmektedir. Boylelikle PI boyanmayan
hiicre yiizdesi canliligin dogrudan 6l¢lilmesine imkan vermektedir. THP-1 ve U937
hiicreleri 6 kuyucuklu plaklara, 1 mL hacimde tam RPMI besiyeri igerisinde 1x10°
hiicre yogunlugunda ekilmistir. MTT testi ile incelenen konsantrasyon araligindaki
adjuvan uygulamalarmda hiicre canliligmin korundugu goézlemlenmesiyle deneylere
yiksek (1 mM Al) ve diisik (125 uM Al) olmak iizere iki derisimde aliiminyum
oksihidroksit(AH) ve aliiminyum hidroksifosfat (AP) uygulamasiyla devam edilmesi
kararlastirilmistir.

Hiicrelerin ekiminin ve 4 saatlik adaptasyon siiresinin ardindan, belirtilen son
konsantrasyonlarina uygun miktarda (2x derisimde) 1 mL hacimde tam RPMI besi yeri
ortami igerisinde Kuyulara uygulanmistir. Adjuvanlarin uygulanmasi sonrasinda
hiicreler 72 saat inkiibe edililir. Ardindan, slispande karakterlerini korumakta olan
hiicreler toplanip kuyular PBS ¢ozeltisiyle yikanarak toplanan hacimle birlestirilmistir.
Toplam hacim PBS ¢ozeltisi ile 10 mL' ye tamamlanip 1800 devir/dakika’da 5 dakika
santrifiijlenerek yikanmustir. Stipernatan uzaklastirilir ve hiicre pelleti Cell wash™
standardize 1xPBS firiinii ile dagitilmasiyla tek hiicre siispansiyonu halindeki akim
sitometrisi ornekleri hazir hale getirilmigtir. 100 uL Cell wash™ igerisinde analiz
tliplerine alinan 6rneklere 1 pL PI (5 mg/mL) ¢ozeltisi eklenerek 5 dakika siiresince
oda sicakhiginda ve karanlikta boyama islemi gergeklestirilmistir. Devaminda
omeklere Cell wash™ eklenerek 1800 devir/dakika’da 5 dakika santrifiijlenir, boylece
serbest PI yikanarak uzaklastirilmgtir. Pellet Cell wash™ ile tekrar dagitilarak tek
hiicre stispansyonu elde edilir ve akim sitometrisi cihaziyla (FACSCanto I, BD, ABD)
analiz gerceklestirilmistir.

Akim sitometrisi ¢aligmasi, belirlenen kapilama stratejisinde (Bkz. Sekil 3.1.)
hiicrelerin boyutsal (Forward Scatter, FSC) ve graniiler (Side Scatter, SSC)
ayrnimlarmi sonrasinda Pl ile boyanmanmus en az 10% canli hiicrenin analiziyle
gerceklestirilmistir. Sonuglarin veri dosyalan .fcs (Flow Cytometry Standard) dosya
formatina getirilir ve FlowJo yazilmi (Tree Star, ABD) kullanilarak veri analizi

gerceklestirilmistir.
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FSC-H

Sekil 3.1. Akim sitometrisi analizleri igin kapilama stratejisi.

3.4.3. Aluminyum Adjuvanlarim Hiicresel Almmmn incelenmesi

THP-1 ve U937 hiicrelerinin diisiik ve yiiksek derisimde AH ve AP ile 72
saatlik inkiibasyonunun sonrasmda hiicreler tarafindan internalize edilen AP*
diizeyleri lumogallion boyamasiyla incelenmistir. Hiicreler toplanip 20 pM
lumogallion igeren 2 mL tam RPMI besiyeri ortaminda tekrardan 6 kuyucuklu
plakalara ekildi ve 37 °C’ de 4 saat inkiibe edildi. Boyanan hiicrelerin toplanarak 1x
PBS ile 2 sefer 1800 devir/dakika’da 5 dakika santrifiijlenerek yikanmasiyla serbest
lumogallion ortamdan uzaklastirild1. Hiicre pelleti Cell wash™ ile siispande edilerek
florokrom konjuge anti-CD33 antikoru ile 1:100 diliisyonda 25 dakika oda
sicakliginda ve karanlikta boyama islemi yapilarak hiicrelerin boyanan hiicre disi
serbest aliiminyum kristallerinden ayrmnmn saglanmasi amaglandi. Inkiibasyon
sonrasinda baglanmayan antikor icerigi 1800 devir/dakika’da 5 dakika santrifiijleme

islemiyle yikanarak uzaklastirilir. Hiicre pelleti Cell wash™

ile tekrar siispande edilir
ve baslhk 3.4.2 'de belirtilen FSC ve SSC kapilama stratejisi uygulanmasiyla akim
sitometrisi analizi gerceklestirilir. FlowJo yazilimi kullanilarak yiizde lumogallion

pozitifligi ve lumogallion OFY degerleri hesaplanmustir.

3.5. Monosit Hiicrelerinin Aktivasyon ve Maturasyonunun Yiizey

Belirteci ifadelerinin incelenmesi
3.5.1. Immunfenotipleme

THP-1 ve U937 hiicrelerinin diisiik ve yiiksek derisimde AH ve AP ile 72
saatlik inkiibasyonunun sonrasinda baghk 3.4.2. bolimiinde anlatildig: sekilde 100 pL.
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Cell wash™ igerisinde tek hiicre siispansiyonlar1 elde edilir. iImmiinfenotiplemede
hiicrelerin ifade ettikleri yilizey belirteci diizeyleri, hiicrelerin Tablo 3.2' de listelenen
florokrom konjuge antikorlar boyama islemi yapilarak incelenir. Antikorlarla boyama
islemi 1:100 diliisyonda 25 dakika oda sicakliginda ve karanlikta gerceklestirilir.
Inkiibasyonun 20. dakikasinda ise 5 dakikahk Pl boyamasi yapilir. Inkiibasyon
sonrasinda baglanmayan antikor ve Pl igerigi 1800 devir/dakika’da 5 dakika
santrifiijleme islemiyle yikanarak uzaklastirihr. Hiicre pelleti Cell wash™ ile tekrar
siispande edilir ve devammda en az 102 canli hiicre iizerinden akim sitometrisi analizi
gergeklestirilir FlowJo yazilimui ile yiizey belirteclerinin ifade diizeyleri icin OFY

degerleri hesaplanir.
3.6. Proteomiks ve metabolomiks analizler i¢in deney kurulumu

THP-1 ve U937 hiicreleri T-25 kiiltiir kaplarma, 5 mL hacimde tam RPMI
besiyeri icerisinde 5x10° hiicre yogunlugunda ekilmistir. Hiicrelerin ekiminin ve 4
saatlik adaptasyon siiresinin ardindan, AH ve AP adjuvanlar 1 mM ve 125 uM Al son
konsantrasyonlarina uygun miktarda (2 mM ve 250 uM, 2x derisimde) 5 mL hacimde
tam RPMI besi yeri ortami igerisinde T-25 kiiltiir kaplarina uygulanmustir.
Adjuvanlarm uygulanmasi sonrasinda hiicreler 72 saat inkiibe edildi.

Inkiibasyon siiresinin ardindan T-25 kiiltiir kab1 igerisindeki hiicreler pipetajla
tekrar slispande hale getirilip kiiltiir kaplar1 dik pozisyonda inkiibatore geri kaldrildi.
Hiicrelerin dibe ¢oktiigliniin gbzlemlenmesiyle iist sivi 15 mL hacimli santrifiij
tliplerine toplanarak 4 °C sicakta 1800 devir/dakika’da 5 dakika santrifiijlenmistir.
Tipler buz tizerine almarak sitipernatant 5 mL yeni hacimli santrifiij tiiplerine
toplanilmis ve analiz zamanma kadar -80 °C sicaklikta saklanmistir. Daha sonrasinda
buz iizerindeki az miktarda geriye kalan hiicre pelleti {lizerine T-25 kiiltiir kabinda
kalan hiicre ornekleri eklendi ve kap igerigi soguk 1xPBS cozeltisiyle yikanmustir.
Ardindan, son hacim 14 ml’ye tamamlandi ve oOrnekler 4 °C sicakta 1800
devir/dakika’da 5 dakika santrifiijlenmistir. Stipernetanin uzaklastirilmasinin ardindan
pellet {izerinde kalan az miktardaki sivi 200 uL' lik pipetle toplanarak
uzaklastirllmistir. Pellet iizerine 1 mL su:metanol (1:9) kangim eklenmis ve

vortekslenmistir. Hemen ardindan, hiicrelerin metabolizmasi ani bir sekilde siv1 azota



42

daldmlarak sondiirilmiistiir. Sonrasinda tekrar buz tizerine alinan 6rnekler analiz

zamanma kadar -80 °C sicaklikta saklanmustir.

3.7. U937 ve THP-1 Hiicre Kiiltiirii Analizi

Hiicre kiltiirii orneklerinden ekstrakte edilen proteinler soguk aseton ile
yikanip 350 puL %20 metanol iceren 100 mM amonyum bikarbonat ¢ozeltisi igerisinde
¢ozlindrlilmiis ve her bir 6rnege (ve medium 6rnekler) ait protein miktarlari Brathford
yontemi ile belirlenmistir. Protein miktarlarma goére her bir 6rnekten 100 pg protein
eppendorf tiiplere transfer edilmisti. 10 mM DTT eklenen ornekler(ve medium
ornekler) 45 dakika boyuca 56 °C’de inkiibe edilip oda sicakligina getirildikten hemen
sonra Orneklere 55 mM TAA eklenmis ve oda sicakhiginda (karanlikta) 30 dakika
boyunca inkiibasyona birakilmistir. Indirgenmis ve alkillenmis proteinleri saflastirmak
ve kullanilan kimyasallart uzaklastirmak amaciyla proteinler sogutulmus (-20 °C)
aseton ile c¢oktiriilerek 2 defa yikanmug ve amonyum bikarbonat igeren tripsin
reaksiyon tamponu (pH ~ 8.2) ile yeniden ¢oziindiiriilmiistiir. Devaminda, proteinlerin
parcalanmasi i¢in 1:100 (a/a) oraninda tripsin eklenen 6rnekler(ve medium 6rnekler)
gece boyunca 37 °C’de inkiibe edilmistir. Inkiibasyon sonrasmda, &rneklere(ve
medium Ornekler) formik asit eklenerek (%0.5) tripsin aktivitesinin durdurulmasi
saglanmig ve Ornekler viallere transfer edildikten sonra optimize edilmis LC-qTOF-

MS kosullarinda analiz edilmislerdir.
3.7.1. LC-qTOF-MS temelli proteomiks analizler

Analizler 0.07 mL/dakika akis hizinda gradient eliisyon (Tablo 3.7) ile %0.1
formik asit igeren su (A) ve % 0.1 formik asit igeren asetonitril (B) hareketli fazlariyla
190 dakikada C18 (100 mm x 2.1 mm, 2.7 um) kolon kullanilarak gergeklestirilmistir.
Kolon sicakligi 60°C olarak belirlenmistir. Sivi kromatografisi ile ayrilan peptitler
ESI’da iyonlastirilmis ve qTOF-MS cihazinda analiz edilmistir. Analizler pozitif
iyonizasyon ile oto-MS/MS modunda gergeklestirilmis ve yogunlugu 1000 count ve
tizerindeki peptitlerin MS/MS verileri toplanmustir. Cihaz parametreleri Tablo 3.7°de

sunulmustur.
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Tablo 3.7. Proteomiks analizlerde kullanilan gradient eliisyon programi

Zaman (dakika)

% Hareketli faz B*

0
140
145
155
156
190

2
40
90
90

2

2

*960.1 formik asit igeren asetonitril

Tablo 3.8. Proteomiks analizler i¢in optimize edilmis LC-qTOF-MS analiz kosullari

ve cihaz parametreleri

Kiitle arahgi (MS)

300-1700 akb

Kiitle arahgi (MS/MS) 50-1700 akb
Tarama hiz (spectrum/sn) 3 (MS), 5(MS/MS)
Sprey voltaji (kV) 3500

Skimmer voltaji (V) 65

Gaz sicakhgi (°C) 300

Gaz akis hiz1 (L/dakika) 8

Nebulizer (psig) 35

Arpisma enerjisi (eV) 45

Dongii basina oncii iyon sayisi 10

Yiik +1, 42, +3, >+3

3.7.2. U937 ve THP-1 Hiicre Kiiltiirii Metabolomiks Analizler icin

Tiirevlendirme

Ust fazlar1 toplanmus drnekler kuruluga kadar ugurularak &rneklere (ve medium

ornekler) 20 pL MeOX (piridin igerisinde 20 mg/mL) ¢ozeltisi eklenmis ve ornekler
kuru blok calkalayicida 30 °C’de 90 dakika inkiibe edilerek metoksillendirilmistir.

Oda sicakligina getirilen 6rneklere (hiicre ve medium 6rnekler) 80 pL N-methyl-N-
trimetilsilil trifloroasetamit (MSTFA) + %1 Trimethyl Chlorosilane (TMCS)
eklenmis ve 6rekler kuru blok ¢alkalayicida 37 °C’de 90 dak inkiibe edilerek
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tiirevlendirilmistir. Tirevlendirilen 6rnekler silillenmis GC-MS viallerine aktarilarak

DB5-MS kolon ayrintilart verilen optimize edilmis GC-MS kosullarinda analiz

edilmistir.

3.7.3. U937 ve THP-1 Hiicre Kiiltiiri GC-MS Temelli Metabolomiks

Analizler

Hiicrelere(ve medium Ornekler) ait tiirevlendirilmis 6rnekler GC-MS ile DB-
SMS (30 m + 10 m 6n kolon x 0,25 mm i¢ ¢ap ve 0,25 um film kalmligi) kolon
kullanilarak analiz edilmistir. Enjeksiyonlar bolmesiz olarak gerceklestirilmis ve
enjeksiyon hacmi 1 pL olarak belirlenmistir. Analizler Tablo 3.9’da verilen optimize
edilmis GC-MS kosullarinda gerceklestirilmistir. Metabolitlere ait alikonma
zamanlarmi kontrol etmek ve alikonma indekslerini hesaplamak i¢in yag asidi serisi

(Cs-Ca0) kullanilmustir.

Tablo 3.9. Optimize edilmis GC-MS analiz kosullar1 ve cihaz parametreleri

Firmn sicakhk programm Firin sicakligr artigt 60 °C’den (1 dak tutulur) 325 °C’ye
10 °C/dak artisla (10 dak tutulur)

Analiz suiresi 37,5 dak

Enjeksiyon hacmi 1 puL (bdlmesiz)

Tasiyic1 Gaz Helyum 1 mL/dak

MSD gecis sicakhgi 290 °C

Coziicii gecikme siiresi 5,90 dak

Kiitle arahg: 50-650 dalton
3.8. Veri Analizi

3.8.1. GC-MS temelli metabolomiks analizlere ait veri analizi

GC-MS temelli metabolomiks analizlerinden elde edilen kompleks
kromatogramlar MS-DIAL (ver. 4.90) yazilmi kullanilarak ayristirilmis, pik alikonma
zamanlar1 diizeltilmis ve veri matrisleri olusturulmustur. GC-MS analizlerinden elde
edilen veri matrisleri Excel ¢alisma dosyasina aktarilmig ve metabolitlere ait pikler

alikonma indeksli Fiehn ve Golm kiitiiphaneleri kullanilarak tanimlanmustir.
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3.8.2. LC-qTOF-MS temelli proteomiks analizlere ait veri analizi

Proteomiks analizler sonucunda elde edilen ham verilerin analizi Maxquant
(ver. 2.1.4.0) program araciligiyla gergeklestirilmistir. Programda pargalayici enzim
olarak tripsin, sabit modifikasyon olarak sistein iizerinde karboamidometilasyon,
degisen modifikasyon olarak ise metionin iizerindeki oksidasyon ve proteinlerin —N
birimleri iizerindeki asetilasyon secilmistir. Peptitlerin tanimlanmasi i¢in en kiigiik
olas1 peptit uzunlugu 6, en uzun peptit uzunlugu ise 40 aminoasit olarak belirlenmistir.
Yazilim 4600 Daltondan daha agir peptitleri elimine edecek sekilde programlanmistir.
MS ve MS/MS analizlerinde taramalar 20 ppm hata pay1 ile yapilmistir. Proteinlerin
tamimlanmasinda Uniprot veribankasi (Human proteome, Taxonomy ID: 9606)
kullanilmigtir. Maxquant programui araciligiyla deneysel gruplar arasinda miktari
degisen proteinlerin belirlenmesinde ‘’isaretsiz nicel analiz algoritmasi (Label free
quantification algorithm)’’ kullanilmistir. Maxquant yazilhlmindan elde edilen veriler
istatistiksel bir ara¢ olan Perseus (ver. 2.0.7) programina aktarilmis ve istatistiksel

analizler gerceklestirilmistir.
3.9. Istatistiksel Analizler

Veri 6n islemenin ardindan hiicre kiiltiirii Orneklerinin proteomiks ve
metabolomiks analizlerinden elde edilen veri matrisleri SIMCA yazilimina aktarilarak
temel bilesen analizi (PCA) ve kismi en kiigiik kareler-ayrim analizi (PLS-DA) ¢ok
degiskenli istatistiksel analiz yontemleri ile degerlendirilmis ve gruplarin ayrilmasinda
onemli olan metabolitler, proteinler ve regresyon katsayilar1 bulunmustur.

PCA grafikleri veri setinde herhangi bir sistemik hata ve aykir1 bir veri olup
olmadigini gorsellestirmek igin  olusturulmustur. PLS-DA grafikleri ise veri
gruplarmin  farkhilagsmasimm1  gorsellestirmek  i¢in  olusturulmustur.  PLS-DA
analizlerindeki farklilasmaya neden olan metabolitlerin bulunmasi igin VIP (variable
important in projection) grafiklerinden yararlanilmustir. En yiiksek VIP degerine sahip
metabolit veya protein aymrimda en biiyiik etkiye sahip metabolit veya protein olarak
belirlenmistir. Ardindan kontrol grubuna karsi metabolomiks ve proteomiks
analizlerden elde edilen veriler Metaboanalyst platformuna aktarilarak volkan
grafikleri olusturulmustur. Elde edilen grafiklerde istatistiksel anlamlilik kriterleri p

degeri 0.05’ten kiiciik olmasi olarak belirlenmistir.
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Medium ve hiicreler arasinda istatistiksel olarak anlamli degisen metabolitler
t-testi ile belirlenmis ve gruplara ait ortalama ve standart hata degerleri hesaplanmustir.
Son olarak hiicre kiiltiirii 6rnekleri i¢in istatistiksel olarak anlamh degisim gosteren

metabolitler ve proteinler es zamanh olarak MetaboAnalyst platformuna aktarilmis ve
yolak analizleri yapilmstir.
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24 saat
* 18 saat
* 72 saat

Sekil 4.1. Aluminyum adjuvanlarm, hiicre canhiligma etkisinin incelenmesi.

THP-1 hiicrelerinin artan konsantrasyonda, (A) aliminyum hidroksit ve (B) aliminyum fosfat adjuvana;
U937 hiicrelerinin artan konsantrasyonda, (C) aliiminyum hidroksit ve (D) aliiminyum fosfat adjuvana
24, 48 ve 72 saat siirelerinde maruziyeti sonrast MTT canhilhik analizi sonuglar (n=4). Her bir zaman
noktasinda kontrol kosuluna gore normalizasyon yapilarak goreceli ylizde canlihk degerleri
hesaplanmistir. (E) THP-1 ve (F) U937 hiicrelerinin; diisiik (125 uM), yiiksek (1 mM) konsantrasyonda

72 saat inkiibasyonu sonrasi propidyum iyodiir (PT) canhlik analizi sonuglar (n=3).

Tablo 4.1. Pl canlilik analizine ait karsilastirmali p degerleri.

THP-1
U937

125uM AP 1Mm AP 125Um AH 1Mm AH
0.113 0.132 0.787 0.213
0.193 0.122 0.136 0.350
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Tablo 4.2. MTT canlilik analizine ait karsilagtirmali p degerleri.

AH AP
Zaman 0.00625 0.125 0.25 0.5 1mM 0.00625 0.125 0.25 0.5 1
mM mM mM mM mM mM mM mM mM

24 sa 0.836 0.418 0.982 0.193 0.187 0.07 0.460 0.209 0.180 0.219
THP- 48sa 0.480 0.379 0.094 0.036 0.705 0.098 0.175 0.805 0.003 <0.00
1 72sa 0.03 0.128 0.467 0.071 0.013 0.336 0.003 0.005 0.013 0.037

24 sa 0.232 0.430 0.211 0.247 0.306  0.009 0.849 0.116 0.038 0.116
U937 48sa 0.161 0.425 0.120 0.517 <0.001 0.850 0.491 0.425 0.826 0.284
72 sa 0.734 0.7 0.091 0.564 0.606  0.202 0.236  0.355 0.270 0.881

4.1.2. Lumogallion Analiz
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Sekil 4.2. Monosit hiicrelerinin aliiminyum adjuvanlarla etkilesim diizeyinin
arastirilmasi.

Hiicrelerin diisiik (125 pM), yiiksek (I mM) konsantrasyonda adjuvanlarla ile 72 saat inkiibasyonu
sonrasi Al*® igeriginin lumogallion reaktifi ile boyanmasiyla THP-1i¢in (n=3) aliiminyum adjuvan (A)
yiizde pozitifligi, (B) ortanca floresan yogunlugu (OFY) yogunlugu, (C) temsili histogram gosterimi;
U937 i¢in (n=3) aliminyum adjuvan (D) yiizde pozitifligi, (E) ortanca floresan yogunlugu (OFY)
yogunlugu, (F) temsili histogram gosterimi.



Tablo 4.3. Monosit hiicrelerinin aliminyum adjuvanlariyla etkilisimine ait p

degerleri.
125Um AP 1Mm AP 125Um AH 1IMm AH
THP-1 <0.001 <0.001 0.001 <0.001
THP-1 (OFY) 0.001 0.004 <0.001 0.007
ua37 0.001 <0.001 0.464 <0.001
U937 (OFY) 0.008 <0.001 0.420 0.002

4.1.3. Monosit Hiicrelerinin Aktivasyon ve Maturasyonunun Yiizey

Belirteci ifadelerinin incelenmesi: immunfenotipleme
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Sekil 4.3. Monosit hiicrelerine aliiminyum adjuvan uygulamasinin akitvasyon ve
matiirasyon belirtegleri yoniinden incelenmesi.

Hiicrelerin diisiik (125 uM), yiiksek (1 mM) konsantrasyonda adjuvanlarla 72 saatinkiibasyonusonrasi
THP-1 i¢cin (n=3) CD11b ifadesi (A) yiizde pozitifligi, (B) ortanca floresan yogunlugu (OFY)
yogunlugu, (C) temsili histogram gosterimi; U937 i¢cin (n>3) CD11b ifadesi (D) yiizde pozitifligi, (E)
ortanca floresan yogunlugu (OFY) yogunlugu, (F) temsili histogram gosterimi. THP-1 i¢in (n=3) HLA-
DR ifadesi (G) yiizde pozitifligi, (H) ortanca floresan yogunlugu (OFY) yogunlugu, (I) temsili
histogram gdsterimi; U937 icin (n>3) HLA-DR ifadesi (I) yiizde pozitifligi, (J) ortanca floresan
yogunlugu (OFY) yogunlugu, (K) temsili histogram gosterimi. THP-1 i¢in (n=3) CD86 ifadesi (L)
yiizde pozitifligi, (M) ortanca floresan yogunlugu (OFY) yogunlugu, (N) temsili histogram gosterimi;
U937 icin (n>3) CD86 ifadesi () yiizde pozitifligi, (O) ortanca floresan yogunlugu (OFY) yogunlugu,
(P) temsili histogram gosterimi.
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Tablo 4.4. THP-1 monosit hiicrelerine aliiminyum adjuvan uygulamasiyla
akitvasyon ve matiirasyon belirteglerinin istatistiksel olarak
karsilagtirilmalarma ait p degerleri (THP-1 i¢in n=3, U937 i¢in n>2).

125Um AP 1Mm AP 125Um AH 1Mm AH
CD11b (OFY) 0.054 0.074 0.033 0.078
CD11b 0.088 0.275 0.027 0.024
THP-1  HLA-DR(OFY) 0.011 0.004 0.739 0.001
HLA-DR 0.423 1.000 0.52 0.311
CD86 (OFY) 0.135 0.085 0.051 0.01
CD86 0.663 0.775 0.815 0.745
CD11b (OFY) 0.054 0.05 0.157 0.174
CD11b 0.258 0.085 0.079 0.004
ua37 HLA-DR(OFY) 0.1 0.39 0.119 0.238
HLA-DR 0.889 0.779 0.094 0.140
CD86 (OFY) 0.014 0.188 0.022 0.028
CD86 0.035 0.047 0.063 0.092

4.2. Metabolomiks Analizler

THP-1 ve U937 hiicrelerinin diisiik ve yiiksek derisimde AH ve AP ile
maruziyetine bagh olarak degisen metabolomiks ve proteomiks profilleri
belirlenmistir. Bu amacla hiicre hatlarma iki farkli adjuvan ve iki farkli derisimde
uygulanmis ve 72 saatlik inkiibasyon siiresinin sonunda 6rnekler toplanmis ve GC-MS
ve LC-qTOF-MS ile analizleri gerceklestirilmistir. Inkiibasyon peryodu sonunda hiicre
hatlarindan ~ toplanan mediumda metabolomiks analizler gergeklestirilirken
instrasellular matriksten elde edilen 6rneklerde ise metabolomiks ve proteomik
analizler gerceklestirilmistir. Bu analizlere ait 6rnek kromatogramlar Sekil 4.1de

verilmistir.
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Sekil 4.4. Intraseliiler matrikse ait metabolomiks c¢aligmalar i¢in elde edilmis GC-MS
kromatogramlari.

Elde edilen kompleks kromatogramlar MS-DIAL yazilimi kullanilarak
ayristirllmis  ve Fiehn Alikonma indeksli kiitiiphane kullanilarak metabolitlerin
tanimlanmasi1 gerceklestirilmis. Analizler sonucunda 69 tane metabolit intraseliiler
matrikste (Tablo 4.6) tanimlanabilirken 101 tane metabolit ekstraseliiler matrikste
(Tablo 4.5) tanimlanabilmistir. Hiicre hatlarindaki metabolit degisimlerini gosteren
sicak harita grafikleri (Sekil 4.5-4.8) verilmistir. Veri setleri ilk 6nce temel bilesenler
analizi (PCA) yapilarak aykir1 6rnek olup olmadig tespit edilmistir (Sekil 4.5). Her
bir hiicre hattinda adjuvan bagh degisimler T-testi ile karsilastirilmis ve elde edilen

volkano grafikleri (Sekil 4.12-4.19) ve p degerleri (Tablo 4.2 ve 4.4) verilmistir.



Tablo 4.5. Ekstraseliiler matrikse ait metabolitler ve bagil derisimleri*
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) THP THP THP 0937 0937 U937 0937
Metabolitler Kontrol | THPIAH | THPIAP | oA | 125aP | Kontrol 1AH | YSTIAP L osan | 125aP
L 3 diaminooronane 1,004 = 0.530% 054+ 0.955% 0.80= 0201 = 1369= 1494= 1,499+ 1.500=
' prop 0.203 0.066 0.044 0.066 0.108 0.160 0.059 0.095 0.115 0.057
— 0.255 = 0.895+ 0.976+ 0.863+ 0.772+ 0679 = 1229+ 1,017+ 1.696= 1617+
2-hydroxybutyric acid 0.015 0.087 0.092 0.025 0.034 0.106 0.198 0.519 0.143 0.165
: - 0677 < 0.843% 0893 < 0.976= 086+ 1164+ 1197= 0.854% 1.285 1252+
2-ketoisocaproic acid 0.264 0.027 0.07 0.052 0.043 0.456 0.014 0.316 £0.076 0.016
3-hydroxy-3-methylglutaric acid 1322+ 1.048+ 0.92 + 1.607 + 1.265+ 0.874 + 0.631+ 0.896 + 0.674+ 0.761+
(dicrotalic acid) 0.186 0.065 0.042 031 0.193 0.038 0.025 0.11 0.041 0.058
- 123+ 0.806= 1.026% 1,044+ 1,046+ 0.044 = 0.908~ 0.934+ 1.089= 0973+
3-hydroxypropanoic acid 0.047 0.025 0.075 0.054 0.085 0.150 0.016 0.096 0.052 0.02
: .. 1137+ 0.831= 1.031= 093+ 0.944~ 1204+ 0.953 + 0917+ 1.011= 0.953%
3-indolelactic acid 0.154 0.011 0.072 0.047 0.061 0.164 0.03 0.081 0.075 0.013
.. 1177 = 0.913+ 0.642+ 0.678% 0.613% 1211 = 1.081= 1.175x 1347 = 1.164=
3-methyl-2-oxobutanoic acid 0.603 0.524 0.146 0.053 0.051 0.248 0.047 0.112 0.11 0.154
— — 1 164= 1186= 1139% T175= 0.002 = 1175= 0421< T211= 1754+
4-guanidinobuityric acid 1274201 1 (03 0.044 0.058 0.059 0.00 0.012 0.406 0.063 0.03
. . : . 1626 + 2398+ 257+ 1113% 211+ 0.080 = 0.026= 0.018% 0.022+ 0.036=
5'-deoxy-5'-(methylthio)adenosine 0.062 0.082 0.152 0.315 0.488 0.00 0.007 0.007 0.004 0.002
6-hydroxyhexanoic acid 1.084 = L113+ 1.349+ 0.901+ 12715 1443 £ 0.691+ 0.755+ 0,763+ 0626 +
-NyCroxynexanoic ac 0.045 0.177 0.162 0.167 0.314 0.343 0.088 0.123 0.201 0.05
0.468~ 081 < 1,064+ 0.725+ 0.683 + 152+ 1,409+ 1395+ 1325+
Acetoacetate 0.6+0218 | 5018 0.187 0.033 0.136 0.311 0.207 0.159 0.038 0.179
— 1037 0.813% 1029+ 0.950= 0.798% 0629 T.166= 1125z 1213+ 1239=
Alpha ketoglutaric acid 0.206 0.026 0.03 0.048 0.055 0.101 0.027 0.085 0.06 0.058
: 2427 < 1298= 13131 2172 2353% 0.036 = 0.089 = 0.099< 0.081= 0133<
Alpha-D-glucosamine phosphate 0.394 0.174 0.055 0.342 0.744 0.003 0.01 0.002 0.006 0.01
Arebitol 1.099 + 0.834+ 1.004= 0.934+ 0.932+ 0818+ 1.067= 1021+ 1144+ 1148+
0.083 0.001 0.046 0.029 0.047 0.075 0.009 0.069 0.06 0.012
Aspartic acid 061+ 0.504= 0.619+ 0.743+ 0.667= 0.169 = 1373= 1741= 1.799= 1.775=
P 0.118 0.065 0.048 0.044 0.092 0.038 0.103 0.135 0.097 0.102
Benzoie acid 0632+ 0.844x 0.901+ 0.892+ 0.927+ 1503+ 1.004 + 1,034+ 1.144= 112+
enzoic acl 0.242 0.029 0.062 0.024 0.053 0.559 0.08 0.038 0.057 0.036
Beta alanine 1163+ 0.700% 0.801% 115+ 0901 0399 < 1206 = 1222% 1222 1251=
0.259 0.04 0.056 0.07 0.09 0.085 0.05 0.096 0.044 0.02
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) THP THP THP U937 U937 U937 U937
Metabolitler Kontrol | THPIAH | THPIAP | o0 n 125AP Kontrol 1AH | USTIAP T o5aH 125AP
Capric acid T.082 = 0.864% 10272 1.196= 12215 1766 = 0857 | 0395« 0.683% 0.708<
0.096 0.045 0.055 0.006 0.086 0.207 0.226 0.032 0.059 0.026
1424+ | 0889: | 0.797% 11132 1.486 & 0869« | 0493~ 0.082% 0.043%
Cholesterol 0.15 0.02 0.036 | 1%0027 | 024 0.113 0.033 0.028 0.064 0.013
Cis-4-hydroxycyclohexanecarboxylic 0.633 + 1.776+ 2.936+ 1.382+ 0.649+ 0.098 + 0.442+ 0.544+ 0.908+ 0.632+
acid 0.362 0.201 0.247 0.271 0.307 0.018 0.054 0.049 0.153 0.104
Citio acid 1.066 = 0.996= 0.818% 0.771= 0.832% 0.686 £ 1.029% 1137= 1265+ 1399+
0.328 0.077 0.046 0.083 0.023 0.116 0.049 0.071 0.068 0.026
J— 0.848 & 0.834% 0.58% 0.000% 047~ 0226 & 10762 T.929% T007% T5a3%
0.184 0.208 0.065 0.197 0.283 0.163 0.376 0.406 0.315 0.259
Creatinine 0536 £ 1379 | 0961+ 082 0.651= 0.207 £ 1,045+ 1402+ Lo21% 1378+
0.043 0.097 0.06 0.078 0.151 0.059 0.128 0.069 0.083 0.053
D (+) galaciose 1507 = 18225 15415 5112 12+t 0339 % 0401 | 0483~ 0.581= 0.614%
9 0.426 0.355 0.076 0.32 0.126 0.071 0.04 0.019 0.137 0.082
D allose 0.063 £ 1,003+ 0.701% 0.697+ 103+ 2139 & 0982= | 0927+ 0.726 & 0.832%
0.313 0.013 0.022 0.034 0.136 0.226 0.081 0.023 0.3 0.373
— 17732 13772 T478% 747 % T612% 0127 & 02065 | 0245< 0371% 0391%
Dehydroascorbic acid 0.75 0.27 0.155 0.409 0.557 0.044 0.047 0.076 0.082 0.061
— 1232% 0.868% 1207% T.098% 0.965% 1154 0818 | 0835« 0.904= 0910 %
D-glucosaminic acid 0.023 0.152 0.111 0.043 0.092 0.264 0.018 0.069 0.046 0.02
D-glucose 0.802 £ 1319+ 0.653% 0.636- | 1596+ 1627+ 07812 | 0.744= 0.853% 09041
0.305 0.452 0.109 0.169 0.73 0.156 0.079 0.019 0.088 0.124
— 1629 1655+ 105+ 15265 1.488% 016 0361« | 0337« 0397+
D-Glucose-6-phosphoric acid 0.084 0.039 0.053 0.033 0.067 0.009 0.046 0.017 0038 | 0499+01
0593 & 07915 0.878% 0.611% 0769+ 0007 £ 12372 | 0.896% 1594+ 1725+
DL-glyceraldehyde 0.022 0.225 0.148 0.017 0.189 0.349 0.256 0.381 0.078 0.058
S Lol 0541 % 0.883% 0.884% 0.860% 0.835% 0818 & 12882 T218% 3082 13542
0.267 0.041 0.052 0.044 0.119 0.413 0.023 0.079 0.066 0.028
D vose 2504 & 1.182% 142+ 1237+ 1.558% 0.615 = 0328« | 0496+ 0365+ 0.533%
y 0.278 0.09 0.061 0.072 0.142 0114 0.058 0.032 0.044 0.009
5 malic acid 0.063 ¢ 0961~ 1076+ 0041+ 0.837% 0551 & 1189+ 1126+ 1149+ 1207+
0.195 0.007 0.053 0.066 0.034 0.102 0.053 0.102 0.072 0.05
A 1071+ 09015+ 1,067+ 108+ 0.931= 0712+ 103+ 0.084 + 1,097+ 11132
0.206 0.104 0.045 0.052 0.069 0.058 0.029 0.07 0.062 0.019
5 ~orbitol 1146 & 0.856% T.054% T.038% 097 < 0.761 & T047= | 0985< T059% T 0R4L
0.117 0.009 0.054 0.029 0.057 0.062 0.02 0.054 0.053 0.033
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: THP THP THP U937 U937 U937 U937

Metabolitler Kontrol | THPIAH | THPIAP | o0 n 125AP Kontrol 1AH | USTIAP T o5aH 125AP

D threitol 1.036+ 0.767= 0.089= 1.063+ 0.96 = 0838+ 1.039+ 1027+ 1164+ T116=
0.085 0.009 0.048 0.047 0.117 0.09 0.021 0.061 0.043 0.025

Estradiol 0.358 = 0.892= 0.964= 7241+ 045+ 0.036 = 0.017= 0.012= 0.011= 002+
0.069 0.123 0.128 6.983 0.169 0.004 0.002 0.002 0.003 0.006

Fructose 0.586 = 0.482= 0327+ 0.236+ 0.409= 1813+ 1,581+ 149+ 1,569+ 1,507+
0.045 0.026 0.178 0.141 0.157 0.146 0.052 0.046 0.128 0.029

Fumaric acid 0.994 + 0.952+ 1162+ 0.916= 0.868= 0.786 = 1125+ 1,042+ 1.08 = 1.074+
0.136 0.032 0.091 0.068 0.025 0.134 0.055 0.051 0.059 0.047

. 1.036 = 0.893= 1133 1506+ 1.093 = 0348 = 0.901= 1.06= 1.029% 0.999=
Glucoheptonic acid 0.264 0.025 0.107 0.069 0.09 0.056 0.069 0.029 0.064 0.008

Gluconic acid 1537+ 2.768= 1.022+ 1.097+ 0.974= 032+ 0.550+ 0.556+ 0.559+ 0.609=
1.182 2.242 0.548 0.698 0.338 0.042 0.022 0.042 0.038 0.018

G lveeric acid 1243 1285+ 1414+ 1.065+ 0.934= 0.482 = 0.020% 0.839 & 088 = 0.028~
yceric act 0.264 0.077 0.079 0.062 0.047 0.057 0.042 0.07 0.056 0.048

Giveerol 0793+ 0.67+ 1144+ 1.605+ 0.867= 1197 = 0.866= 0.924= 0.965= 0.966 +
y 0.487 0.019 0.095 0.163 0.182 0.036 0.087 0.101 0.068 0.07

1.069 = 0.956= 1145+ 0.998% 0.920= 0517 = 1,065+ 1.079+ 111 113+

Glycerol 1-phosphate 0.122 0.019 0.043 0.055 0.087 0125 0.075 0.083 0.062 0.014

Glycine 0709 = 0.840% 0.795= T 114+ 0.798= 0.185 = 1.091= 1,646+ 1425+ 1388+
0.209 0.014 0.076 0.135 0.038 0.053 0.197 0.108 0.081 0.098

Givoolic acid 0.495 + 0.518= 0.548= 046 = 0.471= 1.147 = 1,595+ 1.682+ 1,598+ 1487+

y 0.053 0.038 0.033 0.024 0.031 0.118 0.027 0.046 0.081 0.046

.. 118+ 0.833= 0.907+ 084+ 1.069+ 1.943 = 0.906= 0.724~ 0.825+ 0.772=
Heptadecanoic acid 0.077 0.025 0.038 0.025 0.058 0.037 0.081 0.077 0.024 0.043

v ootaurine 1.487 1.036+ 1205+ 1,503+ 1385+ 0.421 = 0.684= 0813+ 0.696= 0.769=

yp 0.15 0.026 0.072 0.113 0.063 0.054 0.019 0.06 0.092 0.048

soleucine 122 0.727= 0.835= 0,992+ 1.036% 0618 = 1156 = 1153+ 1,058 1205+
0.276 0.063 0.071 0.144 0.199 0.088 0.06 0.047 0.078 0.115

somaltose 1413 + 0.862= 1.082+ 123+ 1276+ 1192+ 0.756= 0.655+ 0.745+ 0.789=
0.081 0.011 0.058 0.04 0.071 0.09 0.044 0.041 0.066 0.072

L-(+) lactic acid 0.496 = 0.508= 0.546= 0517+ 0.473= 1157 = 1,592+ 1.627+ 1598 = 1487+
0.056 0.031 0.033 0.048 0.032 0.119 0.036 0.048 0.08 0.044

Lactamide 0.438 = 1.086+ 0.795= 057 0.939= 1627 = 1.051= 1,078+ 1,198+ 1218
0.136 0.049 0.098 0.099 0.169 0.256 0.026 0.048 0.066 0.025

L actulose 2137+ 1205+ 1511= 1632+ 1587+ 0.205 = 0415% 0.29= 0361= 0.652=
0.09 0.377 0.059 0.236 0.237 0.069 0.161 0.082 0.138 0.234
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) THP THP THP 0937 U937 U937 U937
Metabolitler Kontrol | THPIAH | THPIAP | o0 n 125AP Kontrol 1AH | USTIAP T o5aH 125AP
L-alanine 0.666 + 0.335+ 0.358+ 0.42+ 0.483+ 2045+ 1.084% 1511+ 114+ 1748+
0.055 0.037 0.018 0.054 0.053 0.248 0.075 0.132 0.101 0.057
| canavanine 1813+ 1472+ 1,624+ 2123+ 17+ 0.138 = 0.239+ 0.285 + 0.358= 0,248~
0.501 0.213 0.109 0.228 0.369 0.072 0.023 0.02 0.085 0.132
: 1401+ 0.772= 0.909= 1.021+ 1152+ 0.546 = 1.03+ 1.059+ 0.989=
Leucine 0.341 0.063 0.076 0.056 0.233 0.08 0.054 0.061 0.054 | 112+01
. 0.936+ 0.871= 071+ 0.336= 0.103 + 1,848+ 1578+ 1.903+ 1497+
L-glutamic acid 021801 | 5582 0.126 0.014 0.086 0.008 0.176 0.178 0.075 0.065
| methionine 1171+ 0.993= 0983+ 0.919x 1,069+ 1301 0.976= 0.868= 0.806= 0.915=
0.072 0.014 0.04 0.036 0.064 0.079 0.054 0.031 0.017 0.101
L norleucine 0518+ 08+ 0.823= 0.793 = 0.779= 0.894 = 1443 0.968+ 1474+ 1,506+
0.246 0.031 0.048 0.04 0.103 0.442 0.036 0.484 0.084 0.039
A 0305 = 0267~ 0.267< 0,499+ 0.448= 0213 = 0.627= 3.068 & 2,012+ 2294~
0.091 0.079 0.058 0.087 0.118 0.036 0.198 0.66 0.318 0.307
: 0.747~ 075+ 2.046+ 1219+ 0.329 = 0.893= 1.021 = 0.867= 0.867=
L-proline 126405 | 5051 0.051 0.747 0.552 0.094 0.039 0.06 0.034 0.032
— 0926 0.822= 0.937= 1,002+ 0.862= 0387 = 1155+ 1292+ 1323+ 1294+
L-pyroglutamic acid 0.152 0.032 0.049 0.055 0.056 0.053 0.06 0.074 0.089 0.055
[ eerine 1703 0.959= 1107= 214+ 1283= 0.187 = 0.573= 0.781= 0.556= 071
0.598 0.248 0.107 0.594 0.322 0.035 0.069 0.141 0.051 0.093
| threonine 1506 + 0.698= 1.017+ 1,652+ 1.095+ 0.215 = 0.857= 1.071x 0.924= 0.964=
0.483 0.148 0.142 0.274 0.298 0.049 0.101 0.106 0.097 0.061
| trvotonhan 1360+ 1,023+ 1131+ 117+ 1.225 = 0.697 + 0.763= 0.864+ 0.842 + 0.915+
yptop 0.233 0.081 0.08 0.116 0.06 0.07 0.066 0.085 0.07 0.038
Ltyrosine 0877 = 0.762+ 0.718% 0714+ 0.821= 1.154 = 1225+ 1204+ 1228+ 1297+
0.053 0.046 0.018 0.04 0.052 0.073 0.044 0.068 0.073 0.032
L valine 1197+ 1.079+ 1254+ 1708+ T111= 0231 = 0.882= 0.887= 0.736= 0.915=
0.203 0.051 0.084 0.141 0.205 0.195 0.099 0.074 0.059 0.202
Lvsine 0733+ 05+ 0441+ 0.848~ 0.803= 0.333 = 1393+ 1763+ 1,586+ 1599+
y 0.121 0.054 0.03 0.076 0.042 0.111 0.105 0.135 0.091 0.056
Malonic acid 1924+ 1.025+ 1,563+ 1923+ 1307+ 0.878 = 0.299+ 0322+ 0432+ 0329+
0.725 0.111 0.126 0.231 0316 0.227 0.007 0.024 0.023 0.03
Maltose 1.098 + 1.504= 1.649= 1,646+ 1.975+ 0.491 = 0.362= 0321+ 0.403% 0551=
0.017 0.134 0.072 0.209 0.095 0.025 0.039 0.026 0.097 0.106
. 1272+ 093 = 0.855= 0.808% 0.840% 0.652 = 0.997= 1,091+ 1217 1338+
Methyl-beta-D-galactopyranoside 0.53 0.072 0.052 0.123 0.052 0.103 0.062 0.057 0.052 0.037
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) THP THP THP U937 U937 U937 U937
Metabolitler Kontrol | THPIAH | THPIAP | o0 n 125AP Kontrol 1AH | USTIAP T o5aH 125AP
Myo-inositol 1148 = 0.984+ 1.108= 1,054+ 102+ 0.488 + 1,049+ 1013+ 1.039+ 1.098=

0.103 0.01 0.052 0.037 0.021 0.243 0.042 0.032 0.052 0.027
Mvristic acid 1162+ 0.877+ 0.975 + 0911+ 1.082= 1.705 + 0.941+ 0713+ 083+ 0.804+
y 0.046 0.009 0.01 0.046 0.048 0.076 0.118 0.057 0.045 0.028
. 0.961 + 0.764+ 0.857+ 0.742 = 0.766+ 0672+ 1.154% 1,269+ 1378+ 1437+
N-acetyl-L-aspartic acid 0.197 0.014 0.061 0.02 0.064 0.165 0.085 0.131 0.123 0.072
o 0519+ 1.093+ 028+ 0.444= 0.985+ 1332+ 1.504= 1137+ 1,349+ 1358+
N-acetyl-L-glutamic acid 0311 0.01 0.017 0.172 0.034 0.199 0.046 0.124 0.039 0.056
N-ethylglycine 0.194 « 0483 = 1.148= 0.671= 0.534+ 0288 £ 1.703= 0,950+ 1480+ 35385
0.093 0.42 0.446 0.331 0.262 0.035 0.299 0.707 0.775 0.329
Nicotinamide 1612+ 1.047+ 1115+ 1.584= 1541+ 1135+ 0.386+ 0.555 = 0.507+ 052+
0.036 0.046 0.07 0.167 0.213 0.307 0.058 0.05 0.065 0.037
Norepinephrine (noradrenalin) 1823+ 0.983+ 1281 = 1409 = 1255+ 0391 = 0.709+ 0675+ 0.612+ 0.86 =
pmep 0.118 0.115 0.13 0.12 0.153 0.06 0.166 0.05 0.046 0.087
Oxalic acid 5183 + 0.013+ 0.049+ 0.033+ 0.023+ 4.246 + 0.104 + 0.127+ 0.113+ 011+
2.615 0.008 0.003 0.002 0.002 4.19 0.01 0.021 0.012 0.012
Palatinitol 1681+ 1,586+ 2.009+ 1717+ 1.644% 016+ 0.261 + 0256+ 0288+ 0.399 +
0.166 0.032 0.087 0.014 0.091 0.008 0.05 0.025 0.042 0.09
Salmitic acid 0.997 = 0821+ 0.784 + 0781 0.938+ 2173+ 1.051 = 0.766 = 0.824= 0.865+
0.071 0.047 0.02 0.03 0.031 0.135 0.19 0.07 0.012 0.025
Pantothenic. acid 1.002 + 0.792+ 1.096+ 1.005 + 0.938+ 1.256 + 0.889+ 0.908+ 1.022+ 1.002=
0.094 0.017 0.064 0.03 0.075 0.292 0.014 0.059 0.043 0.023
Phenvialanine 1394+ 1.016+ 1.093+ 1.076+ 1121= 1157 + 0.853+ 0.695+ 0.764+ 0.829 +
y 0.122 0.04 0.056 0.015 0.047 0.094 0.063 0.048 0.015 0.08
. 1615+ 1.219= 1.691= 1711+ 1332+ 1522+ 0.184= 022+ 021+ 0.296+
Pheny!-beta-glucopyranoside 0.209 0.285 0.137 0.12 0.225 0.731 0.034 0.005 0.032 0.061
. 1,680+ 1.649+ 1.723= 0.066+ 0.055+ 1.662= 1411+ 1.743%
Phosphoric acid 0+0 1.678 1616 1.488 0.066 0.001+0 0.054 1.621 1.406 1.556
Proline 1236+ 0.762+ 0.972+ 1457+ 0.973+ 0237 + 1121= 0.85+ 1132+ 1259+
0.414 0.053 0.091 0.228 0.229 0.066 0.083 0.407 0.046 0.079
Purine riboside 1.169 + 0.804+ 1.061+ 1,125+ 1.047= 0.795 + 0.894+ 0.953 + 1.064= 1.088=
0.09 0.044 0.044 0.032 0.098 0.117 0.066 0.09 0.049 0.014
Pyridoxine 0.968 + 0.745+ 0.784+ 0.776+ 0911+ 1877+ 0.912+ 0.906+ 1.062+ 1.059+
y 0.073 0.036 0.032 0.046 0.024 0.448 0.035 0.049 0.046 0.052
Ribitol 103+ 0.779+ 0.985+ 0.989+ 0.945 + 0782 + 1.109= 1043+ 1207+ 1131+
0.094 0.003 0.046 0.035 0.07 0.067 0.038 0.09 0.048 0.021
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) THP THP THP U937 U937 U937 U937
Metabolitler Kontrol | THPIAH | THPIAP | o0 n 125AP Kontrol 1AH | USTIAP T o5aH 125AP
Ribose 0772 0,254+ 0332+ 0.659+ 0.615= 511+ 0537+ 0.549+ 0.585+ 0,587+
0.026 0.003 0.077 0.075 0.037 1673 0.031 0.046 0.034 0.014
Sarcosine 0314+ 0392+ 0.306+ 0.717+ 0328+ 1364+ 3727+ 0.193+ 0.179+ 2481+
0.051 0.272 0.163 0.124 0.097 0.559 1.849 0.084 0.024 1.986
Stearic acid 1.001+ 0.876+ 0.851+ 0.836+ 0.991+ 2.005 + 0.997+ 0744+ 0.767+ 0.842+
0.138 0.042 0.036 0.034 0.038 0.11 0.188 0.068 0.02 0.015
Succinic acid 0.681 + 0.793+ 1.061= 1.004+ 0.887+ 0791+ 1137+ 1124+ 1292+ 1.220+
0.222 0.018 0.065 0.046 0.055 0.07 0.024 0.091 0.069 0.024
Sucrose 1607 + 147 £ 23771 1721= T4+ 0172+ 0235+ 0263+ 0338+ 0396+
0.366 0.042 0.188 0.126 0.363 0.076 0.041 0.007 0.056 0.081
Tanaiose 0.564 + 0513+ 0.551+ 0.456+ 0.545+ 1.809 + 1451+ 1334+ 1391+ 1384+
9 0.052 0.023 0.012 0.013 0.026 0.134 0.011 0.038 0.12 0.032
Talose L4111 + 1.422+ L.116+ 1.166+ 1.498+ 1.095 + 0.685+ 0.65 + 0.468+ 0.49 +
0.237 0.008 0.092 0.083 0.086 0.551 0.055 0.016 0.238 0.247
: 0.964 + 0.937+ 1.074= 1,058~ 0.869+ 0.661 + 1213+ 097+ 1.066= 1,189+
Trans-4-hydroxy-L-proline 0.142 0.017 0.057 0.021 0.048 0.122 0.064 0.087 0.017 0.096
Uracil 0.652 « 039+ 0513+ 0.583+ 0512+ 057+ 377+ 0.925+ 1251+ 0.834+
0.165 0.072 0.043 0.068 0.086 0.121 1.665 0.091 0.177 0.014
Urea 0380 = 1743+ 0.049+ 0.049+ 20135 1.86 = 0.012= 1365+ 1.636= 0.895+
0.372 0.844 0.001 0.006 1.095 0.441 0.007 0.737 0.838 0.888

*Normalize edilmis verilerin ortalama +standart sapma



Tablo 4.6. Ekstraseliiler matrikse ait gruplarin istatistiksel olarak karsilastirilmalarma ait p degerleri
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Metabolitler THP 1AH | THP 1AP | THP 125AH | THP 125AP | U937 1AH | U937 1AP | U937 125AH U937 125AP
1,3-diaminopropane 0.095 0.090 0.833 0.443 0.003 0.003 0.004 0.002
2-hydroxybutyric acid 0.002 0.001 0.000 0.000 0.071 0.558 0.005 0.009
2-ketoisocaproic acid 0.565 0.472 0.328 0.530 0.946 0.606 0.806 0.856
3-hydroxy-3-methylglutaric acid (dicrotalic acid) 0.237 0.103 0.475 0.843 0.006 0.859 0.023 0.178
3-hydroxypropanoic acid 0.001 0.083 0.060 0.131 0.824 0.957 0.412 0.859
3-indolelactic acid 0.119 0.567 0.268 0.309 0.111 0.109 0.193 0.107
3-methyl-2-oxobutanoic acid 0.757 0.437 0.456 0.404 0.634 0.903 0.642 0.879
4-guanidinobutyric acid 0.345 0.464 0.307 0.440 0.000 0.361 0.000 0.000
5'-deoxy-5'-(methylthio)adenosine 0.002 0.005 0.186 0.381 0.001 0.001 0.000 0.000
6-hydroxyhexanoic acid 0.883 0.192 0.349 0.587 0.099 0.129 0.160 0.077
Acetoacetate 0.581 0.504 0.103 0.650 0.089 0.106 0.086 0.148
Alpha ketoglutaric acid 0.342 0.973 0.711 0.326 0.007 0.020 0.008 0.006
Alpha-D-glucosamine phosphate 0.059 0.049 0.650 0.934 0.008 0.000 0.003 0.001
Arabitol 0.034 0.374 0.136 0.157 0.031 0.119 0.028 0.012
Aspartic acid 0.474 0.948 0.350 0.721 0.000 0.000 0.000 0.000
Benzoic acid 0.434 0.343 0.346 0.300 0.427 0.450 0.559 0.532
Beta- alanine 0.154 0.244 0.895 0.408 0.001 0.003 0.001 0.001
Capric acid 0.107 0.645 0.301 0.341 0.041 0.005 0.007 0.007
Cholesterol 0.024 0.015 0.050 0.110 0.006 0.001 0.018 0.009
Cis-4-hydroxycyclohexanecarboxylic acid 0.051 0.006 0.173 0.976 0.004 0.001 0.006 0.007
Citric acid 0.845 0.495 0.432 0.515 0.053 0.030 0.013 0.004
Citrulline 0.961 0.243 0.832 0.589 0.107 0.018 0.092 0.013
Creatinine 0.001 0.004 0.033 0.504 0.004 0.000 0.000 0.000
D (+) galactose 0.600 0.941 0.994 0.528 0.486 0.121 0.191 0.063
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Metabolitler THP 1AH | THP 1AP | THP 125AH | THP 125AP | U937 1AH | U937 1AP | U937 125AH U937 125AP
D-allose 0.905 0.450 0.446 0.855 0.008 0.006 0.020 0.040
Dehydroascorbic acid 0.646 0.721 0.491 0.872 0.293 0.250 0.059 0.025
D-glucosaminic acid 0.078 0.837 0.052 0.048 0.273 0.308 0.404 0.424
D-glucose 0.396 0.668 0.757 0.373 0.008 0.005 0.012 0.026
D-Glucose-6-phosphoric acid 0.794 0.032 0.315 0.257 0.013 0.001 0.004 0.028
DL-glyceraldehyde 0.430 0.130 0.549 0.406 0.488 0.985 0.127 0.082
DL-isoleucine 0.274 0.276 0.292 0.371 0.319 0.395 0.306 0.265
D-lyxose 0.010 0.008 0.010 0.034 0.088 0.374 0.111 0.511
D-malic acid 0.992 0.604 0.922 0.559 0.005 0.016 0.009 0.005
D-mannitol 0.536 0.987 0.968 0.553 0.008 0.041 0.011 0.003
D-sorbitol 0.069 0.514 0.422 0.248 0.012 0.054 0.022 0.010
D-threitol 0.035 0.651 0.800 0.625 0.095 0.157 0.031 0.041
Estradiol 0.019 0.014 0.380 0.641 0.013 0.006 0.008 0.085
Fructose 0.116 0.230 0.077 0.339 0.208 0.102 0.276 0.108
Fumaric acid 0.778 0.362 0.637 0.415 0.079 0.147 0.114 0.112
Glucoheptonic acid 0.620 0.750 0.160 0.847 0.003 0.000 0.001 0.000
Gluconic acid 0.652 0.713 0.764 0.671 0.007 0.016 0.013 0.003
Glyceric acid 0.884 0.568 0.548 0.314 0.003 0.017 0.008 0.004
Glycerol 0.818 0.518 0.189 0.894 0.025 0.063 0.040 0.042
Glycerol 1-phosphate 0.415 0.590 0.623 0.405 0.020 0.020 0.013 0.008
Glycine 0.540 0.716 0.179 0.695 0.011 0.000 0.000 0.000
Glycolic acid 0.747 0.449 0.578 0.710 0.021 0.013 0.034 0.055
Heptadecanoic acid 0.013 0.034 0.014 0.315 0.000 0.000 0.000 0.000
Hypotaurine 0.041 0.166 0.935 0.564 0.010 0.008 0.061 0.009
Isoleucine 0.157 0.249 0.504 0.617 0.007 0.006 0.020 0.015
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Metabolitler THP 1AH | THP 1AP | THP 125AH | THP 125AP | U937 1AH | U937 1AP | U937 125AH U937 125AP
Isomaltose 0.003 0.030 0.115 0.273 0.012 0.005 0.016 0.025
L-(+) lactic acid 0.861 0.485 0.783 0.739 0.025 0.022 0.037 0.060
Lactamide 0.011 0.101 0.479 0.082 0.088 0.102 0.179 0.186
Lactulose 0.074 0.004 0.117 0.096 0.295 0.459 0.369 0.141
L-alanine 0.008 0.006 0.037 0.075 0.011 0.059 0.014 0.122
L-canavanine 0.565 0.732 0.603 0.866 0.252 0.122 0.120 0.505
Leucine 0.144 0.232 0.334 0.579 0.007 0.007 0.010 0.011
L-glutamic acid 0.005 0.015 0.008 0.418 0.001 0.001 0.000 0.000
L-methionine 0.073 0.085 0.036 0.352 0.028 0.007 0.004 0.040
L-norleucine 0.319 0.290 0.331 0.384 0.284 0.916 0.267 0.240
L-ornithine 0.766 0.739 0.198 0.391 0.108 0.012 0.005 0.003
L-proline 0.365 0.368 0.431 0.959 0.005 0.003 0.006 0.006
L-pyroglutamic acid 0.539 0.950 0.665 0.712 0.001 0.001 0.001 0.000
L-serine 0.315 0.382 0.631 0.570 0.007 0.015 0.004 0.006
L-threonine 0.185 0.386 0.806 0.509 0.005 0.002 0.003 0.001
L-tryptophan 0.233 0.387 0.485 0.580 0.532 0.203 0.216 0.052
L-tyrosine 0.179 0.048 0.071 0.496 0.451 0.643 0.515 0.149
L-valine 0.602 0.810 0.108 0.779 0.041 0.035 0.068 0.071
Lysine 0.153 0.079 0.468 0.616 0.002 0.001 0.001 0.001
Malonic acid 0.287 0.649 0.999 0.479 0.063 0.071 0.122 0.074
Maltose 0.039 0.002 0.059 0.001 0.048 0.009 0.427 0.609
Methyl-beta-D-galactopyranoside 0.557 0.477 0.441 0.464 0.046 0.020 0.008 0.003
Myo-inositol 0.189 0.751 0.441 0.290 0.085 0.099 0.091 0.067
Myristic acid 0.004 0.017 0.018 0.298 0.006 0.000 0.001 0.000
N-acetyl-L-aspartic acid 0.376 0.642 0.331 0.401 0.060 0.047 0.026 0.013
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Metabolitler THP 1AH | THP 1AP | THP 125AH | THP 125AP | U937 1AH | U937 1AP | U937 125AH U937 125AP
N-acetyl-L-glutamic acid 0.139 0.486 0.842 0.211 0.448 0.454 0.937 0.906
N-ethylglycine 0.537 0.104 0.238 0.287 0.009 0.402 0.196 0.002
Nicotinamide 0.001 0.003 0.876 0.759 0.074 0.136 0.116 0.117
Norepinephrine (noradrenalin) 0.007 0.036 0.069 0.042 0.147 0.022 0.043 0.011
Oxalic acid 0.119 0.121 0.120 0.120 0.379 0.381 0.380 0.379
Palatinitol 0.601 0.155 0.841 0.852 0.117 0.021 0.040 0.057
Palmitic acid 0.106 0.044 0.048 0.491 0.009 0.001 0.001 0.001
Pantothenic acid 0.036 0.976 0.427 0.269 0.277 0.308 0.473 0.435
Phenylalanine 0.042 0.088 0.061 0.105 0.055 0.012 0.014 0.056
Phenyl-beta-glucopyranoside 0.324 0.778 0.712 0.408 0.142 0.150 0.148 0.170
Phosphoric acid 0.371 0.365 0.311 0.374 0.370 0.363 0.372 0.326
Proline 0.319 0.567 0.664 0.607 0.001 0.211 0.000 0.001
Purine riboside 0.022 0.338 0.668 0.407 0.502 0.345 0.102 0.068
Pyridoxine 0.052 0.082 0.090 0.501 0.098 0.098 0.145 0.144
Ribitol 0.056 0.690 0.699 0.506 0.013 0.080 0.007 0.008
Ribose 0.000 0.006 0.225 0.025 0.052 0.053 0.054 0.054
Sarcosine 0.790 0.965 0.040 0.906 0.288 0.107 0.101 0.617
Stearic acid 0.210 0.168 0.147 0.525 0.010 0.001 0.000 0.000
Succinic acid 0.642 0.176 0.227 0.419 0.009 0.044 0.007 0.004
Sucrose 0.729 0.135 0.783 0.735 0.509 0.301 0.155 0.114
Tagatose 0.427 0.822 0.116 0.769 0.056 0.027 0.081 0.037
Talose 0.965 0.310 0.385 0.748 0.500 0.465 0.355 0.373
Trans-4-hydroxy-L-proline 0.856 0.513 0.548 0.560 0.016 0.108 0.030 0.027
Uracil 0.219 0.462 0.720 0.493 0.128 0.079 0.034 0.096
Urea 0.214 0.424 0.424 0.231 0.014 0.596 0.825 0.386




Tablo 4.7. Intraseliiler matrikse ait metabolitler ve bagil derisimleri*
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) THP THP THP THP U937 U937 U937 U937 U937
Metabolit Kontrol 1aH | THPIAPT ooan | 125aP | Kontrol 1AH 1AP 125AH | 125AP
odr oy decanoie acid 13508 | 013% | 0894% | 1807 | 1686% | 0359% | 1963f | 0I151x | 0952% | 0319<
ydroxy 0.788 0.028 0.715 0.359 0.483 0.259 0.196 0.016 0.499 0.134
2 butyne-1.4-diol 0049+ | 0027+ | 0988 | 1043+ | 1053+« | 1065+ | 1132+ | 0949+ | 1003+ | 089l<
' 0.003 0.025 0.047 0.037 0.055 0.055 0.042 0.01 0.029 0.062
) — 1555+ | 1246 | 1668+ | 1165+ | 1414+ | 0506+ | 0483- | 0622+ | 0573+ | 0768<
2-ketoisocaproic acid 0.201 0.441 0.241 0.035 0.355 0.077 0.003 0.036 0.039 0.03
et Laulonic acid 7027 | 016< T180r | 3241+ | 2409= | 0198% | 0392< | 0046+« | 023l | 0108
g 1.03 0.02 0.857 0.692 0.595 0.041 0.013 0.012 0.088 0.06
A denosine 1055+ | 0909+ | 0564 | 1952+ 151+ | 1168+ | 0511: | 0258+ | 0739+ | 1333<
0.072 0.812 0.224 0.591 0.281 0.053 0.004 0.093 0.133 0.223
) 0451+ | 0335: | 0467+ | 0636+ | 0773+ | 138+ | 1405: | 1480+ | 1531+ | 1533<
Alpha-D-glucosamine phosphate 0.088 0.025 0.029 0.022 0.143 0.022 0.106 0.079 0.03 0.095
) 0736+ | 0352& | 039: | 0747+ | 0669+ | 1324= | 1333: | 141+ | 1437+ | 1601<
Alpha-glucosamine 1-phosphate 0.007 0.024 0.101 0.043 0.054 0.078 0.111 0.074 0.049 0.123
R 0043+ | 1.04< | 1133= | 0874% | 1077 | 0863+ | 0928+ | 1146+ | 0879+ | 116+
0.075 0.087 0.042 0.008 0.185 0.09 0.032 0.044 0.09 0.052
N soartic acid 1504+ | 1053+ | 1995+ | 2538+ | 2385+ | 008l- | 0109+ | 0135+ | 0102+ | 0098<
p 0.477 0.283 0.354 0.214 0.126 0.019 0.004 0.044 0.007 0.004
Semore acid 0818+ | 0644+ | 1085+ | L938< 144 | 1.760% | 1674< 16+ 1525+ | 1404+
enzoic aci 0112 0.146 0.392 1143 0.719 0.259 0.237 0.243 0.211 0.29
0395% | 0399: | 0402+ | 0448+ | 0385+ | 0999+ | 0683: | 091+ | 0724- | 0768<
Beta-glycerolphosphate 0.009 0.018 0.003 0.02 0.007 0.061 0.015 0.216 0177 0.035
Capric acid 0006% | 0728% | 1034+ | L1957+ | 1201+ | 1059+ | 068< | 0986+ | 0802: | 0753<
0.048 0.086 0.206 1.095 0.417 0.121 0.024 0.193 0.19 0.147
Caprylic acid 0739% | 0668% | 1024+ | 2058: | 1231+ | 0284+ | 1203: | 0693+ | 054: | 0323<
0.124 0.027 0.255 1.412 0.548 0.105 0.029 0.294 0.318 0.207
cholesterol 1610« | 1294+ | 1478+ | 132+ | 1245+ | 0214< | 0077« | 0093« | 0092+ | 0322<
0.133 0.062 0.039 0.022 0.183 0.108 0.024 0.018 0.025 0.052
Citrc acid 1888+ | 1103+ | 1584+ | 2397+ | 2231+ | 2097+ | 0549+ | 0822+ | 0528+ | 0798<
0.025 0.06 0.309 0.079 0522 0.846 0.004 0.045 0.032 0.112
5 ) calact 1067+ | 1389+ | 0982+ | 085+ | 0918+ | 0394+ | 0398+ | 0557+ | 0414+ | 0566
(+) galactose 0.148 0.009 0.041 0.132 0.17 0.088 0.009 0.112 0.04 0.076
D allose T601: | 1743% | 1542% | 1344+ | 1442+ | Lil6< T4+ | 1138% | 1305% | 15824
0.132 0.079 0.204 0.239 0.146 0172 0.113 0.081 0.193 0.217
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) THP THP THP THP U937 0937 U937 U937 0937

Metabolit Kontrol 1aH | THPIAPT 1o5an | 125aP | Kontrol 1AH 1AP 125AH | 125AP
. 0795= | 0662- | 0628= | 0782= | 0.752% | 0145< 017 < 026 | 0.157< 027 <
D-glucosaminic acid 0.039 0.068 0.101 0.202 0.067 0.011 0.024 0.042 0.002 0.037

Dalucose 1782+ | 2356+ | 1896+ | 1434+ | 1531+ | 037+ 031+ 0229+ | 0304= | 0351<

9 0.322 0.106 0.096 0.134 0.216 0.083 0.071 0.035 0.08 0.083

- 1231+ | 2503+ | 1954+ | 1216+ | 1531+ | 0809+ | 0909+ | 0978+ | 0827+ | 0959+
D-Glucose-6-phosphoric acid 0.196 0.35 0.103 0.128 0.116 0.121 0.047 0.029 0.065 0.029

DLisoleucine 0919+ | 1272+ | 1197+ | 1044t | 1.087% | 0206+ | 0172 | 0214+ | 0175+ | 019%<
0.03 0.05 0.062 0.04 0.067 0.018 0.003 0.057 0.011 0.046

D-lyxose 167+ 27+ T725% | 1373% | 1568% | 0707f | 0543% | 0683+% | 0480+ | L1103
0.299 0.146 0.028 0.167 0.128 0.081 0.043 0.072 0.042 0.188

D malic acid 1142+ | 0879+ | 1231+ | 1607+ | 1616+ | 0887+ | 0987+ | 1152+ | 0928+ | 1.107<
0.28 0.084 0.061 0.132 0.2 0.133 0.013 0.061 0.087 0.069

S 0932+ 124 = 1049+ | 0827« | 0892+ | 0765= | 0903+ | 00943+ | 0834< 087
0.063 0.048 0.075 0.027 0.069 0.077 0.043 0.028 0.121 0.026

Dsorbitol 1089+ | 1278+ | 1192+ | 1013+ | 1112+ | 0779+ | 0919+ | 1005+ | 0845+ | 0972+
0.056 0.043 0.044 0.054 0.094 0.106 0.026 0.051 0.077 0.037

D threitol 0.895 = 125 1164+ | 1112+ T06= | 0616 | 0781 | 0995% | 0696< 082 <
0.011 0.15 0.044 0.095 0.123 0.069 0.017 0.052 0.076 0.021

Frctose 1134+ 155 1294 | 1019% | 1095+ | 0915= | 0725+ | 0803%f | 0623+ | 0001+
0.138 0.034 0.075 0.056 0.103 0.048 0.029 0.103 0.146 0.093

Fumaric acid 1149+ | 1127+ 113+ 1349+ | 1277+ | 1169+ | 1121+ 111+ 1161+ | 1274+
0.143 0.107 0.134 0.136 0.048 0.132 0.083 0.068 0.063 0.122

. 0842+ | 0741+ | 0814+ | 0889+ 088+ | 0156+ | 0168+ | 0134+ | 0142+ | 0213+
Glucoheptonic acid 0.052 0.009 0.022 0.077 0.055 0.004 0.023 0.013 0.048 0.03

Gluconic acid 2105+ | 1993+ | 2072« | L1737« 128+ 051 0764+ | 1136+ | 0694+ | 1286+
0.213 0.166 0.269 0.307 0.376 0077 0.015 0.063 0.106 0.108

o lutamic acid 1011+ | 0931f | 1009: | 1165% | 14%+ | 212+ 188 ¢ 1823+ | 1791 | 1402+
0.073 0.051 0.047 0.055 0.383 0.387 0.341 0.447 03 0.44

0199+ | 0.73t | 0185+ | 0223+ | 0202+ | 0705+ 071 < 1109+ | 068+ 0.895 =

Glycerol 1-phosphate 0.014 0.023 0.003 0.015 0.02 0.102 0.068 0.07 0.04 0.136

Giveine 0792+ | 0929+ 131+ 1506+ | 1364+ | 0705+ 071+ 1109+ | 008+ 0.895 =

y 0.124 0.075 0.077 0.433 0.166 0.102 0.068 0.07 0.04 0.136

GIvoolic acid 0376+ | 0459+ | 0409+ | 0288+ | 0361+ | 1183+ | 1726+ | 19097+ 171+ 1491+

y 0.036 0.043 0.042 0.049 0.053 0.046 0.071 0.085 0.111 0.297

— 1004+ | 0753% | 0817+ | 1062f | 0022 | 09084t | 0979 | 1168+ | L1465+ | 1.166<
Heptadecanoic aid 0.045 0.064 0.007 0.158 0.09 0.078 0.004 0.08 0.081 0.097
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) THP THP THP THP U937 0937 U937 U937 0937

Metabolit Kontrol 1aH | THPIAPT 1o5an | 125aP | Kontrol 1AH 1AP 125AH | 125AP

... 0815: | 072+ 1303 | 3.096+ | 1686% | 0706 | 0381 | 0502% | 0404% | 0299+
Hydrocinnamic acid 0.102 0.15 0.551 2.26 0.937 0.142 0.028 0.257 0.251 0.03

soleucine 0832+ | L1152+ | 1112+ | 1058+ | 1043+ | 0881+ | 0978+ | 1029+ | 0898+ | L017<
0.024 0.035 0.083 0.096 0.059 0.134 0.049 0.037 0.077 0.038

L-()-fucose 0731+ | 0879+ | 0716& | 0985+ | 0721+ | 1374+ | 1221+ | 1287+ | 1107+ | 0981«
0.102 0.106 0.165 0.11 0.063 0.14 0.121 0.109 0.174 0.166

L-(+) lactic acid 0334+ | 0476+ | 0423+ | 0307+ | 0350& | 1409+ 16+ 1887+ | 1584+ 162
0.028 0.012 0.024 0.019 0.037 0.186 0.086 0.091 0.208 0.166

Lactarmide 0946% | 0744+ | 0945% | 0799+ | 0006% | L183: | 1267+ | 1053+ | 1148+ | L.009<
0.059 0.07 0.083 0.066 0.025 0.045 0.066 0.073 0.188 0.057

| alanine 0251+ | 0378+ | 0324+ | 0344+ | 0334+ 136+ 1500+ | 1628+ | L1741+ | 2043+
0.013 0.025 0.013 0.03 0.029 0.071 0.102 0.043 0.092 0.139

| alutamic acid T152f | 1.062% | 2504% | 2756% | 1868% | 0156 | 0.151= | 0103% | 0.149% | 0099+
9 0.303 0.464 0.454 0.975 0.614 0.024 0.024 0.018 0.014 0.009

L oroline 0482+ | 0766+ | 0838« | 082< 0.748 + 117+ 1244+ | 1355+ | 1165+ | L4721+

P 0.011 0.044 0.064 0.091 0.01 0.22 0.125 0.09 0.114 0.084

— 116 | 1.602= | 2323+ | 2678+ | 1982+ | 0055+ | 0037+ | 0141 | 0008% | 0014+
L-pyroglutamic acid 0.27 0.475 0.312 0.036 0.086 0.03 0.009 0.073 0.003 0.005

| ~erine 0776 = | 0798% | 0732+ | 0694+ | 0721+ | 0952% | 1.066% | 1418+ | 1.102= | 1741z
0.007 0.055 0.07 0.005 0.048 0.074 0.074 0.057 0.11 0.232

Malortic acid 0992+ | 0873+ | 0959+ | 1007+ | 1092+ | 1121+ | 1175+ | 0049+ | 1048+ | 0784z
0.011 0.07 0.078 0.024 0.071 0.061 0.07 0.015 0.072 0.133

Mvo-inositol 0918+ | 0795+ | 0917+ | 0907+ | 0979+ | 1146+ | 1003+ | 1.053+ | 1103+ 1.09 =

y 0.065 0.017 0.034 0.081 0.042 0.152 0.101 0.081 0.106 0.114

Mvristic acid 1027+ | 0823+ | 0898+ | 1047+ | 0883« | 0942+ | 09012+ | 1200+ | 1057+ | 1202«

y 0.003 0.077 0.013 0.124 0.105 0.066 0.035 0.039 0.11 0.086

— 0723 | 0797+ | 0841t | 0903 | 0893t | 0872% | 1061z | 1507 | 097% 1434+
N-acetyl-L-aspartic acid 0.051 0.021 0.011 0.09 0.028 0.329 0.103 0.534 0.395 0.148

- 1504+ | 1687+ | 1647= | 2094= | 2008 | 0113+ | 0051+ | 0371= | 0002 | 0522z
N-acetyl-L-glutamic acid 0.104 0.22 0.18 0.264 0.429 0.05 0.027 0.222 0 0.26

Oxalic acid 0973 | 0789< | 0925« | 099< 1073+ 126+ 1011+ | 1021+ | 1046+ | 0912+
0.058 0.051 0.037 0.034 0.087 0.001 0.026 0.096 0.172 0.181

Dalmitic. acid 1132+ | 0939+ | 1045+ | 1051+ | 1015: | 0995+ | 0826+ | 0984+ | 0967+ | 1047
0.011 0.12 0.013 0.046 0.045 0.003 0.002 0.013 0.083 0.076

Palmitoleic acid 1214 | 0741 | 0644% | 1099 | 0866< 125 1112+ | 1158+ 09< 1017+
0.093 0.019 0.135 0.145 0.018 0.165 0.105 0.134 0.068 0.104
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) THP THP THP THP U937 U937 U937 U937 U937

Metabolit Kontrol 1aH | THPIAPT 1o5an | 125aP | Kontrol 1AH 1AP 125AH | 125AP

— 0052+ | 1.008: | 1.089f | 1076+ | 107+ | 0868: | 084t | 0833% | 1.002& | 1261+

Pantoth d

antofhenic act 0.011 0.037 0.014 0.064 0.033 0.066 0.006 0.066 0.046 0.158

. 1145+ | 1765+ | 2137+ | 1993+ | L1744+ | 0191+ | 0335+ | 0326+« | 0179« | 0185+
y 0.125 0.453 0.166 0.374 0.074 0.104 0.032 0.161 0.086 0.027
Shosohoric acid 0072+ | 0071+ | 0964% | 0965+ | 0998= | 0959+ | 1059+ | LOl7= | 1055+ | 1.04<
p 0.018 0.014 0.006 0.034 0.016 0.025 0.033 0.037 0.056 0.04

S 0041+ | 1.038: | 113 090+ 1074= | 0863= | 0916= | 1.149= | 0878 | Ll12=
0.075 0.087 0.042 0.035 0.185 0.086 0.033 0.047 0.091 0.05

Ribose 0377 | 0535% | 0442% | 0446« | 0504= | 118l | 1171 | 192= | 1273f | 2152%
0.051 0.066 0.026 0.016 0.053 0.136 0.036 0.25 0.043 0.457

Serine 1276+ | 123+ | 1467+ | 1585+ | 1467+ | 0547+ | 0515+ | 0758+ | 0499+ | 0655+
0.092 0.191 0.144 0.304 0.067 0.03 0.062 0.16 0.104 0.103

Stearic acid T144: | 093+ | 1003+ | T.04l= | 0079- | 0960= | 0903 | 096% | 1.006= | 1.056=
0.04 0.105 0.026 0.032 0.03 0.001 0.011 0.014 0.056 0.091

Succinic acid 0013+ | L1118+ | 1234+ | 117+ | 1L091< | 0965+ | 0862+ | 095+ | 0844« | 0852+
0.012 0.045 0.065 0.064 0.065 0.03 0.01 0.023 0.042 0.026

Sucroe 1418+ | 1082: | T15f | 0806 | 1.77= | 00I3f | 0528¢ | 0824« | 0738« | 0772¢
0.189 0.247 0.238 0.099 1.09 0.342 0.039 0.192 0.324 0.112

Tagatose T107= | 1547« | 1296% | 101 | 1.083f | 0643« | 0792 | 1012« | 0692« | 0807<
0.15 0.041 0.074 0.055 0.098 0.068 0.013 0.06 0.07 0.024

Threonne 0824+ | 1035+ | 115+ | 1176+ | 1162+ | 0865+ | 0915+ | 0917« | 0852« | 1103+
0.077 0.034 0.05 0.039 0.056 0.091 0.049 0.092 0.125 0.087

: 1047+ | L1743+ | 2492+ | 2088< | 2044+ | 0008= 0542+ 0013+
Trans-4-hydroxy-L-proline 0.269 0.482 0.305 0.22 0.066 0.003 | 0010 027 | 00130 | “5o01

Orac 0773+ | 0666+ | 0777« | 0907« | L064= | 0792+ | 0981+ | 1558+ | L1172« | 1311«
0.073 0.038 0.076 0.157 0.128 0.126 0.075 0.084 0.091 0327

Val 0091+ | 1291% | 1221% | 1251 | 1164= | 075: | 0804% | 0918= | 0752 | 0859%
0.036 0.051 0.081 0.205 0.038 0.097 0.024 0.024 0.054 0.052
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Metabolit THP 1AH THP 1AP THP 125AH | THP 125AP U937 1AH U937 1AP 133%4 U937 125AP
10-hydroxydecanoic acid 0.156 0.595 0.748 0.856 0.013 0.166 0.554 0.405
2-butyne-1,4-diol 0.428 0.457 0.065 0.133 0.392 0.110 0.380 0.105
2-ketoisocaproic acid 0.559 0.736 0.129 0.749 0.781 0.242 0.481 0.034
2-keto-L-gulonic acid 0.144 0.566 0.383 0.764 0.011 0.025 0.752 0.286
Adenosine 0.867 0.105 0.206 0.192 0.000 0.001 0.040 0.511
Alpha-D-glucosamine phosphate 0.272 0.876 0.111 0.128 0.825 0.253 0.015 0.190
Alpha-glucosamine 1-phosphate 0.000 0.027 0.809 0.291 0.953 0.469 0.286 0.129
Avrabitol 0.447 0.091 0.407 0.540 0.533 0.047 0.903 0.071
Aspartic acid 0.462 0.455 0.119 0.149 0.225 0.321 0.354 0.424
Benzoic acid 0.397 0.548 0.385 0.441 0.040 0.114 0.275 0.027
Beta-glycerolphosphate 0.859 0.479 0.075 0.441 0.798 0.658 0.504 0.400
Capric acid 0.146 0.578 0.392 0.411 0.007 0.710 0.216 0.030
Caprylic acid 0.600 0.372 0.405 0.431 0.037 0.765 0.318 0.184
Cholesterol 0.092 0.368 0.091 0.175 0.001 0.260 0.487 0.875
Citric acid 0.000 0.382 0.004 0.547 0.284 0.334 0.335 0.421
D (+) galactose 0.095 0.609 0.335 0.545 0.141 0.207 0.137 0.202
D-allose 0.408 0.821 0.400 0.467 0.963 0.317 0.842 0.211
D-glucosaminic acid 0.163 0.195 0.952 0.608 0.582 0.915 0.507 0.168
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Metabolit THP 1AH THP 1AP | THP 125AH | THP 125AP | U937 1AH U937 1AP ]Egij_' U937 125AP
D-glucose 0.166 0.752 0.374 0.552 0.412 0.057 0.334 0.032
D-Glucose-6-phosphoric acid 0.034 0.031 0.950 0.259 0.613 0.193 0.597 0.878
DL-isoleucine 0.004 0.015 0.066 0.083 0.483 0.246 0.901 0.295
D-lyxose 0.036 0.863 0.433 0.767 0.137 0.894 0.220 0.854
D-malic acid 0.420 0.769 0.207 0.240 0.145 0.837 0.074 0.124
D-mannitol 0.018 0.300 0.203 0.688 0.499 0.146 0.811 0.218
D-sorbitol 0.055 0.223 0.380 0.848 0.197 0.097 0.657 0.269
D-threitol 0.078 0.004 0.087 0.252 0.267 0.126 0.637 0.160
Fructose 0.043 0.367 0.483 0.832 0.082 0.012 0.478 0.049
Fumaric acid 0.908 0.926 0.368 0.444 0.028 0.379 0.130 0.901
Glucoheptonic acid 0.131 0.651 0.639 0.639 0.775 0.714 0.961 0.589
Gluconic acid 0.700 0.927 0.380 0.129 0.651 0.168 0.775 0.133
Glutamic acid 0.423 0.985 0.167 0.281 0.032 0.003 0.231 0.004
Glycerol 1-phosphate 0.385 0.374 0.312 0.901 0.665 0.642 0.539 0.288
Glycine 0.400 0.024 0.188 0.051 0.970 0.031 0.834 0.325
Glycolic acid 0.217 0.585 0.221 0.827 0.003 0.001 0.012 0.363
Heptadecanoic acid 0.033 0.015 0.745 0.462 0.952 0.173 0.221 0.216
Hydrocinnamic acid 0.628 0.433 0.370 0.408 0.088 0.717 0.354 0.049
Isoleucine 0.002 0.031 0.085 0.029 0.534 0.347 0.922 0.385
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Metabolit THP 1AH THP 1AP | THP 125AH | THP 125AP | U937 1AH | U937 1AP 1‘;2%4 U937 125AP
L-(-)-fucose 0.371 0.936 0.166 0.938 0.456 0.651 0.298 0.146
L-(+) lactic acid 0.010 0.074 0.470 0.628 0.404 0.082 0.564 0.445
Lactamide 0.093 0.993 0.173 0.573 0.356 0.203 0.865 0.075
L-alanine 0.011 0.018 0.046 0.062 0.128 0.033 0.031 0.012
L-glutamic acid 0.878 0.069 0.191 0.355 0.882 0.147 0.798 0.089
L-proline 0.003 0.006 0.021 0.000 0.785 0.480 0.955 0.347
L-pyroglutamic acid 0.463 0.048 0.005 0.044 0.588 0.334 0.193 0.246
L-serine 0.714 0.566 0.001 0.320 0.336 0.008 0.323 0.031
Malonic acid 0.170 0.699 0.610 0.235 0.591 0.051 0.482 0.083
Myo-inositol 0.143 0.992 0.925 0.473 0.787 0.618 0.826 0.785
Myristic acid 0.057 0.001 0.877 0.244 0.702 0.025 0.419 0.075
N-acetyl-L-aspartic acid 0.253 0.085 0.156 0.043 0.613 0.369 0.859 0.194
N-acetyl-L-glutamic acid 0.494 0.527 0.106 0.317 0.327 0.321 0.087 0.197
Oxalic acid 0.077 0.522 0.810 0.395 0.001 0.067 0.284 0127
Palmitic acid 0.185 0.007 0.161 0.065 0.000 0.481 0.756 0.523
Palmitoleic acid 0.007 0.025 0.537 0.021 0.518 0.686 0.122 0.298
Pantothenic acid 0.223 0.001 0.132 0.028 0.689 0.726 0172 0.083
Phenylalanine 0.258 0.009 0.098 0.015 0.255 0.519 0.936 0.957
Phosphoric acid 0.979 0.699 0.872 0.342 0.074 0.268 0.193 0.164
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Metabolit THP 1AH | THP 1AP | THP 125AH | THP 125AP | U937 1AH | U937 1AP 1‘;3& U937 125AP
Ribitol 0.446 0.091 0.648 0.540 0.594 0.043 0.911 0.066
Ribose 0.132 0.321 0.271 0.160 0.947 0.060 0.553 0.112
Serine 0.838 0.327 0.387 0.169 0.668 0.266 0.677 0.373

Stearic acid 0.130 0.041 0.113 0.029 0.004 0.562 0.456 0.395

Succinic acid 0.012 0.008 0.016 0.054 0.031 0.702 0.079 0.047
Sucrose 0.340 0.428 0.045 0.766 0.326 0.832 0.729 0.716
Tagatose 0.051 0.345 0.539 0.858 0.097 0.015 0.640 0.085
Threonine 0.066 0.024 0.015 0.024 0.656 0.708 0.935 0.131

Trans-4-hydroxy-L-proline 0.276 0.024 0.040 0.023 0534 0.119 0.154 0.164
Uracil 0.265 0.970 0.483 0.119 0.267 0.007 0.071 0.213
Valine 0.009 0.061 0.281 0.029 0.617 0.168 0.990 0.377
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Sekil 4.5. THP hiicre hattindan adjuvan etkisine bagl olarak elde edilen intraseliiler
metabolitlere ait sicak harita grafikleri.
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Sekil 4.7. THP hiicre hatindan adjuvan etkisine baglh olarak elde ekstraseliiler
metabolitlere ait sicak harita grafikleri.
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Sekil 4.9. Intraseliiler(A) ve ekstraseliiler(B) metabolomiks verilerine ait PCA
grafikleri.
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Sekil 4.11. THP hiicre hatlarmda AP dozuna bagh olarak kontrol grubuna karsi
olusturulmus yanardag grafikleri A) 1 mM AP, B) 0.125 mM AP
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Gruplarin ayirilmasinda 6nemli olan metabolitler tespit edilmesi i¢in ve en
kiigiikk karaler farklilagtirma analizleri (PLS-DA) gergeklestirilmigtir. Analizler
sonucunda elde edilen skor grafikleri ve VIP grafikleri Sekil 4.14-4.15 verilmistir.
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Sekil 4.14. THP hiicre hatinin adjuvan tipi ve derisimine bagh olarak degisen
intraseliiler metabolomik profillerine ait A) PLS-DA skor (R?: 0.972 ve

Q2:0.512) ve B) VIP grafigi.
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Sekil 4.17. THP ve U937 hiicre hatinin adjuvan tipinin (0.125 mM) intraseliiler
metabolomik profillerine ait A) PLS-DA skor (R%:0.972 ve Q2:0.512) ve
B) VIP grafigi.
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4.3. Proteomiks Analizler

THP-1 ve U937 hiicrelerinin diisiik ve yiiksek derisimde AH ve AP ile
maruziyetine bagl olarak intraseliilar matrikste degisen proteoin profilleri LC-QTOF-
MS analizleri gergeklestirilmistir. Inkiibasyon periyodu sonunda hiicre hatlarindan
toplanan instrasellular matriks protein profilindeki degisimler incelenmis ve toplamda

403 protein tanimlanmustir (Tablo 4.5).



Tablo 4.9. THP-1 ve U937 hiicre kiiltiiriine ait proteinlerin bagil derigimleri.
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orotein oo THP THP THP THP THP 0937 THP THP THP THP
Kontrol | 1AH 1AP 125AH | 125AP | Kontrol | 1AH 1AP 125AH | 125AP
Far upstream element-binding protein KHSRP 11.633 + 11.39+ 10'127 11.208 10.874+ | 11.571+ | 11312+ | 11349+ | 11514+ | 10978
2 0.224 0.103 oa10 | %0221 0212 0.106 0.342 0.37 0.015 0.424
M amesiom taneborer orowin 1 MAGTL | 1041% | 10596 | 10756 | 10509% | 10.602% | 10610+ | 10719 | 13.604% | 12397% | 12022
g porter p 0.07 0.334 0.27 0.018 0.19 0.09 0.053 1.184 0.87 1277
26S proteasome non-ATPase PSMD13 11.977+ | 12.017+ | 12.858+ | 12.154 + 12.64 + 11.05+ 10.651+ | 10949+ | 10.816+ | 12.684 +
regulatory subunit 13 0.289 0.114 0.302 0.328 0.397 0.135 0.295 0.616 0.122 0.059
Earmesyl ovroohosaate svmiase oPS 11457+ | 11.109% | 12023 | 13< 1142+ | 134005 | 1246% | 11509% | 13811 < | 10524 ¢
yl pyrophosphate sy 0.69 1.033 0.842 0.033 0.702 0.566 0.882 1.195 0.262 0.261
: : 12008+ | 13.084% | 13387= | 12846= | 13549< | 1235« | 12007 | 13271« | 128%6= | 13274+
Clathrin heavy chain 1 CLTC 0.481 0.109 0.338 0.191 0.289 0.182 0.086 0.264 0.731 0.625
) 16799+ | 1653« | 16532+ | 16843« | 16675+ | 1501« | 15820+ | 15778« | 15.858= | 15898+
Elongation factor 1-alpha 1 EEF1AL 0.07 0.033 0.062 0.027 0.044 0.034 0.014 0.04 0.032 0.123
) ) 12372+ | 11854« | 11.845% | 12305+ | 12.004= | 12075« | 11906 | 10666+ | 12427+ | 11.606 =
Tropomyosin alpha-3 chain TPM3 0.092 0.287 0.12 0186 0.154 0.112 0.086 0.64 013 0.229
: ) 12788+ | 11809« | 11.884< | 12011< | 12376= | 1052« | 1112< | 10362< | 10736= | 11203 =
60S ribosomal protein L17 RPL17 0.074 0.218 0.534 0.641 0173 0.029 0.283 0.366 0.434 0.333
Heterogeneous nuclear INRNPM | 129525 | 12472+ | 12321+ | 12475+ | 12732+ | 12765+ | 12488+ | 12224+ | 13.018% | 12391+
ribonucleoprotein M 0.071 0.239 0.171 0.118 0.053 0.206 0.109 0.083 0.112 0.444
) 12404+ | 12248+ | 12496+ | 12.631< | 12415+ | 12.628« | 12447+ | 12079« | 12575+ | 12346+
Elongation factor 1-delta EEF1D 0.114 0.191 0.019 0.061 0.069 0.113 0.138 0.274 0114 0.15
Proteasome activator complex subunit PSME2 11.677+ | 11436+ | 12203+ | 12226+ | 11.086+ | 11.422+ | 10331+ | 11.098+ | 11.482+ | 11.027+
2 0.365 0.28 0.138 0.114 0.676 0.462 0.186 0.378 0.175 0.329
Voltage-dependent anion-selective VDAC2 12.38 + 12196 + | 12217+ | 12434+ | 12251+ | 12337+ | 11.235+ | 12.064 + 12.07 + 12.251
channel protein 2 0.1 0.204 0.157 0.053 0.016 0.126 0.54 0.103 0.123 0.181
11,000 | ILI37% | 11239% | 11.814< | 11.097< | 10831 = | 110126+ | 11898« | 1128+ | 11783+
Proto-oncogene vav VAV1 0.585 0.539 0.483 0.497 0.528 0.122 0.552 0.427 0.609 0.756
— 12447+ | 13207« | 13839+ | 12319% | 13501 < | 12361« | 12678+ | 12.165% | 12618« | 12773+
Peroxiredoxin-1 PRDX1 0.231 0.437 0.36 0.663 0.302 0.809 0.107 0.186 0.264 0.561
) ) 10906+ | 1035+ | 13.018< | 1L.04< | 10982< | 9947< | 10738« | 12302« | 14381 = | 10215+
Pecanex-like protein 2 PCNXL2 0.27 0.115 2.286 0.151 1149 0.607 0.263 2531 2556 0.57
Translationally-controlled tumor TPT1 12.015+ | 10968+ | 11.609+ | 11.999+ | 11.572+ | 11.904+ | 12.075+ | 10.892+ | 12.114+ | 11.851+
protein 0.795 0.227 0.304 0.282 0.326 0.268 0.156 0.452 0.483 0.173
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— oo THP THP THP THP THP U937 THP THP THP THP
Kontrol | 1AH 1AP 125AH | 125AP | Kontrol | 1AH 1AP 125AH | 125AP
) 11047 | 11.674% | 10731 | 11.638< | 11336< | 10332= | 10.486% | 10748 | 11.114= | 11.092
Protein SET SET 0.646 0.075 0318 | 0232 0327 | 0.103 0.592 0.414 0.22 0.281
) : 13.005% | 12743+ | 12.637+ | 13.052= | 12.668< | 12.946= | 12.686< | 12725« | 12701« | 12773«
408 ribosomal protein SA RPSA 0.072 0.156 0.05 0.009 0.195 0.032 0.107 0.167 0.141 0.083
) 11332« | 11338+ | 11428+ | 12264 | 1L.721= | 11< | 10494 < | 10504« | 10567 | 11324+
Nesprin-1 SYNEL 0.754 1.07 0.903 0.91 1.166 0.675 0.241 0.139 0.345 0.616
: : ) 123+ | 10585% | 11,046 | 12257+ | 11,068~ | 10991+ | 1158~ | 10878« | 11.036 | 11.176%
Citrate synthase, mitochondrial cs 0.086 0.837 0.437 0.041 0571 0.624 0.787 0.295 0.21 0.543
DOr'c')f;‘%"dl'pé‘o‘fﬁ{‘rggl'?e‘?:gczgﬂ'(dg; obosT | 10391 | 10702 | 14388+ | 10298+ | 11095+ | 104725 | 10668= | 1163+ | 10593+ | 10319+
P gly s)[Jbunit 0.36 0.071 0.235 0.111 0.357 0.071 0.135 1.363 0.172 0.141
ATP-dependent RNA helicase Doxax | 11361= | 11899 | 11.947% | 11464% | 1074% | 11736+ | 1112+ | 11323+ | 10.796% | 11377
DDX3X 0.101 0.062 0.029 0.286 0.556 0.079 0.466 0.378 0.591 0.512
Probable ATP-dependent RNA DDX5 12.408 + 12.16 + 12.181+ | 12.636+ | 12364+ | 12446+ | 11.904+ | 11909+ | 12441+ | 12341+
helicase DDX5 0.121 0.015 0.236 0.158 0.19 0.146 0.076 0.383 0.214 0.34
) 1085+ | 12288+ | 10324+ | 12551« | 12.033< | 10313= | 11414< | 11455« | 10472 | 10.664 &
AP-2 complex subunit alpha-2 AP2A2 0.658 0.747 0171 0.132 0.922 0.323 0.534 0.663 0.167 0.27
Poly(U)-binding-splicing factor PUF60 11.265 + 9.923 + 11.319+ | 10957+ 11.155+ | 11977+ | 11.586+ | 10.742 + 10.83 + 10.929 +
PUF60 0588 0.082 0538 0.559 0.801 0.206 0.446 0.174 0.632 0.569
Ras GTPase-activating-like protein IQGAP1 11.055 + 10.43 + 10.54 + 11.045+ | 11.366+ | 10292+ | 11.652+ | 10.392+ 11.66 + 10.597 +
IQGAPI 0.614 0.181 0.336 0.516 0.371 0.405 0.85 0.081 0.594 0.575
) 12.664= | 12256 | 12365 | 12.675= | 12.496= | 12506= | 12457< | 12448« | 12549« | 1243 ¢
Fatty acid synthase FASN 0.159 0.175 0.255 0.075 0.062 0.191 0.084 0.117 0.353 0.111
: HISTIH2A | 19159+ | 19871+ | 2003+ | 18573+ | 20010< | 17062« | 18.784% | 20373 & | 18.859= | 19.702 +
Histone H2A type 1-J ] 0518 0.494 0.256 0.374 0.349 0.655 0.427 0.267 0.73 0.637
. — ) 13801 | 1338+ | 13455+ | 13573+ | 13.63< | 13617« | 13442< | 13138« | 13572 | 13.657 %
Polypyrimidine tract-binding protein 1 | PTBP1 0.117 0.138 0.109 0.048 0.071 0.202 0.087 0.162 0.162 0.048
) 11194+ | 11027+ | 10899« | 11255< | 11142+ | 12403 | 11974+ | 11559+ | 12184« | 11.867 ¢
Cathepsin D CTSD 0.095 0.426 0.227 0.354 0.24 0.581 0.137 0.635 0.03 0.416
RNA-binding motif protein, X SBMx | 12256+ | 11821+ | 11914+ | 12225+ | 11501+ | 11977 | 12044= | 10603+ | 12.054= | 11228+
chromosome 0.098 0.139 0.34 0.145 0.384 0.167 0.109 0.494 0.192 0.496
) ) 12293+ | 116+ | 11450+ | 11856« | 1161= | 10727= | 11226< | 11389« | 11751« | 10903 &
Dynein heavy chain 10, axonemal DNAHIO | “5036 0.435 0.563 0.413 0.548 0.833 0.615 0.682 0.322 0.301
) — ) 10038 % | 11113+ | 11.650% | 11.669% | 10932< | 12093 = | 11559< | 11786 & | 12.139% | 12412+
Dihydropyrimidinase-related protein 2 | DPYSL2 0.451 0.361 0.505 0.345 0.316 0.441 0134 0.75 0.274 0.814
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Protein oo THP THP THP THP THP 0937 THP THP THP THP
Kontrol | 1AH 1AP 125AH | 125AP | Kontrol | 1AH 1AP 125AH | 125AP
17199+ | 10.954% | 10914= [ 10557 | 11.677< | 10588= | 10488 | 13.67= | 10854= | 10699
Squalene synthase FDFT1 0.761 0.293 0.447 0.036 0.84 0.288 0.231 1.697 0.121 0.08
) ) 12079+ | 12541« | 12.604= | 12841« | 12808« | 11272« | 12392+ | 12452« | 10988 = | 11915+
408 ribosomal protein S10 RPS10 0.133 0.152 0.182 0.1 0.132 0.449 0.048 0.274 0.663 0.312
Heterogeneous nuclear HNRNPU 14233+ | 13.702+ | 13.692+ | 13.996 + 14229+ | 13.193 + 1291+ 1243+ 13.201+ | 12.853 +
ribonucleoprotein U 0.067 0.147 0.078 0.204 0.136 0.09 0.132 0.261 0.027 0.436
10067 | 10767« | 11348< | 11.073< | 10321 < | 12634« | 12395+ | 1164« | 12241« | 12461+
D-3-phosphoglycerate dehydrogenase | PHGDH 0.557 0.557 0.324 0.631 0.167 0.02 0.048 0.508 0.126 0.072
: — 1611 = | 12169% | 1181+ | 12.047% | 12.041< | 11168~ | 10528< | 10615« | 10671 | 10944 &
Palmitoyl-protein thioesterase 1 PPTL 0.1 0.078 0.179 0.127 0.135 0.136 017 0.062 0.076 0.236
Chloride intracellular channel protein CLICS 1245+ 11411+ | 11.382+ | 11.753+ | 10433+ | 11.743+ | 11.181+ | 10938+ [ 11.356+ | 11.493+
5 0.298 0.725 0.648 0.108 0.079 0.716 0.491 0.51 0.719 0.996
ool Tecentor-ascociated oromein 31 B 10783 | 10269% | 15463 % | 10332% | 1326% | 12353% | 11762+ | 12.676% | 1065+ | 15220+
P P CAP31 0.235 0.228 0.51 0.234 1.593 1.057 1.139 1.276 0.404 0.526
14043+ | 14644+ | 14619+ | 14919% | 14741 < | 15423« | 1524+ | 14928+« | 15303+ | 15.192+
Alpha-enolase ENO1 0.033 0.055 0.039 0.031 0.031 0.033 0.03 0.018 0.05 0.118
: : 12736% | 114335 | 12594< | 12448< | 10749< | 12171 | 12273 | 11996 | 1185+ | 11.99%
60S ribosomal protein L5 RPL5 0.214 0.422 0.229 0.185 0.218 0.716 0.221 0.476 0.628 0.592
: : 12244+ | 116835 | 11.776% | 11.968< | 1201+ | 12.156% | 12.054% | 11326% | 12.004= | 11551«
40S ribosomal protein S14 RPS14 0.154 0.159 0.169 0.326 0.075 0.138 0.296 0.068 0.139 0.163
) ) 11453+ | 10736 % | 10297+ | 11.642< | 11.755% | 10478« | 12.108% | 10889 % | 10.718= | 10.895 «
40S ribosomal protein 524 RPS24 0.491 0.122 0.341 0.838 0.677 0.779 0.122 0.549 0.254 0.172
) ) 10116+ | 11751« | 11701 = | 10434< | 13549+ | 1078< | 11139+ | 10336 | 10477 = | 10385+
Androgen-induced gene 1 protein AlGL 0.017 1 1514 0.004 0.25 0.046 0.027 0.235 0.151 0.21
) ) 12060 | 12537« | 12548= | 12.066= | 12544= | 1203= | 12603% | 12701« | 12451= | 12516
Ribosomal protein L15 RPL15 0.33 0.309 0.197 0.219 0.093 0.507 0.197 0.261 0.432 0.327
: [3355% | 12.963% | 13580% | 13372 | 13.078< | 14964~ | 14.651< | 14598« | 1495% | 15041 &
Glucose-6-phosphate isomerase GPI 0.126 0.077 0.311 0.049 0.187 0.054 0.045 0.073 0.007 0.071
12078+ | 11715% | 10157+ | 12.072< | 11.863< | 11266= | 1057+ | 10473« | 11311~ | 11356+
CTP synthase 1 CTPS1 0.088 0.226 0.444 0.066 0.1 0.162 0.549 0.258 0.126 0171
DNA replication licensing factor MCM4 1132+ 10.836 + 10.69 + 11262+ | 10531+ | 11.288+ | 11.334+ | 10451+ | 10461+ | 10474+
MCM4 0.043 0.207 0.253 0.729 0.312 0.107 0.054 0.39 0.486 0.397
— : 15322+ | 1472+ | 13451+ | 12.083% | 15011< | 13.672= | 10689% | 1477+ | 10621 | 14887«
WD repeat-containing protein 24 WDR24 0.141 0.098 1.734 1.486 0.084 1589 0.342 0.17 0.199 0.188
— — 14043+ | 12418% | 12061 | 10519% | 11548~ | 1058< | 10563+ | 10936« | 10.041= | 10772
GTP-binding protein Rit2 RIT2 0.14 1.06 0.64 0.122 1131 0.166 0.255 0.173 0.295 0.134
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— oo THP THP THP THP THP U937 THP THP THP THP
Kontrol | 1AH 1AP 125AH | 125AP | Kontrol | 1AH 1AP 125AH | 125AP
Heterogeneous nuclear INRNPL | 13128+ | 13387+ | 14215+ | 13.158% | 14107+ | 13292+ | 13.621 | 13.274= | 13.098= | 13397+
ribonucleoprotein L 0.191 0.261 0.082 0.08 0.563 0.16 0.208 0.117 0.119 0.072
. : 13184 % | 1468+ | 14914+ | 14461 | 13.401= | 1260+ | 14268< | 12889« | 1437+ | 14387«
Tripeptidyl-peptidase 2 TPP2 1591 0.144 0.056 0.457 1.394 1.222 0.194 1377 0.264 0173
) 14085+ | 13902+ | 1384+ | 14162« | 14.118< | 14260~ | 14.045< | 14119« | 14264 | 14158«
L-lactate dehydrogenase B chain LDHB 0.036 0.008 0.093 0.066 0.024 0.037 0.089 0.123 0.073 0.019
) 12497% | 1341= | 13232+ | 1353= | 13437= | 13253= | 13.1% 128 | 13.137% | 13176
Malate dehydrogenase, cytoplasmic MDH1 0919 0.075 0.198 0.071 0.144 0.146 0.073 0.146 0.04 0.046
: ) ) T0519% | 10429% | 11,651 | 11556 | 12.064< | 1168+ | 11.659% | 10548< | 13.062= | 11584 %
Alanine--tRNA ligase, cytoplasmic AARS 0.013 0.077 1.39 0.633 1.401 114 0.875 0.395 0.511 1.186
Guanine nucleotide-binding protein GNB1 11.079+ | 10.681+ | 10.806+ | 11.754+ | 11259+ | 12332+ | 10963+ | 11.365+ | 11.603+ | 11.363 +
G(1)/G(S)/G(T) subunit beta-1 0.408 0.451 0.251 0.068 0.33 0.143 0.473 0.717 0.575 0.624
ol A/ CvNA | 1221F | 11835+ | 11874+ | 12065+ | 12200+ | 11462= | 10644 = | 10444 = | 10812= | 11419+
0.079 0.042 0.096 0.062 0.028 0.131 0.498 0.116 0.17 0.321
) 12027 | 12138+ | 11449+ | 12.066% | 12.057< | 12442+ | 11.726< | 11618« | 11.848< | 11436+
Ras-related protein Rab-7a RABTA 0.013 0.21 0.556 0.108 0.047 0.078 0.343 0.606 0.389 0.652
: 14349= | 14253« | 13970+ | 14589« | 14275< | 1351+ | 1312= | 12292« | 12731 | 3300
Heat shock protein beta-1 HSPB1 0.195 0.094 0.029 0.101 0.031 0.21 0.162 0.939 0.611 0.105
Heterogeneous nuclear HNRNPR 10997+ | 11325+ | 10.634+ | 11416+ 11308+ | 11.863+ | 12.492+ | 12288+ | 12493+ [ 11.806+
ribonucleoprotein R 0.356 0.192 0.483 0.045 0.082 0.597 0.066 0.235 0.074 0.783
S ) 12445+ | 12265+ | 12149+ | 12445+ | 1216+ | 12782+ | 12541 < | 12213« | 12.697 | 12534+
Stress-70 protein, mitochondrial HSPAS 0.077 0.244 0.199 0.062 0.124 0.184 0.166 0.22 0.111 0.112
Nascent polypeptide-associated NACA 12.142+ | 11.719+ | 11.604+ | 11.863 11.96 + 12277+ | 11.641+ | 11.865+ | 11.894+ | 11.714=+
complex subunit alpha 0.213 0.046 0.036 0.063 0.016 0.388 0.577 0.054 0.086 0.201
) ) 11578« | 11742« | 11347+ | 11703« | 10814< | 11846= | 12272« | 12282« | 1201« | 12184+
60S ribosomal protein L13a RPLISA | " (279 0.142 0.448 0.461 0.528 0.47 0.052 0271 0.708 0.223
Heterogeneous nuclear INRNPA3 | 12471% | 13337+ | 12665+ | 12.646= | 12176+ | 12213+ | 11857+ | 11783+ | 12339+ | 12392=
ribonucleoprotein A3 0.119 0.211 1.042 0.345 0.085 0.515 0.764 0.826 0.741 0.185
Inosine-5-monophosphate IMPDH?2 11.285+ | 10.839+ | 10.866+ | 10.521 + 10409+ | 12339+ | 12427+ 11.46 + 12.454 + 11.65+
dehydrogenase 2 0.092 0.349 0.452 0.269 0.421 0.337 0.412 0.474 0.267 0.019
60 kDa heat shock protein, HSPD1 14.04 + 14.062 + 13.864 + | 14.127 + 13.945+ | 14.756 + 14.575 + 14.461 + 14.594 + 14.565 +
mitochondrial 0.089 0.067 0.032 0.035 0.01 0.051 0.038 0.089 0.028 0.072
Nucleoin ey 14200% | 14021« | 14137+ | 13822 | 14.063< | 13.446= | 13.566< | 13.674% | 13493 | 13822+
0.088 0.118 0.252 0.148 0.051 0.311 0.156 0.054 0.024 0.147
Heterogeneous nuclear INRNPAL | 1382% | 13485+ | 13482+ | 13.698= | 13688+ | 13396% | 13415+ | 13438= | 13455+ | 13327+
ribonucleoprotein Al 0.051 0.05 0.015 0.076 0.021 0.086 0.117 0.042 0.092 0.175
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— oo THP THP THP THP THP U937 THP THP THP THP
Kontrol | 1AH 1AP 125AH | 125AP | Kontrol | 1AH 1AP 125AH | 125AP
Non-POU domain-containing NONG | 12176% | 12397+ | 12185+ | 12381+ | 12461+ | 12844+ | 129% | 1200+ | 12979+ | 12984+
octamer-binding protein 0.114 0.127 0.078 0.252 0.2 0.152 0.28 0.708 0.17 0.222
Heterogeneous nuclear HNRNPA2 | 13775+ | 13,783 % | 13543 | 13.736 & | 13.683+ | 13825+ | 13.727% | 13,758+ | 13.663+ | 1350~
ribonucleoproteins A2/B1 B1 0.031 0.081 0.099 0.128 0.049 0.126 0.078 0.083 0.053 0.242
— ) 12834+ | 12766+ | 12400+ | 12542+ | 12559% | 12937« | 11236< | 12455« | 11.046= | 12.192%
Polyadenylate-binding protein 1 PABPCL | 5223 0.142 0.116 0113 0.096 0.083 0.67 0.154 0.805 0.092
— 11071« | 11807« | 11120+ | 1214« | 1171= | 11457= | 10935« | 10679« | 11503 | 10537«
Alpha-actinin-1 ACTNL | “0124 | 0275 | 0457 | 0132 0425 | 0326 | 0128 0.171 0.156 0.648
Heterogeneous nuclear SYNCRIP 12.875+ | 12.608 + | 11.972+ | 12.756 + 12305+ | 12462+ | 12303+ | 12263+ | 12297+ | 12.125+
ribonucleoprotein Q 0.064 0.2 0.589 0.114 0.392 0.058 0.149 0.213 0.163 0.171
Transitional endoplasmic reticulum VCP 12.564+ | 12419+ | 12,133+ | 12718+ | 12.642+ | 12432+ | 12,666+ | 12296+ | 12.893+ | 11.625+
TPase 0.309 0.104 0.391 0.302 0.101 0.072 0.143 0.073 0.215 0.532
N—— ML | 19328% | 282+ | 14125+ | 14577+ | 14281 | 13959+ | 14013+ | 13838+ | 13989+ | 13858+
P 0.031 0.042 0.031 0.078 0.043 0.075 0.037 0.168 0.155 0.167
) ) 11101 = | 10101+ | 10562+ | 12279« | 10933+ | 12.087= | 1116+ | 10013« | 12775+ | 11214+
40S ribosomal protein S20 RPS20 0.739 0.438 0.161 0.205 0.352 0.438 0.623 0.721 0.274 0.703
: 13426 | 125165 | 1178 | 12865% | 12819% | 12.003= | 12.028% | 11587« | 12,1882 | 11844 &
Endoplasmin HSPO0BL | 5332 0.297 0.611 0.219 0.061 0.097 0.165 0514 0.004 0.133
——— CANX | 12799% | 12312+ | 1259+ | 12019 | 12931+ | 12925+ | 12652+ | 12441= | 12493+ | 12428+
0.072 0.611 0.362 0.319 0.178 0.131 0.219 0.241 0.234 0.121
.... 13677« | 13832+ | 14062+ | 13807« | 13.861 < | 13.998= | 13.914< | 13,744« | 13817 | 13.851 &
Protein disulfide-isomerase P4HB 0.09 0.034 0.091 0.184 0.063 0.172 0.08 0.068 0.087 0.162
) ) ) 12436 < | 12049« | 11956+ | 12435« | 12204< | 13.142= | 12078« | 12848« | 12981 | 12.934+
Peptidyl-prolyl cis-trans isomerase B PPIB 0.087 0.246 0.134 0.059 0.061 0.061 0.181 0.095 0.089 0.054
) 12794 < | 12394+ | 12197+ | 12536 | 12591 < | 12.0136= | 12843« | 12143« | 12791 | 12907«
Stathmin STMN1 0.162 0.191 0.256 0.077 0.066 0.895 0.032 0.403 0.012 0.169
: TT829% | 11441 | 11227 | 11953 [ 10797 = | 1256+ | 12368< | 11.625% | 12.562= | 10003 &
V-type proton ATPase subunit S1 ATPBAPL | " 616 0.738 0.359 0.381 0.55 017 0.069 0.528 0.051 0.229
Translocon-associated protein subunit SSR4 10645+ | 11967+ | 12869+ | 10.844+ | 10.648+ [ 10.105+ | 12.248+ | 15.005+ | 13.503+ | 10.849 +
delta 0.134 0.876 1.109 0.085 0.194 0.149 0.778 0.4 0.341 0.241
_— ” 11547= | 11914« | 11457 | 12111 | 11.485< | 11.702= | 11.164= | 10658« | 11.701= | 11725 ¢
Small ubiquitin-related modifier 3 SUMO3 0.159 0.024 0.056 0.047 0.328 0.08 0.284 0.183 0.067 0.138
) ) 123% | 11514 | 11377= | 12477 | 12053« | 12316% | 1057« | 11703« | 1102+ | 12.055<
60S ribosomal protein L7 RPL7 0.028 0.414 0.599 0.088 0.078 0.059 0.665 0.618 0.167 0.721
X-ray repair cross-complementing XRCC6 12.524+ | 12.134+ | 11.268+ 12.05+ 12.052+ | 12.083+ | 11.348+ | 11.792+ 12.03 + 12.048 +
protein 6 0111 0.082 0.228 0.209 0.309 0.232 0.417 0.166 0.145 0.068
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Protein oo THP THP THP THP THP 0937 THP THP THP THP
Kontrol | 1AH 1AP 125AH | 125AP | Kontrol | 1AH 1AP 125AH | 125AP
: ) : ) 2431 % | 122855 | 10728 | 12.225% | 11.828< | 11.103= | 10539% | 10453 % | 10683 | 11314%
F-actin-capping protein subunit beta CAPZB 0.057 0.012 0139 0.109 0535 0.495 0178 0.281 0.276 0.385
Heterogeneous nuclear LNRNPG | 1342% | 13.057% | 13.097+ | 13.269= | 13.122% | 13671+ | 13585 | 13.286= | 13556+ | 13558+
ribonucleoproteins C1/C2 0.056 0.049 0.106 0.018 0.041 0.067 0.044 0.117 0.017 0.061
Serine/threonine-protein phosphatase
: 11054+ | 11945+ | 10.652= | 11.074= | 11.011= | 11456+ | 10979+ | 12149+ | 10969+ | 1039+
2A 65 kDa reg‘fs'f)t]?o?’m”b“”" Adlpha | PPP2RIA | 4 o7q 0.483 0.094 0.724 0.733 0.557 0.755 0.495 0.881 0.011
) ) 12065+ | 12644+ | 11053+ | 12.028< | 12729< | 13167« | 13.002% | 1279« | 1301+ | 13.014+
T-complex protein 1 subunit gamma ccT3 0.07 0.153 0.768 0.135 0.098 0.13 0.062 0.092 0.235 0.034
) — 10243% | 10501« | 11309= | 1087< | 10838< | 1065< | 10781 | 1035« | 10777= | 11387«
Interleukin enhancer- factor 2 ILF2
nterleukin enhancer-binding factor 0.089 0.199 0.869 0.193 0.353 0.461 0.138 0.282 0.782 0.482
: ) 1355402 | 12.807% | 13.068< | 13.174< | 1336% | 13356= | 13236% | 13.188% | 13316= | 13.268¢
40S ribosomal protein 57 RPST 0.057 0.208 0.288 0.069 0.154 0.047 0.097 0.126 0.055 0.039
— ) 12000+ | 12955« | 12888+ | 13.536< | 13.116< | 13126« | 12049+ | 12933« | 12868~ | 12978 ¢
GTP-binding nuclear protein Ran RAN 0.409 0.213 0.222 0.093 0.051 0.11 0.008 0.15 0.118 0.041
10513+ | 10527+ | 10428+ | 11195+ | 10394+ | 10957+ | 11474« | 10023+ | 11571 | 10686 <
Cytochrome P450 2C8 Cyp2C8 0.297 0.084 0.214 0.632 0.464 0.337 1176 0.332 1,085 0.366
) ) 10550+ | 1251+ | 11161= | 10.122< | 10584< | 10373« | 10.695+ | 10245« | 10.608= | 10.867 =
60S ribosomal protein L31 RPL31 0.347 0713 0.667 0.19 0.087 0.18 0.2 0.329 0.107 0.21
—— 3413% | 11762+ | 11779 | 12280« | 12.006< | 12507 = | 12569% | 11808« | 12479+ | 12344«
Nucleosome assembly protein 1-like 1 | NAPILL | 747 0.606 0.396 0.093 0.057 0.156 0.067 0.65 0.08 0.196
) —— 13055+ | 13.644% | 14.748< | 14119< | 14307< | 14011 = | 14042 | 1407= | 14200= | 14543
T-complex protein 1 subunit epsilon CCT5 0.02 0.27 0.25 0.122 0.138 0.271 0.101 0.262 0.152 0.166
) 14837+ | 14802+ | 14147~ | 14948+ | 14607+ | 14176« | 145202+ | 13821 & | 13929~ | 14400+
Prothymosin alpha PTMA 0.107 0.025 0.293 0.097 0.182 0.098 0.061 0.101 0.114 0.134
) ) 12207+ | 12.056% | 10863+ | 1244+ | 11.648< | 11152« | 10923+ | 10478« | 10234~ | 10811+
60S ribosomal protein L23 RPL23 0.13 0.086 0.554 0.066 0.451 0.171 0.465 0.24 0.356 0.144
: 10876+ | 1178+ | 11446+ | 12.065< | 10597 < | 10479« | 12942+ | 10572« | 10263~ | 11.653 +
DNA-directed RNA polymerase POLR2B 0271 0.913 1.021 1.405 0.211 0.363 0.211 0.223 0.315 0.648
) 12486+ | 11728 % | 11256% | 11893 % | 10154% | 12836 % | 12308+ | 11997« | 12.004= | 12.067 &
Ras-releted protein Rab-6B RAB6B 0.167 0.181 0.412 0.321 0.615 0.058 0.033 0.487 0.711 0.164
Ran-specific GTPase-activating RANBP1 12.535 + 11.99 + 12428 + | 12.859+ | 12772+ | 11.537+ | 11.946+ | 11.676+ | 12.652+ | 11.939+
protein 0175 0.291 0.18 0.047 0.084 0.777 0.562 0.689 0.16 0.684
Heterogeneous nuclear HNRNPAB | 11399+ | 11375+ | 1091+ | 11537+ | 11952+ | 11.561= | 10942% | 10531+ | 10.854= | 10.666=
ribonucleoprotein A/B 0.383 0.493 0.48 0.426 0.109 0.454 0.291 0.208 0.627 0.354
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Protein oo THP THP THP THP THP 0937 THP THP THP THP
Kontrol | 1AH 1AP 125AH | 125AP | Kontrol | 1AH 1AP 125AH | 125AP
Heterogeneous nuclear INRNPD | 13044+ | 1290% | 12615+ | 12235+ | 12.873= | 12739+ | 12665+ | 11766+ | 12.842+ | 12.2637
ribonucleoprotein DO 0.107 01 0.124 0.839 0.118 0.155 0.054 0.458 0.175 0.294
: ) 12102+ | 126+ | 11583+ | 12535« | 12782+ | 12339+ | 12602« | 12531« | 12.821= | 13.09+
60S ribosomal protein L9 RPL9 0.234 0.165 0.47 0.083 0.08 0.248 0.347 0.344 0.312 0.232
) ) 12107« | 12455+ | 12443+ | 12838 | 12417« | 1202+ | 11.756< | 12199« | 1198+ | 1155+
40 ribosomal protein S3a RPS3A 0.429 0.193 0.131 0.162 0.024 0.115 0.646 0.145 0.089 0.307
HLA class | histocompatibility HLAA | 10862+ | 10458+ | 10.628+ | 10565+ | 11164+ | 12143+ | 11116+ | IL161+ | 11269+ | 1138+
antigen, A alpha chain 0.158 0.274 0.254 0.307 0.192 0.438 0.35 0.251 0.481 0.469
: : [3447< | 12012+ | 12.046% | 12336 | 12.042% | 12.607= | 12442% | 12512« | 12.631= | 12377
60S ribosomal protein L30 RPL30 0.069 0.24 0.3 0.051 0.158 0.072 0.205 0.079 0.131 0.28
: ) 12036 = | 11563+ | 12523+ | 11901« | 12524 < | 13.000= | 13.048< | 12047« | 13.089% | 12971 &
Putative Ras-related protein Rab-1C RABIC 0571 1.006 0.026 0.777 0.041 0.142 0.106 0.145 0.037 0.052
) ) 100622 | 11872 | 11.774< | 1264 | 12267< | 12554 | 120 | 11937« | 11552= | 12448+
60S ribosomal protein L14 RPL14 0.641 0.378 0.507 0.172 0.13 0.139 0.051 0.236 0.698 0.261
S 10883+ | 11309« | 11116+ | 11101« | 11463« | 11.041= | 11503< | 11698« | IL113+ | 1.787«
Eukaryotic initiation factor 4A-II EIF4A2 0.559 0.335 0.641 0.499 0578 0.302 0571 0.599 0.197 0.269
: TT727% | 11.004% | 10654+ | 11.269% | 11.715% | 12.084= | 1182% | 10716 % | 11.759% | 10.861 &
Lupus La protein SsB 0.157 0.469 0.321 0.206 0.11 0.219 0.087 0.14 0.849 0.543
) 12076 | 12902 | 12778= | 12.665< | 11.768< | 10662= | 10865 | 10708 | 1048+ | 11.848<
THO complex subunit 4 ALYREF 10126 0.092 0.184 0.165 0.922 0.155 0.08 0.354 0.301 0.48
) 12223+ | 11301« | 11687+ | 11933 | 12245+ | 11735+ | 11395« | 11847« | 1144+ | 11842+
Lamin-B1 LMNB1 0.137 0.267 0.147 0.108 0.115 0.32 0.145 0.149 0.52 0.217
Heterogeneous nuclear INRNPHL | 12711% | 12.004% | 11594+ | 12526+ | 12514+ | 12456+ | 12491+ | 12.534= | 1235+ | 12465+
ribonucleoprotein H 0.237 0.177 0.619 0.133 0.012 0.195 0.085 0.062 0.021 0.053
— ) — ) 20012 | 11736 | 11.545= | 1072= | 11.963< | 11304= | 11.049% | 13555« | 10454= | 1116+
Chitinase domain-containing protein 1 | CHID1 0.247 0.646 1028 0.608 0.886 0.64 0.204 0.139 0.174 0.477
: : 1105+ | 11684+ | 11714% | 11596% | 11594« | 10414 % | 10866 | 11548+ | 11.139% | 11119
60S ribosomal protein L8 RPL8 0.306 0.118 0.259 0.174 0.502 0.222 0.209 0.162 0.334 0.128
) 10647« | 10543« | 10356+ | 11.635« | 11.022< | 10858= | 10623« | 11.049« | 10.767= | 10.908 =
Caprin-1 CAPRINL | "5 103 0.284 0.067 0.431 0.24 0.467 0.096 0.271 0.155 0.218
) . 11.698 < | 13.868+ | 11.788% | 13.809% | 10547< | 1046+ | 11.04= | 11755« | 10287< | 11.614%
Outer dense fiber protein 2-like ODF2L 0.945 0.297 1.259 0.127 0.358 0.123 1.074 1112 0.237 0.906
) — ) 11608 < | 1082+ | 10814+ | 10852 | 10.601< | 11255~ | 10088 < | 10449« | 10539+ | 11.252 %
Histone-binding protein RBBP4 RBBP4 0.28 0.168 0.269 0.198 0.34 0.118 0.505 0.143 0.068 0.551
123255 | 123465 | 11862 | 12554% | 12281 % | 12455= | 12387 % | 12447« | 12703 | 12.848 &
Transaldolase TALDO1 0.088 0.089 0.183 0.132 0.108 0.499 0.041 0.23 0.119 0.118
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— oo THP THP THP THP THP U937 THP THP THP THP
Kontrol | 1AH 1AP 125AH | 125AP | Kontrol | 1AH 1AP 125AH | 125AP
) ) 13204< | 13.162% | 1334 | 13512% | 13.045< | 13415= | 13395< | 13213% | 13237« | 13.208¢
T-complex protein 1 subunit bet CCT2
complex proten & subunit beta 0.103 0.168 0.163 0.026 0.064 0.061 0.024 0.141 0.077 0.048
Transmembrane emp24 domain- TMED2 10316 £ | 10352+ | 14.099+ | 11.158 + 11.235+ 9.901 + 10.667+ | 13.617+ | 10456+ | 10.622 +
containing protein 2 0.364 0.157 0.245 0.52 0.755 0.138 0.093 1.235 0.254 0.282
) 11700« | 11274« | 11187+ | 11.845% | 10951« | 11.713= | 11372< | 9977« | 10747« | 10539«
Pre-mRNA-processing factor 19 PRPF19 0.481 0.406 0.664 0.476 0.127 0.551 0.426 0.041 0.542 0.209
: ) 11802+ | 11617« | 11238+ | 11991 | 11.764< | 11.016= | 10508< | 11122« | 11302 | 10729+
Putative protein FAM10A4 STISP4 | "g207 | 0058 | 0543 | 0203 | 0221 | 0358 | 0571 | 0.409 0.24 0.247
) ) 12024 % | 11226+ | 11967+ | 11437 | 11416< | 12236= | 12401 < | 12585% | 12573 | 12498«
60S ribosomal protein L6 RPL6 0.198 0.622 0.271 0.555 0.532 0.037 0.09 0.054 0.143 0.049
— ) 12513+ | 12262+ | 11856+ | 12549« | 12223+ | 12821« | 12.748< | 12.73< | 12.806% | 12724+
Poly(rC)-binding protein 2 PCBP2 0.1 0123 0.323 0.078 0.202 0.255 0.035 0.101 0.126 0.038
A derviate Kimase 2. mitoohondrial 2 2671 | 1234+ | 12471 | 12342 | 1257 | 12783= | 13.061< | 12801« | 13.052= | 12972 %
y : 0.08 0.158 0.083 0.122 0.08 0.222 0.17 0.209 0.133 0.078
— ) 13391« | 13437+ | 1312+ | 13.186% | 13.071< | 12.632= | 12.682< | 12311« | 12.683 | 12745 ¢
Myosin light polypeptide & MYL6 0157 0.143 0192 0.068 0.153 0.02 0.069 0.284 0.151 0.127
Probable ATP-dependent RNA DDX31 10.458 + 12.64 + 10.51 + 10.55+ 1281+ 10451+ | 10.513+ | 10.368+ | 10.665+ | 10.465+
helicase DDX31 0.217 0.232 0.098 01 1172 0.225 0.254 0.12 0.167 0.207
: 10563 = | 10505« | 11237 | 10922 | 10534< | 12574= | 12001 < | 10248« | 12444 | 11673 ¢
Calmodulin-2 CALM2 0.193 0.323 0.497 0.361 0.125 0.102 0.232 0.376 0.124 0.398
Actin-related protein 2/3 complex ARPC4- 12.016 + | 12.146+ | 12.691+ | 11.712+ | 11.656+ | 11.944+ | 10.732+ | 10.842+ | 11418+ | 11.541+
subunit 4 TTLL3 0.081 0.137 0.236 0.125 0.662 0.102 0.449 0.435 0.49 0.531
) ) 11.604< | 10506« | 11972+ | 10528« | 12921« | 11555« | 106+ | 1L152< | 10314< | 12.849«
60S ribosomal protein L21 RPL21 0.704 0.109 0533 0.226 0.073 0.751 0.04 0.992 0.382 0.179
: ) 12022+ | 12108« | 12706 | 12702« | 12587« | 11596= | 12078« | 12121« | 11917 | 12417«
60S ribosomal protein L18 RPL18 0.192 0.415 0.135 0.154 0.2 0.599 0.18 0.889 0.134 0.553
Nuclease-sensitive element-binding YBX1 13.359 + 13.07 12.863+ | 13.324+ | 13.104+ 1171+ 12.716 + 9.802 + 11.592+ | 10.307 +
protein 1 0.208 0.023 0.223 0.109 0.203 0.752 0.136 0.124 0.551 0.162
Nebulin NEB 12.004< | 12116« | 12763+ | 11801« | 11383« | 13.073= | 12229« | 10277« | 1151« | 13.156+
0.693 0.646 0177 0.731 0.664 0.203 0.677 0.323 0.547 0.135
DNA replication licensing factor voMz | 11924 | 10717+ | 10857+ | 10975+ | ILI98+ | 12.085= | 11.964= | 11561+ | 11391 | 11443+
MCM2 0.237 0.442 0.338 0.126 0.404 0.192 0.159 0.083 0576 0.295
Eukaryotic translation initiation factor EIF3M 11.041+ | 10.846+ | 12.113+ | 10459+ | 11.097+ | 10.683+ | 10.653+ | 10.711+ | 10.798+ | 11.359+
3 subunit M 0.441 0.17 0.312 0.434 0.757 0.141 0.195 0.28 0.33 0.335
Trifunctional enzyme subunit alpha, HADHA 11.679+ | 10921+ | 11.015+ | 11.87+ 11753+ | 11.891+ | 11.834+ [ 11.725+ | 12408+ | 11.657+
mitochondrial 0.207 0.311 0.379 0137 0.073 0.129 0.111 0.451 0.171 0.139
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Srotein e THP THP THP THP THP 0937 THP THP THP THP
Kontrol | 1AH 1AP 125AH | 125AP | Kontrol | 1AH 1AP 125AH | 125AP
Deoxyuridine 5-triphosphate DUT 12045+ | 11.134< | 11.632% | 11445< | 11777 | 12081 | 11.674% | 11.693= | 11.045< | 11385
nucleotidohydrolase, mitochondrial 0.147 0.36 0.113 0.319 0.151 0.271 0.119 0.274 0.457 0.166
: 12162+ | 12023+ | 12073 % | 11934+ | 12147+ | 12534+ | 12109+ | 1224+ | 12356+ | 12459 «
Annexin A2 ANXA2Z 0.059 0.203 0.054 0.085 0.082 0.184 0.097 0.139 0.053 0.157
: 11431 = | 11255+ | 11194« | 11375+ | 11201+ | 11971 | 11.751% | 11859+ | 11512+ | 11.804 <
Ras-related protein Rab-11A RABLIA | (114 0.047 0.408 0114 0.075 0.073 0.199 0.075 0.668 0.024
) ) 11423+ | 10968< | 11792« | 120112« | 12374+ | 10860+ | 10863+ | 12.124= | 12625+ | 11444«
405 ribosomal protein 515a RPSISA 1 0412 0.579 0.274 0.132 0.186 0.457 0.127 0172 0.345 0.556
: : 2722+ | 11733% | 12444« | 13.004< | 11.63% | 115+ | 12268+ | 11.648= | 11.745% | 11106
40S ribosomal protein S17 RPS17 0.625 0.466 0.098 0.303 0.706 0.459 0.118 0.706 0.712 0.455
- : 12003+ | 10732+ | 12448+ | 11312+ | 11381 = | 10601 | 10983« | 11.024< | 11.035+ | 11.034+
Coactosin-like protein COTLL 0.124 0.54 0.249 0.326 0.372 0.063 0.584 0.141 0.329 0.297
) T0473% | 11.158< | 10,614 % | 10351 < | 10627% | 11.046= | 10551 | 12.134= | 11.107< | 10280 =
Transmembrane profein 214 TMEM214 1~ 95 0.19 0.089 0.161 0.123 0.219 0.274 1.019 0.627 0.281
o 10689+ | 10.626+ | 10469« | 11602+ | 10648+ | 10.892« | 10254+ | 10488~ | 1114+ | 10.196«
Protein disulfide-isomerase A3 PDIA3 0.367 0.388 0.228 0.04 0.413 0.232 0.079 0.042 0175 0.113
26S proteasome non-ATPase PSMD6 10.325+ | 10.564+ | 10.797+ | 10.676 + 10417+ | 10932+ | 10.817+ | 10.658+ | 11.132+ | 10.696 +
regulatory subunit & 0.092 0.194 0.508 0.405 0.24 0.487 0.449 0.257 0.232 0.334
PERQ amino acid-rich with GYF GIGYE2 | 12345+ | 12.632+ | 14.642% | 13789+ | 16366+ | 10586+ | 12.284= | 12356+ | 15484+ | 14965+
domain-containing protein 2 1.66 1.859 1.934 1.615 0.076 0.318 1.755 1.995 0.214 2.235
Probable glutamate--tRNA ligase, EARS? 15.034+ | 15.013+ | 15375+ | 15.025+ | 14779+ | 13368+ | 14.075+ | 14.842+ | 15408+ | 14.709 +
mitochondrial 0.327 0.447 0.205 0.346 0.108 1.431 1.566 0.542 0.39 0.42
C;’mp'eme”t C;’.mc'j’."”e”t 1Q c108P 1128+ | 11138+ | 11.031+ | 11236+ | 11673+ | 12574+ | 11.022+ | 11.042+ | 11,703+ | 12738 +
subcomponent-binding protein, 0.576 0.368 0.355 0.352 0.921 0.251 0.32 0.37 0.736 0.296
mitochondrial
S 11949+ | 11198+ | 11577 | 1206+ | 11.668% | 11717« | 12182+ | 11539+ | 1152+ | 11.946 <
Eukaryotic initiation factor 4A-1l EIF4A3 0.039 0.341 0.614 0.157 0.288 0.144 0.148 0.53 0.44 0.088
Regulatory-associated protein of RPTOR 12.32 + 11.227+ | 12.582+ | 10.334+ 11.29+ 12343+ | 13217+ | 12443+ | 12903+ | 12444+
mTOR 1.151 0.621 0.847 0.357 0.94 0.938 0.109 0.635 0.198 0.863
: : 12236+ | 12239+ | 12546+ | 1271+ | 1248+ | 12033+ | 11.878% | 12.621= | 12832+ | 12.094 ©
40S ribosomal protein 513 RPS13 0.621 0.12 0.089 0.106 0.134 0.098 0.874 017 0.076 0.673
Prohibitin2 SHB2 10397+ | 11253+ | 10986« | 11241+ | 10865+ | 12372+ | 12135+ | 1142+ | 12305+ | 12.152«
0.131 0.332 0.132 0.319 0517 0.185 0.091 0.225 0.135 0.77
...... 12652+ | 12775+ | 13297+ | 13.061+ | 12331+ | 12661+ | 12356+ | 10871+ | 12.186+ | 12476«
Rho GDP-dissociation inhibitor 1 { ARHGDIA | 5 176 0.106 0.141 0.335 0.633 0.266 0.133 0.808 0.201 0.064
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— oo THP THP THP THP THP U937 THP THP THP THP
Kontrol | 1AH 1AP 125AH | 125AP | Kontrol | 1AH 1AP 125AH | 125AP
) 14597 | 145165 | 14817 | 145792 | 1473% | 12928~ | 13368% | 13295% | 13397 | 13.701 &
Histone H3 H3FSA 1 " 5009 0.29 0177 | 0025 0093 | 0195 | 0091 0.25 0.04 | 0187
- 13796« | 13621« | 13783+ | 13.924« | 13.703< | 14111= | 13.692< | 13717« | 14024 | 13.619%
Calreticulin CALR 0.04 0.1 0.216 0.096 0.066 0.046 0.131 0.044 0.064 0.319
: ) 12.046 = | 12673+ | 12465+ | 11.966% | 1153+ | 11449~ | 10226< | 10666 | 1L75% | 10933«
40S ribosomal protein 515 RPS15 0.257 0.224 0.042 0.085 0.508 0.51 0.167 0.172 0.443 0.438
— : 11709+ | 11858+ | 11713+ | 12198 | 11.907< | 11265+ | 11378< | 11.572% | 1186+ | 12323+
Splicing factor UZAF 65 kDasubunit | U2AF2 0.273 0.39 0371 0.196 0.101 0.585 0.599 0.459 0.586 0.18
perilipin.3 LN 1126+ | 10899+ | 10534< | 11201+ | 11570 | 10765« | 11277« | 10891 | 1101+ | 10701 <
0.048 0.411 0.347 0.428 0.081 0.168 0.183 0.345 0.319 0.603
) ) 11071« | 12096+ | 1348+ | 10749« | 12475% | 11487« | 12583 < | 14327« | 12376+ | 13.536+
U1 small nuclear ribonucleoprotein A | SNRPA 0.799 0.843 0.26 0.165 0.235 0.368 0.358 0.32 0.084 0.415
405 rbosomal protein S5 — 3504% | 13.745% | 140262 | 137272 | 13963% | 13309% | 1356% | 13.935% | 13585 | 14435
0173 0.255 0.215 0.162 0.175 0.225 0.196 0.426 0.368 0.525
) ) 11044« | 11437« | 11367+ | 11854« | 11452< | 11.754= | 11517< | 11.008% | 10923+ | 10817«
60S ribosomal protein L18a RPLISA | " (061 0.281 0.306 0.02 0.25 0.184 0.488 0.27 0.508 0.367
: : 13266 | 120795 | 12263+ | 12355 | 12013% | 12473= | 12.696% | 13226 % | 12409 | 12203 %
408 ribosomal protein S11 RPS11 0.8 0.873 0.958 1.082 1.019 0.955 0.657 0.117 0.453 1
— 12,046 = | 11.952% | 14158% | 103382 | 14273% | 11208~ | 11208% | 13578% | 1253% | 139341
ER lumen protein-retaining receptor 1 | KDELRI 0.954 0.594 0.426 0.245 0.231 0.92 0.94 0.342 1.074 0.788
: ) 12626 = | 12178+ | 12013 | 11.081= | 1L736< | 11975+ | 1223+ | 11744« | 12207 | 12.195¢
40S ribosomal protein 516 RPS16 0311 0.244 0.168 0.454 0.418 0.739 0.011 0.569 0.83 0.344
Chloride intracellular channel protein cLIC1 13757+ | 13552+ | 13361+ | 13.738+ | 13.581+ [ 13.299+ | 12933+ | 12.752+ | 13.206+ | 13.065 =+
1 0.041 0.048 0.058 0.021 0.045 0.188 0.313 0.142 0.076 0.081
— POS 3046 | 11853% | 126092 | 1217« | 13657< | 1483= | 14210% | 13191 % | 14387 | 1550=
P 0.279 0.821 1.222 0.824 0.314 0.126 0.42 1.442 1,065 0.658
: 10657 | 11.826% | 11250+ | 11074 | 11225% | 12.031= | 11766 % | 11567« | 11915 | 11371 %
Proteasome subunit alpha type-7 PSMAT 0.477 0.307 0.447 0.191 0.063 0.03 0.13 0.135 0.031 0.709
Microsomal glutathione S-transferase MGST3 10759+ | 11.952+ [ 10836+ | 11.183+ | 11.383+ | 10.98+ 11535+ | 13.542+ | 10859+ | 12.776 +
3 0.265 0.128 0.437 0.157 0.44 0.749 0.451 0.472 0.226 0.746
Histone acetyltransferase type B DATL | 1L775% | 11352+ | IL1I7+ | 10658+ | ILI88+ | 12416+ | 11139+ | 11768+ | 12311+ | 11539+
catalytic subunit 0.075 0.347 0.229 0.442 0.229 0.107 0.62 0.534 0.107 0.642
Actin-related protein 2/3 complex ARPCI1B 12.182 + 12.221 12.293 + 12.311 12.175+ | 11.999 + 12.103 10.787 116+ 11.611
subunit 1B 0108 | 0137 | 0051 | 0222 | 0221 0364 | 0072 | <0171 | 0526 0.463
— 4361 % | 14047% | 147275 | 14234 | 14568< | 14513= | 14458 | 14.144 | 14508 | 14.091 %
Alpha-actinin-4 ACTN4 0.413 0.227 0.181 +0.082 0.179 0.197 +0.122 | +0211 0.038 0.387




100

Protein oo THP THP THP THP THP 0937 THP THP THP THP
Kontrol | 1AH 1AP 125AH | 125AP | Kontrol | 1AH 1AP 125AH | 125AP
— 13.606= | 150805 | 13237= | 13458% | 12.806< | 11,496 = | 10358% | 10.76= | 10457~ | 10.65<
TBC1 domain family member 4 TBCID4 | " 4g6 0.16 1.283 1.526 1111 0.989 0.177 0.202 0.196 0.339
) HIST2H2B | 17.096% | 16706 £ | 16218~ | 17.006+ | 16.784< | 16656~ | 16647 | 1642+ | 1665+ | 16553+
Histone H2B type 2-F F 0.037 0.078 0.467 0.03 0.051 0.069 0.048 0.118 0.04 0.117
Immunoglobulin superfamily member IGSF3 10919+ | 10.733+ | 11.206+ | 11.554+ | 10.781+ | 10436+ | 10.125+ | 10402+ | 10.602+ | 10.709 +
3 0.108 0.17 0.451 0.813 0.261 0.029 0.142 0.111 0.134 0.065
— ) 12767+ | 12.055% | 12.007= | 12.654< | 12.546< | 11042« | 11699+ | 10417« | 12253« | 12520«
WD repeat-containing protein 1 WDR1 0.053 0.477 0.992 0.091 0.052 0.614 0.644 0.165 0.543 0.025
) 4018+ | 145435 | 15464% | 14.146% | 15011< | 12209% | 12216+ | 11577« | 1082+ | 14771+
Core histone macro-H2A.1 H2AFY 0.5 0.404 0.533 0.504 0.308 1.220 1.143 1.207 0.289 0.286
Small subunit processome component UTP20 11.021+ | 11.024+ | 11.395+ | 11374+ | 10528+ | 11.644+ | 10.875+ | 11.108 10.67 + 10.675 +
20 homolog 0.302 0315 0.287 0.253 0.365 0.912 0.204 0.569 0.014 0.259
4318+ | 141825 | 15.008% | 1394% | 14.632% | 10539% | 10832+ | 10497« | 10287 | 10382
CAAX prenyl protease 1 homolog | ZMPSTE24 |~ ;7 /g 0.347 0.495 0.308 0.082 0.295 0.175 0.149 0.046 0.381
Isocitrate dehydrogenase [NADP] IDH1 11.997 + 11.36 + 11.142 + 116+ 11315+ | 11275+ 122+ 10.322+ | 12.646+ | 10.695+
cytoplasmic 0.444 1.073 0.76 0.414 0.695 1 0.392 0.211 0.133 0.245
LETM1 and EF-hand domain- LetmL | 10362+ | 1068+ | 1099+ | 10331+ | 1009+ | 10983+ | 10.698+ | 10.621+ | 1238+ | 11838+
containing protein 1, mitochondrial 0.256 0.275 0.936 0.24 0.39 0.865 0.039 0.336 1.034 1.198
111642 | 110225 | 10397< | 11.082% | 11.07%= | 10433 % | 10.603% | 10884« | 10542= | 10575+
6-phosphogluconolactonase PGLS 0271 0.248 0.106 0.131 0.209 0.082 0.131 0.182 0.343 0.156
) 14252+ | 13.991 % | 13976+ | 14.127< | 14229+ | 14093« | 13855+ | 13242 % | 13.028= | 14271+
L-lactate dehydrogenase A chain LDHA 0.065 0.09 0.118 0.092 0.043 0.074 0.104 0.237 0.183 0.218
) ) 11884+ | 1083% | 10021= | 11571< | 11.878< | 10371« | 11.004= | 10278« | 11.747= | 11.019+
Purine nucleoside phosphorylase PNP 0.336 0.482 0.571 0.493 0.213 0.161 0.278 0.446 0.09 0.487
: 14586+ | 14283« | 14.173= | 14507« | 14356< | 1404< | 14799+ | 1455« | 14.766= | 14742+
Phosphoglycerate kinase 1 PGK1 0.068 0.032 0.089 0.011 0.021 0.095 0.079 0.056 0.064 0.029
: 15061 | 14188% | 14213% | 14.795% | 14726 < | 10372= | 10.606% | 10534 % | 10581 = | 10481 =
Carbonic anhydrase 2 CA2 0.116 0.098 0.138 0.106 0.055 0.242 0.716 0.095 0.24 0.044
Cotalase AT 13.025% | 12463« | 12774< | 1281+ | 12969+ | 12003« | 1279« | 12051« | 12587+ | 117x
0.114 0.128 0.128 0.198 0.092 071 0.269 0.303 0.144 0.468
) 15053+ | 14799« | 14746+ | 15.124< | 15012< | 15185« | 14921+ | 14849« | 14974~ | 14973 ¢
Fructose-bisphosphate aldolase A ALDOA 0.011 0.038 0.073 0.015 0.036 0.042 0.065 0.08 0.067 0.068
) 11397+ | 11466% | 11213= | 11.874< | 11.084< | 12379« | 11201+ | 12159« | 12074~ | 11.119+
Cystatin-B CSTB 0.235 0.248 0.388 0.182 0.446 0.196 0.629 0.329 0.073 0.485
: 11047+ | 11.532% | 11531= | 11.969% | 12.000% | 11166 = | 10.607= | 10305% | 10699~ | 1092
Annexin A1 ANXAL 0.145 0.106 0.411 0.043 0.046 0.261 0.523 0.241 0.277 0.212
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Protein oo THP THP THP THP THP 0937 THP THP THP THP
Kontrol | 1AH 1AP 125AH | 125AP | Kontrol | 1AH 1AP 125AH | 125AP
Glyceraldehyde-3-phosphate GAPDH 15575+ | 15287+ | 15332+ | 15472+ | 15443+ | 15971+ | 15811+ | 15747+ 1593 + 15.897 +
dehydrogenase 0.028 0.043 0.085 0.022 0.015 0.034 0.006 0.11 0.054 0.064
DolichyI-diphosphooligosaccharide- PN 12088+ | 11.779% | 11.787= | 11428+ | 10928+ | 11.038< | 11591+ | 12.193 & | 10454~ | 11.021
protein glycosyltransferase subunit 1 0.327 0.056 0.3 0.372 0.114 0.559 0.35 0.511 0.218 0.406
Dolichyl-diphosphooligosaccharide-- RPN2 10.778 + 10.92 + 11.155+ | 10.824+ | 10.844+ | 10234+ | 10.644+ | 10.802+ | 11.272+ | 10.966 =
protein glycosyltransferase subunit 2 0.337 0.32 0.053 0.487 0.133 0.071 0.47 0.355 0.336 0.284
13108« | 12215« | 12.638+ | 12514« | 12880« | 13.833= | 12007« | 13206« | 13.673= | 13.504 %
ADP/ATP translocase 2 SLC25A5 0.111 0.298 0.169 0.336 0.082 0.128 0.409 0.196 0.079 0.242
— : 3461 | 13374 | 3771 | 1325¢ | 13418< | 1301% | 13880% | 14051 | 13862 | 13.868¢
60S acidic ribosomal protein P1 RPLPL 0.079 0.009 0.426 0.076 0.029 0.034 0.053 0.162 0.051 0.071
- ) 1316+ | 13.037% | 12736< | 13.048% | 12007+ | 13384« | 1328« | 133520+ | 13318= | 11.806 <
60S acidic ribosomal protein P2 RPLP2 0.025 0.027 0.302 0.152 0.158 0.163 0.06 0.113 0.176 0.992
—— ) 125362 | 12651 % | 12799% | 12.628< | 12468< | 12777 = | 126052 | 1272 | 1268+ | 12725+
605 acidic ribosomal protein PO RPLPO 01 0.254 0.272 0.038 0.112 0.157 0.098 0.18 0.173 0.135
ATP synthase subunit beta, ATP5B 13.811 + 13.773 £ 13.711 + | 13.769 + 13.646 + | 14.002 + 13.636 + 13.515+ 13.801 + 13.89 +
mitochondrial 0.038 0.044 0.025 0.057 0.022 0.054 0.094 0111 0.081 0.106
: 1088 % | 11.265% | 11841+ | 11.854% | 11.008< | 12.001= | 12404< | 12859% | 12167 | 12171 &
Protein $100-A6 S100A6 0.076 0.276 0.224 0.603 0511 0.24 0.158 0.266 0.185 0.241
) : 15.063= | 14927« | 14976 | 15166 | 15.056= | 16.040= | 15.8%6= | 15662« | 15914« | 15963 &
Tubulin beta chain TUBB 0084 | 0049 | 0092 | 0068 0014 | 0.017 0.028 0034 | 0042 0.1
orofiling SENT 14495+ | 14017 < | 13967« | 14397« | 14320+ | 1455+ | 14328+ | 14.081= | 14507« | 14025+
0.063 0.12 0.073 0.068 0.061 0.127 0.08 0.058 0.089 0.332
: 11685+ | 11233« | 11300= | 11.292< | 11.268< | 11669« | 1163+ | 10966« | 11.013= | 11687
Glutamate--tRNA ligase EPRS 0.285 0.109 0.373 0.162 0.272 0.169 0.245 0.363 0.313 0.06
) 13497« | 13367+ | 13544+ | 13287« | 1352+ | 13239+ | 12013« | 12792« | 12.891= | 12.687 %
Heat shock protein HSP 90-alpha | HSPSOAAL | ¢'j¢ 0178 0.02 0.234 0.046 0.057 0.026 0.104 0.224 0.247
, : 10043 | 11.466% | 11774 | 1149% | 10933% | 11.656= | 11.969% | 12777« | 12645 | 12157 %
Fumarate hydratase, mitochondrial FH 0.414 0713 0.599 0.603 0.501 0.134 0.207 0.139 0.3 0.21
) 11671+ | 12042« | 11323< | 11.892< | 101.739< | 12.652« | 12438+ | 12488« | 12205+ | 12391«
Annexin A6 ANXAB 0.068 0.108 0.657 0.099 0.254 0.264 0.174 0.211 0.049 0.167
) 15316< | 15111« | 15098+ | 1533+ | 15201 < | 15231= | 14973« | 14804« | 15067« | 15.086 %
Heat shock protein HSP 90-beta | HSPSOABL | “4gep 0.068 0.106 0.011 0.015 0.064 0.02 0.007 0.04 0.046
) 10877 < | 10449« | 10168 | 1065% | 10435< | 13.882= | 13.878< | 1457+ | 12431 | 14657+
Neutrophil elastase ELANE 0.652 0.163 0.191 0.433 0.089 0.279 0.033 0.194 1132 0.57
) [1592< | 1113+ | 11363+ | 11.652% | 1123< | 13267 | 12.606= | 13264« | 13.162= | 13.038¢
Cathepsin G CTSG 0.138 0.237 0.115 0.195 0.296 0.333 0.058 0.116 0.235 0.237
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— oo THP THP THP THP THP U937 THP THP THP THP
Kontrol | 1AH 1AP 125AH | 125AP | Kontrol | 1AH 1AP 125AH | 125AP
—— SLEK | 10.668= | ILI97% | 10577+ | 10584+ | 10747+ | 12272+ | 10956+ | 12289+ | 12,075+ | 12.128%
0.338 0.482 0.308 0.027 0.133 0.33 0.449 0.825 0.806 0.803
Vimentin IV 13653« | 13.047+ | 12864+ | 133+ | 1321+ | 11502+ | 11371 < | 11548« | 11409 | 11.206%
0.031 0.236 0.196 0.249 0.33 0.025 0.033 0.2 0.458 0.301
: T1.003% | 11.652% | 10691 | 11.724= | 10885< | 10837= | 10891 < | 11.005% | 1015% | 1085%
Annexin AS ANXAS 0.635 0.107 0.324 0.053 0.148 0.348 0.334 0.171 0.119 0.354
11509« | 12793« | 12556+ | 13.158< | 11.616= | 10376= | 13.008< | 12782« | 13.134< | 11978«
Gamma-enolase ENO2 1528 1.22 0.982 1.326 1.254 0.144 1.273 1.098 1.467 1.261
) 3631 = | 13621« | 13767 | 13592 | 13.854< | 14643+ | 14.704< | 1462< | 1476+ | 15014
Glutathione S-transferase P GSTP1 0.251 0.121 0.064 0.1 0.161 0.095 0.111 0.103 0.053 0.229
) 14766 = | 14048+ | 14284+ | 14402 | 14566< | 12819+ | 12587 < | 12669« | 12425 | 12.696 %
Galectin-1 LGALSL | "( 146 0.243 0.012 0.257 0.187 0.083 0.255 0.149 0.169 0.141
) — ) 1337+ | 11255% | 12348< | 12422+ | 11228< | 12381% | 12277< | 11305« | 1145+ | 12.820%
High mobility group protein B1 HMGBI1 0.103 0.728 07 0.781 1.055 1.125 0.658 0.936 0.925 0.056
) 2063 % | 12031« | 12.126% | 12337 | 12452+ | 11272+ | 1185+ | 1197+ | 11.892% | 12.028¢
Poly [ADP-ribose] polymerase 1 PARP1 0.267 0.096 0.173 0.204 0.189 0.467 0.072 0.147 0.356 0.043
: 3231 | 12211 | 11922 | 13167 | 12819 | 12082 | 11216< | 11048% | 12693 | 11776 %
Fructose-bisphosphate aldolase C ALDOC 0.945 0.51 0.824 0.104 0.069 0.546 0.787 0.898 0.132 0.57
) 16242= | 16505+ | 17.081% | 16.026= | 16011 < | 15.143= | 15.693< | 16424« | 15645« | 15.896%
Histone H2A.V MeAFV | 0139 | 0242 | o487 | 0223 | 0262 | 0234 | 0237 | 0263 | 0362 | 0197
Cytochrome c oxidase subunit 8A, COXBA 11.088 + 10.753 + 10.91 + 10.464 + 10.58 + 10.183 + 10.036 + 13.059 + 10.779 + 10.586 +
mitochondrial 0.284 0.264 0.153 0.255 0.017 0.131 0.122 1.09 0.199 0.259
) ) 12508« | 12698« | 12.106 | 12.196= | 1288= | 12.864= | 13.021< | 13616« | 13286< | 13522+
Thioredoxin TXN 0.178 0.208 0.858 0.207 0.129 0.203 0.199 0.172 0.319 0.322
) 13055 | 12983+ | 12558+ | 13.182% | 13.028< | 12562+ | 1262+ | 12188« | 1253+« | 12357«
78 kDa glucose-regulated protein HSPAS 0.115 0.179 0.082 0.088 0.13 0.063 0.068 0.277 0.148 0.294
: 47755 | 14604+ | 14397+ | 14806 | 14.652% | 14207~ | 14.091% | 1379% | 14222 | 14143 %
Heat shock cognate 71 kDaprotein HSPAS 0.096 0.049 0.107 0.019 0.015 0.087 0.047 0.156 0.067 0.074
Ribose-phosphate pyrophosphokinase PRPS2 11.836+ | 10721+ | 12.085+ | 11.748+ | 11.798+ | 11.982+ | 12489+ | 11.925+ | 11.837+ | 12.261 +
2 0.449 0.487 0.249 0.476 0.458 0.684 0.196 0.085 0.629 0.118
- ) 11549% | 11393« | 10967+ | 11.655= | 11.428< | 11.871= | 1275+ | 11985« | 13.106= | 12.676 %
Proliferating cell nuclear antigen PCNA 0.069 0.091 0.321 0.032 0.226 0.632 0.249 0.184 0.164 0.272
12462+ | 1266+ | 12958+ | 1235& | 120+ | 12823+ | 12496 < | 12.78< | 13.047 | 13218+
ADPIATP translocase 3 SLC25A6 | "5 095 0.048 0.284 0.212 0172 0.442 0.139 0.18 0.356 0.291
X-ray repair cross-complementing XRCC5 12.589 + 12.29 + 13.14 + 12771+ | 12787+ | 12402+ | 12.515+ | 12421+ | 12589+ | 12557+
protein 5 0.181 0177 0115 0.252 0.1 0.074 0.142 0.075 0.261 0.052
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Protein oo THP THP THP THP THP 0937 THP THP THP THP
Kontrol | 1AH 1AP 125AH | 125AP | Kontrol | 1AH 1AP 125AH | 125AP
: — 133742 | 13.119% | 13.002= | 1394% | 1208= | 12820% | 12721 | 120725 | 12814= | 1230+
Ribonuclease inhibitor RNHI 0.18 0.216 0.272 0.175 0.169 0.041 0.101 0.183 0.104 0.128
: 14.066 | 13989« | 13.962= | 14.112< | 13980« | 14245« | 14145+ | 14042« | 14132+ | 1418+
Elongation factor 2 EEF2 0.049 0.081 0.109 0.061 0.024 0.056 0.056 0.046 0.025 0.105
Dlastin.2 Lop1 13844+ | 13800« | 13848~ | 13.874% | 13882+ | 15047« | 14794+ | 14807« | 14.004= | 14894+
0.069 0.026 0.041 0.015 0.022 0.041 0.053 0.069 0.032 0.044
10800+ | 10761« | 11327= | 10639« | 11.026< | 10519« | 11114+ | 115< | 10756= | 12738+
Beta-enolase ENO3 0.191 0.469 0.183 0.166 0.126 0.366 0.288 0.219 0.012 1.733
Macrophage migration inhibitory MIF 12.796 + | 12.903 + | 13.546+ | 13.437+ | 13.427+ | 12556+ | 12481+ | 12.514+ | 12.576+ | 12.816+
factor 0.412 0.39 0.083 0.094 0.055 0.083 0.191 0.181 0.224 0.22
. 13679+ | 1368% | 13548< | 13722« | 13.647< | 15073« | 149+ | 14762« | 1502« | 149+
Pyruvate kinase PKM PKM 0.013 0.067 0.047 0.037 0.058 0.0 0.018 0.027 0.016 0.069
205 ribosormal orowin S2 I 120812 | 127955 | 13.008% | 12.034% | 12041 < | 3113% | 127222 | 12941« | 12.844= | 12980«
p 0.058 0213 0318 0.09 0.11 0.183 0.184 0.046 0.115 0.085
) HIST2H2A | 14333+ | 13406 % | 13963+ | 13.775+ | 14233+ | 989+ | 10225+ | 10691 | 1015+ | 10.601+
Histone H2A type 2-B B 0.168 0.169 0.147 0.252 0.027 0.051 0.196 0.205 0.261 0.132
: 13555+ | 13.008% | 12088= | 13216% | 1353= | 11.904< | 11.067% | 11226% | 12.024= | 1113+
Histone H1.5 HISTIHIB | 5338 0.191 0.148 0.165 0.084 0.321 0.671 05 0.213 0.311
: 41732 | 13469% | 13582% | 13813% | 13.34< | 1324« | 13418% | 13644« | 13346= | 13.101 =
Histone H1.3 HIST1IH1D 0.044 0.106 0.05 0.213 0.188 0.075 0.045 0.044 0.195 0.111
) 13.676 | 12878« | 12.931= | 12668« | 13242< | 1327« | 12782+ | 12579« | 13219« | 12376+
Heat shock 70 kDa protein 6 HSPAB 0.032 0.104 0.265 0.803 0.075 0.079 0.088 0.134 0.221 0.54
) ) 12055+ | 12338 | 13.099+ | 12437< | 12285+ | 11581« | 12533+ | 12498« | 12566~ | 13.018
T-complex protein 1 subunit alpha TCP1 0.174 0126 0.359 0.067 0.076 0.245 0.086 0.118 0.035 0.282
13.605+ | 13761 % | 13733+ | 13.636< | 13782+ | 13458« | 13385+ | 13.631 % | 13373« | 13.676+
Phosphoglycerate mutase 1 PGAM1 0.074 0.118 0.057 0.067 0.114 0.112 0.044 0.164 0.049 0.116
A CLNA T0830% | 10898« | 11.073% | 10482% | 11.143% | 11.866= | 11587+ | 11587« | 12.086= | 11.804
0.089 0.415 0.339 0.628 0.215 0.195 0.273 0.372 0.268 0.136
Voltage-dependent anion-selective VDAC1 12388+ | 12334+ | 11.263+ | 12504+ | 12276+ | 12.529+ | 11.511+ | 11.556+ | 12.367+ | 11.962+
channel protein 1 0.129 0.079 0.771 0.068 0.071 0.19 0.801 0.542 0.145 0.249
Trifunctional purine biosynthetic GART 10.395+ | 10337+ | 10.676+ | 10.267 + 10.35+ 11.241+ | 10936+ | 10.781 + 10.76 + 10.051 +
protein adenosine-3 0.026 0.344 0.231 0.499 0.314 0.408 0.429 0.253 0.498 0.164
Phosphoribosylaminoimidazole- PAICS 14.547+ | 12507+ | 14452+ | 13373+ | 14423+ | 14545+ | 12483+ | 15272+ | 13.259+ | 14.527+
succinocarboxamide synthase 0.177 0.876 0.605 0.694 0.336 0.179 1.05 0.442 1.224 0.423
Ubiquitin-Tike modifier-activating UBAL 12320+ | 118355 | 11.827= | 11.738% | 12.065% | 12517= | 12565+ | 12187« | 11977~ | 12347+
enzyme 1 0.25 0.196 0.226 0.051 0.237 0.259 0.224 0.006 0.125 0.023
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— oo THP THP THP THP THP U937 THP THP THP THP
Kontrol | 1AH 1AP 125AH | 125AP | Kontrol | 1AH 1AP 125AH | 125AP
— ) NMEL- | 14023% | 1332% | 13.604% | 13.822% | 13.930% | 141852 | 13.691 | 13.700% | 1398% | 1387%
Nucleoside diphosphate kinase NME?2 0121 0.095 0.051 0.026 0.049 0.112 0.191 0.171 0.119 0.042
11425+ | 11.666% | 12008 | IL164< | 12.005< | 11.546= | 1186+ | 129014« | 11599 | 12.818«
MHC class I1 regulatory factor RFX1 RFX1 0.064 0.763 0.654 0.733 0.212 0.018 0.05 0.164 0.781 0.09
) 12377% | 11.013% | 12504+ | 11369 | 12.639% | 10923 = | 10031 < | 10.186 £ | 10841 | 12177«
Liver carboxylesterase 1 CEsl 0.343 0.687 0.911 0.299 1.362 0.357 0.132 0.388 0.697 1.143
Splicing factor, proline- and SFPO 13235+ | 12502« | 12611+ | 12691« | 12215< | 13277= | 12855« | 12836« | 13.013 | 13.007«
glutamine-rich 0.102 0.544 0.001 0.415 0.774 0.109 0.024 0.209 0.138 0.053
) , [T.143% | 10598+ | 1048 | 10858 | 10615< | 11373= | 10863< | 1073< | 10449+ | 1L.00S &
Tryptophan--{RNA ligase, cytoplasmic | WARS 0.272 0.297 0.203 0.395 0.396 0.24 0.167 0.326 0.22 0.343
) ) 3014 % | 12047+ | 12383+ | 13.092% | 12.839% | 13271« | 12.049% | 12846 | 13.083= | 13.131 &
403 ribosomal protein S3 RPS3 0.085 0.118 0.16 0.005 0.062 0.08 0.045 0.025 0.063 0.101
oo oo eimace Anoy | 1L63Z® | 1135+ | 11218+ | 11823+ | 11274= | L0435+ | 10607+ | 11702 | 11709 | 1122+
y Y 0.029 0.12 0.503 0.152 0.348 0.149 0.042 0.014 0.07 0.392
Cofiimt cFLL 15467« | 15443+ | 15426+ | 15573 | 15495% | 14.404= | 14207« | 14436« | 14379+ | 14441«
0.051 0.004 0.023 0.03 0.028 0.117 0.049 0.057 0.056 0.023
: 12668 % | 11.433% | 11882+ | 11.762% | 1152% | 11.635= | 11.73% | 10905% | 11769 | 12.134 %
Elongation factor 1-beta EEF1B2 0.139 0.53 0.397 0.318 0576 0.543 0.676 0.449 0.586 0.04
DNA replication licensing factor MCM3 11.83 + 11.632+ | 11.873+ | 12,101+ | 11371« | 10525+ | 11.593+ | 10.728+ [ 10.863+ | 11.847 +
MCM3 0.277 0.254 0.217 0.175 0.444 0.523 0.031 0.721 0.611 0.122
: ) 3443+ | 12823+ | 12984+ | 13174« | 12085< | 13.143= | 12043< | 12779« | 13.108 | 12.837 %
40S ribosomal protein 512 RPS12 0.035 0.106 0.162 0.208 0.071 0.135 0.069 0.115 0.1 0.304
ATP synthase subunit alpha, ATPsAL | 13652+ | 13221+ | 12959+ | 13499+ | 13211+ | 13544+ | 13382 | 12993+ | 13258+ | 13,182+
mitochondrial 0.095 0.331 0.164 0.049 0.203 0.103 0.074 0.143 0.045 0.032
Moesi VSN 12684« | 1229+ | 12718+ | 12825« | 12014< | 14304~ | 14.088< | 14033« | 14333+ | 14142+
0.072 0.334 0.143 0.126 0.114 0.107 0.069 0.048 0.086 0.349
Probable ATP-dependent RNA DDX6 12.22 + 11988+ | 14989+ | 10.632+ | 13.415+ | 10828+ | 11475+ | 12.053+ | 11.648+ | 11.961 +
helicase DDX6 1.208 1.128 0.401 0.138 1.399 0.145 1.069 1.236 1.158 1.326
: ) 126904« | 1103+ | 11865+ | 12424+ | 12711 < | 11.024= | 11659« | 11423« | 11.416= | 11.097 =
60S ribosomal protein L13 RPL13 0.122 0596 0.734 0.189 0.079 0.187 0.376 0.643 0.787 0.785
) 13109« | 11014« | 11934+ | 11797« | 12337 < | 12.188= | 11993« | 12683« | 11758 | 1L.177+
Protein 5100-A4 S100A4 0.298 0.599 0.835 0.509 0.745 0.056 0.024 0.079 0.078 0.357
) ) ) 11277 < | 11576+ | 11311+ | 11348+ | 1142+ | 11057~ | 10.685< | 10965« | 10791« | 11433 &
Threonine--tRNA ligase, cytoplasmic TARS 0.245 0.242 0.332 0.105 0.142 0.283 0.391 0.232 0.48 0.09
) 12063 = | 12934« | 1311 | 13.061= | 12080= | 13.260= | 12060< | 12898« | 12844 | 3.1
Flongation factor 1-gamma EEF1G 0.127 0.192 0.162 0.094 0.097 0.052 0.071 0.108 0.322 0.286
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Protein oo THP THP THP THP THP 0937 THP THP THP THP
Kontrol | 1AH 1AP 125AH | 125AP | Kontrol | 1AH 1AP 125AH | 125AP
) 11734 = | 11.821= | 11.680% | 12.079% | 11585= | 13.680= | 13.126= | 12588« | 13.733= | 14003 &
14-3-3 protein theta YWHAQ 1 0457 0.86 0726 | 0083 | 0549 | 0232 | 0029 | 0362 | 0226 | 052
) ) 11687+ | 11161« | 1084+ | 11.556< | 11.059< | 1.98< | 1117+ | 10419« | 11594« | 1126+
60S ribosomal protein L10 RPL10 0.348 0552 0.619 0.246 0.327 0.284 052 0.235 0512 0.297
) 12051 = | 11294« | 11358+ | 11484« | 11188« | 1147+ | 11861« | 12055« | 11.992< | 12.165+
Proteasome subunit alpha type-5 PSMAS 0.248 0.32 0.314 0.399 0.591 0.685 0.11 0.507 0.128 0.078
1248+ | 12274« | 12651+ | 12494< | 12219+ | 13256 < | 12994+ | 12.936 % | 13.095+ | 13.128+
Transketolase TKT 0.142 0.182 0.074 0.251 0.175 0.108 0.085 0.043 0.039 0.158
Endoplasmic reticulum resident ERP29 11444+ | 11.663+ | 11.327+ | 11.853+ | 11.005+ | 10.528+ | 11.008 + 11+ 11.012+ | 11.193 +
protein 29 0576 0.058 0.462 0.23 0.457 0.451 0.334 0.394 0.434 0.314
— 12205+ | 1166+ | 12584~ | 12241+ | 1259+ | 13.073« | 12521+ | 12966« | 12761 = | 12811+
Peroxiredoxin-6 PRDX6 0.56 0.75 0.182 0.33 0.12 0.067 0.536 0.046 0.262 0.086
Thioredoxin-dependent peroxide RDxa | 12368+ | 13.043= | 12803 | 13342+ | 12920+ | 13008+ | 12452+ | 11472+ | 12586+ | 12941%
reductase, mitochondrial 0.862 0.155 0.063 0.047 0.095 0.558 0.129 1.109 0.207 0.095
) ) 12326+ | 11977« | 12241+ | 123+ | 11973< | 10768~ | 11369~ | 10.696 = | 10.685= | 10.868 &
60S ribosomal protein L12 RPL12 0.114 0.073 0174 0.013 0.032 0.476 0.235 0.023 0.291 0.359
Phosphatidylethanolamine-binding PEBP1 12.606 £ | 12351+ | 12201+ | 12411+ | 12.015+ | 12.173+ | 11.019+ | 10362+ | 11.743+ | 12.103 +
protein 1 0.128 0.086 0.176 0.234 0.486 0.102 0.559 0.294 0.601 0.217
— 107932 | 107175 | 1054% | 10.746< | 10246< | 11.034% | 10721 | 10673 % | 10968~ | 11399
Leukocyte elastase inhibitor SERPINB1 0.216 0.167 0157 0.201 0.147 0.478 0.469 0.069 0.404 0.665
) 13.049% | 13.031= | 13.043¢ | 13.079% | 13.017< | 13.796= | 13.669« | 13247« | 13569« | 13.88=
Coronin-1A COROIA | 4127 0.034 0.057 0.133 0.114 0.027 0.078 0.1 0.099 0.041
Phosphoribosylaminoimidazolecarbox ATIC 11052+ | 10789+ | 10849+ | 10538+ | 11011< | 11434~ | 114+ | 11485% | 10805+ | 11413+
amide formyltransferase 0.427 0.1 0.595 0.46 0.478 0.242 0.22 0.831 0.03 0.309
) 11781 % | 12095 | 12987% | 11772 | 12843 < | 11301 = | 11505« | 13204 | 11676 | 132
14-3-3 protein beta/alpha YWHAB | "( 721 0.257 0.412 0.524 0.542 0.466 0.778 0573 0.859 0.72
: 12.067% | 1354% | 13.623% | 13.000% | 13362% | 13.125% | 13345+ | 13332% | 13247~ | 13.004 %
Protein S100-A11 S100A11 0.243 0.073 0.187 0.027 0.304 0.201 0.084 0.199 0.276 0.159
DNA replication licensing factor MCM7 10934+ | 10.696+ | 11.251+ 11.76 £ 11.013+ | 10915+ | 11.428+ | 10.981 + 113+ 11.252 +
MCM7 03 0.456 0.325 0.115 0.447 0.434 0.188 0.282 0.276 0.324
. 10805+ | 10832+ | 11292+ | 10527< | 10997« | 10542« | 10705+ | 11461« | 10318~ | 11396+
Heat shock 70 kDaprotein 1-like HSPAIL | "4 065 0.629 0.432 0.133 0.815 0.296 0.605 0.298 0.145 0.333
) : 1284+ | 12497+ | 12282+ | 12742+ | 12599« | 13117« | 1089« | 11993+ | 12857« | 12316
60S ribosomal protein L22 RPL22 0.142 0.051 0.072 0.095 0.09 0.093 0.659 0.972 0.117 0.387
: [3.048% | 11978 % | 11.035% | 13.003< | 12474< | 1237< | 12251« | 11532« | 12245= | 11128+
Myosin-9 MYHS 0.282 0.218 0.122 0.176 0.254 0.121 0.392 0.192 0.112 0.254
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— oo THP THP THP THP THP U937 THP THP THP THP
Kontrol | 1AH 1AP 125AH | 125AP | Kontrol | 1AH 1AP 125AH | 125AP
) ) T T T hans T s Tiioes T s T oo T ois s T 55s
60S ribosomal protein L4 RPL4
ribosomat profein 0.339 0.253 0.069 0.078 1.064 1.023 0.081 0.071 0.843 0.008
Signal recognition particle 14 kDa SRP14 11.69 + 11.531+ | 11.645+ 123+ 11.329+ | 10474+ | 11.899+ 10.25 + 114+ 11.379 +
protein 0.71 0.44 0.365 0.255 0.39 0.075 0.15 0.326 0.613 0.466
) 13.004 % | 12876+ | 128+ | 12777« | 12906< | 13.031= | 128+ | 12724« | 13.012% | 12591 &
Transgelin-2 TAGLN2 | "5 064 0.168 0.059 0.28 0.047 0.102 013 0.091 0.129 0.279
: : 13239« | 12369« | 13313+ | 13132« | 12002« | 12789« | 13112« | 13121« | 12075 | 13.163 ¢
60S ribosomal protein L3 RPL3 0.101 0.682 0.039 0.035 0.034 0.274 0.079 0.102 0.929 0.06
TT.0I0% | 10524< | 10523% | 1069% | 10678< | 11.107= | 11.064< | 10403 % | 10576< | 10726 <
Flap endonuclease 1 FEN1 0.486 0.456 0.21 0.208 0.202 0.203 0.239 0.178 0.4 0.146
) ) 12508 % | 12.95% | 12806+ | 13177« | 13.074< | 12473+ | 1208+ | 12202« | 11957 | 11497«
Macrophage-capping protein CAPG 0.165 0.194 0.074 0.077 0.201 0.271 0.297 0.126 0.065 0.721
oo oot 1 subonit 2ot CoToa | 1233 | 11898+ | 11497+ | 11724+ | 11668+ | 1206+ | 12113+ | 12007% | 121+ | 12335%
piexp 0.024 0.08 0.408 0.074 0.078 0.247 0.099 0.057 0.167 0.26
) ) 13.672% | 13357% | 134582 | 13.668% | 13499< | 1377 | 13461= | 13227% | 13611 | 136142
Malate dehydrogenase, mitochondrial | MDH2 0.061 0.14 0.025 0.059 0.069 0.022 0.136 0.067 0.048 0.08
: : 120675 | 11562 | 11202% | 11.200% | 11.509% | 11.806= | 10039« | 11372« | 11221< | 113322
408 ribosomal protein S27 RPS27 0.205 0.252 0.48 0.493 0548 0.099 0.688 0.296 0.453 0.452
Leucine-rich PPR motif-containing LRPPRC 12.377 + 12.56 + 12.584 + 12.29 + 12315+ | 12.399+ | 12.208+ | 11473+ 12.27 + 13.843 +
protein, mitochondrial 0.272 0.826 0.786 0.945 0.808 0.574 0.928 0.881 0.933 0.336
ATP synthase subunit O, ATP50 10.895 + 11.666 + 10.92 + 11.68 + 10.729 + 11.76 + 11.673 + 11.611 + 11.769 + 12.325 +
mitochondrial 0575 0.154 0.637 0.282 0.636 0.206 0.121 0.318 0.252 0.174
Isocitrate dehydrogenase [NADP], D2 11095« | 117101« | 11887+ | 11641« | 11751 = | 11981= | 11.691< | 11272« | 11185+ | 11771«
mitochondrial 0.105 0.052 0.097 0.498 0.127 0.268 0.322 0.825 0.625 0.013
—— ) 12.637= | 123652 | 118172 | 1233« | 12434< | 12442 | 1257 | 10703% | 12619% | 12491
Nuclear autoantigenic sperm protein NASP 0.117 0.153 0.878 0.298 0.16 0.092 0.093 0.195 0.025 0.164
: : : 11372 | 11.604% | 11093< | 11474% | 11107 | 12033 % | 12.067% | 12320 | 12375% | 12225
Elongation factor Tu, mitochondrial TUFM 0.397 0.144 0.29 0.276 0.297 0.188 0.104 0.181 0.095 0.054
Signal recognition particle 9 kDa SRPO 11264« | 11851« | 11555+ | 10996 | 11155« | 1192+ | 11.738< | 1135+ | 11.052< | 11347«
protein 0.301 0.19 0.044 0.465 0.305 0.222 0.181 0.548 0.517 0.367
...... 3.025% | 12782 | 124072 | 129272 | 12901 = | 12162 | 1212= | 12002% | 1202 | 12.185%
Rab GDP dissociation inhibitor beta GD12 0.163 0.046 0.075 0.089 0.078 0.086 0.18 0.151 0.057 0.138
) ) 13575+ | 13317« | 13539« | 13.661% | 13382+ | 13579 | 13508« | 13476 % | 13.755< | 13.488 <
T-complex protein 1 subunit theta CcCTs 0.079 0173 0.36 0.095 0.1 0.147 0.064 0.116 0.06 0.128
) ) 1384% | 13.667= | 13.868< | 13.441= | 14614« | 13804« | 13818 | 14487« | 14255= | 14183
T-complex protein 1 subunit delta cCT4 0.179 0.09 0.207 0.262 0.336 0.073 0.021 0.322 0.131 0.238
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Srotein e THP THP THP THP THP 0937 THP THP THP THP
Kontrol | 1AH 1AP 125AH | 125AP | Kontrol | 1AH 1AP 125AH | 125AP
6-phosphogluconate dehydrogenase, PGD 11.827+ | 11.717+ | 10.719+ 11.7+ 119+ 11.768 = | 11.996+ | 11.566+ | 11.685+ | 11.945+
decarboxylating 0.091 0.067 0.409 0.059 0.109 0.151 0.122 0.278 0.128 0.085
S 13.605+ | 13287« | 13245+ | 13576+ | 13455+ | 1438< | 13995« | 13851 = | 14267 < | 13994+
Rho GDP-dissociation inhibitor 2 { ARHGDIB | " 55g 0.092 0.086 0.063 0.093 0.054 0.203 0.027 0.115 0.124
F-actin-capping protein subunit alpha- CAPZAL 11.621+ | 12.146 + 11.34 + 11968+ [ 11.507+ | 12.009+ | 11918+ | 10.199+ | 12.098+ | 10.908 +
1 0.446 0.289 0.389 0.21 0.346 0.037 0.156 0.208 0.056 0.606
) 11925+ | 11415< | 11815+ | 12145+ | 11953+ | 12119+ | 10353+ | 10932= | 10522+ | 11494«
ATP-citrate synthase ACLY 0.114 0.608 0.38 0.08 0.135 0.061 0.199 0.55 0.178 0.328
Activated RNA polymerase |1 SUBL 13577+ | 12904+ | 12971+ | 13343+ | 13265+ | 11.062+ | 11.166 + 10.51 + 11.252+ | 10.581 +
transcriptional coactivator p15 0.171 0.036 0.161 0.249 0.2 0.472 0.834 0.386 0.476 0.387
: 11079+ | 11.708< | 10535+ | 10663+ | 10.835+ | 10311+ | 11598+ | 10798+ | 11.183 < | 10579 =
Exportin-2 CSEIL 0.268 0.211 0.405 0.226 0.568 0.181 0.268 0.237 0.769 0.101
Eukaryotic translation initiation factor EIF3B 11.198 + | 10.744+ | 10.535+ | 11.112+ | 11.119+ | 11.025+ | 10515+ | 11.551+ | 11.118+ | 10.823 +
3 subunit B 0.347 0.556 0.097 0.395 0.297 0.223 0.451 0.038 0538 0.319
: : 12947+ | 12609+ | 12379« | 12867+ | 12.867% | 13193+ | 13284+ | 13.116= | 13306+ | 13.118 <
Triosephosphate isomerase TPIL 0.084 0.078 0.344 0.051 0.085 0.14 0.021 0.103 0.182 0.123
Protein transport protein Secbl SECelp | 1L621= | 13.924= | 15453+ | 11,058+ | 14287 | 12437+ | 12574+ | 15004= | 13.004= | 12750+
subunit beta 0.715 0714 0.291 0.55 0.253 0.242 1.016 0.326 151 0.839
: . 18404 % | 18204 % | 18.09% | 18426+ | 182922 | 17792« | 17528« | 17342% | 17.683% | 17584 ¢
Actin, cytoplasmic 1 ACTB 0.056 0.055 0.097 0.038 0.029 0.076 0.028 0.061 0.037 0.092
S 13131+ | 12868+ | 12.608 % | 13205+ | 12947+ | 13514+ | 13538+ | 1323+ | 13548+ | 13.425 <
Eukaryotic initiation factor 4A-| EIF4Al 0.088 0.095 0.191 0.088 0.052 0.062 0.038 0.067 0.039 0.11
Cell division control protein 42 cDC42 11.658 + 11.67 = 11517+ | 11.888+ | 11.627+ | 11.58+ 11302+ | 11437+ | 11.677+ | 10.887
homolog 0.345 0.08 0.202 0.172 0.153 0.236 0.027 0.242 0.253 0.418
) ) 3.042+ | 12982+ 13456+ | 13205+ | 12.606= | 12325+ | 12.062= | 12.168= | 1272+
Actin-related protein 3 ACTR3 0.134 0.047 | 13#011 1 5478 0.227 0.155 0.135 0.576 0.436 0.148
: : 12580+ | 11.86% | 12030« | 12257« | 12306+ | 12192 | 11.934% | 11.695= | 1226+ | 11.797 <
Actin-related protein 2 ACTR2 0.108 0.186 0.055 0.055 0.388 0.176 0.124 0.08 0.073 0.038
) 11074+ | 10869+ | 11196+ | 11504+ | 11.615% | 10809« | 11.079% | 11423+ | 11.621+ | 11206«
Ras-related protein Rap-1b RAP1B 0.406 0.314 0.367 0.027 0.062 0.537 0.426 0.215 0.056 0.265
10 kDa heat shock protein, HspEL | 13457+ | 13.089% | 12871+ | 13393+ | 13.021+ | 13739+ | 13.685+ | 13127+ | 1356+ | 13.536+
mitochondrial 0.11 0.159 0.174 0.086 0.083 0.065 0.026 0.107 0.063 0.14
Heterogeneous nuclear HNRNPK 14.153+ | 13.807 + 13.84 + 14.153 + 13939+ | 14337+ | 14.184+ | 14.132+ | 14231+ | 14.075+
ribonucleoprotein K 0.071 0.088 0.07 0.037 0.02 0.077 0.068 0.005 0.062 0.15
: 12276 = | 12.073< | 12864« | 12436< | 12497 | 1246+ | 12.198% | 12.583= | 12447 < | 12454 =
14-3-3 protein gamma YWHAG 0.05 0.136 0173 0.101 0.158 0.123 0.166 0.054 0.138 0.121
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Protein Gen THP THP THP THP THP U937 THP THP THP THP
Kontrol 1AH 1AP 125AH 125AP Kontrol 1AH 1AP 125AH 125AP

st posnss | _ress | 150077 | 12URE | AT ST [ e T e s e
wsapommepsin | vwnae | pEer | RO IR e s T s s e s

s s ponsto | wesio | Toy | G | Vo | Ton | Mo | Vo | o | o | oo | v
Srll ks ooneoproain €| snpe | Tyeoe | Tpioe | Tooes | Thees [T s T 0 [ Tonm | oo
Small nuclear ribonucleoprotein Sm SNRPD1 11.776 £ | 11.529+ | 11.504 + 11.65+ 10.883 + | 10.748+ | 10959+ | 10.489+ | 11.339+ | 11.242+
D1 0.055 0.487 0.173 0.444 0.205 0.171 0.51 0.221 0.373 0.498
Mt | Twson | i | o | R [T | T | T R s T
osbouma paenize | reiza | Ty | Ty [T [ T S T T | R T | e
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oo sy | s | S | T | B | e | B | B | S TN | B | o
st | T R T T [T T G | o | |
sy 520 | sz | T | Uity | Vot | ot | 5is | Tom | 'abs | s | aea | b
s pouniion | o | B | 50T | LT || Ta | | o | e | oo
cosrosoma pon 111 | mei | oo | ot | i | aar | i | him | o | ek | ol | b
ey o e | pein | g | TR | T [T E | R e [T | T |
i 05 resone prois27e | resara | TgbES | TSR [ WS TASE [ Tomn R [T e e e
s apoen i | vomaz | Bels | AR [ TR | Thont | oo | oo | e | e | e | an
e M Il Il Bl Bl Il B Sl Rl I S
Eukaryotic translation initiation factor EIF5A 11782+ | 11.899+ | 11.946+ | 12.193 + 11359+ | 12.709+ | 12469+ | 12.095+ | 12.646+ | 12.431+
5A-1 0.121 0.187 0.112 0.13 0.893 0.189 0.1 0.135 0.126 0.114
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— oo THP THP THP THP THP U937 THP THP THP THP
Kontrol | 1AH 1AP 125AH | 125aP | Kontrol | 1AH 1AP 125AH | 125AP
Guanine nucleotide-binding protein GNBaLL | 12676% | 12341+ | 12.289% | 12707+ | 1238+ | 12948+ | 12.655+ | 1256+ | 12887+ | 12554+
subunit beta-2-like 1 0.07 0.104 0.139 0.191 0.078 0.05 0.134 0.231 0.088 0.246
) : 13025+ | 13731« | 13.633% | 1376+ | 13.73< | 13316= | 12955« | 13.039« | 12855« | 13.126 %
Actin, cytoplasmic 2 ACTGL 0.116 0.069 0.118 0.105 0.04 0.09 0.115 0.169 0.236 0.116
) ) 17.678% | 16684« | 16948+ | 17177« | 17252< | 16413= | 16373< | 15543« | 16,703 | 14.506 %
Actin, alpha cardiac muscle 1 ACTCL 0.031 0.22 0.09 0.153 0.061 0.104 0.046 0.069 0.102 1808
..... 12747+ | 11938+ | 12162+ | 11.674% | 12067« | 11.726= | 1199+ | 11.097« | 11825+ | 11.021 %
Ubiquitin-conjugating enzyme E2L3 | UBE2L3 0.262 0.141 0.208 0.42 0.353 0.242 0.053 0.431 0.105 0.6
: : 5190% | 14.806% | 14846 % | 15.114% | 1498= | 15687« | 15532 | 15064« | 15.660% | 15481 <
Tubulin alpha-1B chain TUBAIB | "5 046 0.031 0.062 0.031 0.013 0.052 0.006 0.082 0.03 0.111
) ) 15198+ | 14426= | 14.602« | 15128+ | 14880< | 14684 | 13000« | 14127« | 14272< | 14.087 =
Tubulin beta-4B chain TUBB4B | " 065 0.146 0.19 0.079 0.039 0.162 0.319 0.069 0.107 0.279
) T6101= | 1543+ | 16025 | 16234 | 16.607< | 14011= | 15536= | 1568< | 15386 | 15953 ¢
Histone H3.1 HISTIH3A | " 194 0.875 0.428 0.163 0.143 0.303 0.253 0.209 0.299 0.24
DNA-dependent protein kinase PRKDC 13.819+ | 13.885+ | 14.081 + 12.88 + 13.828+ | 14.041+ | 12.628 + | 14327+ | 11.741+ | 13344+
catalytic subunit 0.131 0.126 0.208 0.957 0.014 0.104 0.849 0.079 1.28 1,483
: : 12883 | 12661 % | 12678+ | 12895 | 12.635% | 13.004= | 13.091% | 13.085% | 13.059% | 12.820%
ADP-ribosylation factor 1 ARF1 0.062 0.093 0.089 0.095 0.048 0.066 0.024 0.049 0.053 0.143
) 10436 | 113815 | 12.03% | 12.634% | 11383< | 11.053= | 10.139% | 10394 % | 10303 | 10377 %
Enhancer of rudimentary homolog ERH 0.134 0.827 0.214 0.128 0.757 0.027 0.195 0.289 0.098 0.206
— ) 13201 = | 12007 | 12989% | 12997 | 13.145= | 1097 | 1082= | 10558 | 11.365% | 10.706%
RNA-binding protein 3 RBM3 0.108 0.34 0.196 0.394 0.094 0.582 0.47 0.263 0.362 0.334
Phosphate carrier protein, SLCooAg | 13225+ | 14783+ | 15495+ | 14.637+ | 14903+ | 1457+ | 1448+ | 14974+ | 14611+ | 14299+
mitochondrial 0.138 0.152 0.113 0.294 0.283 0.035 0.08 0.389 0.146 0.281
... — 1242+ | 120192+ | 12068« | 12336= | 12284+ | 13323« | 13211 | 12935+ | 13.057= | 1286<
Fatty acid-binding protein, epidermal FABPS 0.052 0.053 0.125 0.142 0.078 0.109 0.119 0.083 0.097 0.203
: : 16279 | 16173 | 16263 | 16181 | 16293 | 11107 | 11051 | 12331% | 11346 | 13362
Adenylyl cyclase-associated protein 1 CAP1 0.032 0.059 0.029 0.051 0.038 0.563 0.246 0311 0.116 0.391
ATP-dependent 6- . 11673+ | 11438 | 12068« | 11887 | 1L131< | 1124+ | 11196« | 11498« | 11.485< | 11.004=
phosphofructokinase, platelet type 0.627 0.467 0.143 0.078 0.586 0.49 0.435 0.646 0.483 0.441
) 12303+ | 12383« | 11894« | 12276+ | 12579« | 13887« | 13815« | 13.604< | 13.679< | 13.676=
Lactoylglutathione lyase GLO1 0537 0.032 0.298 0.296 0.392 0.071 0.204 0.296 0.231 0.38
) 13845+ | 13255« | 13787« | 13.644= | 13.605< | 14262 | 13022+ | 13.054« | 14.195< | 13.886 <
ATP-dependent RNA helicase A DHX9 0.097 0.221 0.235 0.254 0.094 0.322 0.014 1.387 0.052 0.136
Neuroblast differentiation-associated AHNAK 10.514 + 11.481 £ 11.35+ 11.483 & 11317+ | 10.887 + 10.662 + 10.915 + 1111+ 10.127 £
protein AHNAK 0125 0.418 0.096 0.102 0.163 0.2 0.251 0.172 0.339 0.183
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— oo THP THP THP THP THP U937 THP THP THP THP

Kontrol | 1AH 1AP 125AH | 125AP | Kontrol | 1AH 1AP 125AH | 125AP

— : 10424 = | 10178 | 12240 | 10792 | 10.744= | 10289= | 10321 = | 10355% | 10014= | 1027%

Cingulin-like protein 1 CGNL1

Ingulin-like protein 0.469 0.231 1.367 0.113 0.343 0.387 0.069 0.348 0.274 0.109

: — 10567« | 1025+ | 10512+ | 10917« | 10728« | 1L.136= | 10776 | 10985« | 10583« | 10818«
Interleukin enhancer-binding factor 3 ILF3 0.136 0.196 0.093 0.333 0.098 0.365 0.08 0.283 0.386 0.373

) 1203: | 11461+ | 10887 < | 11960+ | 11583« | 11.046 % | 11775« | 11416+ | 1144+ | 11757 <
Chromobox protein homolog 3 CBX3 0.157 0.229 0.341 0.149 0.188 0.139 0.001 0.295 0.174 0.084

Transcription intermediary factor 1- TRIM28 11.611+ | 11.885+ | 11.359+ | 11.859+ | 11916+ | 11.656+ | 11.788+ [ 11.578+ | 11.705+ 11.04 =
beta 0.41 0.093 0.025 0.274 0.144 0.06 0.044 0.154 0.187 0.375

: ) 1282+ | 12500+ | 11965< | 13.004% | 12835« | 12308« | 13214 | 1281 | 12503« | I3.114<
Spliceosome RNA helicase DDX398 | DDX39B | 75 /) 0.195 0.607 0.178 0.041 0.039 0.2 0.072 0.952 0.077

DNA replication licensing factor MCM6 11.69 + 10.601 + | 10.833+ | 11.524+ | 11.048+ | 11.287+ | 11.076+ | 11.394+ 11.7+ 11.327 +
0.159 0.415 0.674 0.087 0.606 0.478 0.389 0.52 0.268 0.531

) 11.827= | 12.063% | 11631 | 12302 | 12.055< | 11993 = | 12335< | 11353« | 12583 | 11432 ¢
Neutral alpha-glucosidase AB GANAB 0.143 0.183 0.608 0.03 0.169 0.146 0.197 0.329 0.224 0.506

) ) 10768« | 11.022+ | 11015+ | 12.062= | 11499« | 1247+ | 12204= | 11495« | 11114 | 12451 ¢
Importin subunit beta-1 KPNB1 0.182 0.292 0.666 0.721 0.653 0.366 0.19 0.389 0.731 0.036

— 12886 = | 12531 % | 12454+ | 12705% | 12.6/4% | 13.064= | 1285+ | 12854« | 12964 | 12.806%
Protein disulfide-isomerase A8 PDIAG 0.121 0.108 0.059 0.01 0.043 0.185 0.204 0.046 0.031 0.016

3-beta-hydroxysteroid- EBP 10478 £ | 10.745+ | 10947+ | 11.106+ | 11.432+ | 10381+ | 10959+ | 13449+ | 12.398+ | 10.708 +
Delta(8),Delta(7)-isomerase 0.473 0.301 0.067 0.216 1.029 0.04 0.325 1.762 1.175 0.219

— ) 1278+ | 1218+ | 1200+ | 1188+ | 12379+ | 13363« | 13.034« | 129+ | 13.075+ | 13199«
Poly(rC)-binding protein 1 PCBPL 0.18 0.078 0.149 0.67 0.075 0.04 0.042 0.044 0.068 0.008

) HIST2H2A | 18.844= | 19562 % | 20705 | 18393 & | 20454= | 17218% | 18322= | 19.639% | 18441 | 18844
Histone H2A type 2-A A3 0518 0.392 0.336 0.369 0.412 0514 0.407 0.283 0.596 0.168

: : 13838« | 13527+ | 13551+ | 13745 | 13.692< | 14.686= | 14358« | 14151« | 1457+ | 14358+
Tubulin beta-8 chain TuBBS 0.126 0.053 0.068 0.1 0.026 0.052 0.082 0.084 0.056 0.212

— ) 5581 % | 17341« | 17487 | 10587 | 15.056% | 12501 = | 14771< | 12515% | 14576 | 108I8%
Beta-actin-like protein 2 ACTBL2 2568 0.174 0.151 0.211 2333 2.029 2111 1.902 2.066 0.174

Putative heat shock protein HSP 90- HSPO90AB4 | 1358+ 12917+ | 13276 + | 13.452+ | 13.354+ | 13.116+ | 13.195+ | 12407+ | 13.361+ | 13.102+
beta 4 p 0124 0.26 0.181 0.116 0.031 0.002 0.053 0.338 0.208 0.192

Putative heat shock protein HSP 90- HSP90AB2 | 14.301 + 13.32 13.814+ | 14.092+ | 14.148+ | 10.545+ | 12.003+ | 10.809+ | 12566+ | 12.515+
beta 2 p 0.076 0.094 0.253 0.121 0.051 0.215 0.042 0.517 0.165 0.301

— ) 11.025% | 11127« | 11330+ | 10419 | 12.022< | 11505= | 11.015% | 12219« | 10325 | 10.662 %
GTP-binding protein SAR1a SARIA 0.565 0.818 0.792 0.267 0.65 0.605 0.779 155 0.069 0.481

Probable ATP-dependent RNA Dbx5o | 10616 | 12,042+ | 11813+ | 11485+ | 10888+ | 10492 | 10561 = | 1LO2+ | 10811= | 11.207=
helicase DDX59 0.07 0.164 0.208 0.251 0.145 0.097 0.091 0.108 0.218 0.203
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Srotein Gen THP THP THP THP THP U937 THP THP THP THP
Kontrol | 1AH 1AP 125AH | 125AP | Kontrol | 1AH 1AP 125AH | 125AP
: : T0489% | 11.466< | 11033 % | 10506 % | 11.404% | 10597 = | 10461+ | 11.831= | 11.628% | 10.463 =
Xaa-Pro aminopeptidase 1 XPNPEP1 0.015 0491 0.809 0.101 0.548 0.354 0.427 1.503 0.506 0.298
: 15748+ | 16425+ | 16672+ | 16022+ | 16322+ | 13994+ | 14759+ | 15117+ | 14837+ | 15432+
Histone H3.2 HISTZH3A | "5 220 0.203 0.159 0.132 0.202 0.18 0.198 0.145 0.246 0.172
: : 11106+ | 11247+ | 10865« | 10693+ | 11258+ | 11287+ | 11462+ | 11265+ | 12801 < | 11213 <
Tubulin alpha-1A chain TUBAIA | “4e12 0.651 0.227 0.046 0.674 0.8 0.242 0.261 0.188 0.685
- ) 11834+« | 11.689+ | 11533« | 11464+ | 11356« | 11375+ | 11585+ | 11.643+ | 11305+ | 10.773 +
Polyadenylate-binding protein 2 PABPN1 | "4 086 0311 0.107 0.537 0.446 0.152 0.253 0.249 0.35 0.127
CDGSH iron-sulfur domain- CISD2 11.255+ 11.084 + 13.29 + 10.562 + 12.808 + 10.614 + 10.975 + 14.842 + 11.525 + 13.377 £
containing protein 2 0.838 1.218 1.212 0.249 1.163 0.527 0.023 0.318 1.103 1.106
POU domain, class 5, transcription POUSE?2 10.848 + | 10.876 + | 10.652+ | 10.809+ | 10.512+ | 11.172+ | 10.657 + 10.65 + 10.635 + 11.09 +
factor 2 0.321 0.237 0.165 0.373 0.319 0.126 0.165 0.005 0.373 0.154
Saccharopine dehydrogenase-like SCCPDH 12.884+ | 13477+ | 15385+ | 10.835+ | 13.593+ | 12.889+ | 12953+ | 13.233+ | 11.782+ | 13.237+
oxidoreductase 1.067 1.206 0.134 0.053 1.714 1115 1.402 1574 1.474 1.406
Plasminogen activator inhibitor 1 SERBP1 10.706 + | 11.359 + 10.43 + 1151+ 11.839+ | 10.763+ | 10973+ | 11.148+ | 10.715+ | 11.069 +
RNA-binding protein 0.653 051 0.249 0.439 0.543 0.346 0.132 0.544 0.147 0.637
. TT1I8< | 12.607< | 11846 % | 11.937% | 10282+ | 12543« | 12802+ | 1217+ | 12622+ | 11.93<
D1S3-like exonuclease 1 DIS3L 0.716 0.215 0.53 0.56 0125 0.705 0.09 0.896 0.155 0.809
) 10616 | 11.0126= | 12259« | 10419+ | 11594« | 1065« | 10308= | 12306« | 10749+ | 11.522 ¢
Nuclear pore complex protein Nup133 | NUP133 0.159 0.771 0.748 0.084 0.844 0.192 0.177 0.729 0.377 1.509
. 11095+ | 10984+ | 11.849% | 11703+ | 11.813% | 11392+ | 12.056% | 11.687= | 11.657< | 11.205 <
Heat shock protein 105 kDa HSPH1 0.233 0.73 0.137 0.394 0.478 0.372 0.098 0.642 0.478 0.672
Acidic leucine-rich nuclear ANP32B 12.783 + 11.972 11.836 & 12.908 11.873 £ | 10.664 + 11.23 11.136 11.252 + 11.709 +
phosphoprotein 32 family member B 0.112 +0.481 0.643 +0.084 0.532 0.482 +0.416 +0.557 0.431 0.571
Leucine-rich repeat-containing protein LRRC59 13,162+ | 13.522+ | 14905+ | 12513+ | 14543+ | 11.607+ | 11.724+ | 14351+ [ 12.022+ | 13.711+
59 0.428 0.681 05 0.796 0.196 0.7 0.79 0.593 1.158 0.707
Myeloid-associated differentiation MYADM 11.791+ | 13.211+ 15.07 11346+ | 14.546 + 12.14 + 12.175 13.3+ 11.665+ | 11.601 £
marker 0.866 1.415 0.338 0.638 0.188 0.796 0.693 1.661 0.821 1.316
: 13185+ | 12682+ | 12764+ | 13.09+ | 12,743+ | 12093+ | 12.786+ | 12.849+ | 13.143+ | 1288+
Protein deglycase DJ-1 PARKY 0.058 0.049 0.107 0.123 0.117 0.224 0.164 0.184 0.067 0.186
: : 12858+ | 1301+ | 13.080% | 1306+ | 13.133% | 12047+ | 12916+ | 13563+ | 13.038+ | 131+
T-complex protein 1 subunit eta ccrv 0.022 0.142 0.123 0.219 0.062 0.27 0.225 0.265 0.226 0.065
Acidic leucine-rich nuclear ANP32E 12.061 + 11.961 + 10.865+ | 11.949 + 11.96 + 11.363 + 12.165 + 10.34 + 10.861 + 11.563 +
phosphoprotein 32 family member E 0.05 0.205 0.547 0.046 0.159 0.386 0.307 0.285 0.639 0.766
. ) 12898< | 14169% | 14.150% | 1426= | 10535+ | 12128« | 1436= | 13.486% | 13.673= | 13.96<
Tubulin beta-28 chain TUBB2B 1.215 0.103 0.204 0.107 0.423 1594 1.021 1.719 1.869 1.341
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Protein oo THP THP THP THP THP 0937 THP THP THP THP
Kontrol | 1AH 1AP 125AH | 125AP | Kontrol | 1AH 1AP 125AH | 125AP
) T1.656% | 12464 % | 14.036% | 10394< | 13823 | 1141< | 11398% | 15010% | 11.858= | 14308+
Transmembrane protein 109 TMEM109 0896 1.001 03 0.023 0.26 1.174 1.058 0.239 0.952 0.694
Transmembrane emp24 domain- TMEDS | 12048 | 12825+ | 13812+ | 11307+ | 12284+ | 13.102= | 13819+ | 13.554= | 11405 | 13.275%
containing protein 9 0.907 1.318 1.761 0.583 1.367 0.431 0.479 1.659 1.506 1.209
10599+ | 10517« | 1112+ | 1048+ | 10382% | 10856« | 11505+ | 1237« | 11399~ | 11303+
dCTP pyrophosphatase 1 DCTPPL | "5266 0.421 0.459 0.332 0.293 0.514 0.335 0.843 101 0.742
— ) 11799+ | 1275% | 1203+ | 11.828< | 12749< | 13114« | 12999+ | 12228« | 13.099= | 13.195 ¢
Calcyclin-binding protein CACYBP | " (64 0.153 0.618 0.786 0.139 0.05 0.214 0.745 0.064 0.054
UDP-glucose:glycoprotein UGGT1L 10.876 + | 10.396 + 1112 + 10.547+ | 11.109+ | 11.598+ | 11974+ | 12.044+ | 11941+ | 12,618+
glucosyltransferase 1 0.357 0.168 0.456 0.319 0.644 0.451 0.552 0.801 0.958 0.534
: 11616+ | 1085& | 11428+ | 1092+ | 11.739% | 11.685= | 12.637< | 12638« | 12.649% | 12247«
Protein RCC2 RCC2 0.649 0.12 0.581 0.219 0.21 0.45 0.188 0.07 0.043 0.151
Apoptosis-associated speck-like PYCARD 12263+ | 11.931+ 12.74 £ 12433+ | 12535+ [ 12122+ | 11.788+ | 11.787+ | 12.139+ | 11.768 =
protein containing a CARD 0.119 0.62 0.244 0.266 0.172 0.161 0.416 0.492 0.072 0.374
o ) ) 11989« | 12397« | 11577 | 11702 | 12448« | 11.633< | 11356 = | 12.082« | 12223+ | 119+
Proliferation-associated protein 2G4 PA2G4 0.211 0.217 0.9 0.434 0.131 0.12 0.422 0.927 0.441 0.482
: T0.648 % | 10420% | 11.072= | 10.696< | 10276< | 10499« | 11871 | 11.575% | 10814~ | 10984 &
RuvB-like 2 RUVBLZ | 4105 0.114 0273 0.384 0.105 0.173 0.094 0.349 0.455 0.46
: 115542 | 1096% | 10.662= | 11.736% | 11441 | 11.65% | 11.758% | 10825« | 11775 | 11.29¢
RuvB-like 1 RUVBLL | "5 06 0.36 0.689 0.04 0055 | 0222 | 0158 | 0373 0.06 0.35
Voltage-dependent anion-selective VDAC3 11.739 + 1131+ 11.355+ | 12.053 + 12.13 + 10979+ | 10.756+ | 10902+ | 10.675+ | 12.013 +
channel protein 3 0.563 0.248 0.285 0.123 0.222 0.548 0.561 0.663 0.586 0.06
— 10685+ | 1067+ | 10335+ | 10375+ | 1036= | 10713= | 11307 | 11.096% | 10.649= | 1118+
Phosphoserine aminotransferase PSATL 0.197 0.018 0.297 0.69 0.27 0514 0.525 0.565 0.154 0.499
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Tablo 4.10. intraselular matrikse ait gruplarm istatistiksel olarak karsilastiriimalarma ait p degerleri

Protein Gen THP THP THP THP U937 U937 U937 U937
1AH 1AP 125AH 125AP 1AH 1AP 125AH 125AP
Far upstream element-binding protein 2 KHSRP 0.38 0.044 0.248 0.069 0.51 0.595 0.625 0.246
Magnesium transporter protein 1 MAGT1 0.615 0.284 0.246 0.237 0.394 0.066 0.112 0.335
26S proteasome non-ATPase regulatory subunit 13 PSMD13 0.903 0.103 0.707 0.248 0.286 0.88 0.269 0
Farnesyl pyrophosphate synthase FDPS 0.793 0.63 0.089 0.972 0.417 0.224 0.554 0.01
Clathrin heavy chain 1 CLTC 0.739 0.461 0.911 0.316 0.025 0.17 0.851 0.454
Elongation factor 1-alpha 1 EEF1A1 0.026 0.047 0.593 0.208 0.095 0.066 0.333 0.929
Tropomyosin alpha-3 chain TPM3 0.161 0.025 0.764 0.11 0.297 0.096 0.11 0.14
60S ribosomal protein L17 RPL17 0.013 0.169 0.295 0.095 0.102 0.69 0.646 0.111
Heterogeneous nuclear ribonucleoprotein M HNRNPM 0.127 0.08 0.026 0.067 0.301 0.072 0.342 0.488
Elongation factor 1-delta EEF1D 0.52 0.473 0.153 0.939 0.37 0.137 0.76 0.207
Proteasome activator complex subunit 2 PSME2 0.627 0.248 0.224 0.484 0.094 0.617 0.909 0.524
Voltage-dependent anion-selective channel protein 2 VDAC2 0.462 0.432 0.66 0.27 0.118 0.17 0.205 0.717
Proto-oncogene vav VAV1 0.873 0.77 0.35 0.91 0.629 0.074 0.509 0.282
Peroxiredoxin-1 PRDX1 0.198 0.031 0.864 0.05 0.717 0.825 0.778 0.697
Pecanex-like protein 2 PCNXL2 0.093 0.43 0.896 0.991 0.298 0.417 0.167 0.764
Translationally-controlled tumor protein TPT1 0.274 0.658 0.985 0.633 0.611 0.126 0.724 0.876
Protein SET SET 0.389 0.684 0.437 0.71 0.811 0.384 0.032 0.064
40S ribosomal protein SA RPSA 0.202 0.014 0.556 0.181 0.08 0.263 0.166 0.124
Nesprin-1 SYNE1 0.996 0.939 0.474 0.793 0.519 0.512 0.598 0.741
Citrate synthase, mitochondrial CS 0.111 0.048 0.671 0.1 0.589 0.878 0.949 0.833
DoIichyl-diphosphooligosaccharide--pr_otein glycosyltransferase DDOST 0.444 0.001 0817 0.237 0.269 0444 0.549 0.389
48 kDa subunit
ATP-dependent RNA helicase DDX3X DDX3X 0.046 0.021 0.765 0.219 0.263 0.345 0.19 0.526
Probable ATP-dependent RNA helicase DDX5 DDX5 0.113 0.439 0.317 0.853 0.03 0.261 0.986 0.792
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AP-2 complex subunit alpha-2 AP2A2 0.33 0.274 0.115 0.496 0.152 0.196 0.686 0.451
Poly(U)-binding-splicing factor PUF60 PUF60 0.087 0.95 0.723 0.917 0.471 0.01 0.159 0.158
Ras GTPase-activating-like protein IQGAP1 IQGAP1 0.384 0.502 0.991 0.687 0.222 0.82 0.13 0.687
Fatty acid synthase FASN 0.159 0.375 0.954 0.381 0.827 0.808 0.919 0.696

Histone H2A type 1-J HIST1IH2AJ 0.376 0.037 0.41 0.048 0.353 0.027 0.412 0.13
Polypyrimidine tract-binding protein 1 PTBP1 0.08 0.096 0.146 0.405 0.469 0.138 0.87 0.858
Cathepsin D CTSD 0.884 0.297 0.876 0.849 0.512 0.382 0.726 0.495

RNA-binding motif protein, X chromosome RBMX 0.063 0.389 0.868 0.129 0.754 0.058 0.776 0.225
Dynein heavy chain 10, axonemal DNAH10 0.188 0.213 0.352 0.282 0.655 0.572 0.315 0.852
Dihydropyrimidinase-related protein 2 DPYSL2 0.777 0.347 0.268 0.991 0.241 0.664 0.923 0.825
Squalene synthase FDFT1 0.779 0.763 0.449 0.695 0.8 0.148 0.441 0.729

40S ribosomal protein S10 RPS10 0.096 0.172 0.454 0.413 0.068 0.088 0.741 0.305
Heterogeneous nuclear ribonucleoprotein U HNRNPU 0.03 0.006 0.332 0.983 0.152 0.051 0.94 0.487
D-3-phosphoglycerate dehydrogenase PHGDH 0.812 0.587 0.906 0.329 0.01 0.122 0.037 0.082
Palmitoyl-protein thioesterase 1 PPT1 0.012 0.388 0.055 0.064 0.042 0.021 0.033 0.457
Chloride intracellular channel protein 5 CLIC5 0.256 0.209 0.093 0.003 0.553 0.412 0.722 0.849
B-cell receptor-associated protein 31 BCAP31 0.192 0.001 0.246 0.199 0.723 0.855 0.207 0.071
Alpha-enolase ENO1 0.009 0.003 0.611 0.011 0.015 0 0.119 0.131

60S ribosomal protein L5 RPL5 0.052 0.695 0.381 0.003 0.898 0.848 0.753 0.855

40S ribosomal protein S14 RPS14 0.064 0.11 0.486 0.446 0.771 0.006 0.538 0.047

40S ribosomal protein S24 RPS24 0.229 0.125 0.856 0.736 0.107 0.688 0.784 0.628
Androgen-induced gene 1 protein AIG1 0.178 0.354 0.029 0 0.003 0.137 0.126 0.14
Ribosomal protein L15 RPL15 0.352 0.274 0.992 0.232 0.344 0.305 0.561 0.465
Glucose-6-phosphate isomerase GPI 0.057 0.524 0.908 0.287 0.011 0.016 0.812 0.439

CTP synthase 1 CTPS1 0.129 0.25 0.391 0.078 0.291 0.06 0.839 0.723

DNA replication licensing factor MCM4 MCM4 0.084 0.07 0.94 0.066 0.72 0.107 0.172 0.119
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WD repeat-containing protein 24 WDR24 0.025 0.343 0.096 0.132 0.14 0.53 0.129 0.49
GTP-binding protein Rit2 RIT2 0.203 0.174 0 0.094 0.958 0.213 0.187 0.419
Heterogeneous nuclear ribonucleoprotein L HNRNPL 0.229 0.006 0.894 0.175 0.278 0.932 0.384 0.582
Tripeptidyl-peptidase 2 TPP2 0.402 0.338 0.483 0.923 0.271 0.919 0.25 0.241
L-lactate dehydrogenase B chain LDHB 0.008 0.069 0.368 0.491 0.081 0.307 0.956 0.055
Malate dehydrogenase, cytoplasmic MDH1 0.374 0.478 0.322 0.369 0.587 0.142 0.484 0.639
Alanine--tRNA ligase, cytoplasmic AARS 0.313 0.461 0.177 0.305 0.989 0.401 0.331 0.956
Guanine nucleotide-binding protein G(1)/G(S)/G(T) subunit beta-1 GNB1 0.548 0.599 0.178 0.75 0.051 0.257 0.287 0.205
Prelamin-A/C LMNA 0.014 0.054 0.219 0.921 0.187 0.004 0.039 0.905

Ras-related protein Rab-7a RAB7A 0.624 0.358 0.742 0.574 0.112 0.249 0.208 0.2
Heat shock protein beta-1 HSPB1 0.68 0.134 0.335 0.726 0.215 0.274 0.294 0.426
Heterogeneous nuclear ribonucleoprotein R HNRNPR 0.464 0.577 0.308 0.443 0.354 0.544 0.354 0.957
Stress-70 protein, mitochondrial HSPA9 0.523 0.238 1 0.123 0.387 0.119 0.714 0.316
Nascent polypeptide-associated complex subunit alpha NACA 0.124 0.067 0.277 0.44 0.412 0.352 0.389 0.267
60S ribosomal protein L13a RPL13A 0.628 0.684 0.829 0.27 0.418 0.467 0.856 0.551
Heterogeneous nuclear ribonucleoprotein A3 HNRNPA3 0.023 0.863 0.657 0.113 0.718 0.681 0.896 0.527
Inosine-5-monophosphate dehydrogenase 2 IMPDH?2 0.284 0.415 0.055 0.112 0.876 0.205 0.802 0.111
60 kDa heat shock protein, mitochondrial HSPD1 0.855 0.137 0.415 0.35 0.048 0.045 0.05 0.096
Nucleolin NCL 0.27 0.799 0.087 0.677 0.748 0.511 0.888 0.336

Heterogeneous nuclear ribonucleoprotein Al HNRNPA1 0.009 0.003 0.252 0.077 0.283 0.176 0.327 0.24
Non-POU domain-containing octamer-binding protein NONO 0.265 0.953 0.499 0.284 0.869 0.319 0.585 0.63
Heterogeneous nuclear ribonucleoproteins A2/B1 HNFS\iPAZ 0936 | 0.089 0.781 0.187 0548 | 0.679 0.304 0.439
Polyadenylate-binding protein 1 PABPC1 0.811 0.167 0.307 0.321 0.065 0.051 0.08 0.004
Alpha-actinin-1 ACTN1 0.615 0.15 0.407 0.214 0.211 0.102 0.905 0.274
Heterogeneous nuclear ribonucleoprotein Q SYNCRIP 0.272 0.202 0.412 0.225 0.378 0.419 0.394 0.137
Transitional endoplasmic reticulum ATPase VCP 0.68 0.435 0.739 0.823 0.216 0.257 0.112 0.207
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Nucleophosmin NPM1 0.429 0.01 0.041 0.426 0.548 0.548 0.868 0.613

40S ribosomal protein S20 RPS20 0.92 0.515 0.2 0.847 0.291 0.237 0.253 0.351
Endoplasmin HSP90B1 0.851 0.405 0.332 0.31 0.981 0.451 0.164 0.339

Calnexin CANX 0.473 0.612 0.732 0.53 0.345 0.152 0.182 0.049

Protein disulfide-isomerase P4HB 0.181 0.039 0.559 0.169 0.681 0.242 0.4 0.567
Peptidyl-prolyl cis-trans isomerase B PPIB 0.168 0.029 0.651 0.145 0.436 0.059 0.207 0.063
Stathmin STMN1 0.185 0.12 0.223 0.31 0.474 0.995 0.505 0.445

V-type proton ATPase subunit S1 ATP6AP1 0.707 0.446 0.872 0.279 0.967 0.167 0.99 0.001
Translocon-associated protein subunit delta SSR4 0.21 0.117 0.278 0.993 0.054 0 0.001 0.058
Small ubiquitin-related modifier 3 SUMO3 0.084 0.622 0.027 0.874 0.142 0.006 0.997 0.891

60S ribosomal protein L7 RPL7 0.132 0.199 0.127 0.154 0.327 0.379 0.002 0.737

X-ray repair cross-complementing protein 6 XRCC6 0.048 0.008 0.116 0.224 0.199 0.367 0.856 0.892
F-actin-capping protein subunit beta CAPZB 0.067 0 0.169 0.325 0.344 0.317 0.5 0.753
Heterogeneous nuclear ribonucleoproteins C1/C2 HNRNPC 0.008 0.055 0.064 0.013 0.347 0.047 0.172 0.281
Se””e’thre‘)”i”e'F’Srlj’gﬂrr]‘itﬂ“;slgﬁgt?;gfgﬁ]65 kDa regulatory PPP2RIA | 0422 | 067 0.987 0972 | 0638 | 0405 0.665 0.128
T-complex protein 1 subunit gamma CCT3 0.13 0.26 0.823 0.122 0.319 0.078 0.59 0.321
Interleukin enhancer-binding factor 2 ILF2 0.303 0.29 0.042 0.178 0.8 0.608 0.895 0.331
40S ribosomal protein S7 RPS7 0.026 0.173 0.013 0.303 0.328 0.28 0.604 0.222
GTP-binding nuclear protein Ran RAN 0.958 0.933 0.222 0.674 0.185 0.36 0.185 0.278
Cytochrome P450 2C8 CYP2C8 0.965 0.828 0.384 0.84 0.694 0.947 0.618 0.616

60S ribosomal protein L31 RPL31 0.07 0.468 0.331 0.947 0.297 0.75 0.326 0.149
Nucleosome assembly protein 1-like 1 NAP1L1 0.351 0.199 0.445 0.079 0.734 0.355 0.878 0.549
T-complex protein 1 subunit epsilon CCT5 0.315 0.034 0.257 0.065 0.919 0.884 0.559 0.17
Prothymosin alpha PTMA 0.763 0.091 0.487 0.542 0.04 0.066 0.177 0.233

60S ribosomal protein L23 RPL23 0.198 0.065 0.343 0.239 0.669 0.084 0.081 0.203
DNA-directed RNA polymerase POLR2B 0.396 0.618 0.453 0.462 0.004 0.839 0.676 0.189
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Ras-related protein Rab-6B RAB6B 0.037 0.051 0.177 0.212 0.001 0.162 0.308 0.012
Ran-specific GTPase-activating protein RANBP1 0.184 0.692 0.148 0.288 0.692 0.9 0.233 0.718
Heterogeneous nuclear ribonucleoprotein A/B HNRNPAB 0.971 0.47 0.821 0.237 0.315 0.108 0.413 0.195
Heterogeneous nuclear ribonucleoprotein DO HNRNPD 0.446 0.059 0.393 0.344 0.678 0.114 0.683 0.227
60S ribosomal protein L9 RPL9 0.228 0.311 0.241 0.076 0.571 0.674 0.294 0.092
40S ribosomal protein S3a RPS3A 0.501 0.496 0.187 0.51 0.708 0.388 0.798 0.226

HLA class | histocompatibility antigen, A alpha chain HLA-A 0.27 0.477 0.439 0.291 0.141 0.124 0.25 0.3
60S ribosomal protein L30 RPL30 0.156 0.262 0.264 0.151 0.443 0.341 0.981 0.437
Putative Ras-related protein Rab-1C RAB1C 0.704 0.441 0.896 0.442 0.789 0.495 0.948 0.443
60S ribosomal protein L14 RPL14 0.286 0.377 0.065 0.117 0.049 0.095 0.24 0.785
Eukaryotic initiation factor 4A-II EIF4A2 0.548 0.797 0.785 0.51 0.515 0.383 0.852 0.139
Lupus La protein SSB 0.218 0.04 0.152 0.953 0.198 0.005 0.653 0.087
THO complex subunit 4 ALYREF 0.006 0.034 0.047 0.757 0.31 0.912 0.62 0.078
Lamin-B1 LMNB1 0.037 0.056 0.173 0.909 0.387 0.767 0.654 0.796
Heterogeneous nuclear ribonucleoprotein H HNRNPH1 0.105 0.167 0.535 0.455 0.877 0.722 0.619 0.966
Chitinase domain-containing protein 1 CHID1 0.616 0.621 0.583 0.88 0.723 0.026 0.269 0.866
60S ribosomal protein L8 RPL8 0.463 0.587 0.371 0.577 0.212 0.015 0.145 0.051
Caprin-1 CAPRIN1 0.778 0.229 0.105 0.291 0.648 0.741 0.862 0.927
Outer dense fiber protein 2-like ODF2L 0.094 0.957 0.091 0.319 0.243 0.311 0.552 0.276
Histone-binding protein RBBP4 RBBP4 0.073 0.11 0.092 0.084 0.634 0.012 0.006 0.996
Transaldolase TALDO1 0.875 0.084 0.222 0.77 0.898 0.988 0.655 0.487
T-complex protein 1 subunit beta CCT2 0.539 0.821 0.11 0.11 0.768 0.258 0.143 0.074
Transmembrane emp24 domain-containing protein 2 TMED2 0.932 0.001 0.256 0.335 0.01 0.04 0.127 0.083
Pre-mRNA-processing factor 19 PRPF19 0.528 0.559 0.851 0.202 0.65 0.035 0.279 0.117
Putative protein FAM10A4 ST13P4 0.439 0.387 0.549 0.906 0.493 0.856 0.543 0.545
60S ribosomal protein L6 RPL6 0.289 0.875 0.375 0.345 0.168 0.006 0.084 0.013
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Poly(rC)-binding protein 2 PCBP2 0.25 0.135 0.834 0.305 0.791 0.758 0.96 0.725
Adenylate kinase 2, mitochondrial AK2 0.135 0.158 0.087 0.42 0.375 0.741 0.356 0.466

Myosin light polypeptide 6 MYL6 0.837 0.335 0.296 0.373 0.527 0.322 0.756 0.43
Probable ATP-dependent RNA helicase DDX31 DDX31 0.002 0.839 0.719 0.12 0.864 0.76 0.488 0.965
Calmodulin-2 CALM2 0.885 0.274 0.43 0.908 0.086 0.004 0.464 0.093
Actin-related protein 2/3 complex subunit 4 '?‘riifg' 0457 | 0.054 0.11 0.618 0.058 | 0.069 0.352 0.498
60S ribosomal protein L21 RPL21 0.198 0.698 0.219 0.136 0.273 0.762 0.215 0.169
60S ribosomal protein L18 RPL18 0.15 0.409 0.421 0.294 0.405 0.65 0.629 0.371
Nuclease-sensitive element-binding protein 1 YBX1 0.24 0.179 0.888 0.43 0.259 0.067 0.905 0.142
Nebulin NEB 0.911 0.348 0.85 0.553 0.253 0.002 0.046 0.948
DNA replication licensing factor MCM2 MCM2 0.074 0.061 0.024 0.196 0.652 0.066 0.317 0.142
Eukaryotic translation initiation factor 3 subunit M EIF3M 0.7 0.118 0.4 0.953 0.908 0.933 0.765 0.136
Trifunctional enzyme subunit alpha, mitochondrial HADHA 0.112 0.199 0.486 0.752 0.751 0.74 0.073 0.285
Deoxyuridine 5-triphosphate nucleotidohydrolase, mitochondrial DUT 0.079 0.089 0.163 0.271 0.162 0.274 0.099 0.066
Annexin A2 ANXA2 0.545 0.324 0.093 0.886 0.111 0.272 0.406 0.773
Ras-related protein Rab-11A RAB11A 0.224 0.605 0.745 0.166 0.36 0.347 0.533 0.096
40S ribosomal protein S15a RPS15A 0.557 0.497 0.187 0.104 0.99 0.062 0.037 0.469
40S ribosomal protein S17 RPS17 0.274 0.683 0.705 0.329 0.18 0.869 0.787 0.574
Coactosin-like protein COTL1 0.084 0.184 0.119 0.188 0.552 0.052 0.264 0.227

Transmembrane protein 214 TMEM214 0.115 0.66 0.727 0.645 0.231 0.355 0.932 0.1
Protein disulfide-isomerase A3 PDIA3 0.912 0.636 0.069 0.944 0.059 0.161 0.441 0.054
26S proteasome non-ATPase regulatory subunit 6 PSMD6 0.328 0.412 0.447 0.739 0.87 0.645 0.73 0.709
PERQ amino acid-rich with GYF domain-containing protein 2 GIGYF2 0.914 0.418 0.567 0.073 0.395 0.431 0 0.124
Probable glutamate--tRNA ligase, mitochondrial EARS2 0.972 0.426 0.987 0.501 0.756 0.39 0.241 0.419
Complement component 1 Q subcomponent-binding protein, C10BP 0.845 0731 0.951 0.736 0.019 0.027 0325 0.695

mitochondrial




119

Eukaryotic initiation factor 4A-111 EIF4A3 0.094 0.579 0.531 0.389 0.087 0.762 0.692 0.245
Regulatory-associated protein of mTOR RPTOR 0.451 0.864 0.175 0.527 0.407 0.934 0.59 0.94

40S ribosomal protein S13 RPS13 0.997 0.647 0.494 0.721 0.297 0.187 0.464 0.285

Prohibitin-2 PHB2 0.074 0.034 0.071 0.43 0.314 0.031 0.785 0.795

Rho GDP-dissociation inhibitor 1 ARHGDIA 0.58 0.046 0.249 0.651 0.362 0.103 0.227 0.535

Histone H3 H3F3A 0.805 0.34 0.871 0.266 0.111 0.313 0.102 0.046

Calreticulin CALR 0.181 0.957 0.285 0.297 0.04 0.003 0.332 0.202

40S ribosomal protein S15 RPS15 0.14 0.182 0.783 0.416 0.085 0.219 0.679 0.486

Splicing factor U2AF 65 kDasubunit U2AF2 0.77 0.993 0.22 0.533 0.898 0.7 0.511 0.159

Perilipin-3 PLIN3 0.432 0.107 0.914 0.03 0.121 0.085 0.104 0.164

U1 small nuclear ribonucleoprotein A SNRPA 0.919 0.147 0.209 0.578 0.1 0.004 0.445 0.021

40S ribosomal protein S5 RPS5 0.479 0.132 04 0.136 0.447 0.263 0.558 0.122

60S ribosomal protein L18a RPL18A 0.153 0.139 0.235 0.128 0.673 0.085 0.199 0.085

40S ribosomal protein S11 RPS11 0.882 0.998 0.951 0.912 0.857 0.478 0.955 0.855

ER lumen protein-retaining receptor 1 KDELR1 0.937 0.113 0.158 0.086 1 0.073 0.403 0.088
40S ribosomal protein S16 RPS16 0.32 0.158 0.048 0.163 0.747 0.817 0.845 0.8

Chloride intracellular channel protein 1 CLIC1 0.031 0.005 0.705 0.044 0.372 0.081 0.67 0.318

Importin-5 IPO5 0.241 0.745 0.371 0.219 0.241 0.323 0.705 0.316

Proteasome subunit alpha type-7 PSMA7 0.108 0.414 0.372 0.303 0.117 0.029 0.055 0.405

Microsomal glutathione S-transferase 3 MGST3 0.015 0.888 0.241 0.291 0.56 0.044 0.885 0.164

Histone acetyltransferase type B catalytic subunit HAT1 0.299 0.053 0.067 0.072 0.112 0.3 0.527 0.249

Actin-related protein 2/3 complex subunit 1B ARPC1B 0.835 0.408 0.631 0.977 0.793 0.039 0.566 0.546

Alpha-actinin-4 ACTN4 0.543 0.462 0.779 0.669 0.824 0.27 0.982 0.386

TBC1 domain family member 4 TBC1D4 0.379 0.86 0.948 0.722 0.321 0.506 0.361 0.464

Histone H2B type 2-F HISTZHZB | o011 | 0134 | 0133 0008 | 0916 | 0.159 0.939 0.486

Immunoglobulin superfamily member 3 IGSF3 0.409 0.569 0.482 0.65 0.098 0.781 0.29 0.019
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WD repeat-containing protein 1 WDR1 0.212 0.487 0.343 0.041 0.798 0.074 0.724 0.394

Core histone macro-H2A.1 H2AFY 0.46 0.119 0.866 0.166 0.997 0.732 0.333 0.112

Small subunit processome component 20 homolog UTP20 0.994 0.42 0.42 0.356 0.467 0.644 0.346 0.365
CAAX prenyl protease 1 homolog ZMPSTE24 0.719 0.188 0.293 0.03 0.44 0.907 0.448 0.762

Isocitrate dehydrogenase [NADP] cytoplasmic IDH1 0.613 0.386 0.548 0.454 0.437 0.404 0.246 0.604

LETM1 and EF-hand domain-containing protein 1, mitochondrial LETM1 0.769 0.682 0.934 0.369 0.757 0.715 0.359 0.595
6-phosphogluconolactonase PGLS 0.719 0.058 0.957 0.796 0.334 0.087 0.773 0.466

L-lactate dehydrogenase A chain LDHA 0.078 0.11 0.328 0.78 0.136 0.027 0.45 0.483

Purine nucleoside phosphorylase PNP 0.147 0.22 0.628 0.988 0.121 0.853 0.002 0.275
Phosphoglycerate kinase 1 PGK1 0.016 0.021 0.318 0.032 0.318 0.024 0.203 0.118

Carbonic anhydrase 2 CA2 0.005 0.009 0.166 0.06 0.772 0.568 0.573 0.68

Catalase CAT 0.018 0.11 0.239 0.346 0.359 0.954 0.466 0.74

Fructose-bisphosphate aldolase A ALDOA 0.001 0.005 0.203 0.02 0.027 0.021 0.056 0.057

Cystatin-B CSTB 0.851 0.705 0.183 0.567 0.174 0.595 0.381 0.074

Annexin Al ANXA1 0.082 0.394 0.891 0.705 0.394 0.073 0.288 0.506
Glyceraldehyde-3-phosphate dehydrogenase GAPDH 0.005 0.053 0.042 0.013 0.01 0.122 0.554 0.359
Dolichyl-diphosphooligosacch;Ligﬁ-iprotein glycosyltransferase RPN1 0.405 0535 0253 0.029 0449 0202 0386 0981
DoIichyl-diphosphooligosac}:h&rjir?ﬁ-z-protein glycosyltransferase RPN2 0.774 0.332 0941 0.865 0437 0191 0.039 0.067
ADP/ATP translocase 2 SLC25A5 0.048 0.081 0.168 0.187 0.122 0.055 0.347 0.295

60S acidic ribosomal protein P1 RPLP1 0.337 0.513 0.128 0.642 0.756 0.44 0.476 0.625

60S acidic ribosomal protein P2 RPLP2 0.029 0.234 0.509 0.189 0.58 0.876 0.794 0.191

60S acidic ribosomal protein PO RPLPO 0.695 0.416 0.44 0.674 0.678 0.822 0.697 0.812

ATP synthase subunit beta, mitochondrial ATP5B 0.551 0.093 0.58 0.02 0.028 0.017 0.108 0.403

Protein S100-A6 S100A6 0.57 0.033 0.276 0.188 0.352 0.102 0.837 0.845

Tubulin beta chain TUBB 0.072 0.208 0.975 0.277 0.008 0.001 0.039 0.447




121

Profilin-1 PFN1 0.024 0.005 0.35 0.131 0.213 0.029 0.793 0.214
Glutamate--tRNA ligase EPRS 0.212 0.468 0.296 0.35 0.901 0.154 0.139 0.928

Heat shock protein HSP 90-alpha HSP90AAL 0.615 0.786 0.5 0.898 0.006 0.02 0.206 0.095
Fumarate hydratase, mitochondrial FH 0.56 0.317 0.496 0.989 0.274 0.004 0.039 0.115
Annexin A6 ANXA6 0.044 0.626 0.142 0.809 0.535 0.651 0.171 0.45

Heat shock protein HSP 90-beta HSP90AB1 0.079 0.142 0.817 0.113 0.018 0.003 0.096 0.139
Neutrophil elastase ELANE 0.559 0.355 0.786 0.539 0.988 0.113 0.281 0.289
Cathepsin G CTSG 0.167 0.27 0.815 0.31 0.122 0.995 0.81 0.606

Pleckstrin PLEK 0.419 0.852 0.818 0.838 0.077 0.986 0.832 0.876

Vimentin VIM 0.063 0.017 0.231 0.252 0.021 0.904 0.818 0.354

Annexin A5 ANXA5 0.371 0.683 0.321 0.864 0.916 0.688 0.135 0.98
Gamma-enolase ENO2 0.547 0.595 0.461 0.959 0.109 0.096 0.135 0.275
Glutathione S-transferase P GSTP1 0.84 0.757 0.76 0.593 0.697 0.88 0.346 0.209
Galectin-1 LGALS1 0.065 0.03 0.286 0.447 0.435 0.429 0.105 0.493

High mobility group protein B1 HMGB1 0.045 0.222 0.296 0.113 0.94 0.503 0.557 0.711
Poly [ADP-ribose] polymerase 1 PARP1 0.915 0.913 0.632 0.426 0.288 0.227 0.351 0.182
Fructose-bisphosphate aldolase C ALDOC 0.986 0.816 0.38 0.568 0.418 0.473 0.337 0.72
Histone H2A.V H2AFV 0.398 0.173 0.458 0.087 0.174 0.022 0.309 0.07
Cytochrome c oxidase subunit 8A, mitochondrial COX8A 0.436 0.61 0.178 0.149 0.459 0.059 0.066 0.237
Thioredoxin TXN 0.65 0.655 0.29 0.184 0.611 0.048 0.328 0.159

78 kDa glucose-regulated protein HSPAS 0.759 0.025 0.422 0.894 0.559 0.26 0.856 0.533
Heat shock cognate 71 kDaprotein HSPAS8 0.189 0.058 0.766 0.272 0.106 0.047 0.534 0.25
Ribose-phosphate pyrophosphokinase 2 PRPS2 0.167 0.653 0.9 0.956 0.516 0.938 0.884 0.708
Proliferating cell nuclear antigen PCNA 0.245 0.151 0.235 0.636 0.265 0.871 0.132 0.307
ADP/ATP translocase 3 SLC25A6 0.136 0.173 0.657 0.089 0.52 0.933 0.713 0.497

X-ray repair cross-complementing protein 5 XRCC5 0.304 0.062 0.589 0.394 0.519 0.864 0.528 0.159
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Ribonuclease inhibitor RNH1 0.416 0.452 0.087 0.185 0.377 0.025 0.899 0.031
Elongation factor 2 EEF2 0.462 0.433 0.593 0.232 0.276 0.049 0.139 0.619
Plastin-2 LCP1 0.664 0.96 0.689 0.624 0.02 0.04 0.052 0.065
Beta-enolase ENO3 0.929 0.122 0.538 0.397 0.271 0.083 0.553 0.279
Macrophage migration inhibitory factor MIF 0.86 0.149 0.204 0.204 0.738 0.845 0.936 0.33
Pyruvate kinase PKM PKM 0.985 0.055 0.337 0.615 0.017 0.003 0.28 0.096
40S ribosomal protein S2 RPS2 0.446 0.936 0.683 0.761 0.206 0.413 0.28 0.571
Histone H2A type 2-B HISTZHZA | 0018 | 0173 0.139 0.589 0174 | 0.019 0.384 0.007
Histone H1.5 HIST1H1B 0.232 0.199 0.419 0.947 0.323 0.318 0.772 0.158
Histone H1.3 HIST1H1D 0.004 0.001 0.173 0.085 0.025 0.411 0.146 0.01
Heat shock 70 kDa protein 6 HSPAG6 0.002 0.049 0.278 0.006 0.014 0.011 0.84 0.177
T-complex protein 1 subunit alpha TCP1 0.719 0.102 0.385 0.882 0.021 0.028 0.016 0.018
Phosphoglycerate mutase 1 PGAM1 0.386 0.316 0.922 0.314 0.579 0.431 0.527 0.246
Filamin-A FLNA 0.896 0.541 0.604 0.262 0.451 0.543 0.545 0.806
Voltage-dependent anion-selective channel protein 1 VDACL1 0.741 0.224 0.467 0.491 0.284 0.165 0.535 0.145
Trifunctional purine biosynthetic protein adenosine-3 GART 0.875 0.294 0.81 0.893 0.634 0.393 0.497 0.054
Phosphoribosylaminoimidazole-succinocarboxamide synthase PAICS 0.085 0.888 0.177 0.762 0.125 0.202 0.357 0.971
Ubiquitin-like modifier-activating enzyme 1 UBA1 0.2 0.216 0.084 0.497 0.897 0.271 0.134 0.547
Nucleoside diphosphate kinase NS 001 | 0066 | 0.179 0555 | 0089 | 0.08 0.278 0.057

MHC class Il regulatory factor RFX1 RFX1 0.769 0.425 0.741 0.059 0.004 0.001 0.949 0
Liver carboxylesterase 1 CES1 0.15 0.902 0.091 0.861 0.079 0.235 0.922 0.354
Splicing factor, proline- and glutamine-rich SFPQ 0.255 0.01 0.271 0.261 0.02 0.135 0.208 0.099
Tryptophan--tRNA ligase, cytoplasmic WARS 0.247 0.122 0.584 0.334 0.155 0.187 0.047 0.432
40S ribosomal protein S3 RPS3 0.668 0.025 0.411 0.174 0.025 0.007 0.141 0.339
Adenosylhomocysteinase AHCY 0.07 0.437 0.332 0.339 0.014 0.012 0.016 0.698
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Cofilin-1 CFL1 0.651 0.496 0.146 0.653 0.196 0.814 0.859 0.769

Elongation factor 1-beta EEF1B2 0.087 0.135 0.059 0.125 0.918 0.358 0.875 0.411

DNA replication licensing factor MCM3 MCM3 0.625 0.909 0.456 0.431 0.111 0.831 0.696 0.07
40S ribosomal protein S12 RPS12 0.005 0.051 0.271 0.004 0.256 0.109 0.844 0.408

ATP synthase subunit alpha, mitochondrial ATP5A1 0.279 0.022 0.227 0.121 0.271 0.035 0.064 0.029
Moesin MSN 0.312 0.842 0.386 0.008 0.164 0.082 0.845 0.68

Probable ATP-dependent RNA helicase DD X6 DDX6 0.895 0.095 0.262 0.553 0.581 0.381 0.521 0.444
60S ribosomal protein L13 RPL13 0.052 0.328 0.296 0.914 0.205 0.583 0.653 0.932

Protein S100-A4 S100A4 0.149 0.256 0.09 0.39 0.032 0.007 0.011 0.049
Threonine--tRNA ligase, cytoplasmic TARS 0.435 0.939 0.804 0.64 0.383 0.628 0.547 0.406
Elongation factor 1-gamma EEF1G 0.907 0.513 0.568 0.879 0.028 0.036 0.263 0.876

14-3-3 protein theta YWHAQ 0.933 0.961 0.498 0.845 0.074 0.063 0.898 0.613

60S ribosomal protein L10 RPL10 0.465 0.299 0.774 0.259 0.244 0.013 0.546 0.107
Proteasome subunit alpha type-5 PSMAS5 0.135 0.158 0.294 0.249 0.603 0.53 0.495 0.371
Transketolase TKT 0.423 0.346 0.963 0.312 0.13 0.051 0.232 0.541

Endoplasmic reticulum resident protein 29 ERP29 0.724 0.882 0.546 0.583 0.44 0.474 0.482 0.293
Peroxiredoxin-6 PRDX6 0.579 0.575 0.982 0.558 0.365 0.257 0.313 0.073
Thioredoxin-dependent peroxide reductase, mitochondrial PRDX3 0.484 0.64 0.323 0.553 0.064 0.121 0.09 0.163
60S ribosomal protein L12 RPL12 0.062 0.702 0.826 0.041 0.321 0.887 0.889 0.875
Phosphatidylethanolamine-binding protein 1 PEBP1 0.174 0.137 0.506 0.305 0.112 0.004 0.52 0.786
Leukocyte elastase inhibitor SERPINB1 0.794 0.396 0.881 0.104 0.664 0.496 0.921 0.679
Coronin-1A CORO1A 0.894 0.966 0.881 0.857 0.201 0.006 0.091 0.162
Phosphoribosylaminoimidazolecarboxamide formyltransferase ATIC 0.581 0.795 0.458 0.931 0.922 0.956 0.061 0.96
14-3-3 protein beta/alpha YWHAB 0.703 0.22 0.992 0.304 0.833 0.062 0.721 0.091

Protein S100-A11 S100A11 0.087 0.099 0.872 0.367 0.369 0.506 0.739 0.663

DNA replication licensing factor MCM7 MCM7 0.685 0.513 0.062 0.89 0.34 0.906 0.497 0.568




124

Heat shock 70 kDaprotein 1-like HSPA1L 0.969 0.328 0.132 0.827 0.821 0.094 0.534 0.127

60S ribosomal protein L22 RPL22 0.085 0.025 0.598 0.225 0.139 0.314 0.157 0.114

Myosin-9 MYH9 0.04 0.022 0.898 0.205 0.788 0.021 0.493 0.012

60S ribosomal protein L4 RPL4 0.313 0.513 0.627 0.513 0.891 0.912 0.762 0.829

Signal recognition particle 14 kDa protein SRP14 0.859 0.958 0.464 0.679 0.001 0.54 0.209 0.128
Transgelin-2 TAGLN2 0.293 0.028 0.331 0.076 0.234 0.088 0.913 0.213

60S ribosomal protein L3 RPL3 0.276 0.531 0.374 0.082 0.321 0.319 0.502 0.254

Flap endonuclease 1 FEN1 0.5 0.403 0.568 0.553 0.9 0.06 0.302 0.203
Macrophage-capping protein CAPG 0.157 0.173 0.021 0.095 0.384 0.417 0.138 0.274

T-complex protein 1 subunit zeta CCT6A 0.006 0.107 0.001 0.001 0.852 0.845 0.901 0.486

Malate dehydrogenase, mitochondrial MDH?2 0.108 0.031 0.959 0.133 0.088 0.002 0.04 0.133

40S ribosomal protein S27 RPS27 0.195 0.173 0.18 0.468 0.28 0.236 0.276 0.364

Leucine-rich PPR motif-containing protein, mitochondrial LRPPRC 0.844 0.815 0.934 0.946 0.87 0.428 0.912 0.096
ATP synthase subunit O, mitochondrial ATP50 0.265 0.979 0.287 0.855 0.734 0.713 0.98 0.104
Isocitrate dehydrogenase [NADP], mitochondrial IDH2 0.073 0.49 0.525 0.213 0.527 0.46 0.307 0.477
Nuclear autoantigenic sperm protein NASP 0.231 0.408 0.392 0.364 0.377 0.001 0.133 0.794
Elongation factor Tu, mitochondrial TUFM 0.608 0.737 0.839 0.625 0.883 0.32 0.179 0.381

Signal recognition particle 9 kDa protein SRP9 0.174 0.393 0.654 0.811 0.56 0.39 0.198 0.252

Rab GDP dissociation inhibitor beta GDI2 0.225 0.026 0.627 0.531 0.853 0.415 0.546 0.883
T-complex protein 1 subunit theta CCT8 0.247 0.927 0.525 0.206 0.684 0.613 0.33 0.665
T-complex protein 1 subunit delta CCT4 0.435 0.925 0.276 0.112 0.867 0.108 0.039 0.203
6-phosphogluconate dehydrogenase, decarboxylating PGD 0.385 0.057 0.307 0.635 0.306 0.557 0.695 0.365
Rho GDP-dissociation inhibitor 2 ARHGDIB 0.036 0.022 0.597 0.198 0.14 0.001 0.423 0.046
F-actin-capping protein subunit alpha-1 CAPZA1l 0.379 0.66 0.519 0.85 0.601 0.001 0.253 0.144
ATP-citrate synthase ACLY 0.456 0.796 0.189 0.883 0.001 0.099 0.001 0.134

Activated RNA polymerase Il transcriptional coactivator p15 SUB1 0.018 0.061 0.483 0.302 0.919 0.417 0.791 0.475
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Exportin-2 CSE1L 0.139 0.325 0.301 0.717 0.016 0.177 0.331 0.264

Eukaryotic translation initiation factor 3 subunit B EIF3B 0.527 0.139 0.878 0.872 0.368 0.081 0.88 0.632
Triosephosphate isomerase TPI1 0.042 0.184 0.463 0.541 0.555 0.679 0.648 0.707

Protein transport protein Sec61 subunit beta SEC61B 0.085 0.008 0.566 0.025 0.902 0.001 0.689 0.73
Actin, cytoplasmic 1 ACTB 0.063 0.049 0.764 0.149 0.031 0.01 0.267 0.156
Eukaryotic initiation factor 4A-I EIF4A1 0.111 0.067 0.584 0.145 0.757 0.036 0.67 0.518

Cell division control protein 42 homolog CDC42 0.973 0.742 0.582 0.939 0.306 0.693 0.793 0.223
Actin-related protein 3 ACTR3 0.694 0.819 0.056 0.571 0.243 0.413 0.397 0.624
Actin-related protein 2 ACTR2 0.028 0.021 0.052 0.52 0.297 0.062 0.74 0.093
Ras-related protein Rap-1b RAP1B 0.71 0.834 0.35 0.258 0.714 0.348 0.207 0.543

10 kDa heat shock protein, mitochondrial HSPE1 0.13 0.047 0.669 0.071 0.482 0.008 0.118 0.257
Heterogeneous nuclear ribonucleoprotein K HNRNPK 0.037 0.035 0.995 0.045 0.207 0.055 0.341 0.195
14-3-3 protein gamma YWHAG 0.234 0.031 0.229 0.253 0.274 0.411 0.947 0.976

40S ribosomal protein S8 RPS8 0.055 0.044 0.067 0.399 0.439 0.127 0.074 0.756

14-3-3 protein epsilon YWHAE 0.807 0.723 0.857 0.762 0.016 0.006 0.579 0.055

40S ribosomal protein S18 RPS18 0.178 0.781 0.769 0.032 0.547 0.527 0.628 0.495

Small nuclear ribonucleoprotein E SNRPE 0.04 0.364 0.005 0.268 0.343 0.006 0.147 0.952
Small nuclear ribonucleoprotein Sm D1 SNRPD1 0.641 0.21 0.793 0.014 0.715 0.406 0.224 0.401
Thymosin beta-4 TMSB4X 0.085 0.825 0.267 0.146 0.348 0.073 0.801 0.393

60S ribosomal protein L7a RPL7A 0.79 0.717 0.001 0.459 0.833 0.648 0.102 0.168

40S ribosomal protein S4, X isoform RPS4X 0.096 0.11 0.634 0.16 0.1 0.018 0.61 0.033
40S ribosomal protein S6 RPS6 0.452 0.486 0.769 0.743 0.755 0.022 0.203 0.027

Histone H4 HIST1H4A 0.62 0.23 0.583 0.928 0.091 0.018 0.107 0.964

40S ribosomal protein S26 RPS26 0.089 0.06 0.709 0.716 0.531 0.683 0.97 0.659

60S ribosomal protein L10a RPL10A 0.928 0.057 0.42 0.039 0.769 0.062 0.392 0.189

60S ribosomal protein L11 RPL11 0.972 0.744 0.418 0.488 0.816 0.504 0.59 0.246
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Peptidyl-prolyl cis-trans isomerase A PPIA 0.187 0.131 0.334 0.53 0.203 0.075 0.434 0.162
Ubiquitin-40S ribosomal protein S27a RPS27A 0.026 0.015 0.15 0.028 0.032 0.005 0.324 0.121
14-3-3 protein zeta/delta YWHAZ 0.009 0.082 0.101 0.044 0.079 0.203 0.496 0.855

40S ribosomal protein S21 RPS21 0.01 0.071 0.084 0.136 0.27 0.361 0.741 0.44

Eukaryotic translation initiation factor 5A-1 EIF5A 0.625 0.377 0.082 0.664 0.324 0.057 0.795 0.277
Guanine nucleotide-binding protein subunit beta-2-like 1 GNB2L1 0.056 0.067 0.886 0.41 0.11 0.176 0.583 0.192
Actin, cytoplasmic 2 ACTG1 0.223 0.152 0.351 0.282 0.069 0.221 0.142 0.267

Actin, alpha cardiac muscle 1 ACTC1 0.011 0.002 0.032 0.003 0.746 0.002 0.118 0.352
Ubiquitin-conjugating enzyme E2 L3 UBE2L3 0.053 0.155 0.096 0.258 0.346 0.272 0.725 0.337
Tubulin alpha-1B chain TUBA1B 0.002 0.011 0.233 0.012 0.041 0.012 0.693 0.167

Tubulin beta-4B chain TUBB4B 0.009 0.041 0.531 0.015 0.096 0.034 0.101 0.138

Histone H3.1 HISTIH3A | 0.495 0.879 0.628 0.069 0.189 0.105 0.327 0.054

DNA-dependent protein Kinase catalytic subunit PRKDC 0.734 0.346 0.386 0.948 0.174 0.094 0.148 0.664
ADP-ribosylation factor 1 ARF1 0.118 0.132 0.921 0.034 0.969 0.926 0.707 0.169

Enhancer of rudimentary homolog ERH 0.323 0.003 0 0.285 0.007 0.059 0.001 0.02
RNA-binding protein 3 RBM3 0.343 0.249 0.513 0.366 0.851 0.554 0.595 0.714

Phosphate carrier protein, mitochondrial SLC25A3 0.098 0.204 0.145 0.364 0.362 0.359 0.796 0.392

Fatty acid-binding protein, epidermal FABP5 0.037 0.06 0.605 0.219 0.525 0.047 0.142 0.114
Adenylyl cyclase-associated protein 1 CAP1 0.188 0.725 0.177 0.79 0.946 0.13 0.699 0.03
ATP-dependent 6-phosphofructokinase, platelet type PFKP 0.778 0.573 0.752 0.562 0.95 0.766 0.739 0.739
Lactoylglutathione lyase GLO1 0.889 0.542 0.967 0.699 0.755 0.404 0.438 0.613
ATP-dependent RNA helicase A DHX9 0.071 0.83 0.5 0.329 0.351 0.444 0.847 0.343
Neuroblast differentiation-associated protein AHNAK AHNAK 0.091 0.006 0.004 0.017 0.524 0.92 0.6 0.049
Cingulin-like protein 1 CGNL1 0.663 0.277 0.488 0.611 0.94 0.905 0.593 0.964

Interleukin enhancer-binding factor 3 ILF3 0.254 0.756 0.385 0.393 0.391 0.76 0.356 0.576
Chromobox protein homolog 3 CBX3 0.11 0.038 0.791 0.142 0.285 0.18 0.085 0.31
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Transcription intermediary factor 1-beta TRIM28 0.551 0.572 0.642 0.521 0.152 0.663 0.817 0.18
Spliceosome RNA helicase DDX39B DDX39B 0.39 0.261 0.533 0.954 0.399 0.622 0.88 0.44
DNA replication licensing factor MCM®6 MCM6 0.07 0.284 0.414 0.364 0.75 0.887 0.493 0.958
Neutral alpha-glucosidase AB GANAB 0.367 0.769 0.031 0.361 0.235 0.15 0.092 0.347

Importin subunit beta-1 KPNB1 0.501 0.739 0.157 0.342 0.583 0.142 0.172 0.962

Protein disulfide-isomerase A6 PDIAG 0.093 0.033 0.211 0.174 0.48 0.331 0.62 0.237
3-beta-hydroxysteroid-Delta(8),Delta(7)-isomerase EBP 0.659 0.382 0.294 0.447 0.153 0.157 0.161 0.217
Poly(rC)-binding protein 1 PCBP1 0.038 0.042 0.264 0.108 0.005 0.001 0.076 0.016

Histone H2A type 2-A H'SLZSHzA 033 | 0039 0.518 0.072 0168 | 0015 0.195 0.04

Tubulin beta-8 chain TUBBS8 0.085 0.116 0.647 0.318 0.028 0.006 0.204 0.206
Beta-actin-like protein 2 ACTBL2 0.532 0.5 0.125 0.887 0.498 0.979 0.531 0.433

Putative heat shock protein HSP 90-beta 4 HSP9OABA | 0083 | 0.238 0.494 0.153 0205 | 0.104 0.305 0.944
Putative heat shock protein HSP 90-beta 2 HSPODAB2 | 0001 | 0138 | 0217 0.17 0003 | 0662 | 0002 0.006
GTP-binding protein SAR1a SAR1A 0.923 0.763 0.387 0.312 0.646 0.69 0.125 0.337

Probable ATP-dependent RNA helicase DDX59 DDX59 0.001 0.006 0.029 0.166 0.629 0.001 0.252 0.034
Xaa-Pro aminopeptidase 1 XPNPEP1 0.118 0.149 0.87 0.17 0.818 0.469 0.17 0.787

Histone H3.2 HIST2H3A | 0.088 0.028 0.349 0.128 0.046 0.008 0.051 0.004

Tubulin alpha-1A chain TUBALA 0.882 0.731 0.538 0.876 0.845 0.981 0.123 0.948
Polyadenylate-binding protein 2 PABPN1 0.677 0.094 0.534 0.353 0.516 0.41 0.864 0.039
CDGSH iron-sulfur domain-containing protein 2 CISD2 0.913 0.239 0.472 0.34 0.532 0.002 0.498 0.087
POU domain, class 5, transcription factor 2 POU5F2 0.947 0.615 0.941 0.499 0.068 0.014 0.244 0.702
Saccharopine dehydrogenase-like oxidoreductase SCCPDH 0.731 0.081 0.127 0.743 0.973 0.867 0.582 0.856
Plasminogen activator inhibitor 1 RNA-binding protein SERBP1 0.475 0.713 0.365 0.253 0.602 0.583 0.904 0.695
DI1S3-like exonuclease 1 DIS3L 0.117 0.46 0.419 0.314 0.65 0.759 0.919 0.598

Nuclear pore complex protein Nup133 NUP133 0.552 0.098 0.337 0.318 0.261 0.093 0.826 0.597
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Heat shock protein 105 kDa HSPH1 0.892 0.05 0.254 0.248 0.159 0.711 0.683 0.82

Acidic leucine-rich nuclear phosphoprotein 32 family member B ANP32B 0.176 0.221 0.421 0.169 0.424 0.557 0.415 0.234
Leucine-rich repeat-containing protein 59 LRRC59 0.678 0.057 0.513 0.043 0.917 0.04 0.774 0.102
Myeloid-associated differentiation marker MYADM 0.44 0.024 0.7 0.036 0.975 0.563 0.699 0.744

Protein deglycase DJ-1 PARK7 0.003 0.026 0.523 0.028 0.498 0.646 0.554 0.718

T-complex protein 1 subunit eta CCT7 0.35 0.138 0.413 0.014 0.934 0.178 0.808 0.611

Acidic leucine-rich nuclear phosphoprotein 32 family member E ANP32E 0.659 0.095 0.176 0.578 0.179 0.1 0.538 0.827
Tubulin beta-2B chain TUBB2B 0.356 0.366 0.327 0.14 0.304 0.594 0.564 0.429

Transmembrane protein 109 TMEM109 0.58 0.026 0.232 0.081 0.994 0.04 0.782 0.101

Transmembrane emp24 domain-containing protein 9 TMED9 0.653 0.424 0.53 0.893 0.328 0.805 0.34 0.899
dCTP pyrophosphatase 1 DCTPP1 0.878 0.382 0.794 0.613 0.35 0.2 0.657 0.647

Calcyclin-binding protein CACYBP 0.225 0.809 0.979 0.223 0.629 0.301 0.866 0.333
UDP-glucose:glycoprotein glucosyltransferase 1 UGGT1 0.29 0.695 0.53 0.768 0.626 0.653 0.762 0.219
Protein RCC2 RCC2 0.741 0.839 0.68 0.866 0.123 0.105 0.1 0.302

Apoptosis-associated speck-like protein containing a CARD PYCARD 0.626 0.154 0.591 0.264 0.496 0.554 0.926 0.434
Proliferation-associated protein 2G4 PA2G4 0.249 0.679 0.585 0.138 0.561 0.656 0.266 0.62

RuvB-like 2 RUVBL2 0.229 0.148 0.911 0.066 0.002 0.051 0.552 0.38

RuvB-like 1 RUVBL1 0.179 0.267 0.064 0.238 0.663 0.138 0.562 0.458

Voltage-dependent anion-selective channel protein 3 VDAC3 0.523 0.575 0.615 0.553 0.79 0.933 0.724 0.134
Phosphoserine aminotransferase PSAT1 0.945 0.381 0.688 0.386 0.464 0.643 0.911 0.602
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proteinlere ait sicak harita grafikleri.
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Sekil 4.24. THP hiicre hatlarmda AP dozuna bagh olarak kontrol grubuna karsi
olusturulmus yanardag grafikleri A) 1 mM AP, B) 0.125 mM AP.
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Sekil 4.25. THP hiicre hatlarmda AH dozuna bagh olarak kontrol grubuna kars1
olusturulmus yanardag grafikleri A) 1 mM AH, B) 0.125 mM AH
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Sekil 4.26. U937 hiicre hatlarinda AH dozuna baglh olarak kontrol grubuna karsi
olusturulmus yanardag grafikleri A) 1 mM AH, B) 0.125 mM AH.
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Sekil 4.27. U937 hiicre hatlarinda AP dozuna bagh olarak kontrol grubuna karst

olusturulmus yanardag grafikleri A)1 mM AP, B) 0.125 mM AP.
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4.4. Yolak Analizleri

Hiicre hatlar1 kontrol gruplarma kars1 adjuvan tiirii ve dozuna bagh olarak
yolak analilzeri gerceklestirilmistir. Bu amagla iki grup arasinda anlamli olarak
degisen metabolitler ve proteinler MetaboAnalyst 5.0 yazilimi ile yolak analizleri
gergeklestirilmistir. Gruplar arasinda anlamhi degisen yolaklar Sekil 4.21, Sekil
4.22, Sekil 4.23 ve Sekil 4.24°de verilmistir. Tablo 4.6’da ise belirtilen yolaklarda
yer alan istatistiksel olarak anlamli degisen toplam metabolit-protein sayisi, p

degerleri ve yolak etki degerleri verilmistir.
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Sekil 4.31. 1 mM AH bagli olarak THP-1 hiicre hattinda etkilesen yolaklar.
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Sekil 4.32. 1 mM AP baglh olarak THP hiicre hattinda etkilesen yolaklar.
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Sekil 4.33. 1 mM AH bagl olarak U937 hiicre hattinda etkilesen yolaklar.
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Sekil 4.34. 1 mM AP bagl olarak U937 hiicre hattinda etkilesen yolaklar.
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Tablo 4.11. 1 mM AH THP hiicre hattinda istatistiksel olarak anlamli diizeyde
degisen metabolitlerin ve proteinlerin kullanilmasiyla elde edilen

yolak analzi sonuglari.

Topla Beklene n p FDR Etki

m n
Kanserde merkez karbon metabolizmas1 106 0.635 9 1.2x10° ?.96x10' 0.0176
Splisozom 135 0.809 9 9.9x10°® 1.64x100 0

5

ABC tasiyict sistem 183 1.097 8 5.27 x10" 0.0014 0
Glikoliz veya Glikoneogenez 99 0.593 6 2.68x10° 0.0022 0.7384
Aminoagil-tRNA biyosentez 118 0.707 6 7.2x10°  0.0047 0.0618
Mineral absorbsiyonu 87 0.521 5 0.0001 0.0092 0
Protein sindirimi ve absorbsiyonu 142 0.851 6 0.0002 0.0094 0
Ribozom 153 0.917 6 0.0003 0.0123 0
Alanin, aspartat and glutamat 64 0.384 4 0.0005 0.021 0.1967
metabolizmasi
HIF-1sinyal yolag: 124 0.743 5 0.0008 0.0286 0.1829
Taurin and hipotaurin metabolizmasi 33 0.198 3 0.0009 0.0297 0.1034
Propanoat metabolizmasi 82 0.491 4 0.0014 0.04 0.1388
Glioksilat and dikarboksilat metabolizmas1 92 0.551 4 0.0022 0.0564 0.1022
Vitamin sindirimi and absorbiyonu 63 0.378 3 0.0063 0.1495 0
Valin, 16sin and izoldsin biyosentezi 27 0.162 2 0.0112 0.2488 0.0769
Fruktoz and mannoz metabolizmas1 87 0.521 3 0.015 0.3154 0.32
Nitrojen metabolizmasi 36 0.216 2 0.0195 0.3806 0.0869
Gegit baglantilart 99 0.593 3 0.0214 0.3944 0.0576
Proksimal tiibiilde bikarbonat azaltilmas: 40 0.240 2 0.0238 0.4152 0
Sistein ve metiyonin metabolizmas1 112 0.671 3 0.0295 0.4883 0.0679
Pantotenat and CoA biyosentezi 47 0.282 2 0.0321 0.5069 0.0952
Patojenik Escherichia coli enfeksiyonu 204 1.222 4 0.0338 0.509 0.032
Sitrat siklusu (TCA siklusu) 50 0.300 2 0.036 0.5186 0.2272
Arjinin and prolin metabolizmasi 128 0.767 3 0.0413 0.57 2.0769
Glukagon sinyal yolag: 132 0.791 3 0.0446 0.5906 0
Lejyoner 58 0.348 2 0.0471 0.6005 0.0416




142

Tablo 4.12. 1 mM AP THP hiicre hattinda istatistiksel olarak anlamli diizyde
degisen metabolitlerin ve proteinlerin kullanilmasiyla elde edilen

yolak analzi sonuglari

Topla Beklene n Hamp FDR Etki
m n
Kanserde merkez karbon metabolizmas1 106 0,6165 8 1,63x100 539x0° 0
7 5
Aminoagil-tRNA biyosentezi 118 0,6862 8 3,74x100 6,2x10° 0,082
6 5 4
ABC tasiyict sistem 183 1,0643 9 1,02x100 0,0001 0
6
Protein sindirimi ve absorbsiyonu 142 0,8258 8 1,54x10° 0,0001 O
6
Endoplazmik reikulumda protein isleme 172 1,0004 8 6,43x10° 0,0004 0,009
6 4
Mineral absorbsiyonu 87 0,5059 6 1,07x100 0,0005 O
5
Splizom 135 0,7851 6 0,0001 0,006 0
Glioksilat ve dikarboksilat metabolizmas1 92 0,535 5 0,0001 0,0078 0,193
1
Yag asidi biyosentezi 76 0,442 40,0009 0,0359 0,017
4
Ribozom 153 0,8898 5 10,0019 0,0637 0
Sitrat siklusu (TCA siklusu) 50 0,2908 3 0,003 0,0911 0,545
Vitamin sindirimi ve absorbsiyonu 63 0,3664 3 0,0058 01451 0
Alanin, aspartat and glutamat metabolizmasi 64 0,3722 3 0,0060 0,1451 0,180
Avrjinin and prolin metabolizmasi 128 0,7444 40,0064 0,1451 0,102
Patojenik Escherichia coli enfeksiyonu 204 1,1865 5 0,0065 0,1451 0,072
Protein tagima 23 0,1337 20,0077 0,1611 0
Fenilalanin metabolizmasi 77 0,4478 3 0,0101 0,1958 0,111
Valin, losin and izol6sin biyosentezi 27 0,15703 2 0,0106 0,1958 0,076
9
Fagozom 153 0,8898 4 0,0119 0,2089 0,102
5
Taurin ve hipotaurin metabolizmasi 33 0,1919 20,0156 0,243 0
Hipertrofik kardiyomiyopati (HCM) 93 0,5408 3 0,0168 0,243 0,152
Sik1 baglant 170 0,9887 4 0,0170 0,243 0,133
Glutatyon metabolizmasi 94 0,5467 3 0,0172 0,243 0,144
Nitrojen metabolizmasi 36 0,2093 2 10,0184 0,243 0,086
9
Gegit baglantist 99 0,5757 3 10,0198 0,243 0,057
6
Genisletilmis kardiyomiyopati (DCM) 99 0,5757 3 10,0198 0,243 0,170
2
Glikoliz veya glukoneogenez 99 0,5757 3 0,0198 0,243 0,415
3
Proksimal tiibiilde bikarbonat azaltilmasi 40 0,2326 20,0225 0,2573 0
Fenilalanin, tirozin ve triptofan biyosentezi 40 0,2326 2 0,0225 0,2573 0,292
6
Vazopressin tarafindan diizenlenen su geri 46 0,2675 20,0292 0,3228 0,037
emilimi 0
Tiamin metabolizmas1 a7 0,2733 2 0,0304 0,325 0
HIF-1sinyal yolag 124 0,7211 3 0,0354 0,3662 0,109
7
Kokain bagimliligt 57 0,3315 20,0433 0,4345 0,024
6
Lejyoner 58 0,3373 20,0447 0,4352 0,041
6
Vibrio kolera enfeksiyonu 59 0,3431 2 0,0461 0,436
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Tablo 4.13. 1 mM AH U937 hiicre hattinda istatistiksel olarak anlamli diizeyde
degisen metabolitlerin ve proteinlerin kullanilmasiyla elde edilen
yolak analizi sonuglari.

Toplam Beklenen n Ham p FDR Etki
ABC tasiyici sistem 183 1,145 19 1,4x10"® 4,72x10% 0
Kanserde merkez karbon metabolizmast 106 06632 13 7,2x10™  1,19x10" 10,0176
Aminoagil-tRNA biyosentezi 118 0,7382 12 6,9x10"? 7,6x10"° 0,1237
Protein sindirimi veabsorbsiyonu 142 0,8884 12 6,2x10™  52x10° 0
Mineral absorbsiyonu 87 0,5443 9 3,0x10%  2x107 0
Sistein ve metiyonin metabolizmasi 112 0,7007 7 59x10%  0,0003 0,2331
Glisin, serinvetreonin metabolizmasi 90 0,5630 6 1,2x107  0,00083 0,4117
Valin, losinand izolosin biyosentezi 27 0,1689 4 2,2x10°  0,0008 0,1923
Glioksilat ve dikarboksilat metabolizmasi 92 0,5756 6 2,2x10°  0,0008 0,0909
Glikoliz veyaglikoneogenez 99 0,6194 6 3,4x10° 0,0011 1,0615
Alanin, aspartat ve glutamat metabolizmasi 64 0,4004 5 4,76x10° 0,0014 0,3934
Pentoz fosfat yolag 65 0,4066 5 513x10° 0,0014 0,412
Yagasidi biyosentezi 76 0,4755 5 0,0001 0,0027 0,029
Arjinin ve prolin metabolizmasi 128 0,8008 6 0,0001 0,0034 0,1111
Arjinin biyosentezi 44 0,2752 4 0,0001 0,0034 0,2285
Butanoat metabolizmasi 70 0,4379 4 0,0009 0,0195 0,0363
Taurin ve hipotaurin metabolizmasi 33 0,2064 3 0,0011 0,0217 0,1034
Antijen iglemeve sunma 78 0,488 4 0,0014 0,0260 0
Patojenik Escherichiacoli enfeksiyonu 204 1,2763 6 0,0017 0,0296 0,072
Fruktoz ve mannoz metabolizmasi 87 0,5443 4 0,0021 0,0350 0,28
Fagozom 153 0,9572 5 0,0026 0,0418 0,1025
Gegit baglantilari 99 0,6194 4 0,0033 0,0509 0,0576
Sitrat siklusu (TCAsiklusu) 50 0,3128 3 0,0037 0,0536 0,4318
Lejiyoner 58 0,3628 3 0,0056 0,078 0,0208
Piriivat metabolizmasi 70 0,4379 3 0,0095 0,126 0,2075
Ostrojen sinyal yolag: 146 09134 4 0,0131 0,162 0,0519
Purin metabolizmasi 225 1,4077 5 0,0132 0,162 0,2326
Biotin metabolizmasi 31 0,1939 2 0,0159 0,1887 0,0263
Pentoz ve glukuronat doniigtimleri 89 0,5568 3 0,0181 0,1997 0
Sinaptik vezikiil dongiisii 90 0,563 3 0,0187 0,1997 0,0294
Valin, losinand izolosin degradasyonu 90 0,563 3 0,0187 0,1997 0,0729
Nikotinat ve nikotinamit metabolizmast 92 0,5756 3 0,0198 0,205 0,0123
Glutatyon metabolizmast 94 0,5881 3 0,0209 0,2103 0,1449
Endoplazmik retikulumda protein isleme 172 1,0761 4 0,0225 0,2196 0
Gliserolipid metabolizmas1 99 0,6194 3 0,0240 0,227 0,1896
Sulfur metabolizmast 43 0,269 2 0,0295 0,2687 0
Prostat kanseri 108 0,6757 3 0,0300 0,2687 0,1129
Pantotenat ve CoA biyosentezi 47 0,294 2 0,0348 0,299 0,0714
Lizin degredasyonu 115 0,7195 3 0,0352 0,299 0,0129
HIF-1 sinyal yolag 124 0,7758 3 0,0425 0,352 0,1097
Glukagon sinyal yolag 132 0,8258 3 0,04961 0,4007 0,012
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Tablo 4.14. 1 mM AP U937 hiicre hattinda istatistiksel olarak anlaml diizeyde
degisen metabolitlerin ve proteinlerin kullanilmasiyla elde edilen
yolak analzi sonuglari

Toplam Beklenen n p FDR Etki

Kanserde merkez karbon metabolizmast 106 0,9247 15 1,46x10™ 4,8x10™ 10,0353
ABC tas1yici sistem 183 1,5965 17 2,8x10"  46x10% 0
Aminoagil-tRNA biyosentezi 118 1,0294 13 2,4x10™  2,7x10° 0,1340
Protein sindirim ve absorbsiyonu 142 1,2388 13 2,6x10%°  2,1x10% 0
Mineral absorbsiyonu 87 0,7589 10 3,7x107  2,4x107 0
Sistein ve metiyonin metabolizmast 112 0,977 8 5,7x10°  0,0003 0,2718
Glioksilat ve dikarboksilat metabolizmasi 92 0,8026 7 1,48 x10°  0,0007 0,1931
Alanin, aspartat and glutamat metabolizmas1 64 0,5583 6 1,9x10° 0,0007 0,4590
Splizom 135 1,1777 8 2,2x10°  0,0007 0
Glikoliz veyaglikoneogenez 99 0,8636 7 2,4x10° 0,0007 1,1538
Ribozom 153 1,3348 8 55x10° 0,005 0
Fagozom 153 1,3348 8 55x10° 0,0015 0,1025
Valin, losinve izoldsin biyosentezi 27 0,2355 4 8,20x10°  0,0020 0,1923
Pentoz fosfat yolag 65 0,567 5 0,0002 0,0058 0,4127
Ateroskleroz 147 1,282 7 0,0002 0,0064 0,0952
Piriivat metabolizmasi 70 0,61 5 0,0003 0,0072 0,6603
Patojenik Escherichiacoli enfeksiyonu 204 1,779 8 0,0004 0,0078 0,152
Arjinin biyosentezi 44 0,3838 4 0,0005 0,0101 0,3714
Antigen igsleme vesunma 78 0,6804 5 0,0005 0,0101 0
Endoplazmik retikulumda protein igleme 172 1,5005 7 0,0007 0,0124 0
Sitrat siklusu (TCAsiklusu) 50 0,4362 4 0,0009 0,0145 0,5681
Glisin, serinvetreonin biyosentezi 90 0,7851 5 0,0011 0,0168 0,3411
Glutatyon metabolizmast 94 0,82 5 0,0013 0,0195 0,3333
Lejyoner 58 0,5059 4 0,0016 0,0218 0,0208
Gegit baglantilar: 99 0,8636 5 0,0017 0,0218 0,0576
Ostrojen sinyal yolag: 146 1,2737 6 0,0017 0,0218 0,0779
Taurin ve hipotaurin biyosentezi 33 0,2878 3 0,0029 0,0356 0,1034
Yagasidi biyosentezi 76 0,663 4 0,0043 0,0511 0,0232
HIF-1 sinyal yolag 124 1,0818 5 0,0045 0,0517 0,1585
Glukagon sinyal yolag 132 1,1516 5 0,0059 0,0651 0,0361
Pantotenat ve CoA biyosentezi 47 0,41 3 0,0079 0,0844 0,1190
Sigelloz 69 0,6019 3 0,0222 0,2305 0,1190
Butanoat metabolizmast 70 0,6106 3 0,0231 0,2320 0,0363
Avrjinin ve prolinmetabolizmasi 128 1,1167 4 0,0255 0,2488 0,1111
Salmonella enfeksiyonu 84 0,7328 3 0,0369 0,3492 0,1428
Fructoz and mannoz metabolizmast 87 0,7589 3 0,0403 0,3708 0,2266
Valin, losinand izolosin degredasyonu 90 0,7851 3 0,0438 0,3925 0,0729
Hipertrofik kardiyomiyopati (HCM) 93 0,8113 3 0,0475 0,4145 0,1087
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5. TARTISMA

Adjuvanlar, birlikte verildikleri antijenin etkisinin siiresini, bitytikligiinii ve
kalicihgmi artiran maddelerdir. Tek baslarma viicutta herhangi bir immun cevaba
sebep olmamaktadirlar. Genel olarak, bagisiklik sisteminin antijenle savasan
antikorlar tiretmesine yardimci olmak i¢in bir antijenle beraber enjekte edilirler (4).
Yillardir adjuvan madde olarak aluminyum adjuvanlart siklikla kullanilmaktadir.
Aliiminyum bazli adjuvanlarin etki mekanizmalar1 tam olarak anlasiimamasina
ragmen, asilarda yaygin olarak kullanilmaktadirlar (79) .

Antijenler adjuvan agregatlarinin iizerine adsorbe olarak asilama yerinde
salinarak  etki gosterdigi  disiiniilmekle beraber, aliiminyum tuzlarinin
enjeksiyonunun hiicre hasari kaynakl bir tepkiye sebep oldugu bilinmektedir.
Aliiminyum adjuvanlar, Th2 bagisiklik tepkisini secici olarak uyarirlar. CDS-T
hiicrelerinin  aktivasyonunu desteklerler. Antijenlerin aliiminyum adjuvanlara
adsorpsiyonu, fagositozu kolaylastirarak ve antijenlerin enjeksiyon bélgesinden
diflizyonunu yavaslatarak, enflamatuar hiicrelerin birikmesi i¢in zaman taniyarak
bagisiklik tepkisini arttirmaktadirlar. Enjeksiyon yerinde hiicre hasarma sebep
olarak, DAMP'lerin salinmasimi tetikler ve inokiilasyon yerinde ilgili kemokinlerin
artan seviyeleri ile birlikte inflamatuar hiicrelerin infiltrasyonu artirmaktadirlar
(85).

Aliminyum adjuvanlar, dogrudan ve dolayli mekanizmalar yoluyla
dendritik hiicreleri aktive etmektedirler. Aliiminyum adjuvanlarin fagositozunu
takiben fagolizozomun bozulmasi, aktif IL-1B ve IL-18'in salinmasiyla sonuglanan
NLRP3-enflamasomlar aktive etmektedir. Aliiminyum adjuvanlar ayrica membran
lipid sallarina baglanarak dendritik hiicreleri aktive eder. Aliiminyum ile
adjuvanlanmis asilarin enjeksiyonu, sirayla dendritik hiicreleri aktive eden hasarl
hiicrelerden tirik asit, DNA ve ATP'nin salinmasina neden olur (88).

Proteomiks teknolojinin ¢ok sayida proteini yiiksek hassasiyetle hizli bir
sekilde tanmmlama yetenegi, asilarla ilgili bircok caligmada kullanilmasina izin
vermektedir. Patojen proteomunun ve konagin enfeksiyondan sonra immiin
tepkisinin ne sekilde degistigi yeni adjuvanlarin kesfinde fayda saglayabilmektedir.
Enfeksiyon sirasinda, patojen-konakg¢i arasindaki etkilesimler sonucunda bazi

metabolik degisiklikler olugsmaktadir. Patojenler biyoenerjetik ve biyosentetik
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gereksinimlerini kargilamak icin besinler ve diger metabolitler i¢cin rekabet ederek
kendilerine 6zgii metabolitler meydana getirmektedirler. Bu metabolitlerin asilarla
ilgili calismalarda birgok adjuvanin etki mekanizmasiyla ilgili yeni yolaklarin
kesfine aracilik edecegi diisliniilmektedir.

Aliiminyum bazli adjuvanlarm uzun siireli kalicihg: in vitro olarak ¢alismak
zordur ¢iinkii hiicre hatlar siirekli olarak boliiniir, bu nedenle her hiicre béliinmesi,
hiicre i¢i birikmis adjuvani seyreltir ve hizhi bir sekilde adjuvan saptama smnirina
ulagir.  Aliiminyum adjuvanlar, lumogallion kullanilarak floresan olarak
etiketlenebilir ve boylece fagositoz iizerine izlenebilir hale gelir. Son yillarda
aliminyum adjuvanlarin etki mekanizmasinin anlasilmasinda 6nemli ilerlemeler
kaydedilmistir. Yeni sinyal yollar, sitokinler ve endojen tehlike sinyalleri
kesfedilmistir, ancak bu cesitli, ancak ayni anda tetiklenen sinyallerin bagisiklik
tepkilerini nasil etkiledigini aydmlatmak i¢in birgok ¢alismaya ihtiyag vardir.

Calismamuzda oOncelikle aluminyum tuzlarmm hiicre hatlart {izerinde
sitotoksik bir etki gosterip gostermedigi ile ilgili MTT ve PI canlilik analizleri
yapilmistir. MTT canlilik analizi sonucu THP-1 hiicre kiiltiiriinde AP’nin farkh
derisimlerinde canlilhkta anlaml diizeyde bir azalma goriilmiistiir (Sekil 4.1). PI
canlilik analizi daha dogrulayici ve segici bir analiz yontemidir ve calismanin
sonuglarmmn kalitesini artirmak amaciyla uygulanmaktadir. PI canhlik analizinin
sonuclarma bakildiginda ise canlilkta herhangi bir azalmanin olmadigi
goriilmiistiir. Sonug olarak AH ve AP’nin kullanilan derisimlerinde THP-1 ve U937
hiicre kiiltiirlerinde herhangi bir sitotoksik etkinin olmadigi sdylenebilir.

Calismamizda lumogallion kullanilarak yapilan histolojik boyama yo6ntemi,
hiicre i¢i aliiminyum adjuvanlarm varlig1 tespit edilmistir. Her iki aluminyum tuzu
ve iki farkli hiicre hattinda doza bagmml olarak hiicre i¢i aliiminyum giriginin
oldugu gozlenmistir. Benzer sekilde Mile ve arkadaslarinin yaptig1 bir ¢alismada
lumogallionun, klinik asilarda kullanilan iki aliiminyum tuzu olan AIO(OH) ve
AIPO4'in iizerinde kuvvetli bir sekilde adsorbe edildigi gozlemlenmistir (109).
Yapilan baska bir calismada ise monositik T helper 1 (THP-1) hiicre hatti
aliminyum adjuvanmin yalnizca hiicre sitoplazmasinda bulundugu ortaya
konmaktadir (110). Calismamizda AH tuzunun hiicre igine giris miktarinin AP

tuzuna kiyasla daha yiiksek oldugu goriilmiistiir (Sekil 4.2).
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Tez ¢alismasinda monosit hiicrelerine aliiminyum adjuvan uygulamasinin
akitvasyon ve matiirasyon belirtegleri yoniinden incelenmesi amaciyla CD11b,
CD86 ve HLA-DR antikorlarmi igeren immunfenotipleme galismasi yapilmustir.
Immunfenotiplemede HLA-DR, T hiicresi aktivasyonunun bir belirteci olarak kabul
edilmektedir (111). CD11b, Iokosit spesifik bir reseptordiir ve monosit/makrofajlar,
graniilositler ve dogal 6ldiiriicii hiicreler i¢in bir maturasyon belirteci olarak kabul
edilir (112). Makrofajlarda ifade edilen CD86, bellek efektor T hiicreleridir (113).

THP-1 hiicre hattinda AH’nin farkli derisimlerinde CD11b maturasyon
belirtecinde kontrol grubuna gore anlamhi diizeyde bir azalma goriilmiistiir.
Aktivasyon belirteci olan HLA-DR belirtecinde THP-1 hiicre hattinda AH ve
AP’nin farkl derisimlerinde anlamh diizeyde bir artis goriilmiistiir. U937 hiicre
hattinda ise herhangi bir artis veya azalig goriilmemistir. U937 hiicre hattinda CD86
aktivasyon belirtecinde kontrol grubuna gére anlamh bir azalma goriilmiistiir.

AH ve AP adjuvanlarinin viicutta protein ve metabolit diizeyinde meydana
gelen degisikliklerin saptanmasi amaciyla in vitro hiicre kiiltiirli modeli olarak
kullanilan U937 ve THP-1 hiicre hatlarmin aliiminyum tuzunun tipine ve dozuna
bagl olarak degisen metabolomiks profiller GC-MS ile incelenmistir. Bu analizler
sonucunda 69 metabolit intraseliiler matikste bulunurken, 101 metabolit
ekstrasetilerl matrikste tanimlanmistir. LC-qTOF-MS ile yapilan proteomiks
analizlerde ise toplamda 403 protein tanimlanmustir.

U937 ve THP-1 hiicreleri i¢in elde edilen metabolomiks profilleri coklu veri
analizleri ile incelenmistir. Bu amagla ilk 6nce PCA analizleri gergeklestirilerek
veri setinde herhangi bir sistemik hata veya aykirni bir deger olup olmadigi
arastirilmustir  (Sekil 4.9). Aykirni degerler uzaklastinldiktan sonra PLS-DA
analizleri her iki hiicre hatt1 i¢in ayr1 ayr gergeklestirilmistir (Sekil 4.14-4.21).
PLS-DA analizlerindeki farklilasmaya neden olan metabolitlerin belirlenmesi i¢in
VIP (projede 6nemli degisken) grafiklerinden yararlanilmistir.

Ikili gruplara ait PLS-DA skor grafikleri ve gruplarin ayrilmasmda etkili
olan ilk 20 metabolit VIP grafikleri ile gdsterilmistir. PLS-DA modellerinin R?2
(modelin uyumlulugunu) ve Q? (tahmin kapasitesini) degerleri sirasi ile THP-1
hiicre tipi ve adjuvanina gore intraseliiler metabolitler i¢in; 0.972-0.512, U937

hiicre tipi ve adjuvanina gore intraseliiler metabolitler i¢in 0.979- 0.549, THP ve
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U937 hiicre hattmin adjuvan tipinin (1 mM) intraseliiler metabolitler i¢in 0.896-
0.699, THP ve U937 hiicre hattinin adjuvan tipinin (0.125 mM) intraseliiler
metabolitler i¢cin 0.972-0.512, THP hiicre hattinin adjuvan tipi ve derisimine bagh
olarak degisen ekstraseliiler metabolitler i¢in 0.962-0.514, U937 hiicre hattinin
adjuvan tipi ve derisimine bagh olarak degisen ekstraseliiler metabolitler i¢in 0.962-
0.514, THP ve U937 hiicre hattinn adjuvan tipinin (1 mM) ekstraseliiler
metabolitler i¢in 0.980- 0.879 olarak bulunmustur. Bu degerlerin 0.5° den biiytik
olmasi elde edilen PLS-DA modellerinin gegerliligini gostermektedir.

Degisen Yyolaklar incelendiginde ¢ikarilacak en temel sonug aslinda
metabolit diizeylerindeki farklilik agisindan her iki adjuvan tipi ile elde edilen
degisimlerin benzer olmasidir. THP-1 hiicre kiiltiirinde her iki aliiminyum
adjuvanla en ¢ok degisim saptanan yolak tek karbon metabolizmasidir . U937 hiicre
kiltiirtinde ise en ¢ok degisim saptanan yolaklar tek karbon metabolizmasi, ABC
tastyict sistem, aminoagil t-RNA biyosentez yolaklaridir. Farkli hiicre kiiltiirlerinde
ayn1 aliminyum tuzunun kullanildig: yolaklarda da temel benzerlikler saptanmustir
(Sekil 4.31-4.34).

THP ve U937 hiicre hattina ait adjuvan tipi ve derisimine bagli olarak
degisen metabolomik profiller incelendiginde; temelde 2-hidroksi biitirik asit
metaboliti en anlamh degisim diizeyine sahip metabolit olarak saptanmustir (Sekil
4.10-4.12). U937 hiicre hatt1 i¢in en yiiksek anlamlilik diizeyine sahip metabolit
olan 4-guanidinobutirik asit metaboliti ise THP-1 hiicre kiiltiirii agisindan anlaml
bir metabolit olarak saptanamamustir. 2-hidroksibutirik asit metaboliti glisin, serin,
treonin metabolizmas1 veya glutatyon metabolizmasindaki artisa baglh olarak
meydan cikan bir metabolittir. Yolak analizinde bu yolaklarda anlamh diizeyde bir
artig oldugu sonucuna varilmistir. Bu yolaklara ait diger metabolitler incelendiginde
ise sadece treonin metabolitinin 2-hidroksibutirik asit metaboliti gibi arttig
goriilmektedir. Serin metabolitinde ise THP-1 hiicrelerinde herhangi bir artis veya
azalis olmazken U937 hiicrelerindeki serin metabolitinde artis goriilmektedir.

Hiicrelerin tek karbonlu birimler trettigi birkag yol vardir. Bu, glisinden
serin metabolizmasini, glisin parcalama sistemini ve ayrica kolin ve diger amino
asitlerin metabolizmasmi i¢cermektedir. Serin tek karbon metabolizmasinda 6nemli

aminoasitlerden biridir. Serin aminoasiti ekstrasular matrikste U937 hiicre
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hattindaki aliiminyum tuzlarmin farkli derisimlerinde anlamli diizeyde artis
gostermistir (Tablo 4.6). Yolak analizlerinde serin, glisin treonin biyosentezinde
anlamh diizeyde artig goriilmiistiir. Bu yolagin asir1 aktivasyonuna bagh olarak
serin iretimindeki artis sonucu tek karbon metabolizmasmm aktive oldugu
diisiiniilebilir.

D-glukoz-6-fosfat metaboliti ekstraseliller matrikste U937 hiicre hattinda
her iki aliiminyum tuzunda ve derisimlerinde anlamh diizeyde artis gostermektedir.
Bu metabolit yolak analizi sonucu anlamli diizeyde artig goriilen glikoliz ve
glinogenez yolaginda etkili bir bilesiktir.

U937 hiicrelerinde aliiminyum tuzlarinin farkli derigimlerinde suksinik asit
metabolitinin ekstraseliiler matrikste artis gosterip intaselular maktrikste azaldig
goriilmektedir. Suksinik asit metaboliti yolak analizinde de anlamli diizeyde artis
oldugu goriilen sitrat dongiisiiniin metabolitlerinden biridir. Sitrat, fagositik
fonksiyonlarda ve sitokin iiretiminde rol oynayan yag asidi sentezi, membran
biyosentezi ve prostaglandin sentezi i¢in oncii olarak kullanilmaktadir (114).
Ekstraseliiler matriksteki sitrik asit artisinin  bagisiklik — sistemindeki bazi
bilesiklerin olusumundan sorumlu olabilecegi diisiiniilebilir.

[zolosin, bagisiklik organlari, hiicreler ve reaktif maddeler dahil olmak
lizere bagigiklik sistemini gelistirebilir. Yakin tarihli ¢alismalar, izoldsinin,
konak¢min dogal ve adaptif bagisikligmi diizenleyebilen konak¢r savunma
peptidlerinin  (yani, p-defensinler) ekspresyonunu indiikleyebilecegini de
gostermektedir (115). Yapilan ¢alismada THP-1 hiicresinde 1 mM derisimde
izolosin metabolitinde anlamli diizeyde bir artis goriilmektedir. izolosin; anlamh
diizeyde artig goriilen valin, losin ve izolosin biyosentez yolagin aracihigiyla
sentezlenen metabolitlerden biridir.

Proteomik analizlere ait degerler incelendiginde; THP hiicre kiiltiirtinde 1
mM derisimdeki AH adjuvaninin ATP bagimli RNA helikaz (DDX31) adl
proteinde anlaml diizeyde artisa sebep oldugu goriilmiistiir (Sekil 4.5). Bu protein,
transkripsiyonu, mRNA olgunlagsmasini ve mRNA disa aktarimini ve g¢evirisini
diizenleyen ATP'ye bagimhi bir RNA helikazdir. Bazi RNA viriisiiniin
replikasyonunu eszamanh olarak modiile etmektedir ve dogustan gelen bagisiklig

desteklemektedir.
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THP hiicre kiiltiirtinde 1 mM derisimde AH adjuvaninin transmembran
emp24 alan1 iceren protein 2 ( TMED-2) diizeyinde anlamli diizeyde artisa sebep
oldugu goriilmektedir. TMED ler proteinlerin tagimasmin énemli diizenleyicileri
olarak bilinmektedirler. Yine ayni derisimdeki AH adjuvaninda B hiicresi reseptorii
ile iligkili protein 31 (BAP31) diizeyinde anlamh bir artis oldugu goriilmektedir
(Sekil 4.24) (116). BAP31, endoplazmik retikulumun her yerde ifade edilen bir
integral zar proteinidir (117). BAP31, nétrofillerde CD11b/CD18'in diger hiicresel
bilesenlere tasinmasinda rol alir. BAP31, bagisiklik sisteminde hayati bir rol oynar.
MHCI molekiilleri, lenfosit tanima ve antijen sunumundan sorumlu bir dizi hiicre
yiizeyi molekiiliidiir. MHC-I molekiillerinin peptidler tarafindan yiiklenmesi ER
icinde gerceklesir. MHC molekiillerinin ER'den tasinmasi disinda, T hiicre antijen
reseptoriiniin (TCR) olgunlagmasi ve aktivasyonunda rol oynar (116).

Protein tasima proteini Sec61 alt birim beta (SEC61) ER zarmm protein
translokasyon aparatmm merkezi bilesenidir. THP hiicre kiiltiirinde 1 mM
derisimde AP adjuvaninin SEC61 proteinini anlaml diizeyde artirdig1 goriilmiistiir
(Sekil 4.24). Ayni1 derisimdeki AP adjuvaninin yolak analizleri incelendiginde ER
ile alakali yolagi da anlamli diizeyde aktive ettigi goriilmektedir.

5'-deoxy-5'-(methylthio)adenosine metaboliti, metiyonin sentezinde rol
oynayan metabolitlerden biridir. Yolak analizine goére metiyonin-sistein
metabolizmasinda anlamh diizeyde bir degisiklik oldugu saptanmstir. U937
hiicresinin  yolak analizi ile ilgli metabolitlerine bakildiginda metiyonin
metabolitinde anlamh diizeyde bri azalma oldugu goriilmiistiir (Sekil 4.10). Bu
durumda metiyonin-sistein metabolizmasindaki anlamli degisikligin azalma
yoniinde oldugu sdylenebilir. Ayrica adenozin metabolitinin de U937 hiicrelerinde
anlamli diizeyde azaldig1 goriilmektedir. Bu metabolitin sentezinde ara iiriin olarak
ortaya ¢ikan adenosilhomosistein metabolitindeki anlamli diizeydeki azalma
adenozin seviyesindeki diististen kaynakligi oldugu diistiniilebilir.

Yapilan bir calismada D-glutamik asit ve L-glutamik asit kombinasyonunda
olusan bir bilesik alum ile birlestirilerek farelerde adjuvan olarak kullanilmstir. Bu
modelin antijen iletimini ve antijene 0zgii immiinojenisiteyi arttirdigr sonucuna
varlmigtir. Ayrica antikor liretimini, sitotoksik T lenfosit aktivitesini ve antikora

bagli hiicresel sitotoksisiteyi biiyiik 6lgtide artirdigi goriilmiistiir (118). Yapilan
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calismada L-glutamik asitin her iki hiicre hattinda anlamli diizeyde arttig
goriilmektedir.

Yapilan tez ¢aligmastyla aliminyum adjuvan tuzlarma ve THP-1 ve U937
hiicre kiiltiirii tiplerine baglh olarak birgok metabolit ve proteinde anlamlh diizeyde
degisiklikler saptanmustir. Bu degisiklikler hiicre tiplerine gore artma veya azalma
egiliminde olmak iizere degiskenlik gostermektedir. Ozellikle aliiminyum
adjuvanlarin muhtemel etki mekanizmalariyla paralel olarak immiin sistem endojen
bilesiklerinde ekstraseliiler ve intraseliiler diizeyde artislar goriilmiistiir (Sekil 4.24,
4.26). Baz1 metabolitler ise ekstraseliiler diizeyde artis gosterirken intraseliiler
diizeyde azalma egilim gostermistir (stiksinik asit gibi).

Viicutta herhangi bir eksojen adjuvan varligi olmaksizin bazi durumlarda
immiin sistemi harekete geciren (organ nakli, timor vs) durumlar yasanmaktadir.
Bu durum g6z oniine alindiginda viicutta mevcut sekilde bulunan ve endojen
adjuvan etki gosterebilen metabolit ve proteinlerin varligi diigiiniilebilir. Yapilan
tez galigmasinda iki farkli hiicre hatt1 ve iki farkli aliiminyum tuzunun farkli
derisimleri kullanilmustir ve hiicrelerde aliiminyum tipine ve derisimine bagh olarak
metabolomiks ve proteomiks degisikikler meydana gelmistir. Bunun sonucunda bu
calismanin aluminyum tuzlarinin etkisiyle artan veya azalan, aliminyum tuzlarmmn
etkisini giiglendirebilecek veya taklit edebilecek benzer alternatif bir endojen
metabolitin veya proteinin bulunabilmesi ve aliiminyum adjuvalarinin etki
mekanizmasmin aydmlatilmast ile ilgili bilgilerin bulunabilmesine 6nciiliik

edebilecegi diistiniilmektedir.
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6. SONUC ve ONERILER

Bu tez kapsaminda omik temelli arastirma tekniklerinin mekanizma bazh
calismalarda etkilenen yolaklarin ortaya konulmasi agisindan yiiksek potansiyele
sahip oldugu ortaya konmustur. Ayrica, aliiminyum adjuvanlarinin hiicre diizeyinde
sebep oldugu degisen aglarm, siireclerin ve yolaklarm belirlenmesine dayanarak
elde edilen bilgilerin, yeni adjuvan metabolitler ve proteinlerin tanimlanmasi

acisindan yol gosterici olabilecegi diistiniilmektedir.
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