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1. OZET

BEYIN EKSTRASELLULER MATRIKSININ NORODEJENERASYONDAKI
ROLUNUN ALZHEIMER FARE MODELINDE ARASTIRILMASI

Alzheimer hastaliginda (AD), sinaptik yanit mekanizmalarinin ve sinaptik baglanti
stabilitesinin hasar gordiigii bilinmektedir. Son yillarda yapilan ¢alismalar, néron ve
glialar tarafindan iretilen bazi ekstraselliiller matriks bilesenlerinin, bu iki
mekanizma uUzerinde etkili oldugunu gostermistir. Caligmanin amaci, Alzheimer’s
hastaliginin baslangic ve gelisim evrelerinde, hastalik modeli olan 5XFAD farelerden
elde edilen hipokampal ekstraselluler matriks 6rneklerinde proteom profilini analiz
ederek, norodejenereasyon olusumu ile ilgili bu evrelere ait protein seviyesindeki
degisimleri ve posttranslasyonel modifikasyon degisimlerini tanimlamaktir. Bunlara
ek olarak, saglikli ve Alzheimer’s hastas1 bireylerden alinan beyin-omurilik sivilari
ve post mortem beyin dokusu Orneklerinin proteom analizi yapilarak, hastaligin
gelisiminde rol alan temel yolaklar1 belirlemektir. Fareler 3 (3m), 6 (6m) ve 12
(12m) aylik iken, Morris Su Tanki deneyleri ile hafiza testlerini takiben, intraserebral
mikrodiyaliz “push-pull” yontemi ile hipokampal ekstraselltler matriks 6rnekleri
topland1. Orneklerin protein ekspresyon profilleri nanoLC-MS/MS yontemi
kullanilarak analiz edildi. Kiitle spektrometrisi ile elde edilen ham data, Progenesis
QI yazilimu ile islenerek protein tanimlamalar1 gergeklestirildi. 3,6 ve 12 aylik ECM
orneklerinde sirastyla 251, 213 ve 238 protein tanimlandi. Bunlardan sirasiyla 68, 41
ve 33 protein istatistiksel olarak anlamli (p<0.05) en az 1.4 kat ekspresyon
degisikligi gosterdi. Beyin-omurilik sivilarinin analizinde 204ii anlamli degisen 1041
protein, postmortem doku analizlerinde 311i anlamli degisen 1737 protein
tanimlandi. Anlamli degisiklik gosteren proteinler, Ingenuity Pathway Analysis

(IPA) yazilimt ile analiz edilerek ilgili yolaklar tespit edildi.

Anahtar Kelimeler: Alzheimer’s, ekstraseliler matriks, kitle spektrometrisi,
proteomik, 5XFAD

Isbu tez c¢ahsmasi, TUBITAK(Tiirkiye)-ARRS(Slovenya) ikili iIsbirligi
Programi kapsaminda 112S414 no’lu proje destegiyle gerceklestirilmistir.



2. ABSTRACT

INVESTIGATION OF THE ROLE OF BRAIN EXTRACELLULAR MATRIX
IN NEURODEGENERATION BY USING ALZHEIMER’S DISEASE MOUSE
MODEL

In Alzheimer’s disease (AD), the disruption of synaptic response and stability is
known. In recent years, the studies showed that extracellular matrix produced by
neurons and glial cells has several effects on those disruptions. The aim of this study
is identifying the alterations in expression of extracellular matrix proteins and their
posttranslational modifications in the early and progression stage of the disease by
obtaining extracellular matrix from SXFAD Alzheimer’s disease mouse model via
intracerebral push-pull perfusion. In addition, it has been aimed to identify the
pathways related with the disease by studying on cerebro-spinal fluids (CSF) and
postmortem brain tissues of healthy and AD subjects. Following the Morris Water
Maze memory tests, the hippocampal ECM samples from each mice were collected
by in-vivo intracerebral push-pull method at month 3 (3m), 6 (6m) and 12 (12m).
The protein expression analysis were performed by nanoLC-MS/MS and
ProgenesisQI were used for protein identification. In the extracellular matrix samples
belong to 3, 6 and 12-month-old mouse, 251, 213 and 238 proteins were identified,
respectively and 68, 41 and 33 proteins were statistically meaningful (p<0.05) and
minimum 1.4-fold change. Additionally, 1041 proteins were identified in CSF
samples and 204 of them were meaningful. 1737 proteins were identified in post
mortem brain tissue samples and 311 of them were meaningful. These proteins were
analyzed by Ingenuity Pathway Analysis (IPA) software and several pathways were

determined.

Keywords: Alzheimer’s, extracellular matrix, mass spectrometry, proteomics,
S5XFAD,



3. GIRIS VE AMAC

Merkezi sinir sistemindeki ekstraseliiler matris bileseleri olan chondroitin siilfat
proteoglaykan (CSPGs), hyaluronik asit, baglant1 proteinleri, relin, agrin, laminin,
tenascin ve bunlar1 sekillendiren metalloproteinazlar gibi enzimler noral ve néral
olmayan hiicreler tarafindan ekstraseliiler ortama salinirlar. Bu bilesenlerin
olusturduklar1 iskeleler degisik noéronal fonksiyonlarin yerine getirilmesini saglarlar.
Gelisim siirecinde beyin ekstraseluler matriksi (BEM), noral hiicre proliferasyonu,
gocii ve farklilasmasinda dnemli gorevler tstlenir. Yetiskin bir beyinde ekstraseliiler
matris, plastisite olarak adlandirilan noéronlar arasindaki etkilesimin, yani sinapsin
guciniiniin degismesinde kritik gorevler tistlenmektedir. Bu gorevler arasinda uzun
donemli potansiyasyon (LTP), uzun donemli depresyon (LTD), homeostatik
plastisite ve metaplastisite yer almaktadir. Ekstraseliiler proteazlar ve ekstraseliiler
matris molekiillerinin ekspresyon ve aktivitelerinde olusabilecek mutasyonlar ve
regiilasyonun bozulmasi ekstraseliiler matrisin sekil degistirmesine neden olur ve
glioma genislemesine bagli olarak epilepsi, inme, sizofren ve biling bozulmasi

hastalarinin beyinlerinde goriilen patolojik plastisite ortaya ¢ikmaktadir.

Sinaptik plastisite ve sinaptik yanitta meydana gelen hasarlar, Alzheimer’s hastaligi
icin biiylik 6nem tasimaktadir. Son yillarda yapilan c¢alismalar, ekstraseliiler
matriksin i¢eriginde veya hacminde meydana gelen degisimlerin bu iki mekanizma
ve diger sinyal iletim mekanizmalarinda etkisi oldugunu gostermistir. Beyin
ekstraseliiler matrisinin norodejenerasyondaki roliiniin arastirilmasi i¢cin SXFAD
transgenik Alzheimer’s hastaligi fare modeli kullanildi. Bu fare modeli yasa bagh
motor fenotipi ve hafizada kayiplar gosterdigi icin Alzheimer hastalig
caligmalarinda iyi bir in-vivo model olma 6zelligine sahiptir. Ayrica intranéral Abeta
birikimi ve yasa bagli aksonal dejenerasyon da goriilmektedir. SXFAD fare
modelinde, amiloid prekirsor proteininin(APP) Isveg, Florida ve Londra
mutasyonunu tasiyan 695 amino asitlik bir izoformu fare Thy-1-promotérii altinda
overeksprese edilmektedir. Bununla birlikte Thy-1 promotorii altinda, M146L ve
L286V mutasyonu iceren insan presenilin-1’de (PS1) eksprese edilmektedir.
Ilerleyen nérodejenerasyon ve ekstraseliiler matriks arasindaki bagm arastirilmasi

icin 3, 6 ve 12 aylarda fare modelinden, intraserebral ‘push-pull’ perfiizyon ile



toplanan ECM ornekleri, kiitle spektrometrisi ile analiz edildi. Ek olarak, fosforile ve
okside olmus proteinlerin varlig1 gosterildi. Tanimlanan proteinlerin yolak analizleri
sonucunda hastaligin gelisim evresinde Ozellikle metabolik yolaklara etki ettigi
gosterildi. Ayrica Abeta plaklarinin heniiz olusmaya baslamadigi ve kognitif yikimin
olmadig1 erken evrede (3 aylik), meydana gelen IL6 seviyesinde ve demir miktarinda
artis gozlendi. ECM ve IL6 arasindaki olast iliski IPA analizi araciligi ile
Ongoriilmiistir. Daha Onceki yaymlarda inflamasyon ve demir seviyelerinin
hastaligin ge¢ doneminde degisim gosterdigi tespit edilmistir. Ancak, heniiz
hastaligin en belirgin patolojilerinden biri olan Abeta plaklar1 olusmadan evvel bu

degisimlerin gosterilmesi yeni bir bulgudur.

ECM proteom analizlerine ek olarak, insan BOS ve postmortem beyin dokularindan
yapilan proteomik analizlerinde tanimlanan proteinlerin yolak analizleri sonucunda,
ECM orneklerinde tespit edilen bazi yolaklar ile insanlardan alinin BOS ve doku
orneklerinden elde edilen yolaklardan bazilarinin (lipid/lipoprotein metabolizmasi,
LXR/RXR sinyal yolaklar1 ve Nrf-2 sinyal yolagi vb.) ortak oldugu gézlemlendi.
Elde edilen bilgilerin varligi ve verilerin ¢oklugu, ECM’in Alzheimer’s ile iliskili

oldugunu gostermistir ve ¢ok daha detayli sekilde incelenmelidir.



4. GENEL BILGILER
4.1.  Alzheimer Hastahg (AD)

Alzheimer hastaligi (AD), c¢ogunlukla yash bireylerde goriilen, geri
dondurulemeyen ve ilerleyici tipte bir norodejeneratif bozukluktur. Hastalar,
baslangigta kisa siireli hafiza kayiplar1 yasar ve ilerleyen donemlerinde hasta, hem
zihinsel hem konusma, yiirime, yemek yeme gibi gunluk fiziksel aktivitelerini
gerceklestiremez duruma gelir. Mevcut tedaviler hastaligin klinik belirtilerini
hafifletse de, AD’ye neden olan genetik ve patolojik degisimleri geri

dondirememektedir.

4.1.1. Tarihge ve Epidemiyoloji

Tarihte ilk kez psikiyatrist Alois Alzheimer, 50 yasindaki hastasi Auguste
D.’nin 1906 yilinda 6liimii ardindan yapilan otopside tespit ettigi senil plaklar ve
norofibriler yumaklar ile yeni bir hastlaliga isaret etmistir (1). Yapilan makroskopik
ve mikroskopik ¢alismalar sonucu, AD patolojisinin diger demans tiirleri gibi dogal
yaslanma siirecinden kaynaklanmadigi, erken yaslarda da meydana gelebildigi ortaya
konulup, presenil demans ad1 verilmistir (1, 2). Bu sekilde adlandirilan hastalik daha
sonralari Azheimer hastaligi, giliniimiizde ise Alzheimer tipi demans olarak
adlandirilmaktadir. Arastirmalarin artmasi ve teknolojinin gelismesi ile klinikte bu
demans tiirlerinin birbirinden ayrilmasi i¢in belli kriterler olusturulmaya baglanmistir
(3). Demans vakalar1 igerisinde AD tipi demans %65 oraninindadir. Kadinlarda
hastaligi tasima riski daha fazla olmasmm yaninda yas 6nemli bir faktordir (4).
Tiirkiye’de 70 yas Uzeri bireylerde AD prevalanst %11 iken, dinyada 90 yasindan
sonra bu oran %63,2 ¢ikmaktadir (5, 6).

4.1.2. Hastahgn patolojisi

Alzheimer hastaligi, ¢cogunlukla medial temporal lob ve iliskili neokortikal
yapilar1 etkileyen kronik bir noérodejeneratif hastaliktir. Hastaligin patolojik
belirtilerinden en iyi tanimlanmis olanlar, beyin dokusunda biriken Amyloid-beta
peptitlerinin (AB) birikmesiyle ve noronlarda hiicre iskeleti degisimlerine neden olan
hiperfosforile Tau proteinlerinin artigiyla iliskili plak ve norofibriler yumaklarin

olusmasidir.



Intraserebral amyloid birikimi, yasla dogru orantilidir ancak yapilan son
arastirmalara gore orta yas grubu kisilerde de goriilmektedir. Klinik agidan
incelendiginde hastalik 3 faza ayrilabilir: (i) pre-semptomatik; amyloid-beta
seviyesindeki artis ve beyin dokularindaki birikiminin amyloid kaskadini
baglatmasina kadar gegen evre; (ii) pre-demans; patolojilere ek olarak gézlenen hafif
kognitif bozukluk; (iii) demans; kognitif ve foknsiyonel bozuklugun tam anlamiyla
goriildiigli evre. Bu evrede beyin dokularinda A plaklar1 ve norofibriller yumaklarin
asir1 birikimi ile global bozukluktaki artis gézlemlenmektedir (7, 8). Hastaligin
patofizyolojisiyle ilgili bir kag hipotez bulunmaktadir.

4.1.2.1. Amyloid hipotezi

Bu hipoteze gore AP proteinin fazla miktarda tiretimi, amyloid 6nciil proteini
olan APP (Amyloid Precursor Protein)’nin proteolitik kesimini diizenleyen
mekanizmalardaki homeostatik bozukluklardir. Hipotezin ¢ikis noktasi, yapilan
genetik analizler sonucu elde edilen ve ailesel Alzheimer hastalarinda goriilen APP
geninde goriilen mutasyonlarin bilgisidir. APP, merkezi sinir sisteminde fazlaca
bulunan transmembran proteinlerden bir tanesidir. Dokularda sentezlenen bu protein
plazma membranina ek olarak endoplazmik retikulum, Golgi ve mitokondri gibi zarl
organellerde de bulunmaktadir (9). APP’nin proteolitik kesimi ile iiretilen A tiirleri,
icerdikleri amino asit sayilarina gore isimlendirilir ve bunlardan AP0 ve APaz beyin
dokularinda en ¢ok bulunanlaridir (10).

APP, iki ayr1 yolak ile metabolize edilir: salgilayici yolak (amyloidogenic
olmayan) ve amyloidogenic yolak. Salgilayici yolakta APP, once o-sekretazlar
(ADAM) ile kesilerek cozilebilir N-terminal fragmentlerin(sAPPa) olusmasit
saglanir. Kesim sonrasi, C-terminal fragment kismu ise y-sekretazlar ile Kkesilir. a-
sekretazlar ile yapilan kesim, amyloid-beta peptid amino asit dizisini boldiigi igin,
peptid olusumunu engellemektedir (11). Amyloidogenic yolakta ise APP, f-
sekretazlar (BACE1) ile kesilirek daha kisa N-terminal fragmentler(sAPPB) ve
amyloidogenic amino asit diziyi de iceren daha uzun C-terminal fragmentler olusur.
y-sekretazlar ile yapilan ikinci kesim ile de amyloid-p peptidleri tiretilir. A tiirleri
monomer olarak salinir ve kademeli olarak dimer, trimer, oligomer, protofibril, fibril

formlarinda birikir ve son olarak ¢oziinemeyen A plaklarmin olusmasini saglarlar.



Benzer olmalarina ragmen, A4z agregasyon ve fibrilizasyona daha yatkindir ve
Alzheimer patolojisinde dnemli yere sahiptir (10).

AP oligomerleri, amyloid tiirevleri igerisindeki en toksik form olarak
bilinmektedir (12). Noron ve glialarla etkileseme girerek inflamasyon kaskadlarinin
aktivasyonuna, mitokondrial disfonksyion ve oksidatif stresin artmasima (13), hiicre
ici sinyal mekanizmalar1 ve sinaptik plastisitenin = bozulmasmna, Tau
fosforilasyonunda ve GSK-3f aktivitesinde artisa, kalsiyum metabolizmasinda
dereglilasyona, noronal apoptoz ve hiicre 6lumine neden olur. Bu mekanizma,
amyloid kaskadi olarak adlandirilan siirecin baglamasi tetikler. Fazla miktardaki
AP tiirevlerinin neden oldugu norotoksisite ve hiicresel zararlar APP
metabolizmasinda bozukluklara oncelik eder, sonu¢ olarak daha fazla AP
uretilmesine neden olur (9).

Normal fizyolojik kosullar altinda, APP genellikle salgilayic1 yolag: tercih
eder. Bunun yaninda AP tiretimi ve beyin dokularindan temizlenmesi arasinda bir
denge vardir (12). AP peptidlerinin beyin dokularindan temizlenmesinde gorev alan
iki 6nemli protein apoliprotein E (APOE) ve insulin-degrade eden enzim(IDE) dir.
Anormal IDE veya APOE’deki dezavanataj saglayan genetik polimorfizmlerin,
temizlenme siirecini etkiledigi diisiiniilmektedir ancak mekanizmaya ait net bir bilgi

mevcut degildir (14).

4.1.2.2. Tau iligkili hipotez
Mikrotibul-iliskili protein Tau, pek ¢ok dokuda sentez edildigi gibi merkezi ve
periferal sinir sisteminde de bulunmaktadir ve hiicre iskeletinin Onemli bir
elemanidir. Tau, a- ve B- tubulin ile iliski icerisindedir ve fosforilasyonu, tubulin
polimerlerinin stabilizasyonu igin biiyiik 6neme sahiptir. Bu a¢idan, néronal yapinin
devamlilig1, aksonal transport ve ndronal plastisitede de esansiyel role sahiptir. Tau
proteininin fosforile ve defosforile formlari, proteinin serin ve treonin reziduleri
uzerinde yer alan fosfoepitoplar lizerinden geri doniistiirtilebilir sekilde olusturulur.
Anormal fosforilasyonlarin yaninda, normal seviyeden fazla miktarda fosforile olan
Tau proteinleri (hiperfosforile) aksonal transport ve sinaptik metabolizmay1 bozarak,

mikrotlbuler hiicre iskeletini yikimina, norofibriler yumaklarin olusmasina ve nihai



olarak noéronal 6liime yol agmaktadir (15). Alzheimer hastalarinda, Tau proteini
Uzerinde en az 25 anormal fosforilasyon bélgesi tanimlanmistir (16).

Tau ve tubulin arasindaki baglantilar dinamiktir. Tau, kendi polimerizasyonunu
saglarken tubulinin depolimerizasyonunu inhibe eder. Bu surecglerde, Tau’nun
fosfoepitoplar1 iizerindeki fosforilasyon-defosforilasyon arasindaki denge ile
dizenlenmektedir. Tau fosforilasyon-defosforilasyonunda birden fazla protein kinaz
ve proteaz gorev alir ancak, glikojen sentaz kinaz- 3 (GSK-3p) noronlarda eksprese
edilen en 6nemli Tau kinazdir (17). Onceki ¢alismalarda Alzheimer hastalarmimn
serebral dokularinda azalan fosfataz ekspresyonu (15) ve nérofibriler yumaklarda
artan kinaz ekspresyonu gosterilmistir (18). Embriyonik gelisim evresinde,
noroplastik degisimlerin fazla ve gerekli olmasi sebebiyle Tau genellikle
hiperfosforile durumdadir (19). Geligsimin sonraki donemlerinde defosforilasyona
yatkin hale gelerek hiicre iskeletinin devamliligini ve néronal homeostasiyi saglar
(18). Alzheimer gibi bazi1 patolojik durumlarda, Tau hiperfosforile hale gecer ve
tubuline baglanmasi engellenir. Bu da, mikrotiibiiler yapmin bozulmasiyla baslayan
aksonal transport ve sinaptic plastisitede bozukluklarla ilerleyen hicre 6limine
neden olurlar (20).

Amyloid hipotezinin tersine Tau iligkili hipotezde, Tau homeostasisinin
bozulmasi  Alzheimer hastaligi  olusumunda birinci basamakta oldugu
desteklenmektedir. Bunun yaninda, Tau abnormaliteleri frontotemporal demans,
coklu sistem atrofileri, kortiko-basal dejenerasyon ve bazi motor néron hastaliklar
gibi norodejeneratif bozukluklarda da gorilmektedir. Bu nedenle, Tau patolojisi
tastyan bu hastaliklar “taupatiler” olarak smiflandirilmaktadir.  Alzheimer
hastalarinda norofibriller yumaklarin varligi gosterilse de; bazi hafif kognitif
bozukluga sahip hastalarda hiperfosforile Tau gézlemlenirken, amyloid-p plaklarina
rastlanmamasi,  Alzheimer  hastaliin1  tetikleyen ilk  bozuklugun Tau
hiperfosforilasyonu oldugu goriisiinii desteklemektedir (Rhein ve Eckert, 2007).
Buna ragmen, bulgularin ¢ogu amyloid hipotezini desteklemektedir ve ne erken-
baslangicli ne de geg¢-baslangicli Alzheimer hastalarinda, Tau geninde genetik

mutasyona rastlanmamaktadir (21).



4.1.2.3. Diger hipotezler

AP ve tau proteinlerinin agregasyonu Ve oksidatif stresin de etkisiyle
noroinflamasyonun  tetiklenmesine  dair  teoriye ek  olarak, = metal
metabolizmalarindaki bozukluklarda AD ile iliskilendirilmistir. AP plaklar1 ile
birlikte demirin lokalize oldugu (22, 23) ve Alzheimer’da demir, bakir, ¢inko ve
aliminyum homeostazisinin  bozuldugu gosterilmistir (24, 25). Yapilan
calismalardan biri, 24 haftalik PSAPP farelerinin korteks dokularindaki demir
miktarinin artisi ile Abeta plaklarinin olusumunun es zamanli oldugunun ama artan
demir miktarinin Abeta plaklarindan kaynaklanmadigini gostermistir (26). Bir diger
calismada ise, 8 aylik ABPP/PS1 transgenik farelerin beyin hemisferlerindeki total
demir miktarinin degismedigi ancak Abeta plaklar1 ile lokalize oldugu
gozlemlenmistir (27). Demir seviyesi, sistemik regiilasyonun yani sira innat immiin
sistem hiicreleri tarafindan salgilanan bazi proteinler tarafindan da kontrol edilir (28).
AD patolojisinde mikroglia ve astrosit aktivasyonu ve bunlarin demir
metabolizmasina olan etkisi halen arastirilmaktadir (29, 30). AD hastalarinda arttig1
bilinen IL1a, IL1B ve IL6 sitokinleri aktif mikroglia ve astrositlerin Grinudur (31,
32) ve IL6, enfeksiyon ve inflamasyon durumlarinda, hepcidin demir regiile edici

hormon araciligiyla demir seviyesini regiile etmektedir (33).

4.2. Hipokampal CA1 bélgesi

Hipokampls, ekstraselliler plak ve yumaklardan ilk etkilenen beyin
bolgelerinden biridir ve hafiza olusumu ve geri cagirimindaki esansiyel rolii
bilinmektedir (34-37). Onceki ¢alismarda Alzheimer’s hastalarinin hipokampiis
aktivitesindeki bozukluklar da gosterilmistir (38). Hipokampal formasyon birkag
altkisimdan olugmaktadir ve hafiza performanst bu kisimlardaki lezyonlardan
etkilenmektedir (39-42).

Hipokampal formasyonun altkisimlart: hipokampal ‘proper’- cornu ammonis
(CA1-CA3), dentat girus (DG), subikular kompleks ve entorhinal korteks (EC) (43).
EC’nin hipokampiise afferent input kaynagi olmasi ve DG’nin bilginin transfer
edildigi ana yol olmas1 nedeniyle sahip olduklar1 6neme ek olarak, EC’den CAl ve
CA3’e olan projeksiyonlar da diisiiniildiigiinden daha 6nemlidir (44). Hipokampistn

output yapilari CAl ve subikulumdur (45). Aymi zamanda CAl ve CA3,



hipokampiisiin primidal hiicrelerinin bulundugu temel bolgedir (46). EC, CAL ve
subiculum ile bilateral baglantilara sahiptir ve kortekteki assosiasyon alanlarindan
gelen ve bu alanlara giden bilgilerin trafiginde bir arayliz gérevindedir (47, 48).
Alzheimer’s hastaliginda, CA1, CA2-3 ve subkulumdaki plastisitede instabilite
(49), CA1 ve CA3’in her ikisindeki metabolic aktivitede azalma (50), CA1’deki
néronal hicre govdesi, nikleus ve niikleoli’de belirgin bir hipertrofi gésterilmistir
(51). Ek olarak, AD bireylerin CA1 bdlgesindeki sinaps sayisinin, hafif kognitif
bozukluk tasiyan yada saglikli bireylere gore daha az oldugu (55%) gosterilmistir
(52). Tim bu bilgiler 151¢31nda hipokampal CA1’in AD’deki degisimlerinin ileri
analiz yontemleri ile arastirilmasi hem patolojinin anlasilmasi hem de diger demans

tiirlerininden ay1rt edici 6zelliklerin tanimlanmasina yardimci olacaktir.

4.3.  Ekstaseltler matriks (ECM) ve AD

Noron ve glialar tarafindan iretilen beyin ekstraseliiler matriksi (ECM), sinir
sistemi gelisiminde ndrogenez, hiicre gogl, aksonal buylime ve yon bulma gibi pek
cok hiicresel siirecte gorev almaktadir (53, 54). Son yillarda yapilan ¢alismalar,
yaslanmaya bagli meydana gelen ECM igerigi ve hacmindeki degisimlerin
ndrodejeneratif siireclerle iliskili olabilecegini ortaya koymustur (55, 56). Ozellikle,
ECM tarafindan meydana getirilen spesifik ve stabil yapilar olan perindronal aglarin
(PNN), Alzheimer’s ve Parkinson gibi ndrodejeneratif hastaliklarin ortaya ¢ikmasi ve
gelismesinde etkili oldugu diistiniilmektedir (57). Sinapslar1 ¢evreleyerek stabil hale
getiren PNN olusumu, beyni oksidatif stresten kaynaklanan norodejerasyon,
yaslanma ve hasarlardan korumaktadir (57). Diisiik yogulukta PNN igeren beyin
bolgelerinin, yiiksek yogunlukta PNN kapli néron igceren bolgelere gore norofibrillar
dejenerasyona yatkin oldugu da gosterilmistir. Bu iliski, AD patolojisi ve ndronal
ECM arasindaki baglantiy1 desteklemektedir (58).

Matriks metalloproteinazlar (MMP) ise B-amyloid senil plaklar etrafinda
kiimelenen aktif glial hiicrelerden salinan diger bir 6nemli néral ECM bilesenidir. A-
beta plaklarimi degrade etmek amaciyla bu bélgede salinan proteinazlar, ayni
zamanda PNN yapisin1 da negatif olarak etkilemektedir (59). Diger yandan, PNN-
saril1 néronlar, PNN icerisinde MMP inhibitorii miktarinin artirilarak MMP’lerden

etkilenmedigi de bilinmektedir (60, 61).
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Heparan siilfat proteoglikanlar (HSPG), senil plaklarla iligkili oldugu bilinen
diger bir ECM bilesenidir (62). HSPG ailesinde yer alan Glipikan, Sindekan 1-3 ve
Agrin’in, senil plaklar ve serabral amyloid anjiyopatilerde birlikte lokalize olduklar1
gosterilmistir (63, 64). Heparin siilfat boyamalarindan elde edilen verilere gore,
birikmeye baslamalari, plak gelisiminin erken evreleri ile ¢cakigsmaktadir; ek olarak,
miktar ve yapilar1 ndrodejenerasyonun erken evreleri ile iligkilendirilmistir (63, 65).

ECM glikoproteinleri sinifinda en iyi bilinen proteinlerden biri de NMDA (N-
methyl-D-aspartate) reseptorlerini regille eden Reelindir (66). Daha 6nceki
caligmalarda, AD fare modelerinin entorhinal korteksinde ve AD bireylerin beyin
dokularinda reelin ekspresyonun azaldig1 gosterilmistir (67). Reelin seviyesindeki bu
azalma, apoliprotein E reseptor 2 ve VLDL reseptorii araciligiyla, Af ve tau

patolojisini negatif etkileyen reelin sinyalini de azaltmaktadir (68).

4.4.  Proteomik ve AD

Alzheimer ve Parkinson gibi ndrodejeneratif hastaliklar, kompleks molekiiler
mekanizmalar sonucunda meydana gelmektedir. Bu kompleksligi aciklayabilmek
amaciyla son on yilda, hiicre, doku, serum ve BOS gibi biyolojik materyallerdeki
proteom degisimleri, kiitle spektrometrisine dayali proteomik metotlarla siklikla
calisilmistir (69-71).

Kitle spektrometrisi, biyolojik materyal igerisindeki tum proteinlerin
tanimlanmas1 ve ekspresyon degisimlerinin kalitatif olarak hesaplanabilmesini
saglamas1 acisindan, patolojiyi anlamada daha biitiinciil veriler elde edilmesini
saglamaktadir. Bu ¢aligmalarin kalite ve giivenilirligi gelisen teknolojinin yardimai ile
yukselise ge¢mistir. Ek olarak, ekstraseliiler matriks, interstisyel sivilar, hiicre
membran1 veya organeller gibi farkli biyolojik materyallerin ¢alisilmasi ile de
patoloji altinda yatan molekiiler —mekanizmalarin anlagilmasina katkida

bulunulmustur (72-74).
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5. MATERYAL VE METOT

5.1. Materyal
5.1.1. Ekipmanlar

Tablo 5.1.1.1: Ekipman Listesi

Gereg Markasi Uriin Kodu
ChemiDoc™ MP System BioRAD 1708280
Concentrator Plus Ependorf 5490 030.001
Cordless Pellet Pestle Kimble 749540-0000
Cryostat Lecia CM1950
Eppendorf® LoBind Microcentrifuge Tube (1.5 mL) Sigma-Aldrich 2666505
Etdv (37 °C - Proteomiks) Memmert 8419 8998

Etliv Forma Steri-Cycle (37 °C %5 CO, — Hiicre Kiltiri)

Hassas Terazi

Heatblock Isitict

Hoffman Modulasyonlu Ters Optik Mikroskop
Konfokal Mikroskop (LSM 780 NLO)
Kuru-buz Cihazi

Lam

Lamel

Laminar Flow Kabin Airstream Gen 3
LC-Vial

Manyetik Karistirict

Maxisafe 2020 Class Il Biyolojik Glvenlik Kabini
Mikropipet Seti

Mini-PROTEON Tetra Cell
nanoACQUITY UPLC BEH C18 Column

nanoACQUITY UPLC Symmetry C18 Trap Column
Pappen

PCR tiip (0,2 pL)
PCR tiip (0,5 pL)

Petri (Cam tabanli — 35 mm)

PowerPac™ Universal Power Supply

Thermo Scientific
Explorer
Benchmark
Zeiss

Zeiss

Thermo Scientific
Thermo Scientific
ESCO
Supelco
Benchmark
Thermo Scientific
Ependorf
BioRAD
Waters
Waters

Sigma

Fluoro Dish
BioRAD

144099-8653
EX124
H5000-HC

10143352

29413-U
H400HSB
51026653

1658000EDU

PD35-100
1645070
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Qubit® 2.0 Fluorometer

Santrifuj (Hucre kiltird) SL 16R
Santrifuj (Proteomiks) Biocen 22R
Shaker

Sogutucu (+4 °C)

Sogutucu (-20 °C)

Sogutucu (-80°C)

Stereo Mikroskop Observer.Al

Sub-Cell ® GT Horizontal Electrophosesis Systems, Tray

SYNAPT G2-Si High Definition Mass Spectrometry
T100™ Thermal Cycler

Trans-Blot® Turbo™ Transfer System
Protean i12 IEF Cell System
MALDI-TOF/TOF

Thermo Scientific
Thermo Scientific
Orto Alresa
Benchmark
Ugur
Thermo Scientific
Arctiko
Zeiss
BioRAD
Waters
BioRAD

BioRAD
BioRAD
ABSciex

Q32866
75004030
CE 148

1704401

1861096
1704155
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5.1.2. Kimyasallar

Tablo 5.1.2.1: Genotiplemede Kullanilan Kimyasallar Listesi

Gereg Markasi Uriin Kodu
NaOH Sigma-Aldrich 221465
EDTA Sigma-Aldrich E9884
Tris/HCI Sigma-Aldrich T5941
Tag PCR NEB E5000S
PCR Primerleri Sentromer
Agaroz Sigma-Aldrich A9539
Trizma® Base Sigma-Aldrich T1503
Glasiyal Asetik Asit Sigma-Aldrich 537020
SafeView™ DNA boyasi ABM G108
DNA Standart NEB E5000S
Yiikleme Boyas1 Thermo Scientific R0611
Tablo 5.1.2.2: Protein Ekspresyon Analizinde Kullanilan Kimyasallar Listesi
Gereg Markasi Uriin Kodu
Proteaz Inhibitor Kokteyl Sigma-Aldrich P8340
FASP™ Protein Digestion Kit Expedeon 44250
AmBic Sigma-Aldrich
UPX™ Universal Protein Extraction Kit Ecpedeon 44101
L L Sigma-Aldrich PURNG60100
Pure-A-Lyzer™ Mini 6000 Dialysis Kit
o Thermo Scientific 90055
Tripsin
. . Fluka 94318
Formik Asit
) ) Thermo Scientific Q32853
Qubit Assay Kit
o , Merck 100029.2500
Asetonitril (LC-MS safliginda LiChrosolv® )
. Merck Millipore 15333
Su (LC-MS safliginda LiChrosolv®)
Glul-Fibrinopeptide B Standart Waters 700004729
Sigma-Aldrich S7653
NaCl
. Waters
Leu-Enkephalin
Sigma-Aldrich
I1AA
Sigma-Aldrich
DTT
ProteoChem
CHCA
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Tablo 5.1.2.3: 2D-SDS-PAGE igin Kullamilan Kimyasallar Listesi

Gereg Markasi Uriin Kodu
Ure BioRAD 1610730
Tioiire Merck 1079790250
CHAPS BioRAD 1610460
Proteaz&Fosfotaz inhibitéri ThermoPierce 88669
Bradford Soliisyonu BioRAD 50000006
Amfolit BioRAD 1631113
Bromofenol mavisi BioRAD 1610404
IPG Stripleri (NL 3-10) BioRAD 1632016
Mineral Oil BioRAD 1632129
Tris/HCI Sigma-Aldrich T5941
Low melt agaroz BioRAD 1632111
Gliserol Merck 1040922500
SDS Sigma-Aldrich L3771
Criterion TGX jel (4-20%) BioRAD 5671091
Metanol Merck Millipore 106009
OxyBlot Protein Oxidation Detection Kit Merck S7150
Laemmli Ornek Tampon Cozeltisi BioRAD 1610737
Metanol Merck Millipore 106009
ProQ Diamond ThermoFischer M33305
Sodyum Asetat Sigma-Aldrich 52889
SyproRuby ThermoFischer M33305
Trans-Blot® Turbo™ RTA Mini PVDF Transfer Kit BioRAD 1704272
BSA Sigma-Aldrich

Tween-20 Sigma-Aldrich P1379
Clarity Western ECL Blotting Substrate BioRAD 1705060
WesternC prestained protein ladder BioRAD 1610385
Transblot midi PVDF membrane kit BioRAD 1704273
PeppermintStick MW marker ThermoFischer pP27167
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Tablo 5.1.2.4: Iimmunohistokimya Igin Kullanilan Kimyasallar Listesi

Gereg Markasi Uriin Kodu
Mounting Medium

NaCl Sigma-Aldrich S7653
KCI Sigma-Aldrich P9333
Sodyum Fosfat, Dibazik Merck Millipore 567547
Potasyum Fosfat, Monobazik Merck Millipore 529568
IL-6 antikor Santa Cruz sc-7920
A-beta antikor Covance SIG-39200
VECTASTAIN Universal Quick HRP Kit (Peroxidase) Vector Laboratories PK-7800
DAB Peroxidase (HRP) Substrate Kit Vcetor Laboratories SK-4100
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5.2. Metot
5.2.1. Deney hayvanlar iiretimi ve genotiplenmesi

Alzheimer’s hastaliginin temel 6zelliklerini tasiyan transgenik SXFAD fareler (The
Jackson Laboratory, B6SJL-Tg(APPSwWFILon, PSEN1*M146L*L.286V)6799Vas/J)),
yeni transgenik farelerin Uretilmesi amaciyla, hibrid B6SJL fareleri (The Jackson
Laboratory, B6SJLF1/J) ile giftlestirildi. Her bir 5XFAD erkek fare, 3-4 adet disi
B6SJL fare ile; disi SXFAD fareler de, erkek B6SJL fareler ile iireme kafesine
birakildi. Ciftlesme ve hamilelik donemlerinin ardindan, tim hayvanlardan verimli
sekilde yavrular elde edildi. Tek batinda hem heterozigot transgenik (SXFAD) hem
de transgenik olmayan (LM- Littermate) yavrularin olmasi nedeniyle, yavrulardan
doku 6rnegi alinarak genotiplemesi yapildi. Paslanmaz metal kulak kipesi (Harvard
Apparatus, USA) ile sag kulag: isaretlenen 20-25 giinliikk hayvanlarin, sol kulak
kepgesinden 2.0 mm ¢apinda 6rnek alindi (Harris Micro-Punch, Sigma-Aldrich).

5.2.1.1.DNA izolasyonu

DNA izolasyonu ig¢in, genel olarak genotipleme de kullanilan “kirli” DNA
izolasyonu yontemi kullanildi. Bunun i¢in, tiiplere alinip isaretlenen doku 6rnekleri
Uzerine 75ul, 25mM NaOH / 0,2mM EDTA eklendi ve Polimeraz Zincir Reaksiyonu
(PZR) cihaz1 igerisinde 1 saat boyunca 98 °C’de inkiibe edildikten sonra 15 °C’ye
sogutuldu. Inkiibasyon sonras1, ndtralizasyon amaciyla tiiplere 75 ul 40 mM Tris/HCl
(pH=5.5) eklendi. 4000 rpm’de 3 dakika santrifiij edilen 6rneklerin supernatantindan
4 ul alinarak, PZR analizinde template DNA olarak kullanild.

5.2.1.2.Polimeraz zincir reaksiyonu (PZR)

Izole edilen total DNA’larda hedef genlerin amplifikasyonu icin standart PZR
yontemi kullanildi. Kontrol gruplarindan farkli olarak 5SXFAD fareler, ailevi
Alzheimer’s hastaligina neden oldugu bilinen APP (Amyloid Precursor Protein) geni
Uzerinde 3 adet ve PS1 (Presenilin) geni tizerinde 2 adet mutasyon tasimaktadir. PZR
reaksiyonunda kullanilmak iizere, kontrol ve mutant hayvanlarda amplifiye olmasi
beklenen internal pozitif kontrol ve mutasyonlari tasiyan genlerin amplifikasyonunu
saglamak amaciyla kullanilan primerler Tablo 5.2.1.3.1°deki gibi sentezlettirilmistir

(Sentromer DNA Teknolojileri Ltd. Sti., Istanbul). Liyofilize halde gelen primerler,
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Onerilen miktarda ddH20 ile ¢ozllerek 100 mM stok soltsyonlar elde edildi. PZR
reaksiyonu oncesinde 20 mM soliisyonlar elde edecek sekilde dilue edildi. PZR
reaksiyon karigimi, her bir doku 6rnegi i¢in kit yardimiyla (NEB, E5000S) Tablo
5.2.1.3.2°de belirtilen sekilde hazirlandi. Tablo 5.2.1.3.2°de belirtilen oranlarda
birlestirilerek hazirlanan orneklerin PZR reaksiyonu asamalar1 Tablo 5.2.1.3.3’de

gosterilmistir.

5.2.1.3. Agaroz jel elektroforezi

PZR fiiriinlerinin degerlendirilmesi, agaroz jel elektroforezi yontemi ile yapilmistir.
Bu amagla kullanilacak olan her bir jel i¢cin 3 gr agaroz, 100 ml TAE tampon
gozeltisi igerisinde (%3’liik jel), mikrodalga firinda 5 dk kaynatildi. Jel polimerize
olmadan once igerisine, niikleik asitleri UV 11k altinda goriiniir hale getiren boyadan
(Safeview, ABM) 5 ul eklendi. Boya jel igerisine homojen olarak dagitildiktan sonra
jel yurutme kasetine dokiilerek, polimerize olmasi beklenildi. Diger yandan, PZR
tiriinleri, ylikleme boyasi ile (6X Gel Loading Dye, NEB B7021-S) ile 1:5 oraninda
karigtirilarak jele yiiklenmeye hazir hale getirildi. Polimerize olan jele sirasiyla,
DNA ladder (Quickload 2-log, NEB N0496), kontrol ve test edilecek ornekler’den
10 ul yiiklendi. 80V ‘da 45 dk yiriitilerek, ChemiDoc Goriintiilleme Sistemi
(BioRad) kullanilarak goriintiilemesi yapildi.

Tablo 5.2.1.3.1: Genotiplemede kullanilan primer dizileri

Beklenen
- Baz Tm
Primer Ad1 Baz Dizisi (5°-> 3%) Baz
Says1 | (°C)
Sayis1
Kontrol_Forward | CTA GGC CAC AGA ATT GAA AGA TCT 24 59,3 | 324
Kontrol_Reverse | GTA GGT GGA AAT TCT AGC ATC ATCC 25 61,3 | 324
APP_Forward AGG ACT GAC CAC TCG ACC AG 20 61,4 | 377
APP_Reverse CGG GGG TCT AGT TCT GCA T 19 58,8 | 377
PS1 Forward AAT AGA GAA CGG CAG GAG CA 20 57,3 | 608
PS1 Reverse GCC ATG AGG GCACTA ATC AT 20 57,3 | 608
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Tablo 5.2.1.3.2: PZR reaksiyonu bilesenleri.

Reaksiyon Bileseni Negatif Kontrol Test GruPl_J
(1 6rnek icin)
ddH20 9,6 9,5
10x Reaction Buffer 2,4 2,4
dNTP 0,5 0,5
Kontrol_Forward 1,2 1,2
Kontrol_Reverse 1,2 1,2
APP_Forward 1,6 1,6
APP_Reverse 1,6 1,6
PS1 Forward 1,6 1,6
PS1 Reverse 1,6 1,6
Template 4 4
Tag DNA polimeraz - 0,125
Toplam 25 25
Tablo 5.2.1.3.3: PZR reaksiyon asamalari.

Derece (°C) Sire Dongu

94 3dk 1

94 00:30 dk

57,3 1dk 35

72 1dk

72 2 fk 1

10 o -

5.2.1.4. Molekdler yontem ile cinsiyet tayini

Kontrolsiiz iiretimi engellemek amaciyla, hayvanlarin cinsiyetinin tam olarak
tanimlanip kafeslere ayrilmasi gerekmektedir. Genotipleme i¢in 6rnek alimi ise,
hayvanlar 20-25 giinliikken yapilmistir. Bu doénemde hayvanlarin cinsiyetleri
anatomik olarak tam ayirt edilemedigi i¢cin 6nlem olarak, alinan doku 6rneklerinden
genotipleme protokolu takip edilerek cinsiyet tayini yapilmistir. Cinsiyet tayini igin
Y-kromozomuna 6zgii Sry geni, izole edilmis total DNA’dan PZR reaksiyonu ile

amplifiye edildi (75, 76). Kullanilan primer dizileri Tablo 5.2.1.4.1°deki gibidir.
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Tablo 5.2.1.4.1: Sry geni amplifikasyonu i¢in kullanilan primer dizileri.

Beklenen
Baz m
Primer Ad1 Baz Dizisi (5°-> 3°) Baz
Sayist | (°C)
Sayisi
Sry_Forward TGG GAC TGG TGACAATTG TC 20 57,3 | 402
Sry_Reverse GAG TAC AGG TGT GCA GCT CT 20 59,4 | 402

PZR reaksiyon agamalar1 Tablo 5.2.1.3.3’de belirtildigi gibi kullanilirken, PCR
bilesenlerinde Tablo 5.2.1.3.2°den farkli olarak, agaroz jelde goriilmesi beklenen
bantlarinin yakin olmasi nedeniyle, APP gen primer ¢ifti ¢ikartilip, yerine ayni
miktarda Sry geni primer ¢ifti konulmustur (APP, 377 bp; Sry, 402bp). PCR
reaksiyonu iriinleri, %@4’lilk agaroz jelde yiiriitiildiikten sonra goriintiilemesi

yapilmisti.

5.2.2. Morris su labirenti davramssal testi

Deneyler i¢in 93 cm cap1 ve 42 cm yiiksekligi olan Morris Su Labirenti kullanildi.
Fareler testin baslangi¢c giinii (0. Giin) ylizme alistirmalar1 i¢in platformsuz tank
icinde 120 saniye yuzdiruldii. Takiben ilk 4 giin (1-4. Giinler) Ogrenme Fazi
deneyleri ve 5. giin Hafiza Faz1 deneyleri yapildi. Morris Su Labirenti dort kadrana
(kuzey, giiney, dogu, bati) boliindii. Ogrenme fazinda (1-4. Ginler), kadranlardan
birine suyun 1 c¢m altinda kalacak sekilde yiiksekligi 30 cm ve yiizey alant 10 cm?2
olan bir platform kondu. Suyun yiizeyi 2,5 mm biiyiikliigiinde polimerlerle
kaplanarak farelerin platformu goérmesi engellendi. Bu fazda, fareler her bir
kadrandan 20 dakika ara ile birakilarak her defasinda 120 saniye boyunca
yiizdiiriildiiler. Farelerin 120 saniye i¢inde odanin dort duvarinda sabit olarak
bulunan bazi resimlerden hiza almak suretiyle yiizerek gizli platformu bulmasi
beklendi. Platformu bulan fareler 30 saniye platform Uzerinde bekletildi. 120 saniye
icinde platformu bulamayan fare arastirici tarafindan sudan alinip platform iizerine
birakildi ve 30 saniye boyunca etrafi gozlemesi beklendi. Fareler her bir kadranda
ylizdiiriildiikten sonra diger kadranda test edilmek i¢in bekletildikleri 20 dakikalik
donemlerde sicak hava ile kurutuldular. Bu fazda farelerin platformu bulma siiresi

ol¢iildii ve dort ayr1 kadrandan elde edilen verilerin ortalamalar1 hesaplanda.
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Hafiza fazinda (5. giin) ise farelerin bosluksal bellek fonksiyonlar1 incelendi. Bu
fazda platform yerinden kaldirildi ve fareler daha Once platformun bulundugu
kadranin karsisindaki kadrandan suya birakilarak 60 saniye ylizdiiriildi. Hafiza
fazinda platform alaninda gegirilen siire, hedef kadrana girme siklig1 ve toplam
ylzulen mesafe 6lguldi. Farelerin su tankindaki davranislar1 bir kamera yardimiyla
bilgisayar ortamina aktarildi ve veriler bir bilgisayar yazilimi (EthoVision) ile
degerlendirildi. Gruplar arasindaki istatistiki karsilagtirmalar Student t testi ile
yapildi. Grup i¢i degisim ise Tek Yonlii Varyans Analizi kullanilarak analiz edildi. P
degerinin 0,05’ten kiiglik olmas1 istatistiki anlamlilik olarak degerlendirildi
(*p<0,05).

5.2.3. Immaunohistokimya analizi

5XFAD ve transgenik olmayan kontrol grubu (LM) fareler, isoflurane kullanilarak
anestezi altina alindi. Hizlica beyinleri ¢ikartilarak, kuru buz iizerinde donana kadar
(~3-5 dk.) beklenildi. -20 °C’de 3-4 gun bekletildikten sonra dondurulmus
beyinlerden kriyostat (Leica,) yardimiyla, poli-L-lizin kapli lamlar iizerine 18
mikrometrelik koronal kesitler alindi. Kesit alinacak bolgeler, Paxinos ve Franklin’in
beyin atlast (“The Mouse Brain in Stereotaxic Coordinates”) referans alinarak
secildi. Kesit alma islemi, kesitlerin Poli-L-lizin kapli lam iizerine fiske olmasi
amaciyla, 30 dk boyunca 40 °C’de 1sitic1 lizerinde inkiibe edilmesiyle sonlandirild1.
Alinan kesitler, immiinhistokimya deneyleri yapilana kadar -80 °C’de muhafaza
edildi. Immiinohistokimya ile boyanacak kesitler, boyama oncesinde kurumasi igin
30 dk oda sicakliginda inkiibe edildi. Ardindan, 4% paraformaldehit ¢ozeltisi
icerisinde 15 dk calkalanarak inkiibe edildi. PFA inkiibasyonu sonrasinda, PFA’nin
tamamen uzaklastirilmasi i¢in lamlarin dizili oldugu sale yatagi degistirilerek 5 dk su
ile, ardindan 3 kere de 5’er dk 100 rpm’de PBS igerisinde ¢alkalandi. Kesitlerin
alimmas1 ve fiksasyon steplerini takiben, hiicre i¢i peroksidaz enzimlerinin bloke
edilmesi amaciyla hidrojen peroksit bloklamasi yapildi ve ardindan serum (at) ile
bloklandi. Doku etrafindaki fazla PBS siiziilerek hidrofobik kalem ile doku g¢evresi
c¢izildi ve nemlendirilmis bir kutu icerisinde, oda sicakliginda shaker iizerinde bir
saat blok solusyonu ile inkibe edildi. Primer antikorlar uygun dilisyonda +4C de
gece boyu inkiibe edildi (IL6, 1:500 ; A-beta, 1:500). Stereptavidin-Biotin
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Peroksidaz sistemine dayali immiinohistokimyasal boyamalar Vectastain
(VectorLabs, PK-7800) kiti yardimiyla yapildi. Bir kez PBS ile 5dk yikanan dokular,
10 dk boyunca biotin bagl sekonder antikorlar ile inkiibe edilmistir. Bir kez PBS ile
5 dk yikanan dokular, streptavidin/peroksidaz kompleksi ile 5 dk inkiibe edilmistir.
Baglanmayan materyalller PBS yikamasi ile uzaklastilir ve peroksidaz substrati olan
DAB (VectorLabs, SK-4100) ile istenilen koyuluga gelene kadar inkiibe edildi.
Mounting Medium ile muamele edilip lamel ile kapatilan 6rnekler, AxioZoomV 16

(Zeiss) stereo mikroskobu kullanilarak 100X magnifikasyon ile goriintiilendi.

5.2.4. Beyin perfiizati 6rneklerinin toplanmasi

Fareler, serum fizyolojik (%0,9 NaCl) icinde cozulen Ketamin (100mg/kg) ve
Xylazin (20mg/kg) intraperitonel yolla enjekte edilmesiyle anestezi altina alindilar.
Anestezinin derinligi kuyruk refleksinin olmamasi ile dogrulandi. Anestezi
yapildiktan sonra analjezik olarak Lornoksikam (Xefo; 0.2mg/100g, i.p.) uygulandu.
Kafa derisinde 1-1.5 cm uzunlugunda agilan bir insizyonu takiben mikrodril
yardimiyla kafatasinda delik acilarak elde iiretilen push-pull probu hipokampiis’iin
CALl bolgesine (koordinatlar: bregma sifir (0) noktast kabul edildiginde 6n-arka -
2mm, lateral -2mm ve duranin altinda vertikal olarak -1.5mm) yerlestirildi.
Intrakraniyal implantasyonlar fareleri stereotaksik gerceve (Stoelting Co., Wood
Dale, IL, USA) icine yerlestirmek suretiyle yapildi. Beyin perfiizat1 fare anestezi
altindayken toplandi. Push-Pull perfiizyon islemi fizyolojik Krebs ¢dzeltisinin bir
perflizyon pompasi (Stoelting Co., Wood Dale, IL, USA) yardimiyla Sul/dk hizinda
verilmesi ile yapildi. Her fareden 3 6rnek (3x40ul) toplandi. Perfiizyon islemi
bittikten sonra prob c¢ikarilip, post-translasyonel modifikasyon analizleri igin

hippokampusleri disekte edilerek donduruldu.

5.2.5. Ekstraselliiler stvimin LC-MS/MS analizi

Push-pull yontemi ile elde edilen numunelerden proteinler, SDS ve DTT karigimi ile
ekstrakte edilip, iyodoasetamid ile alkillendikten sonra tripsin ile peptitlerine
parcalandi. Olusturulan triptik peptitler hidrofobikliklerine gére HSS T3 kolonunda
asetonitril gradienti ile fraksiyonlandi. Asetonitril ylizdesi 3-40 araliginda arttirilarak

peptitlerin kolondan ayrilmast saglanmis ve ESI iyonlasmasi sonucu kiitle
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spektrometresinde analiz edildi. Analiz esnasinda, m/z 50-1900 araliginda
tanimlanabilecek peptitler i¢in veri toplandi. 0,7sn kadar MS analizi gergeklestirildi
ve peptidin biitiinii hakkinda bilgi toplandi. Ardindan 0,7sn kadar MS/MS analizi
yapilip peptidin parcalanmasi ve sekans bilgisinin elde edilmesi saglandi. Protein
tanimlamalar1 yapilirken SwissProt protein veri bankasindaki fareye ait protein
sekans Dbilgisi  kullanild1. ProgenesisQIl yazilimi1  kullanarak ekspresyon
farkliliklarinin istatistiksel analizi yapildi. LC-MS/MS analizi sonrasinda, kontrol ve
SXFAD fareler arasinda farklilik olup olmadigin1 denetlemek ve gruba uymayan
hatali fare olasiligin1 kontrol etmek icin PCA analizi gerceklestirildi. Ekspresyonu
artan ve azalan proteinler “Ingenuity Pathway Analysis” (IPA) yazilimi ile yolak
analizine tabi tutuldu. Ortak ve iligkili yolaklarin belirlenmesinde Panther
Classification System 10.0(online) ve Reactome V59 (online) veri bankalari

kullanildi.

5.2.6. ICP-MS ile demir miktarmin belirlenmesi

50 ul hipokampiis homojenizati, 1ml suprapur konsantre nitrik asit (65%, Merck,
USA) ile birlestirilerek pargalama kaplarina alindi. Par¢alama islemi icin, 16 teflon
pargalama kapli rotor igeren Titan MPS (Perkin elmer, USA) mikrodalga parcalama
sistemi kullanildi. 3 asamali doku parcalama programi uygulandi. 15 dk sogutulan
kaplardan alinan pargalama solusyonlari, temiz bir santrifiij tiipiine alindi ve dH20
ile dilie edildi. ICP-MS analizi Oncesi, Ornekler 0.45 um ¢aphh Millipore
membranlar1 ile filtrelendi. Kalibrant, internal standartlar ve yikama soliisyonlar1
icin1% suprapur nitric asit kullanildi.ICP-MS analizi Perkin-Elmer Nexion 350D

cihazi ile yapildi. Demir analizi i¢in basilica iki ana izotop (m/z 56 and 57) dlgiildii.

5.2.7. 2D-SDS-PAGE

Hipokampiis dokulari, sivi azotta dondurularak metal boncuklar yardimiyla
homojenize edildi. Homojenizatlar, 200 ul tampon ¢ozelti (7M (re, 2M tioure, 4%
CHAPS, 120 mM DTT, 2% amfolit, proteaz&fosfotaz inhibitorl) ile lize edildi.
+4C’de 30 dk inkiibe edilen 6rnekler, 14.000xg’de +4C de 1 saat santrifiij edilerek
supernatant1 yeni tiipe alindi. Bradford ile protein konsantrasyonlari oOl¢iilen

orneklerden 100 ug almarak liyofilize edildi. 230 ul rehidrasyon solusyonunda (8M

23



ure, 2%CHAPS, 0,5% amfolit, 0,002% bromofenol mavisi) ¢ozulen 6rnekler, IPG
striplerle (Biorad, 3-10 NL, 11cm) yaklasik 10 saat oda sicakliginda inkiibasyona
birakildi. Rehidrasyonu takiben, stripler izoelektrik fokuslama kuyularina alinarak,
kurumay1 onlemek ve 1sinin dagilmasi amaciyla mineral yag ile kaplanarak Tablo
5.2.7.1°deki kosullarda izoelektrik odaklanmasi yapildi ve proteinlerin pH
noktalara gore ayrigmalari saglandi (Biorad, Protean 112 IEF Cell System). Stripler,
SDS-PAGE o6ncesi dengeleme solusyonlarindan (Soll: 6M (re, 75mM Tris-HCI pH
8.8, 30% gliserol, 2% SDS, 1% DTT; Sol2: 6M ure, 75mM Tris-HCI pH 8.8, 30%
gliserol, 2% SDS, 4.5% IAA) gecirildi. SDS-PAGE asamasi i¢in Criterion TGX
(Biorad, 4-20% gradient) hazir jelleri kullanildi. Strip, low melt agaroz ile jel iizerine
sabiltlendi. Jeller, +4C’de 120 V’da 2 saat yiiriitiildii. Fosfoproteinlerin analizi i¢in
jeller, 50% methanol ve 10% asetik asit ile iki kez 30 dk inkiibe edilerek fikse edildi.
ddH2O0 ile fiksasyon solusyonu yikanarak fosfoproteinleri boyayan ProQ Diamond
ile 90 dk oda sicakluginda boyamaya birakildi. 20% ACN, 50 mM sodium asetat
(pH:4) ile fazla boya uzaklastirildi ve ChemiDoc (Biorad) ile goriintiileme yapild1.
Fosfoprotein gorlntiileme sonrasinda, total protein ekspresyon degisimini gormek
amaciyla, gece boyu SyproRuby boyasinda +4C’de inkiibe edilen jeller, 10%
methanol ve 7% asetik asit ile yikandi ve ChemiDoc ile goriintiilemesi yapildi.
Ekspresyonu farkli olmayip fosfo boyamasi ile farkli miktarlarda goriinen spotlar,

UV altinda 2 mm capa sahip spot kesici ile LoBind (Eppendorf) tiiplere alind1.

Tablo 5.2.7.1: izoelektirik odaklama agamalarr.

Step Volt Mod Siire
1 100 Rapid 2sa
2 200 Rapid 1lsa
3 500 Rapid 1lsa
4 1000 Rapid 1lsa
5 1000-3000 Gradient 1lsa
6 3000-8000 Gradient 3sa
7 8000 Rapid 7 sa
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5.2.8. Jel spotundan peptit 6rnegi hazirlama

Jel pargalar1 bulunan tiiplere ACN:100mM Amonyum Bikarbonat (1:1 karigim) ilave
edildi ve boya temizlenene kadar solusyon tazelenerek devam edildi. Solusyon, ACN
eklenerek ortamdan uzaklastirildi ve 50C’ye 1sitilarak kurutuldu. 10mM DTT ilave
edilerek 80C’de 30 dk inkiibe edildi. Ardindan, 55mM IAA eklendi ve oda
sicakliginda karanlikta 20 dk inkiibe edildi. DTT ve IAA pipet ile uzaklastirildi ve jel
pargalar1 iki defa 50 ul 50 mM ABC ile yikandi. ACN ilave edilen jeller 50C2de
kurutuldu. 50 mM ABC igeriisnde 20 ng/ul tripsin eklendi ve 37C’de gece boyu
inkiibe edilerek, proteinlerin triptik peptitlere pargalanmasi saglandi. Triptik
peptitler, 1% formic asit ve 2% ACN iceren ¢Ozelti ile jelden ekstrakte edildi.
Liyofilize edilen drnekler 2 ul CHCA matriks (0.1%TFA ve 50% ACN icerisinde) ile
¢ozillerek MALDI plakasina spotlandi. Kuruduktan sonra MALDI-TOF/TOF

(ABSciex) ile analiz edildi ve protein tanimlamalar1 yapildi.

5.2.9. OxiBlot analizi

Okside olmus proteinlerin analizi i¢cin OxyBlot Protein Oxidation Detection Kit
(Millipore) kullanildi. 20ug protein, 5 ul 12% SDS ile muamele edildikten sonra, kit
icerisinde bulunan derivatizasyon solusyon ile oda sicakliginda 10 dk inkiibe edildi.
Derivatizasyon, nétralizasyon solusyonu ile ndtralize edildi ve direk olarak 12%’lik
SDS poliakrilamid jele yiiklendi. 80 V’da 2 saat yiiriiyen jel, TransBlot Turbo
transfer sistemi (Biorad) ile PVDF membrane transfer edildi. PBS-t icerisinde 1%
BSA c¢ozeltisi ile 1 saat bloklanan membranlar gece boyu primer antikor olan a-DNP
(1:500) ile inkube edildi. PBSt ile yikanan membranlar sekonder antikor (1:500) ile
bir saat oda sicakliginda inkiibe edildi. ECL substrat inkiibasyonun ardindan

ChemiDaoc sistemi ile gortinttileme yapildi.

5.2.10. Beyin omurilik sivis1 ve post-mortem doku oOrneklerinin LC-MS/MS
analizi

Ljubljana Universitesi’ndeki proje ortaklarrmiz tarafindan temin edilen BOS ve
Postmortem doku drnekleri liyofilize edilerek Tiirkiye’ye transfer edildi. Ornekler,
UPX cozeltisi (Expedeon, UK) ile 100 °C’de 10 dk kaynatildi. +4 °C’de bir saat
sogumaya birakilan Ornekler, 14.000 rpm’de +4 °C’de 10 dk santriftij edildi.
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Supernatant alinarak, tuzlar1 uzaklastirmak ve tamponlamak amaciyla gece boyunca
mikrodiyalize (Pure-A-Lyzer, Sigma) birakildi. Yeni tiiplere aktarilan Orneklerin,
florasan boyama temelli Qubit 2.0 (LifeTechnologies) araciligiyla protein
konsantrasyon tayini yapildi. 50 ug protein alinarak, triptik peptid elde etmek iizere
FASP (Expedeon, UK) protokolii takip edildi. Ozetle, proteinler 6M iire ile 30 kDa
cut-off tiiplerde yikandi ve 10 mM iodoacetamid (IAA) ile karanlikta 30 dk inkiibe
edilerek alkilasyonu tamamlandi. Yaklasik 16-18 saat boyunca 37 °C’de, 1:100
(tripsin: protein) oraninda tripsin ile inkibe edildi. Triptik peptitler kolondan geri
kazanild1 ve Qubit 2.0 ile peptid konsantrasyonu 6l¢iildii. nanoLC/MS-MS analizi
yapilacak peptid 6rnekleri, konsantrasyonlar1 100 ng/ul olacak sekilde 0,1% Formik
asit ile muamele edilerek LC tiiplerine konularak analize hazir hale getirildi.
Olusturulan triptik peptitler hidrofobikliklerine gére HSS T3 kolonunda asetonitril
gradienti ile fraksiyonlanmistir. Asetonitril yiizdesi 3-40 araliginda arttirilarak
peptitlerin  kolondan ayrilmasi saglanmis ve ESI iyonlagmasi sonucu kiitle
spektrometresinde analiz edilmislerdir. Analiz esnasinda, m/z 50-1900 araliginda
tanimlanabilecek peptitler i¢in veri toplanmistir. 0,7sn kadar MS analizi
gerceklestirilmis ve peptidin biitiinii hakkinda bilgi toplanmistir ardindan 0,7sn kadar
MS/MS analizi yapilip peptidin pargalanmasi ve sekans bilgisinin elde edilmesi
saglanmistir. Protein tanimlamalar1 yapilirken SwissProt protein veri bankasindaki
insana ait protein sekans bilgisi kullanilmigtir. ProgenesisQI yazilimi kullanarak
ekspresyon farkliliklarinin istatistiksel analizi yapilmistir. Yolak analizleri i¢cin IPA

analiz programi kullanilmigtir.
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6. BULGULAR

6.1. Genotipleme ile transgenik hayvanlarin belirlenmesi

Transgenik ve transgenik olmayan kontrol grubu farelerin ayrilmasi i¢in yapilan
genotiplemeler sonucunda, Resim 6.1.1’de gosterildigi gibi, tek bantin oldugu
kuyularda ydratilen 6rnekler transgenik olmayan (LM) hayvanlara aitken, 3 bant
gOzlemlenen 6rneklerin transgenik hayvanlara (T) ait oldugu belirlendi. Cinsiyetin

molekiiler olarak analiz edilmesi, anatomik taniya ek olarak kullanildi (Resim 6.1.2).

M K 1 2 3 4 5 6 7 8 9 1011 12 13 14

PS1, 608 bp
APP, 377 bp
Kontrol, 324 bp

M T IM T MIMTWWMWMT WMT T LM

Resim 6.1.1: Agaroz jel elektroforezi ile PCR drlnlerinin analizi. (M, marker; K, kontrol
ornegi; LM, transgenik olmayan LitterMate fare; T, transgenik fare)

VI B R A e ST A e e K s b I A [

e < PS1

<3
~_Kontrol

Transgeniklk: T IMIM MMM T M T IMIMIM T
Cinsiyet : B2 D B bl E E E E D D D E§ D

Resim 6.1.2: Transgeniklik ve cinsiyet analizi sonuglari. (M, marker; K, kontrol
ornegi; LM, transgenik olmayan “LitterMate” fare; T, transgenik fare; D, disi; E,
erkek)
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6.2. 3,6 ve 12 aylk farelerin MWM hafiza testi

Ekstraseliiler matriksin alinmasindan once, farelerin kognitif bozulmalarinin test
edilmesi amaciyla Morris Su Tanki deneyleri gergeklestirildi. Sekil 6.2.1°de Ki
daireler su tankini, siyah kareler gizli platformun yerini (hedef kadran), kirmizi
cizgiler ise farenin hareket ettigi yerleri gostermektedir. Sekil 6.2.1/1’e gore, 3 aylik
kontrol hayvam ilk giin platform bulamazken, 4. giin sonunda platform hizlica
bulmaktadir (6.2.1/2). Platformun kaldirildigi hafiza fazinda ise normal hayvan
(6.2.1/3) platformun onceden var oldugu bolgede yiizerken, ayni yastaki 5XFAD
(6.2.1/4) platformun yerini hatirlamayarak rastgele yiizmektedir. Bu veriye gore
hayvanlarin hafizalarinda bozulmalar, 3 ay da kendini gostermektedir. 3,6 ve 12
aylik hayvanlarin, ilk 4 giin boyunca platform ulasma siireleri ve hedef kadranda
kalma sireleri hesaplanmistir (Sekil 6.2.2). 3 ve 6. aylarda hedef kadran surelerinde
istatistiksel anlamlilik goriilmemesine karsin, platforma ulasma siireleri ve 12. ayda

hedef kadranda gegirdigi siire istatisel olarak anlamli 6lciide degismistir.

Sekil 6.2.1: Morris Su Tank1 deneyi goriintiileri. 1) 1.giin, 2) 4.giin, 3) hafiza fazi-
Ogrenen hayvan, 4) hafiza fazi-6grenmeyen hayvan.
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Sekil 6.2.2: 3,6 ve 12 aylik hayvanlarin MWM test sonuglari.

29



6.3. 3,6 ve 12 aylik farelerin beyin Kesitlerinin immiinohistokimya boyamasi

Abeta miktarinin artis1 ve plak olusumunun goézlemlenmesi amaciyla, 3, 6 ve 12
aylilk  hayvanlardan alinan beyin  kesitleri =~ Abeta antikoruna  karsi
immunohistokimyasal olarak boyanmistir. Resim 6.3.1’de yer alan doku
boyamalarinin mikroskobik goriintiilerine gOre, Abeta miktar1 fareler 6 aylikken

artmaya baslanmis ama plak olusumlar1 12 aylikta gézlemlenmistir.

A- beta

6M 12Mm

LM

5XFAD

Resim 6.3.1: 3,6 ve 12 aylik hayvanlara ait Abeta proteinin immiinohistokimya boyamasi.

6.4. 3,6 ve 12 aylik farelerin ECM protein ekspresyon analizi

6.4.1. LC-MS/MS ile tammlanan anlamh proteinler

5XFAD ve kontrol farelerinden, intraserebral ‘push-pull’ perfiizyon yontemi ile
toplanan ekstraseller matrikslerin nanoLC-MS/MS ile analizi sonucunda 3, 6 ve 12
aylik hayvanlarin 6rneklerinden sirasiyla 251, 213 ve 238 protein tanimlanmistir.
Tanimlanan proteinlerin tam listesi Tablo 9.1°de (Ekler) sunulmustur. Tanimlanan
proteinler icerinde kontrol ve 5XFAD arasinda istatistiksel anlamlilik gosteren
protein sayisi ise sirasiyla 68, 41 ve 33tlr. Tablo 6.4.1.1, 6.4.1.2 ve 6.4.1.3°de

anlamli degisen proteinlerden bazilarinin listesi, ekspresyon degisimlerinin oranlari
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(fold change) ve p degerleri yer almaktadir. Degisim oranlar1 >1 olanlar 5XFAD’de

miktar1 o oranda artis1, 0-1 arasi olanlar 5XFAD’de o oranda azalis1 ifade etmektedir.

Tablo 6.4.1.1: 3 aylik farelerin ECM orneklerinde istatistiksel olarak anlamli degisim
gosteren proteinlerin listesi (p<0.05, ekspresyon degisim oran1.>40%). 0-1 arasindaki
degisim orani, 5XFAD farelerinde ekspresyon azalisini, >1 degisim oram 5XFAD

farelerinde ekspresyon artigini temsil etmektedir.

Anova Degisim
Erisim No Protein Ismi (-p degeri) Oram
Q6GQT1 Alpha-2-macroglobulin-P 5.94E-03 0.24
Q03734 Serine protease inhibitor A3M 2.33E-02 0.24
P58465 CTD small phosphatase-like protein 5.72E-03 0.35
B9EKR1 Receptor-type tyrosine-protein phosphatase zeta 3.97E-03 0.19
Q8VvCC2 Liver carboxylesterase 1 1.20E-02 0.19
Q5SX39 Myosin-4 1.27E-03 0.52
008983 Hermansky-Pudlak syndrome 1 protein homolog 4.02E-02 0.41
Q8R1Q0 Syntaxin-19 3.71E-03 0.48
QOQWG9 Delphilin 4.76E-02 0.55
P17156 Heat shock-related 70 kDa protein 2 1.18E-03 0.30
Q8VCT4 Carboxylesterase 1D 1.08E-02 0.23
P17182 Alpha-enolase 1.40E-02 0.53
Q9R0OP9 Ubiquitin carboxyl-terminal hydrolase isozyme L1 4.57E-02 0.34
P0O7759 Serine protease inhibitor A3K 4.25E-02 0.41
P17183 Gamma-enolase 4.31E-02 0.51
P01872 Ig mu chain C region 4.38E-02 0.47
Q922U2 Keratin, type Il cytoskeletal 5 3.68E-03 0.41
P08228 Superoxide dismutase [Cu-Zn] 1.88E-02 0.53
P23953 Carboxylesterase 1C 2.04E-02 0.23
P08032 Spectrin alpha chain, erythrocytic 1 4.72E-02 0.49
P00920 Carbonic anhydrase 2 1.49E-02 0.49
Q61838 Alpha-2-macroglobulin 4.49E-02 0.46
P07724 Serum albumin 3.49E-02 0.57
P02089 Hemoglobin subunit beta-2 2.73E-03 26.47
Q9ESB3 Histidine-rich glycoprotein 3.66E-03  Infinity
P21460 Cystatin-C 4.41E-03 2.75
Q3TTY5 Keratin, type Il cytoskeletal 2 epidermal 4.68E-02 3.26
P01878 Ig alpha chain C region 6.40E-03 8.49

Ligand-dependent nuclear receptor corepressor-like

Q3U285 protein 8.65E-03 10.29
P68369 Tubulin alpha-1A chain 1.97E-03 22.27
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P10649
P06151
P01631
P70339
008709
P05784

Q9JIYO
QBNXH9
P19001
Q8CFY5
P06745
P05063
P09813
P20918
P70296
Q61646
Q00897
Q8BFZ3
P16858
P19426
P17897
008677
P28666
P52480
QBIFX2
P01864
Q61171
P50446
P62984
P01867
P29699
P02535
P05064
Q04447
P04919
P01027
P01942
P02088

Glutathione S-transferase Mu 1
L-lactate dehydrogenase A chain
Ig kappa chain V-II region 26-10
Proto-oncogene FRAT1
Peroxiredoxin-6

Keratin, type | cytoskeletal 18

Pleckstrin homology domain-containing family O

member 1
Keratin, type Il cytoskeletal 73
Keratin, type | cytoskeletal 19

Protoheme IX farnesyltransferase, mitochondrial

Glucose-6-phosphate isomerase
Fructose-bisphosphate aldolase C
Apolipoprotein A-II

Plasminogen
Phosphatidylethanolamine-binding protein 1
Haptoglobin

Alpha-1-antitrypsin 1-4

Beta-actin-like protein 2
Glyceraldehyde-3-phosphate dehydrogenase
Negative elongation factor E

Lysozyme C-1

Kininogen-1

Murinoglobulin-2

Pyruvate kinase PKM

Keratin, type | cytoskeletal 42

Ig gamma-2A chain C region secreted form
Peroxiredoxin-2

Keratin, type Il cytoskeletal 6A
Ubiquitin-60S ribosomal protein L40

Ig gamma-2B chain C region
Alpha-2-HS-glycoprotein

Keratin, type | cytoskeletal 10
Fructose-bisphosphate aldolase A

Creatine kinase B-type

Band 3 anion transport protein
Complement C3

Hemoglobin subunit alpha

Hemoglobin subunit beta-1

2.15E-03
6.05E-03
9.13E-03
9.55E-03
1.74E-02
1.81E-02

2.46E-02
2.51E-02
3.41E-02
3.52E-02
3.59E-02
2.09E-02
5.58E-04
1.20E-03
1.01E-02
3.51E-02
1.25E-02
2.70E-02
5.20E-03
1.28E-02
2.72E-02
3.18E-02
4.85E-02
4.91E-02
3.56E-03
7.20E-03
1.64E-02
4.51E-02
9.99E-05
4.13E-03
8.50E-04
3.24E-02
1.81E-02
1.33E-03
9.14E-03
1.47E-02
6.12E-03
2.03E-02

6.10
7.04
3.90
33.64
5.01
4.46

25.29
2.18
3.06

14.30
2.36
3.43

17.36

10.49
3.55
2.80
9.19
5.86

12.62

24.05
2.42
9.26
3.24

12.37

62.59
3.93
6.70

10.43
6.19
4.95

21.14
6.60
2.83

10.03
9.75

13.17
8.86
6.97
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Tablo 6.4.1.2: 6 aylik farelerin ECM o&rneklerinde istatistiksel olarak anlamli degisim

gosteren proteinlerin listesi (p<0.05, ekspresyon degisim oran1.>40%). 0-1 arasindaki

degisim orani, 5XFAD farelerinde ekspresyon azalisini, >1 degisim oram1 5XFAD

farelerinde ekspresyon artigini temsil etmektedir.

Anova Degisim
Erisim No Protein Ismi (-p degeri) Oram
B5X0G2 Major urinary protein 17 2.78E-05 0.41
Q6PDM1 Male-specific lethal 1 homolog 1.17E-04 0.38
P0O7758 Alpha-1-antitrypsin 1-1 1.24E-03 0.23
P58465 CTD small phosphatase-like protein 4.20E-03 0.18
P61982 14-3-3 protein gamma 5.34E-03 0.17
Q99NO03 Membrane-spanning 4-domains subfamily A member 10 2.96E-02 0.49
Q03717 Potassium voltage-gated channel subfamily B member 1 4.61E-04 0.52
P70296 Phosphatidylethanolamine-binding protein 1 2.22E-03 0.60
Q3UDPO Isoform 2 of WD repeat-containing protein 41 5.51E-03 0.15
Q9DBQ7 Protein-associating with the carboxyl-terminal domain of ezrin 7.08E-03 0.30
Q7TSD4 Protein TBATA 3.14E-03 0.23
Q02257 Junction plakoglobin 1.94E-02 0.34
P29699 Alpha-2-HS-glycoprotein 2.72E-03 0.40
Q5SVT3 Isoform 2 of Ewing's tumor-associated antigen 1 homolog 1.38E-02 0.27
QOQWG9 Delphilin 2.71E-04 0.23
Q8R1Q0 Syntaxin-19 1.78E-03 0.28
B9EKR1 Receptor-type tyrosine-protein phosphatase zeta 4.84E-03 0.25
Q6IFZ6 Keratin, type Il cytoskeletal 1b 2.74E-02  0.60
P21614 Vitamin D-binding protein 3.38E-04 0.55
P01872 Ig mu chain C region 7.00E-04 0.19
P14152 Malate dehydrogenase, cytoplasmic 1.44E-02 0.34
P28665 Murinoglobulin-1 6.03E-03 0.71
P05201 Aspartate aminotransferase, cytoplasmic 8.40E-03 0.27
Q00898 Alpha-1-antitrypsin 1-5 9.04E-03 0.29
P60710 Actin, cytoplasmic 1 2.98E-02 0.29
P63017 Heat shock cognate 71 kDa protein 1.83E-03 0.21
Q923D2 Flavin reductase (NADPH) 1.53E-02 0.39
P03995 Glial fibrillary acidic protein 5.32E-03 0.31
P08228 Superoxide dismutase [Cu-Zn] 5.04E-04 0.26
P23953 Carboxylesterase 1C 8.56E-03 0.64
Q91X72 Hemopexin 4.20E-02 0.39
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P07724 Serum albumin

Q3URT70 Transforming growth factor-beta receptor-associated protein 1
P08730 Keratin, type | cytoskeletal 13

P01631 Ig kappa chain V-II region 26-10

Q8BHW6 Spermatogenesis-associated protein 21

P09813 Apolipoprotein A-II

P20918 Plasminogen

P17183 Gamma-enolase

P01867 Ig gamma-2B chain C region

Qo21i11 Serotransferrin

4.94E-02
5.23E-03
7.21E-03
2.04E-02
3.01E-03
2.28E-02
2.89E-02
3.17E-02
2.94E-02
1.42E-02

0.48
2.02
1.67
5.04
151
45.45
6.43
1.41
1.50
1.42

Tablo 6.4.1.3: 12 aylik farelerin ECM orneklerinde istatistiksel olarak anlamli degisim

gosteren proteinlerin listesi (p<0.05, ekspresyon degisim oran1.>40%). 0-1 arasindaki

degisim orani, 5XFAD farelerinde ekspresyon azaligini, >1 degisim oram S5XFAD

farelerinde ekspresyon artigini temsil etmektedir.

Anova Degisim
Erisim No  Protein ismi (-p degeri) Orani
Q9ESB3 Histidine-rich glycoprotein 150E-02 0.27
P0O7758 Alpha-1-antitrypsin 1-1 3.48E-03 0.43
P61982 14-3-3 protein gamma 1.31E-02 0.33
P06151 L-lactate dehydrogenase A chain 1.22E-03 0.30
P01837 Ig kappa chain C region 3.80E-02 0.37
Q7TSD4 Protein TBATA 6.89E-03 0.41
Q02257 Junction plakoglobin 2.73E-02 0.40
Q8R1Q0  Syntaxin-19 3.15E-02 0.57
P70296 Phosphatidylethanolamine-binding protein 1 3.39E-02 0.33
Q60590 Alpha-1-acid glycoprotein 1 3.99E-02 0.32
QOQWGY9  Delphilin 1.71E-03 0.49
B9EKR1 Receptor-type tyrosine-protein phosphatase zeta 2.74E-02 0.40
P17742 Peptidyl-prolyl cis-trans isomerase A 453E-02 0.43
P22599 Alpha-1-antitrypsin 1-2 1.21E-02 0.46
P62204 Calmodulin 4.78E-02 0.59
P14152 Malate dehydrogenase, cytoplasmic 3.34E-02 0.41
P01872 Ig mu chain C region 1.74E-03 0.39
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P05201
Q00898
Q03734
P60710
P63017
P08228
P07759
P0O7724
QIWV06
Q6VGS5
P63369
Q9JIYO
Q52KR3
Q00897
Q810U4
P19426

Aspartate aminotransferase, cytoplasmic
Alpha-1-antitrypsin 1-5

Serine protease inhibitor A3M

Actin, cytoplasmic 1

Heat shock cognate 71 kDa protein
Superoxide dismutase [Cu-Zn]

Serine protease inhibitor A3K

Serum albumin

Ankyrin repeat domain-containing protein 2
Isoform 2 of Protein Daple

Tubulin alpha-1A chain

Pleckstrin homology domain-containing family O member 1
Protein prune homolog 2
Alpha-1-antitrypsin 1-4

Neuronal cell adhesion molecule

Negative elongation factor E

1.63E-02
3.76E-03
8.69E-03
2.78E-02
3.66E-03
4.01E-02
2.62E-02
4.37E-03
3.33E-03
1.30E-02
2.35E-02
4.35E-02
1.37E-02
4.10E-02
3.53E-02
4.21E-02

0.47
0.45
0.27
0.34
0.41
0.55
0.20
0.56
1.87
2.97
3.51
2.39
1.59
1.62
241
2.88

6.4.2. ECM proteomlarinin PCA analizleri

3, 6 ve 12 aylik hayvanlarin perfiizat 6rneklerinden tanimlanan ve anlamli degisen

proteinlerin PCA analizi sonuglar1 Sekil 6.4.2.1, 6.4.2.2 ve 6.4.2.3’deki gibidir. ECM

proteomlarindaki degisime gore birbirinden ayrilan gruplarin anlasilir olmasi i¢in 3

aylik ECM PCA analizinde kirmiz1 kesikli ¢izgiler ile ¢evrelenmistir. Elde edilen

PCA datalarina gore ECM proteomundaki degisim 3 aylikken baglamistir.

Principal Components Analysis

kontrol

N

Principal Component 2

Sekil 6.4.2.1: 3 aylik ECM proteomlarina ait PCA analizi. Mor noktalar kontrol, mavi
noktalar 5XFAD proteomunu temsil etmektedir.
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Principal Components Analysis

Principal Companent 2

Pencipal Corpenest |

Sekil 6.4.2.2: 6 aylik ECM proteomlarma ait PCA analizi. Mavi noktalar kontrol, mor
noktalar 5XFAD proteomunu temsil etmektedir.

Principal Components Analysis

Principal Companent 2

Pencipal Corponest

Sekil 6.4.2.3: 12 aylik ECM proteomlarina ait PCA analizi. Mor noktalar kontrol, mavi
noktalar 5XFAD proteomunu temsil etmektedir.

6.4.3. ECM proteomlarina ait IPA analizleri

IPA, literatiirde var olan bilgilere dayanarak, anlamli degisen proteinlerin hangi
yolaklarla iligkili olabilecegini tahmin eden bir yazilimdir. 3, 6 ve 12 aylk
hayvanlarin perfiizat 6rneklerinden tanimlanan ve anlamli degisen proteinlerin IPA
yolak analizi sonuglar1 Sekil 6.4.3.1, 6.4.3.2 ve 6.4.3.3’deki gibidir. Her 3 grup da,
temel olarak metabolizma ile ilgili yolaklarla iligkilendirildi. 3 aylik proteomlar,
glikoz metabolizmasi ile iligkili goriintirken, 6 aylik analizde yag metabolizmasinin

etkilendigi gorulmektedir.

36



Analysis: ARRS_ECM_f_3m_rev.csv - 2015-06-02 02:34 PM
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Sekil 6.4.3.1: 3 aylik ECM proteomlarinin IPA analizi.
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Sekil 6.4.3.2: 6 aylik ECM proteomlarimin IPA analizi.
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Sekil 6.4.3.3: 12 aylik ECM proteomlarmin [PA analizi.
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6.4.4. Ortak ve evreye 6zgii protein ve yolaklarin belirlenmesi
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3, 6 ve 12 aylik farelerin ECM o6rneklerinde analiz edilen proteinlerden ortak olarak

degisen proteinler tespit edildi (Tablo 6.4.4.1).

Tablo 6.4.4.1: 3,6 ve 12 aylik farelerin ECM orneklerinde ekspresyonu degisen ortak

proteinlerin listesi.

3ay 6 ay 12 ay

Protein Erisim Degisim Degisim Degisim

Numarasi Oram | p degeri Oram | p degeri Oram | p degeri
PEB1 P70296 3.55 | 1.01E-02 0.61 | 2.22E-03 0.33 | 3.39E-02
GRID2ip | QOQWG9 0.55 | 4.76E-02 0.23 | 2.71E-04 0.49 | 1.71E-03
STX19 Q8R1Q0 0.48 | 3.71E-03 0.28 | 1.78E-03 0.57 | 3.15E-02
PRPTZ B9EKR1 0.19 | 3.97E-03 0.25 | 4.84E-03 0.40 | 2.74E-02
SOD P08228 0.53 | 1.88E-02 0.26 | 5.04E-04 0.56 | 4.01E-02
ALBU PO7724 0.57 | 3.49E-02 0.48 | 9.98E-03 0.56 | 4.37E-03
IgM P01872 0.47 | 4.38E-02 0.19 | 7.00E-04 0.39 | 1.74E-03

Ortak ve evreye 0zgl bi¢cimde ekspresyonu degisen proteinlere dayanarak yapilan

yolak analizleri sonucunda da, evreye 6zgu veya tim evrelerde etkilenen yolaklar
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tespit edildi 3. ay da glikoz metabolizmasi ve immun sistem de degisimler
goriliirken, 6. aya dogru ilerledik¢e lipid metabolizmasi ve metal, 6zellikle demir
metabolizmasi yolaklari etkilenmektedir. 12. aya dogru apoptosis ve neurotransmitter
salinimi ile mekanizmalarin etkilenmekte, 12. Ayda ise immun sistem ve Ca salinimi
ile ilgili yolaklar etkilenmektedir (Sekil 6.4.4.1). Bu bulgularin, yaslanma siireciyle
yakindan iligkili oldugu bilinse de LM ve 5XFAD lar arasinda istatiksel olarak
anlaml farkliliklar gdstermesi bize patolojiyle olan iliskisini isaret etmektedir. Her
u¢c donemde de etkilenen yolaklar ise lipid/lipoprotein metabolizmas1 (6zellikle
RXR/LXR yolaklar1), Ras/Raf/MAPK vyolagi ve ROS detoksifikasyonu olarak
belirlendi.

6.5. 3 aylik hipokampal IL6 proteinin IHC analizi

Yapilan IPA analizine gore, 3 aylik perfiizatlarda tanimlanan ve ekspresyonu anlamli
degisen proteinlerden A2M, SERPINAI1, SERPINA3, CST3 ve PTGER4’iin,
Interleukin-6 (IL6) tarafindan diizenlendigine dair yolak analizi Sekil 6.5.1°deki
gibidir. IL6’m 3 aylik farelerin hipokampiis ve korteks bolgesinde ekspresyonunun
degisip degismedigini test etmek amaciyla, doku kesitlerinde immunohistokimyasal
boyama yapildi ve hem korteks hem hipokampiiste IL6 miktarinda artis gézlendi
(Resim 6.5.1).
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Sekil 6.4.4.1: 3, 6 ve 12 aylik evrelere 6zgii ve ortak yolaklar1 gdsteren Venn diagramu.
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Sekil 6.5.1: Tamimlanan 3 aylik ECM proteinlerinin olasi regiilator yolagi.

Resim 6.5.1: Kontrol ve 5XFAD fareleri hipokampiis ve korteksinde IL6 boyamasi.
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6.6. 3 aylik hipokampal demir miktarimin ICP-MS analizi

Daha onceki yaymlarda yer alan inflammasyon ve metal dishomeostasisi, 6zellikle
demir metabolizmasi, arasindaki iliski nedeniyle, IL6 miktarindaki artiga ek olarak, 3
aylik hipokampal dokularda demir miktarindaki degisim ICP-MS ile test edildi. Sekil
6.6.1’de, 5XFAD hipokampiisiinde kontrole goére demir miktarindaki artis

gortlmektedir.
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Sekil 6.6.1: 3 aylik hipokampal dokuda demir miktar1 analizi. *, istatiksel olarak anlamlilig
ifade eder (p<0.05).

6.7.  Fosfoproteom analizi

6.7.1. 2D-SDS-PAGE ile fosfoprotein farkhihiklarinin tespiti

Perflizatla elde edilen ECM protein miktari, fosfoprotein tanimlamasi i¢in yeterli
olmadigindan, fosfoprotein analizileri total hipokampal doku lizatindan yapildi. 3, 6
ve 12 aylik kontrol ve SXFAD hayvanlarinin perfiizyon islemi sonrasi disekte edilen
hipokampuslerinden 2D-SDS-PAGE yapildi. ProQ Diamond ile boyanan
fosfoproteinler (Resim 6.7.2.1) daha sonra SyproRuby ile boyanarak (Resim 6.7.2.2),
ekspresyonu degismemis ancak fosforilasyonu farkli olan proteinler tespit edilerek

spotlar kesildi.
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6.7.2. Fosfoprotein spot tammlamalari

Kontrol ve transgenik hipokampiis dokular1 arasinda farklilik tespit edilen

fosfoproteinler jelden kesilerek, jel igerisinde tripsinize edildi. Elde edilen triptik
peptitler, MALDI-TOF-TOF ile tanimlandi. Tanimlanan proteinler Tablo 6.7.2.1°de

yer almaktadir.
Pro-Q Diamond
Kontrol (LM) 5XFAD
L T v
3M

- -
- -
- ' z
—— ; A

6M

.————'—/—‘_’_-
- .'
- - . x .
- | #1 :
. B had —

Resim 6.7.2.1: 3,6 ve 12 aylik lizatlarimin 2D-SDS-PAGE ile fosfoprotein tespiti
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SYPRO Ruby
e T e

Resim 6.7.2.2: 3,6 ve 12 aylik lizatlarimin 2D-SDS-PAGE ile total protein tespiti.
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Tablo 6.7.2.1: Fosfoprotein spotlardan tanimlanan proteinler.

SPOT ID Tammlanan protein

G1 Keratin-associated protein 16-7

G2 Keratin-associated protein 16-7

G3 UPF0595 Protein C220rf40 homolog

G4 Keratin-associated protein 16-7

G5 Krueppel-like factor 6

G6 CKLF-like MARVEL transmembrane domain-containing protein 6
G7 Spermatid nuclear transition protein 1

G8 Gamma-aminobutyric acid receptor-associated protein-like 1
G9 UPF0595 protein C220rf40 homolog

G10 28S ribosomal protein S24, mitochondrial

G11 Guanine nucleotide-binding protein subunit beta-4
G12 ADP-ribosylation factor 1

G13 Ribonuclease pancreatic

G14 PWWP domain-containing protein 2A

G15 Keratin-associated protein 16-7

G16 Heat shock cognate 71kDa protein

G17 Keratin-associated protein 16-7

G18 F-box only protein 28

G19 Serum albumin

G21 Peptidyl-prolyl cis-trans isomerase A

G22 Ras-related protein Rab-5A

G23 Fructose-bisphosphate aldolase A

G24 V-type proton ATPase subunit E 2

H1 Zinc finger protein 740

H2 Nucleoside diphosphate kinase A

H3 Spermatogenesis-associated protein 19, mitochondrial

H4 RNA-binding protein with serine-rich domain 1




6.8.  Oxiblot ile okside olmus protein farkliliklarinin tespiti

3, 6 ve 12 aylik hayvanlarin hipokampal doku lizatlarindan, WesternBlot yapilarak
Oxiblot kiti ile oxide olmus proteinlerin varligi gosterildi. 3 aylik dokulara gore 6 ve
12 aylik hipokampal dokularda daha fazla okside olmus protein gézlemlendi (Resim
6.8.1). Protein bantlarin1 tanimlamak amaciyla, blot iizerinde yapilan tripsinizasyon
ve ardindan yapilan MALDI-TOF-TOF analizinde tanimlama yapilamadi. Blot-

Uzerinde-tripsinizasyon metodunun optimizasyona ihtiyaci oldugu sonucuna varildi.

12M

Resim 6.8.1: 3,6 ve 12 aylik hipokampuste okside olmus proteinler. K, kontrol; T
transgenik; M, marker.

K
M imMm 3M 6M

IZM

——
R

6.9. Insan beyin omurilik sivis1 (BOS) proteome analizi

6.9.1. BOS orneklerinde tanimlanan anlamh proteinler

Saglikli ve Alzheimer’s hasati olan bireylerden almman beyin omurilik sivisi
orneklerinin nanoLC-MS/MS ile analizi sonucunda 1041 protein tanimlanmistir.
Tanimlanan proteinler igerinde kontrol ve hastalar arasinda istatistiksel anlamlilik
gOsteren protein sayisi ise 204 tiir. Tablo 6.9.1.1°de proteinlerin listesi, ekspresyon

degisimlerinin oranlar1 (max fold change) ve p degerleri yer almaktadir. Degisim
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oranlar1 >1 olanlar hastalarda miktar1 o oranda artigi, 0-1 aras1 olanlar hastalarda o

oranda azalis1 ifade etmektedir.

Tablo 6.9.1.1: BOS o6rneklerinde anlamli degisim gosteren proteinler.

Anova Degisim
Erisim No  Protein ismi (-p degeri) Oram
Q99584 Protein S100-A13 1.21E-05 0.70
Q9C040  Tripartite motif-containing protein 2 2.97E-04  0.40
Q2TB90  Putative hexokinase HKDC1 8.37E-04  0.56
Q96Q06  Perilipin-4 8.90E-04  0.65
Q99747 Gamma-soluble NSF attachment protein 1.45E-03  0.70
P09382 Galectin-1 2.00E-03  0.52
P20338 Ras-related protein Rab-4A 2.05E-03 0.54
095139 NADH dehydrogenase [ubiquinone] 1 beta subcomplex subunit6 ~ 2.18E-03  0.43
Q14CN4  Isoform 2 of Keratin, type Il cytoskeletal 72 3.37E-03  0.55
Q15388 Mitochondrial import receptor subunit TOM20 homolog 4.28E-03 0.56
Q9NQ66  1-phosphatidylinositol 4,5-bisphosphate phosphodiesterase beta-1 ~ 4.54E-03  0.40
QI9NZL9  Methionine adenosyltransferase 2 subunit beta 4.71E-03  0.58
QINPJ3  Acyl-coenzyme A thioesterase 13 491E-03  0.60
Q8N111  Cell cycle exit and neuronal differentiation protein 1 4.97E-03 0.55
Q9HOWY9  Isoform 2 of Ester hydrolase C11orf54 5.16E-03  0.45
P49591 Serine--tRNA ligase, cytoplasmic 5.43E-03 0.71
P50440 Glycine amidinotransferase, mitochondrial 5.67E-03  0.28
Q9UN79  Transcription factor SOX-13 5.93E-03  0.63
P30626 Sorcin 6.04E-03  0.66
Q9NZN4  EH domain-containing protein 2 6.19E-03  0.52
QouUl15 Transgelin-3 6.32E-03  0.59
P54652 Heat shock-related 70 kDa protein 2 6.45E-03  0.64
P62942 Peptidyl-prolyl cis-trans isomerase FKBP1A 6.49E-03  0.56
P55327 Tumor protein D52 6.80E-03  0.31
P05090 Apolipoprotein D 7.01E-03 047
P51693 Amyloid-like protein 1 7.32E-03  0.26
Q01813 ATP-dependent 6-phosphofructokinase, platelet type 7.55E-03 0.54
P31040 Succinate dehydrogenase [ubiquinone] flavoprotein subunit 7.69E-03  0.60
Q9Y3P9  Rab GTPase-activating protein 1 7.99E-03 042
043920 NADH dehydrogenase [ubiquinone] iron-sulfur protein 5 8.12E-03  0.57
P23471 Isoform 3 of Receptor-type tyrosine-protein phosphatase zeta 8.37E-03  0.68
P05413 Fatty acid-binding protein, heart 8.89E-03  0.63
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P55809
QINZR1
P09669
P49961
P07954
P07099
Q16718
Q8NFW1
015327
P23528
QINZ45
P19404
Q9Y3D6
P46940
P00915
P14406
Q5SQ13
P21796
ABNCO8
P18433
P08133
P10606
014561
P98170
P15104
Q16775
P17174
Q13303
P13073
Q96C19
Q9H4I3
P27482
P24539
Q99536
Q8TD57
P38646
P49418

Succinyl-CoA:3-ketoacid coenzyme A transferase 1,
mitochondrial

Tropomodulin-2

Cytochrome c oxidase subunit 6C

Ectonucleoside triphosphate diphosphohydrolase 1
Fumarate hydratase, mitochondrial

Epoxide hydrolase 1

NADH dehydrogenase [ubiquinone] 1 alpha subcomplex subunit 5
Collagen alpha-1(XXII) chain

Type Il inositol 3,4-bisphosphate 4-phosphatase
Cofilin-1

CDGSH iron-sulfur domain-containing protein 1
NADH dehydrogenase [ubiquinone] flavoprotein 2, mitochondrial
Mitochondrial fission 1 protein

Ras GTPase-activating-like protein IQGAP1

Carbonic anhydrase 1

Cytochrome c oxidase subunit 7A2, mitochondrial
Proline-rich protein 31

Voltage-dependent anion-selective channel protein 1
Coiled-coil domain-containing protein 88B
Receptor-type tyrosine-protein phosphatase alpha
Annexin A6

Cytochrome c oxidase subunit 5B, mitochondrial

Acyl carrier protein, mitochondrial

E3 ubiquitin-protein ligase XIAP

Glutamine synthetase

Hydroxyacylglutathione hydrolase, mitochondrial
Aspartate aminotransferase, cytoplasmic
Voltage-gated potassium channel subunit beta-2
Cytochrome c oxidase subunit 4 isoform 1, mitochondrial
EF-hand domain-containing protein D2

Isoform 2 of TraB domain-containing protein
Calmodulin-like protein 3

ATP synthase F(0) complex subunit B1, mitochondrial
Synaptic vesicle membrane protein VAT-1 homolog
Isoform 3 of Dynein heavy chain 3, axonemal
Stress-70 protein, mitochondrial

Amphiphysin

9.29E-03
9.29E-03
9.51E-03
9.71E-03
9.79E-03
1.07E-02
1.11E-02
1.12E-02
1.12E-02
1.13E-02
1.14E-02
1.14E-02
1.15E-02
1.15E-02
1.16E-02
1.18E-02
1.21E-02
1.22E-02
1.26E-02
1.27E-02
1.29E-02
1.31E-02
1.33E-02
1.36E-02
1.36E-02
1.36E-02
1.37E-02
1.38E-02
1.44E-02
1.47E-02
1.49E-02
1.50E-02
1.54E-02
1.55E-02
1.58E-02
1.58E-02
1.58E-02

0.70
0.64
0.68
0.41
0.46
0.55
0.56
0.41
0.50
0.68
0.61
0.47
0.47
0.61
0.54
0.65
0.42
0.56
0.67
0.30
0.53
0.51
0.62
0.44
0.54
0.67
0.70
0.65
0.52
0.66
0.35
0.61
0.65
0.52
0.42
0.67
0.55
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P30048
P03369
095970
Q9Y5K8
P40926
075901
P12035
P41222
Q9H492
Q58FG1
075947
P51649
P06702
Q6ZVM7
Q9P2J3
Q8NHY3
P62760
Q99961
060313
P24752
QIULB1
Q96L93

P08559
Q86YA3
QINY65
Q9Y4CO
QIUMS6
P09936
095182
P02794

QINX14
Q13491
P62424
P49419
P56385
Q99962

Isoform 2 of Thioredoxin-dependent peroxide reductase
Gag-Pol polyprotein

Leucine-rich glioma-inactivated protein 1

V-type proton ATPase subunit D

Malate dehydrogenase, mitochondrial

Ras association domain-containing protein 9

Keratin, type Il cytoskeletal 3

Prostaglandin-H2 D-isomerase
Microtubule-associated proteins 1A/1B light chain 3A
Putative heat shock protein HSP 90-alpha A4

ATP synthase subunit d, mitochondrial
Succinate-semialdehyde dehydrogenase, mitochondrial
Protein S100-A9

TOM1-like protein 2

Kelch-like protein 9

GAS2-like protein 2

Visinin-like protein 1

Endophilin-A2

Dynamin-like 120 kDa protein, mitochondrial
Acetyl-CoA acetyltransferase, mitochondrial
Neurexin-1

Kinesin-like protein KIF16B

Pyruvate dehydrogenase E1 component subunit alpha, somatic

form

Protein ZGRF1
Tubulin alpha-8 chain
Neurexin-3
Synaptopodin-2

Ubiquitin carboxyl-terminal hydrolase isozyme L1

NADH dehydrogenase [ubiquinone] 1 alpha subcomplex subunit 7

Ferritin heavy chain

NADH dehydrogenase [ubiquinone] 1 beta subcomplex subunit

11,

Isoform 4 of Neuronal membrane glycoprotein M6-b
60S ribosomal protein L7a

Alpha-aminoadipic semialdehyde dehydrogenase
ATP synthase subunit e, mitochondrial
Endophilin-Al

1.60E-02
1.65E-02
1.67E-02
1.70E-02
1.70E-02
1.70E-02
1.71E-02
1.75E-02
1.75E-02
1.77E-02
1.77E-02
1.78E-02
1.78E-02
1.79E-02
1.81E-02
1.87E-02
1.90E-02
1.93E-02
1.95E-02
1.96E-02
2.01E-02
2.05E-02

2.05E-02
2.07E-02
2.08E-02
2.08E-02
2.08E-02
2.08E-02
2.10E-02
2.11E-02

2.12E-02
2.17E-02
2.20E-02
2.22E-02
2.23E-02
2.26E-02

0.54
0.32
0.65
0.70
0.60
0.19
0.59
0.62
0.65
0.40
0.66
0.60
0.43
0.62
0.46
0.39
0.56
0.62
0.71
0.70
0.56
0.51

0.64
0.47
0.31
0.59
0.64
0.54
0.71
0.52

0.64
0.64
0.61
0.68
0.62
0.68
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P16870
Q9Y277
P21926
014594
P54920
P23763
000264
094811
P61266
Q13561
Q16623
Q16623
P62987
P61604
P49588
P10809
Q96FN4
Q08257
Q53H12
094856
QINQC3
Q08722
Q9UBB6
P07197
POCGO5
P52758
P35527
P30049
Q8IXQ9
P14174
P38606
Q8N335
P20700
Q06830
Q08209
Q9UPP5
P45880
Q9Y639

Carboxypeptidase E

Voltage-dependent anion-selective channel protein 3
CD9 antigen

Neurocan core protein

Alpha-soluble NSF attachment protein
Vesicle-associated membrane protein 1
Membrane-associated progesterone receptor component 1
Tubulin polymerization-promoting protein
Syntaxin-1B

Dynactin subunit 2

Isoform 2 of Syntaxin-1A

Syntaxin-1A

Ubiquitin-60S ribosomal protein L40

10 kDa heat shock protein, mitochondrial
Alanine--tRNA ligase, cytoplasmic

60 kDa heat shock protein, mitochondrial

Copine-2

Quinone oxidoreductase

Acylglycerol kinase, mitochondrial

Neurofascin

Reticulon-4

Leukocyte surface antigen CD47

Neurochondrin

Neurofilament medium polypeptide

Ig lambda-2 chain C regions

Ribonuclease UK114

Keratin, type | cytoskeletal 9

ATP synthase subunit delta, mitochondrial
Methyltransferase-like protein 20

Macrophage migration inhibitory factor

V-type proton ATPase catalytic subunit A
Glycerol-3-phosphate dehydrogenase 1-like protein
Lamin-B1

Peroxiredoxin-1

Serine/threonine-protein phosphatase 2B catalytic subunit
Uncharacterized protein KIAA1107
Voltage-dependent anion-selective channel protein 2

Neuroplastin

2.27E-02
2.27E-02
2.31E-02
2.32E-02
2.33E-02
2.40E-02
2.46E-02
2.60E-02
2.60E-02
2.65E-02
2.66E-02
2.66E-02
2.71E-02
2.71E-02
2.72E-02
2.72E-02
2.75E-02
2.75E-02
2.7T7E-02
2.7T7E-02
2.78E-02
2.80E-02
2.82E-02
2.83E-02
2.90E-02
2.91E-02
2.95E-02
2.99E-02
3.04E-02
3.07E-02
3.08E-02
3.09E-02
3.11E-02
3.13E-02
3.30E-02
3.33E-02
3.46E-02
3.48E-02

0.62
0.63
0.59
0.42
0.47
0.33
0.47
0.61
0.64
0.69
0.53
0.53
0.47
0.55
0.40
0.63
0.53
0.58
0.69
0.64
0.65
0.69
0.71
0.52
0.44
0.63
0.63
0.71
0.61
0.70
0.70
0.59
0.55
0.64
0.64
0.23
0.69
0.53
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Q9GZP4
Q8NBPO

P36957
P50213
P21964
Q969E4

Q9P0JO
014810
P11233
P25788
P38570
P49821
P05026
P06576
P47985
Q16653
P49802
P20916
P14618
P14618

060262
Q66GS9
QIUBWS5
Q9Y2Q0
Q8TBYS
P13637

000217
Q9H2U2
012158
Q13526

P59768
Q5TCSS
Q9HOQO

PITH domain-containing protein 1

Tetratricopeptide repeat protein 13
Dihydrolipoyllysine-residue succinyltransferase component of 2-
oxoglutarate dehydrogenase complex, mitochondrial
Isocitrate dehydrogenase [NAD] subunit alpha, mitochondrial
Catechol O-methyltransferase

Transcription elongation factor A protein-like 3

NADH dehydrogenase [ubiquinone] 1 alpha subcomplex subunit
13

Complexin-1

Ras-related protein Ral-A

Proteasome subunit alpha type-3

Integrin alpha-E

NADH dehydrogenase [ubiquinone] flavoprotein 1, mitochondrial
Sodium/potassium-transporting ATPase subunit beta-1

ATP synthase subunit beta, mitochondrial

Cytochrome b-c1 complex subunit Rieske, mitochondrial
Myelin-oligodendrocyte glycoprotein

Isoform 4 of Regulator of G-protein signaling 7
Myelin-associated glycoprotein

Pyruvate kinase PKM

Isoform M1 of Pyruvate kinase PKM

Guanine nucleotide-binding protein G(1)/G(S)/G(O) subunit
gamma-7

Centrosomal protein of 135 kDa

Bridging integrator 2

Phospholipid-transporting ATPase 1A

Polyamine-modulated factor 1-binding protein 1
Sodium/potassium-transporting ATPase subunit alpha-3
NADH dehydrogenase [ubiquinone] iron-sulfur protein 8,
mitochondrial

Inorganic pyrophosphatase 2, mitochondrial

Gag-Pol polyprotein

Peptidyl-prolyl cis-trans isomerase NIMA-interacting 1
Guanine nucleotide-binding protein G(1)/G(S)/G(O) subunit
gamma-2

Adenylate kinase 9

Protein FAM49A

3.51E-02
3.55E-02

3.63E-02
3.72E-02
3.72E-02
3.78E-02

3.81E-02
3.82E-02
3.82E-02
3.84E-02
3.85E-02
3.89E-02
3.92E-02
3.92E-02
4.00E-02
4.00E-02
4.01E-02
4.03E-02
4.04E-02
4.04E-02

4.18E-02
4.18E-02
4.21E-02
4.23E-02
4.26E-02
4.27E-02

4.32E-02
4.34E-02
4.35E-02
4.48E-02

4.52E-02
4.56E-02
4.59E-02

0.54
0.64

0.62
0.69
0.53
0.31

0.68
0.36
0.69
0.36
0.63
0.69
0.52
0.66
0.65
0.45
0.70
0.43
0.69
0.69

0.49
0.68
0.47
0.65
0.69
0.67

0.69
0.67
0.59
0.46

0.63

0.65
0.67

51



Q07343
Q9H3Z4
Q13112
Q2M215
QY376
P02042
P11142
P13667
Q00169
Q9Y2Q3
P04216
QINRS4
P00492
Q5XKPO
075369
P48594
Q96TC7
Q16836
Q96DEO
Q99685
P25686
Q8N436
P78358
Q99996
QINQ76
QIUGT4

P30154
P61006
Q96AC1
Q502W6
P39210
Q13011
A1LOTO
Q13724
Q08623
Q96AY?2

cAMP-specific 3',5'-cyclic phosphodiesterase 4B

DnaJ homolog subfamily C member 5

Chromatin assembly factor 1 subunit B

Keratin, type | cytoskeletal 24

Calcium-binding protein 39

Hemoglobin subunit delta

Heat shock cognate 71 kDa protein

Protein disulfide-isomerase A4

Phosphatidylinositol transfer protein alpha isoform
Glutathione S-transferase kappa 1

Thy-1 membrane glycoprotein

Isoform 3 of Transmembrane protease serine 4
Hypoxanthine-guanine phosphoribosyltransferase
Protein QIL1

Isoform 4 of Filamin-B

Serpin B4

Regulator of microtubule dynamics protein 3
Hydroxyacyl-coenzyme A dehydrogenase, mitochondrial
U8 snoRNA-decapping enzyme

Monoglyceride lipase

Isoform 2 of DnaJ homolog subfamily B member 2
Inactive carboxypeptidase-like protein X2

Isoform 2 of Cancer/testis antigen 1

Isoform 4 of A-kinase anchor protein 9

Isoform 3 of Matrix extracellular phosphoglycoprotein
Sushi domain-containing protein 2

Isoform 2 of Serine/threonine-protein phosphatase 2A 65 kDa
regulatory subunit A beta isoform

Ras-related protein Rab-8A

Fermitin family homolog 2

Isoform 6 of von Willebrand factor A domain-containing protein 3
Protein Mpv17

Delta(3,5)-Delta(2,4)-dienoyl-CoA isomerase, mitochondrial
Acetolactate synthase-like protein
Mannosyl-oligosaccharide glucosidase
Pseudouridine-5'-monophosphatase

Isoform 2 of Crossover junction endonuclease EME1

4.60E-02
4.63E-02
4.65E-02
4.69E-02
4.75E-02
4.77E-02
4.78E-02
4.78E-02
4.81E-02
4.86E-02
4.88E-02
4.95E-02
4.97E-02
1.55E-04
2.42E-04
4.08E-04
7.33E-04
8.16E-04
8.23E-04
9.90E-04
1.02E-03
1.61E-03
1.63E-03
2.30E-03
2.40E-03
2.51E-03

2.54E-03
2.78E-03
2.82E-03
3.13E-03
3.62E-03
3.92E-03
4.21E-03
4.51E-03
5.03E-03
5.12E-03

0.62
0.57
0.11
0.69
0.67
0.59
0.66
0.64
0.70
0.58
0.49
0.36
0.60
3.28
2.21
3.24
3.38
231
1.69
17.73
33.80
65.10
180.31
1.57
2.16
30.07

2.43
8.56
8.52
2.51
74.94
4.08
3.17
2.02
25.87
1.58
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6.9.2. BOS proteomunun PCA analizi
Beyin omurilik sivis1 6rneklerinden tanimlanan ve anlamli degisen proteinlerin PCA
analizi sonuglar1 Sekil 6.9.2.1°deki gibidir. Analiz sonucuna gore iki grubun BOS

proteomu birbirinden ayrilmis goriinmektedir.

Principal Componsats Analysis

Princepal Conganert 2
& & =
-

.

-
-

Priscizal Cempermnt 1

Sekil 6.9.2.1: BOS proteomuna ait PCA analizi. Mavi noktalar Alzheimer’s hasta
proteomunu, mor noktalar kontrol grubunu temsil etmektedir.

6.9.3. BOS proteomunun IPA analizi
Beyin omurilik sivis1 6rneklerinden tanimlanan ve anlamli degisen proteinlerin IPA
analizi sonuclar1 Sekil 6.9.3.1°deki gibidir. Onerilen yolaklar arasinda inflamasyon

ve lipid metabolizmas1 yer almaktadir.
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Sekil 6.9.3.1: BOS proteomunun IPA analizi.
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6.10. Insan post-mortem doku 6rneklerinin proteom analizi

6.10.1. Post-mortem doku érneklerinde tanimlanan anlamh proteinler

Saglikli ve Alzheimer’s hastasi olan bireylerden alinan post-mortem doku

orneklerinin nanoLC-MS/MS ile analizi sonucunda 1737 protein tanimlanmistir.

Tanimlanan proteinler icerinde kontrol ve hastalar arasinda istatistiksel anlamlilik

gosteren protein sayisi ise 311 dir. Tablo 6.10.1.1°de proteinlerin listesi, ekspresyon

degisimlerinin oranlar1 (fold change) ve p degerleri yer almaktadir. Degisim oranlar1

>1 olanlar hastalarda miktar1 o oranda artigi, 0-1 arasi olanlar hastalarda o oranda

azalig1 ifade etmektedir.

Tablo 6.10.1.1: Post-mortem doku 6rneklerinde anlamli degisen proteinler.

Anova Degisim
Erisim No Protein ismi (-p degeri) Orani
Q99584 Protein S100-A13 1.21E-05 0.70
Q9C040 Tripartite motif-containing protein 2 2.97E-04 0.40
Q2TB90 Putative hexokinase HKDC1 8.37E-04 0.56
Q96Q06 Perilipin-4 8.90E-04 0.65
Q99747 Gamma-soluble NSF attachment protein 1.45E-03 0.70
P09382 Galectin-1 2.00E-03 0.52
P20338 Ras-related protein Rab-4A 2.05E-03 0.54
095139 NADH dehydrogenase [ubiquinone] 1 beta subcomplex subunit6 2.18E-03 0.43
Q14CN4 Isoform 2 of Keratin, type Il cytoskeletal 72 3.37E-03 0.55
Q15388 Mitochondrial import receptor subunit TOM20 homolog 4.28E-03 0.56
1-phosphatidylinositol 4,5-bisphosphate phosphodiesterase beta-
QINQ66 1 4.54E-03 0.40
Q9INZL9 Methionine adenosyltransferase 2 subunit beta 4.71E-03 0.58
QI9NPJ3 Acyl-coenzyme A thioesterase 13 4.91E-03 0.60
Q8N111 Cell cycle exit and neuronal differentiation protein 1 4.97E-03 0.55
Q9HOW9 Isoform 2 of Ester hydrolase C11orf54 5.16E-03 0.45
P49591 Serine--tRNA ligase, cytoplasmic 5.43E-03 0.71
P50440 Glycine amidinotransferase, mitochondrial 5.67E-03 0.28
Q9UN79 Transcription factor SOX-13 5.93E-03 0.63
P30626 Sorcin 6.04E-03 0.66
QI9NZN4 EH domain-containing protein 2 6.19E-03 0.52
QauUl15 Transgelin-3 6.32E-03 0.59
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P54652
P62942
P55327
P05090
P51693
Q01813

P31040
Q9Y3P9
043920
P23471
P05413

P55809
QINZR1
P09669
P49961
P07954
P07099

Q16718
Q8NFW1
015327
P23528
QINZ45

P19404
Q9Y3D6
P46940
P00915
P14406
Q55Q13
P21796
ABNC98
P18433
P08133
P10606
014561
P98170

Heat shock-related 70 kDa protein 2

Peptidyl-prolyl cis-trans isomerase FKBP1A

Tumor protein D52

Apolipoprotein D

Amyloid-like protein 1

ATP-dependent 6-phosphofructokinase, platelet type
Succinate dehydrogenase [ubiquinone] flavoprotein subunit,
mitochondrial

Rab GTPase-activating protein 1

NADH dehydrogenase [ubiquinone] iron-sulfur protein 5
Isoform 3 of Receptor-type tyrosine-protein phosphatase zeta
Fatty acid-binding protein, heart
Succinyl-CoA:3-ketoacid coenzyme A transferase 1,
mitochondrial

Tropomodulin-2

Cytochrome c oxidase subunit 6C

Ectonucleoside triphosphate diphosphohydrolase 1
Fumarate hydratase, mitochondrial

Epoxide hydrolase 1

NADH dehydrogenase [ubiquinone] 1 alpha subcomplex subunit

5

Collagen alpha-1(XXII) chain

Type Il inositol 3,4-bisphosphate 4-phosphatase
Cofilin-1

CDGSH iron-sulfur domain-containing protein 1
NADH dehydrogenase [ubiquinone] flavoprotein 2,
mitochondrial

Mitochondrial fission 1 protein

Ras GTPase-activating-like protein IQGAP1
Carbonic anhydrase 1

Cytochrome c oxidase subunit 7A2, mitochondrial
Proline-rich protein 31

Voltage-dependent anion-selective channel protein 1
Coiled-coil domain-containing protein 88B
Receptor-type tyrosine-protein phosphatase alpha
Annexin A6

Cytochrome c oxidase subunit 5B, mitochondrial
Acyl carrier protein, mitochondrial

E3 ubiquitin-protein ligase XIAP

6.45E-03
6.49E-03
6.80E-03
7.01E-03
7.32E-03
7.55E-03

7.69E-03
7.99E-03
8.12E-03
8.37E-03
8.89E-03

9.29E-03
9.29E-03
9.51E-03
9.71E-03
9.79E-03
1.07E-02

1.11E-02
1.12E-02
1.12E-02
1.13E-02
1.14E-02

1.14E-02
1.15E-02
1.15E-02
1.16E-02
1.18E-02
1.21E-02
1.22E-02
1.26E-02
1.27E-02
1.29E-02
1.31E-02
1.33E-02
1.36E-02

0.64
0.56
0.31
0.47
0.26
0.54

0.60
0.42
0.57
0.68
0.63

0.70
0.64
0.68
0.41
0.46
0.55

0.56
0.41
0.50
0.68
0.61

0.47
0.47
0.61
0.54
0.65
0.42
0.56
0.67
0.30
0.53
0.51
0.62
0.44
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P15104
Q16775
P17174
Q13303
P13073
Q96C19
Q9H4I3
P27482
P24539
Q99536
Q8TD57
P38646
P49418

P30048
P03369
095970
QIY5KS
P40926
075901
P12035
P41222
Q9H492
Q58FG1
075947
P51649
P06702
Q6ZVM7
Q9P2J3
Q8NHY3
P62760
Q99961
060313
P24752
QIULB1
Q96L93

P08559

Glutamine synthetase
Hydroxyacylglutathione hydrolase, mitochondrial
Aspartate aminotransferase, cytoplasmic

Voltage-gated potassium channel subunit beta-2

Cytochrome c oxidase subunit 4 isoform 1, mitochondrial

EF-hand domain-containing protein D2

Isoform 2 of TraB domain-containing protein
Calmodulin-like protein 3

ATP synthase F(0) complex subunit B1, mitochondrial
Synaptic vesicle membrane protein VAT-1 homolog
Isoform 3 of Dynein heavy chain 3, axonemal
Stress-70 protein, mitochondrial

Amphiphysin

Isoform 2 of Thioredoxin-dependent peroxide reductase,
mitochondrial

Gag-Pol polyprotein

Leucine-rich glioma-inactivated protein 1

V-type proton ATPase subunit D

Malate dehydrogenase, mitochondrial

Ras association domain-containing protein 9

Keratin, type Il cytoskeletal 3

Prostaglandin-H2 D-isomerase
Microtubule-associated proteins 1A/1B light chain 3A
Putative heat shock protein HSP 90-alpha A4

ATP synthase subunit d, mitochondrial
Succinate-semialdehyde dehydrogenase, mitochondrial
Protein S100-A9

TOM1-like protein 2

Kelch-like protein 9

GAS2-like protein 2

Visinin-like protein 1

Endophilin-A2

Dynamin-like 120 kDa protein, mitochondrial
Acetyl-CoA acetyltransferase, mitochondrial
Neurexin-1

Kinesin-like protein KIF16B

Pyruvate dehydrogenase E1 component subunit alpha, somatic

form

1.36E-02
1.36E-02
1.37E-02
1.38E-02
1.44E-02
1.47E-02
1.49E-02
1.50E-02
1.54E-02
1.55E-02
1.58E-02
1.58E-02
1.58E-02

1.60E-02
1.65E-02
1.67E-02
1.70E-02
1.70E-02
1.70E-02
1.71E-02
1.75E-02
1.75E-02
1.77E-02
1.77E-02
1.78E-02
1.78E-02
1.79E-02
1.81E-02
1.87E-02
1.90E-02
1.93E-02
1.95E-02
1.96E-02
2.01E-02
2.05E-02

2.05E-02

0.54
0.67
0.70
0.65
0.52
0.66
0.35
0.61
0.65
0.52
0.42
0.67
0.55

0.54
0.32
0.65
0.70
0.60
0.19
0.59
0.62
0.65
0.40
0.66
0.60
0.43
0.62
0.46
0.39
0.56
0.62
0.71
0.70
0.56
0.51

0.64
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Q86YA3
QINY65

Q9Y4CO

QIUMS6
P09936

095182
P02794

QINX14
Q13491
P62424
P49419
P56385
Q99962
P16870
QoY277
P21926
014594
P54920
P23763
000264
094811
P61266
Q13561
Q16623
Q16623
P62987
P61604
P49588
P10809
Q96FN4
Q08257
Q53H12
094856
QINQC3
Q08722
QIUBB6

Protein ZGRF1

Tubulin alpha-8 chain

Neurexin-3

Synaptopodin-2

Ubiquitin carboxyl-terminal hydrolase isozyme L1

NADH dehydrogenase [ubiquinone] 1 alpha subcomplex subunit

7

Ferritin heavy chain

NADH dehydrogenase [ubiquinone] 1 beta subcomplex subunit

11,

Isoform 4 of Neuronal membrane glycoprotein M6-b
60S ribosomal protein L7a

Alpha-aminoadipic semialdehyde dehydrogenase
ATP synthase subunit e, mitochondrial
Endophilin-Al

Carboxypeptidase E

Voltage-dependent anion-selective channel protein 3
CD?9 antigen

Neurocan core protein

Alpha-soluble NSF attachment protein
Vesicle-associated membrane protein 1
Membrane-associated progesterone receptor component 1
Tubulin polymerization-promoting protein
Syntaxin-1B

Dynactin subunit 2

Isoform 2 of Syntaxin-1A

Syntaxin-1A

Ubiquitin-60S ribosomal protein L40

10 kDa heat shock protein, mitochondrial
Alanine--tRNA ligase, cytoplasmic

60 kDa heat shock protein, mitochondrial

Copine-2

Quinone oxidoreductase

Acylglycerol kinase, mitochondrial

Neurofascin

Reticulon-4

Leukocyte surface antigen CD47

Neurochondrin

2.07E-02
2.08E-02
2.08E-02
2.08E-02
2.08E-02

2.10E-02
2.11E-02

2.12E-02
2.17E-02
2.20E-02
2.22E-02
2.23E-02
2.26E-02
2.27E-02
2.27E-02
2.31E-02
2.32E-02
2.33E-02
2.40E-02
2.46E-02
2.60E-02
2.60E-02
2.65E-02
2.66E-02
2.66E-02
2.71E-02
2.71E-02
2.72E-02
2.72E-02
2.75E-02
2.75E-02
2.77E-02
2.77E-02
2.78E-02
2.80E-02
2.82E-02

0.47
0.31
0.59
0.64
0.54

0.71
0.52

0.64
0.64
0.61
0.68
0.62
0.68
0.62
0.63
0.59
0.42
0.47
0.33
0.47
0.61
0.64
0.69
0.53
0.53
0.47
0.55
0.40
0.63
0.53
0.58
0.69
0.64
0.65
0.69
0.71
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P07197
POCGO5
P52758
P35527
P30049
Q8IXQ9
P14174
P38606
Q8N335
P20700
Q06830
Q08209
Q9UPP5
P45880
QY639
QIGZP4
Q8NBPO

P36957
P50213
P21964
Q969E4

Q9P0JO
014810
P11233
p25788
P38570

P49821
P05026
P06576
P47985
Q16653
P49802
P20916
P14618
P14618

Neurofilament medium polypeptide

Ig lambda-2 chain C regions

Ribonuclease UK114

Keratin, type | cytoskeletal 9

ATP synthase subunit delta, mitochondrial
Methyltransferase-like protein 20

Macrophage migration inhibitory factor

V-type proton ATPase catalytic subunit A
Glycerol-3-phosphate dehydrogenase 1-like protein
Lamin-B1

Peroxiredoxin-1

Serine/threonine-protein phosphatase 2B catalytic subunit
Uncharacterized protein KIAA1107

Voltage-dependent anion-selective channel protein 2
Neuroplastin

PITH domain-containing protein 1

Tetratricopeptide repeat protein 13
Dihydrolipoyllysine-residue succinyltransferase component of 2-
oxoglutarate dehydrogenase complex, mitochondrial
Isocitrate dehydrogenase [NAD] subunit alpha, mitochondrial
Catechol O-methyltransferase

Transcription elongation factor A protein-like 3

NADH dehydrogenase [ubiquinone] 1 alpha subcomplex subunit
13

Complexin-1

Ras-related protein Ral-A

Proteasome subunit alpha type-3

Integrin alpha-E

NADH dehydrogenase [ubiquinone] flavoprotein 1,
mitochondrial

Sodium/potassium-transporting ATPase subunit beta-1
ATP synthase subunit beta, mitochondrial

Cytochrome b-c1 complex subunit Rieske, mitochondrial
Myelin-oligodendrocyte glycoprotein

Isoform 4 of Regulator of G-protein signaling 7
Myelin-associated glycoprotein

Pyruvate kinase PKM

Isoform M1 of Pyruvate kinase PKM

2.83E-02
2.90E-02
2.91E-02
2.95E-02
2.99E-02
3.04E-02
3.07E-02
3.08E-02
3.09E-02
3.11E-02
3.13E-02
3.30E-02
3.33E-02
3.46E-02
3.48E-02
3.51E-02
3.55E-02

3.63E-02
3.72E-02
3.72E-02
3.78E-02

3.81E-02
3.82E-02
3.82E-02
3.84E-02
3.85E-02

3.89E-02
3.92E-02
3.92E-02
4.00E-02
4.00E-02
4.01E-02
4.03E-02
4.04E-02
4.04E-02

0.52
0.44
0.63
0.63
0.71
0.61
0.70
0.70
0.59
0.55
0.64
0.64
0.23
0.69
0.53
0.54
0.64

0.62
0.69
0.53
0.31

0.68
0.36
0.69
0.36
0.63

0.69
0.52
0.66
0.65
0.45
0.70
0.43
0.69
0.69

58



060262
Q66GS9
QIUBWS5
Q9Y2Q0
Q8TBYS
P13637

000217
Q9H2U2
012158
Q13526

P59768
Q5TCS8
Q9HOQO
Q07343
Q9H3Z4
Q13112
Q2M215
QY376
P02042
P11142
P13667
Q00169
Q9Y2Q3
P04216
QINRS4
P00492
Q5XKPO
075369
P48594
Q96TC7
Q16836
Q96DEO
Q99685
P25686
Q8N436

Guanine nucleotide-binding protein G(I1)/G(S)/G(O) subunit
gamma-7

Centrosomal protein of 135 kDa

Bridging integrator 2

Phospholipid-transporting ATPase 1A
Polyamine-modulated factor 1-binding protein 1
Sodium/potassium-transporting ATPase subunit alpha-3
NADH dehydrogenase [ubiquinone] iron-sulfur protein 8,
mitochondrial

Inorganic pyrophosphatase 2, mitochondrial

Gag-Pol polyprotein

Peptidyl-prolyl cis-trans isomerase NIMA-interacting 1
Guanine nucleotide-binding protein G(1)/G(S)/G(O) subunit
gamma-2

Adenylate kinase 9

Protein FAM49A

cAMP-specific 3',5'-cyclic phosphodiesterase 4B

DnaJ homolog subfamily C member 5

Chromatin assembly factor 1 subunit B

Keratin, type | cytoskeletal 24

Calcium-binding protein 39

Hemoglobin subunit delta

Heat shock cognate 71 kDa protein

Protein disulfide-isomerase A4

Phosphatidylinositol transfer protein alpha isoform
Glutathione S-transferase kappa 1

Thy-1 membrane glycoprotein

Isoform 3 of Transmembrane protease serine 4
Hypoxanthine-guanine phosphoribosyltransferase
Protein QIL1

Isoform 4 of Filamin-B

Serpin B4

Regulator of microtubule dynamics protein 3
Hydroxyacyl-coenzyme A dehydrogenase, mitochondrial
U8 snoRNA-decapping enzyme

Monoglyceride lipase

Isoform 2 of DnaJ homolog subfamily B member 2

Inactive carboxypeptidase-like protein X2

4.18E-02
4.18E-02
4.21E-02
4.23E-02
4.26E-02
4.27E-02

4.32E-02
4.34E-02
4.35E-02
4.48E-02

4.52E-02
4.56E-02
4.59E-02
4.60E-02
4.63E-02
4.65E-02
4.69E-02
4.75E-02
4.77E-02
4.78E-02
4.78E-02
4.81E-02
4.86E-02
4.88E-02
4.95E-02
4.97E-02
1.55E-04
2.42E-04
4.08E-04
7.33E-04
8.16E-04
8.23E-04
9.90E-04
1.02E-03
1.61E-03

0.49
0.68
0.47
0.65
0.69
0.67

0.69
0.67
0.59
0.46

0.63
0.65
0.67
0.62
0.57
0.11
0.69
0.67
0.59
0.66
0.64
0.70
0.58
0.49
0.36
0.60
3.28
2.21
3.24
3.38
231
1.69
17.73
33.80
65.10
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P78358
Q99996
QINQ76
QIUGT4
P30154
P61006
Q96AC1

Q502W6
P39210
Q13011
ALLOTO
Q13724
Q08623
QY6AY?2
Q15404
P16930
P10768
060701
P42765
Q8NBU5
P55083
QoUJT78
P12111
Q63HM9
P35573
QU7
000764
QINVS9
Q15366
Q61BS0

Q9QJ39
Q86YQ8
QYUHL4
QB6NXG1
Q15582
P06538

Isoform 2 of Cancer/testis antigen 1

Isoform 4 of A-kinase anchor protein 9

Isoform 3 of Matrix extracellular phosphoglycoprotein
Sushi domain-containing protein 2

Isoform 2 of Serine/threonine-protein phosphatase 2A
Ras-related protein Rab-8A

Fermitin family homolog 2

Isoform 6 of von Willebrand factor A domain-containing protein
3B

Protein Mpv17

Delta(3,5)-Delta(2,4)-dienoyl-CoA isomerase, mitochondrial
Acetolactate synthase-like protein
Mannosyl-oligosaccharide glucosidase
Pseudouridine-5'-monophosphatase

Isoform 2 of Crossover junction endonuclease EME1
Isoform 2 of Ras suppressor protein 1
Fumarylacetoacetase

S-formylglutathione hydrolase

UDP-glucose 6-dehydrogenase

3-ketoacyl-CoA thiolase, mitochondrial

ATPase family AAA domain-containing protein 1
Microfibril-associated glycoprotein 4

Zinc finger MY M-type protein 5

Isoform 3 of Collagen alpha-3(VI) chain

PI-PLC X domain-containing protein 3

Glycogen debranching enzyme

GTP:AMP phosphotransferase AK3, mitochondrial
Pyridoxal kinase

Pyridoxine-5'-phosphate oxidase

Poly(rC)-binding protein 2

Twinfilin-2

Ribonucleoside-diphosphate reductase large subunit-like protein
u2s8

Copine-8

Dipeptidyl peptidase 2

Isoform 2 of Epithelial splicing regulatory protein 1
Transforming growth factor-beta-induced protein ig-h3

DNA polymerase

1.63E-03
2.30E-03
2.40E-03
2.51E-03
2.54E-03
2.78E-03
2.82E-03

3.13E-03
3.62E-03
3.92E-03
4.21E-03
4.51E-03
5.03E-03
5.12E-03
5.13E-03
5.14E-03
5.54E-03
5.65E-03
5.78E-03
5.91E-03
6.91E-03
7.05E-03
7.53E-03
7.71E-03
7.89E-03
8.04E-03
8.18E-03
8.50E-03
8.84E-03
8.93E-03

9.11E-03
9.33E-03
9.63E-03
1.08E-02
1.16E-02
1.19E-02

180.31
1.57
2.16
30.07
2.43
8.56
8.52

2.51
74.94
4.08
3.17
2.02
25.87
1.58
76.16
3.04
2.21
35.60
2.31
63.59
481
2.17
1.89
5.92
6.86
8.45
1.65
11.58
8.64
25.45

6.95
2.66
8.58
26.75
9.55
6.47
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P47755
QIY6R1
043272
Q4GON4
QYHSHS3
P68400
060664
Q71U36
QINZB2
P45974
P28288
Q13619
P61201
Q6NZI2
P10644
Q8NE18
Q5THR3
P0O5771
QIBY67
Q02952
Q9UJT70
Q8WTW4
QINYY8
P60660
P21810
060888
07539
Q99538
Q13200
P20774
P63104

Q14738
Q9UNZ2
Q14168

Q15233
P00488

F-actin-capping protein subunit alpha-2

Electrogenic sodium bicarbonate cotransporter 1
Isoform 2 of Proline dehydrogenase 1, mitochondrial
Isoform 3 of NAD kinase 2, mitochondrial
Methyltransferase-like protein 7A

Casein kinase 11 subunit alpha

Isoform 2 of Perilipin-3

Tubulin alpha-1A chain

Constitutive coactivator of PPAR-gamma-like protein 1
Ubiquitin carboxyl-terminal hydrolase 5

ATP-binding cassette sub-family D member 3
Cullin-4A

COP9 signalosome complex subunit 2

Polymerase | and transcript release factor
cAMP-dependent protein kinase type I-alpha regulatory subunit
Putative methyltransferase NSUN7

EF-hand calcium-binding domain-containing protein 6
Protein kinase C beta type

Cell adhesion molecule 1

A-kinase anchor protein 12

N-acetyl-D-glucosamine kinase

Nitrogen permease regulator 2-like protein

FAST kinase domain-containing protein 2

Myosin light polypeptide 6

Biglycan

Isoform C of Protein CutA

Vesicle-trafficking protein SEC22b

Legumain

26S proteasome non-ATPase regulatory subunit 2
Mimecan

Elongation factor 1-alpha 1

Serine/threonine-protein phosphatase 2A 56 kDa regulatory
subunit

NSFL1 cofactor p47

MAGUK p55 subfamily member 2

Isoform 2 of Non-POU domain-containing octamer-binding
protein

Coagulation factor XII1 A chain

1.22E-02
1.28E-02
1.29E-02
1.29E-02
1.34E-02
1.34E-02
1.44E-02
1.45E-02
1.52E-02
1.65E-02
1.67E-02
1.67E-02
1.69E-02
1.72E-02
1.77E-02
1.79E-02
1.79E-02
1.79E-02
1.79E-02
1.83E-02
1.86E-02
1.87E-02
1.90E-02
1.92E-02
1.97E-02
1.99E-02
2.08E-02
2.17E-02
2.36E-02
2.45E-02
2.47E-02

2.64E-02
2.70E-02
2.85E-02

2.91E-02
2.98E-02

1.43
1.73
10.63
20.05
14.23
1.59
18.84
18.84
3.50
1.44
10.53
1.92
9.72
6.27
5.83
1.83
1.48
2.47
1.44
2.97
4.32
30.10
1.80
4.03
5.14
37.48
2.23
8.32
1.55
6.08
2.06

5.76
1.66
1.67

61.12
161
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Q8NS5R6
Q502W7
P52446
Q05329
Q07065
QINQ48
QINSE4
P14866
P49720
Q8TF21
P62333
Q96AB3
Q16853
043237
000487
P12525
A5HBG1
P62140
Q8AZJ5
P00568
Q8N427
P46459
P30040

Q9BYC2
QB6KCM?7
060296
P60983
P17844
Q81ZC6
Q58FGO
P62328
Q96T51
P62081
Q6YN16
P12814

075952

Isoform 5 of Coiled-coil domain-containing protein 33
Coiled-coil domain-containing protein 38

Probable ganciclovir kinase

Glutamate decarboxylase 2

Cytoskeleton-associated protein 4

Leucine zipper transcription factor-like protein 1
Isoleucine--tRNA ligase, mitochondrial

Heterogeneous nuclear ribonucleoprotein L

Proteasome subunit beta type-3

Ankyrin repeat domain-containing protein 24

26S protease regulatory subunit 10B

Isochorismatase domain-containing protein 2, mitochondrial
Membrane primary amine oxidase

Cytoplasmic dynein 1 light intermediate chain 2

26S proteasome non-ATPase regulatory subunit 14
Putative myc-like protein MYCLP1

Large T antigen

Serine/threonine-protein phosphatase PP1-beta catalytic subunit
Uncharacterized LF1 protein

Adenylate kinase isoenzyme 1

Thioredoxin domain-containing protein 3

Vesicle-fusing ATPase

Endoplasmic reticulum resident protein 29
Succinyl-CoA:3-ketoacid coenzyme A transferase 2,
mitochondrial

Calcium-binding mitochondrial carrier protein SCaMC-2
Trafficking kinesin-binding protein 2

Glia maturation factor beta

Probable ATP-dependent RNA helicase DDX5

Collagen alpha-1(XXVII) chain

Putative heat shock protein HSP 90-alpha A5

Thymosin beta-4

RUN and FYVE domain-containing protein 1

40S ribosomal protein S7

Hydroxysteroid dehydrogenase-like protein 2
Alpha-actinin-1

Isoform 4 of Calcium-binding tyrosine phosphorylation-regulated

protein

2.98E-02
3.12E-02
3.15E-02
3.18E-02
3.21E-02
3.21E-02
3.25E-02
3.26E-02
3.26E-02
3.28E-02
3.29E-02
3.42E-02
3.47E-02
3.52E-02
3.54E-02
3.54E-02
3.55E-02
3.64E-02
3.73E-02
3.82E-02
4.03E-02
4.11E-02
4.12E-02

4.19E-02
4.25E-02
4.28E-02
4.44E-02
4.47E-02
4.51E-02
4.51E-02
4.54E-02
4.59E-02
4.84E-02
4.85E-02
4.91E-02

4.95E-02

83.89
3.37
1.83
18.94
5.68
1.45
1.93
1.50
1.56
2.24
10.21
6.42
12.40
2.96
15.84
171
5.04
1.84
161
1.49
11.86
1.96
1.95

1.72
5.24
2.16
2.80
2.05
1.67
151
22.29
1.79
2.06
241
5.45

8.62
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6.10.2. Post-mortem doku drneklerinin PCA analizi

Post-mortem doku 6rneklerinden tanimlanan ve anlamli degisen proteinlerin PCA

analizi sonuglart Sekil 6.10.2.1°deki gibidir. Analiz sonucuna gore iki grubun

proteomu birbirinden ayrilmis goriinmektedir.

Principal Components Analysis

& B B i -
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|

' |

[

Priscigal Comporman 1

Sekil 6.10.2.1: Post-mortem doku drneklerinin PCA analizi.

6.10.3. Post-mortem doku drneklerinin IPA analiz

Post-mortem doku oOrneklerinden tanimlanan ve anlamli degisen proteinlerin IPA

analizi sonuglar1  Sekil 6.10.3.1°deki gibidir.

Onerilen  yolaklar

arasinda

mitokondiryel disfonksiyon oksidatif fosforilasyon ve sinyal-ileti yolaklari ile ilgili

yolaklar yer almaktadir.
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Sekil 6.10.3.1: Post-mortem doku 6rneklerinin IPA analizi.
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7. TARTISMA VE SONUC

Alzheimer Hastaligi, AP plaklar1 ve norofibriler diigiimler ile karakterize
edilen, cok faktorlii, ilerleyici bir hastaliktir. Birgok arastirma grubu tarafindan
yapilan ¢aligmalarda, hastalik hakkinda genis bir bilgi birikimine ulasilmis olsa da,
hastaligin patolojisini olusturan esas sebepler hala aydmlatilamamistir. Bununla
beraber, AD patolojisi tizerine yapilan ¢alismalarda ¢ok ¢esitli teknikler kullanilmis
ve patolojinin agiklanmasi iizerine farkli hipotezler kabul gérmiistiir. Bu ¢aligmada,
farkli bakis acilarinin bilinmeyenleri agiga ¢ikaracagi diistiniilerek, proteomik temelli
bir yaklagim ile, hastaligin altinda yatan bilinmeyen molekiiler yolaklar1 ortaya

cikarmay1 hedefledik.

Bu calismada, beynin patolojik degisimlerinin daha baslamadigi erken klinik
donemi ve ileri biligsel bozulmaya dogru gidilen asamalarin sistematik olarak
aragtirilabilecegi ve yaygmn olarak kullanilan bes ailevi Alzheimer hastaligi
mutasyonunu iceren 5XFAD fare modelini kullandik. Bu modelde, fareler 9. ayda
geri doniigiimsiiz olarak amyloid plak olusumu gdstermektedirler. Bununla beraber 9.
Ayda farelerde bilissel bozulmalar da gézlenmistir (77). Yaptigimiz davranigsal ve
immunohistokimyasal analizler sonucunda da, S5XFAD farelerinin hastaligi
gelistirme evreleri belirlendi. 3 ay, prepatolojik donem; 6 ay, hastaligin gelisim
evresi ve 12 ay, patolojik donem olarak degerlendirildi. Prepatolojik donemde, ne A3
miktarinda ne de O68renme ve hafizada bir hasar tespit edilememisken, gelisim
evresinde artan AP miktarina ragmen plak formu gozlenmedi. Ayrica 6grenme ve
hafiza da meydana gelen bozulma istatistiksel olarak anlamli bulunmadi. Daha
onceki calismalar da 3. Aydaki SXFAD farelerde amyloid plak ve kognitif bozulma
olmadigini kanitlamistir (78, 79). Patolojik evrede ise hem AP plaklar: gézlendi hem

de anlaml sekilde kognitif bozulmalar saptandi.

Son yillarda, ECM’in noérodejenerasyondaki rolii arastirilmig ve ECM
bilesenlerinde meydana gelen degisimlerin sinaptogenez (53), plastisite (80), merkezi
sinir sistemi onarmmi1 (81) ve ndroproteksiyon (lizerindeki 6nemli rolleri ortaya
cikarilmistir. Intraserebral push-pull perfiizyon metodu, ¢éziinebilir ekstraseliiler
matriks bilesenlerini elde etmek icin kullanilan spesifik bir metottur fakat bu

metodun fare beyni iizerinde uygulanmasi, ticari olarak iiretilmis prob boyutlarmin
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istenilenden biiyiikk olmasi sebebiyle zordur. Bu problemi agsmak igin, kurum iginde
iiretilmis membransiz siiper ince problar kullanarak, oldukca kugcik bir bdlge olan
CA1 bolgesinden ekstraseliiler siviy1 elde etmeyi basardik. Bu yontem sonucunda
elde edilebilen ektraseliiler sivi her ne kadar smirh olsa da, bu 6rneklerden kiitle-
spektrometresi temelli proteomik analizler ile 3, 6 ve 12 aylik perfiizat 6rneklerinde
sirasiyla 251, 213 ve 238 adet protein tanimlamas1 yapildi. Bu sonu¢ daha sonraki
ECM-temelli proteomik analizler igin de umut verici bir sonug teskil etmektedir. Bu
metod sonucu tanimlanan proteinlerin yaklasik tigte birlik bir kismmin ektraseliiler
bilesen icerdigi belirlendi. Mikrodializ yerine serebral push-pull ydnteminin
kullanilmasi, ektraseliiler bolgeye iliskin daha c¢ok sayida protein tanimlamasi
saglamistir. Proteomik temelli galigmamizla, plak olusumunun baglamadigi donemde
dahi bir¢cok proteinde ekpresyon degisimleri oldugunu gostermis olduk. Her ne kadar
erken donemde bu degisiklikleri saptamis olsak da, bu proteinlerin tam olarak hangi
noktada degisim gostermeye basladigini belirleyebilmek i¢in bu konu hakkinda daha
cok deneysel aragtirma gerekmektedir ve malesef 3. aydan daha erken donemdeki
fare beyinlerinden, intraserebral push-pull yontemi ile ekstraseliiler sivi elde edilmesi

teknik olarak kullanissiz goriinmektedir.

Inflamasyon sureglerinin ve sitokinlerin AD’ deki rolleri ayrintili olarak Rubio-
Perez ve Morillas-Ruiz tarafindan derlenmistir (82). Pre-patolojik déneme ait IPA
sonuglarina gére, tanimlanmis proteinlerden 5 tanesinin iist diizenleyicisi IL-6 olarak
saptanmigtir. IL-6 tarafindan regiile edilen bu 5 proteinin (SERPINA3, SERPINAL,
A2M, PTGER4 ve CST), AD iligkili proteinler oldugu gesitli g¢alismalarda
kanmtlanmigtir (83-87). IL-6 proteinin 3 aylik 5XFAD farelerin hipokampiis ve
korkteks bolgelerinde artig gosterdigi immiinohistokimya analizleriyle saptandi.
Amiloid kaskat hipotezine gore, artmis AP iretimi ve azalan amiloid peptit
uzaklagtirma stirecleri, AD’ nin temel sebebi olarak goriilmektedir (88). Her nekadar
yaygin olarak kabul edilmis bir teori olsa da, beyinlerinde ¢ok¢a ndrofibriler diigiim
ve senil plaklar bulunduran birgok saglikli birey bulunmaktadir (89). Ayrica bir¢ok
durumda, bu patolojik olgularin ortadan kaldirilmasi, hastaligi  ortadan
kaldirmamaktadir. Bu bilgiler, AD’nin olusum ve ilerleyis patolojisinde amiloid-
olmayan faktorlerin de etkili oldugu fikrini ortaya ¢ikarmistir. Bir¢cok calismada

demir birikiminin AH baslangicinda primer sebep oldugu gosterilmis ve artmig demir
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seviyelerinin amiloid plaklar ile baglantili olmadig1 gosterilmistir (26). Aksine, yakin
zamanda transgenik fareler iizerinde yapilmis ¢alismalarda, demir regiilasyonunda
bozulma, oksidatif stres ve mikroglial aktivasyon gibi sireglerin amiloid plak
olusumunun erken evlerinde saptandigi gosterilmistir (27). Demir iceren aktive
olmus mikroglialarin, manyetik rezonans goriintiileme analizi yapilmis ve elde edilen
sonuglar dogrultusunda, demir-iligkili mikroglial kaynakli noroinflamasyonun,
amiloid ile iligkili olarak néronal bozulmanin temel sebebi olabilecegi ihtimali 6ne
sunulmustur (90). Biz, bu ¢alismada, 5XFAD transgenik fare hipokampiislerindeki
IL-6 ve demir oranindaki artisin, amiloid plak olusumundan daha 6nce oldugunu
gostermis ve IL-6 ve CA1l ekstraseliiler bolgesi arasinda bir iligkili olabilecegini ilk

kez sunmus olduk.

5XFAD farelerine ait ECM orneklerinde, kontrol grubuna gore anlaml
derecede anlatimi degisen proteinlerin bir kism1 sadece 3, 6 veya 12 aylik zaman
dilimlerinde degisim gosterirken, bir kismi ortak olarak degismistir. Hastaligin
prepatolojik, gelisim ve patolojik donemlerinde ekspresyonu farkli miktarlarda
degisen 7 adet ortak protein tespit edilmistir. Bunlar PEB1, GRiD2ip, STX19,
PRPTZ, SOD, Ig ve ALBU proteinleridir. PEB1, GRiD2ip, STX19, PRPTZ daha
onceki caligmalarda noroedejenerasyon ya da AD ile iliskilendirilmistir (91-100)
ancak detayli molekiiler ¢aligmalar bulunmamaktadir. Ayrica SOD miktarindaki
diisiis ve demir miktarindaki artis noral hiicreleri, yaslilik ve hastaligin ilerleyen
evrelerinde gergeklestigi bilinen oksidatif stresten daha c¢ok etkilenir hale
getirmektedir.

Prepatolojik evrede etkilendigi tespit edilen yolaklar; glikoliz, glikoneogenez
ve immiin sistemle iligkili mekanizmalardir.  Alzheimer hastalarinda
glikoliz/glikoneogenez’de (101) ve immiin sistem iligkili mekanizmalarda meydana
gelen degisimler (102) 6nceki ¢alismalarda gosterilmistir. Bu ¢alismada elde edilen
veriler ise, bu degisimin hastalifin ¢ok erken evrelerinde basladigini gostermektedir.
3 ve 6 aylik evrelerde ortak goriilen yolaklar daha ¢ok lipid taginimi, sindirimi ve
metabolizmast ile iligkili iken, 6. ayda insiilin sekresyonu ve demir metabolizmasinin
etkilendigi  tespit edildi. Hastaligin gelisim evresinde goriilen demir
metabolizmasmin disregiilasyonu, ayn1 zamanda daha Onceki calismalarda dile

getirilen demir metabolimasi, ndroinflamasyon ve Abeta plak birikimi arasinda

66



iliskiyi de (27, 30) destekler niteliktedir. 6 ve 12. aylarda, hicre-hiicre ve hiicre-
ECM etkilesimi, apoptoz ve norotransmitter salinu ile iligkili yolaklarmn etkilendigi
tespit edildi. Son olarak, 3, 6 ve 12. aylarda lipid/lipoprotein metabolizmasi,
Ras/Raf/MAPK sinyal ileti yolagi ve ROS detoksifikasyonu gibi temel yolaklarin
etkilendigi tespit edildi. Analizler sonucu belirlenen yolaklarin yaslanma siireci ile
iliskili oldugu bilinmektedir ancak SXFAD ve kontrol grubu arasindaki istatistiksel
olarak anlamli degisen proteinlere dayanarak yapilan bu analizlerden elde edilen
veriler, AD’nin hastaligin baslangici, gelisimi ve patolojisi ile ilgili Onemli
bulgulardir. Ek olarak, verilerin dogrulugu ve anlasilir olabilmesi i¢in daha fazla
molekiiler temelli caligmaya ihtiyag vardir.

Yapilan posttranslasyonel modifikasyon analizleri, fosforile ve okside olmus
proteinlerin analizini kapsamaktadir. Kitle spektrometrisine dayali bu tiir total
posttranslasyonel modifikasyon analizlerinin (fosfoproteom), literatirde pek cok
Oornegi olmakla birlikte (103-106), metodoloji Uzerindeki ¢alismalar devam
etmektedir. Bu c¢aliymada, AD ve kontrol grubuna ait hipokampal lizatlar
karsilastirilarak, ekspresyonu degismeyen ancak fosforile/defosforile olmus 27
protein tanimlandi. Biyolojik dnemlerinin anlasilmasi i¢in, 6ncelikle antikor temelli
bir yontem ile valide edilmesi ve ek deneylerle desteklenmesi gerekmektedir.
Calisma kapsaminda, okside olmus proteinlerin tanimlanmasi miimkiin olmamustir.
Elde ettigimiz veri, 3, 6 ve 12 aylik farelerdeki okside olmus protein miktarinin
hastaligin ilerleyisi ile arttigi géstermis olsada, proteinlerin tanimlanmasi igin
kullandigimiz yontemin (107, 108) degistirilmesi ya da optimize edilmesi
gerekmektedir.

Ek olarak, Alzheimer hastasit ve kontrol gruplarma ait BOS ve postmortem
dokularda protein ekspresyon degisim analizleri yapildi. BOS 6rneklerinde
tanimlanan 1041 proteinden 204’{iniin ekspresyonu, AD hastalarda kontrole gore
istatistiksel olarak anlamli sekilde degismistir. Yapilan PCA analizine gore, iki gruba
ait proteomlarin tamamen ayristigi, ek olarak AD grubunda iki alt grubun oldugu
gozlemlenmistir. Alt gruplarin, klinikte kullanilan tanmi kriterleri ya da patolojinin
seviyesi ile iligkili olup olmadig1 daha detayl sekilde incelenmelidir. AD ve kontrol
grubuna ait postmortem beyin dokularinda yapilan protein ekspresyon analizi

sonucunda tanimlanan 1737 proteinden 311°’nin ekspresyonu, AD bireylerde
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kontrole gore istatistiksel olarak anlamli sekilde degismistir. BOS ve postmortem
doku 6rneklerinde, AD’de kontrole gére anlamli 6l¢lide degistigi tespit edilmis olan
proteinlerden yapilan yolak analizleri sonucunda bazi yolaklarin, hayvanlardan elde
edilen hipokampal ECM o6rnekler ile ortak yolaklar oldugu goriilmektedir. BOS ve 6
aylik farelere ait analizlerde lipid metabolizmas ile iligkili oldugu bilinen FXR/RXR
yolagi ortak olarak etkilenmisken, postmortem doku ve 6 / 12 aylik hayvanlardan
elde edilen ortak yolagin Nrf2 sinyal yolagi oldugu tespit edilmistir. Hastaligin
gelisimi ve ileri donemlerinde elde edilen 6rnekler ile hasta bireylerden elde edilen
biyolojik materyallerde ortak yolaklarin bulunmasi hem hayvan modelini valide
etmekte hem de derinlemesine incelenmesi gereken potansiyel molekiler

mekanizmalar1 ortaya koymaktadir.
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9. EKLER

Tablo 9.1: 3, 6 ve 12. aylarda tanimlanan proteinlerin tam listesi.

Uniprot Peptid  Ozgiin Giivenilirlik Anova 5XFAD
No Protein Ad1 Sayisi Peptid Skoru (p) /LM
3 ayhk
008553 DPYL2 _ Dihydropyrimidinase-related protein 2 8 8 53.62  0.368 1.32
008677 KNG1 _ Kininogen-1 13 9 87.44  0.032 9.26
008709 PRDX6 _ Peroxiredoxin-6 4 4 23.65 0.017 5.01
PTGDS _ Isoform 2 of Prostaglandin-H2 D-
009114 isomerase 4 4 23.23  0.885 2.05
035114 SCRB2 _ Lysosome membrane protein 2 4 4 20.32 0.898 1.13
055042 SYUA _ Isoform 2 of Alpha-synuclein 3 3 17.30  0.086 6.76
P00342 LDHC _ L-lactate dehydrogenase C chain 5 3 28.76  0.675 1.18
P00920 CAH2 _ Carbonic anhydrase 2 46 43 251.67  0.215 2.44
P01027 CO3 _ Complement C3 74 67 392.89  0.015 13.17
P01631 KV2A7 _ Ig kappa chain V-II region 26-10 4 4 12.06  0.009 3.90
P01837 IGKC _ Ig kappa chain C region 6 5 39.11  0.969 1.17
GCAB _ Ig gamma-2A chain C region secreted
P01864 form 11 11 68.98  0.969 3.93
P01867 IGG2B _ Ig gamma-2B chain C region 14 13 87.66  0.969 4,95
IGH1M _ Ig gamma-1 chain C region,
P01869 membrane-bound form 23 22 12538  0.969 1.15
P01878 IGHA _ Ig alpha chain C region 5 4 34.94  0.969 8.49
HA10 _ H-2 class | histocom5XFADibility
P01898 antigen, Q10 alpha chain 7 4 41.33  0.969 3.25
P01942 HBA _ Hemoglobin subunit alpha 91 87 226.78  0.969 1.04
P01942 HBA _ Hemoglobin subunit alpha 134 115 323.43  0.969 8.86
P02088 HBB1 _ Hemoglobin subunit beta-1 243 132 589.34  0.969 6.97
P02089 HBB2 _ Hemoglobin subunit beta-2 112 3 180.31  0.969 26.47
P02535 K1C10 _ Keratin, type | cytoskeletal 10 30 14 165.65  0.969 6.60
P04104 K2C1 _ Keratin, type Il cytoskeletal 1 25 14 107.72  0.969 3.35
P04443 HBBO0 _ Hemoglobin subunit beta-HO 3 3 19.15  0.969 1.07
P04919 B3AT _ Band 3 anion transport protein 23 22 129.43  0.969 9.75
MUP8 _ Major urinary proteins 11 and 8
P04938 (Fragment) 23 7 109.51  0.969 1.21
P05063 ALDOC _ Fructose-bisphosphate aldolase C 9 6 60.52  0.969 3.43
P05063 ALDOC _ Fructose-bisphosphate aldolase C 11 8 68.02  0.969 2.28
P05064 ALDOA _ Fructose-bisphosphate aldolase A 18 15 93.72  0.969 2.83
P05784 K1C18 _ Keratin, type | cytoskeletal 18 12 4 72.16  0.969 4.46
P06151 LDHA _ L-lactate dehydrogenase A chain 4 4 2257  0.969 7.04
P06745 G6PI1 _ Glucose-6-phosphate isomerase 5 5 27.96  0.969 2.36
P07309 TTHY _ Transthyretin 12 12 60.53 0.969 1.27
P09542 MYL3 _ Myosin light chain 3 5 5 32.69 0.969 2.04
P09813 APOA2 _ Apolipoprotein A-II 6 6 14.55 0.969 17.36
P10649 GSTM1 _ Glutathione S-transferase Mu 1 3 3 18.64  0.969 1.02
P10649 GSTML1 _ Glutathione S-transferase Mu 1 4 4 2461  0.969 6.10
P11589 MUP2 _ Major urinary protein 2 19 3 81.61  0.969 2.63
P13634 CAH1 _ Carbonic anhydrase 1 24 22 196.85  0.969 1.33
P15327 PMGE _ Bisphosphoglycerate mutase 12 10 78.71  0.969 4.28
P15532 NDKA _ Nucleoside diphosphate kinase A 6 5 37.67  0.969 1.05
G3P _ Glyceraldehyde-3-phosphate
P16858 dehydrogenase 11 9 7144  0.969 12.62
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P17156
P17742
P17751
P17897
P19001
P19426
P20918
P20918
P21460
P21614
P22599
P23953
P24270
P28665
P28666
P29621
P29621
P29699
P29699
P50396
P50446
P50446
P52480
P61982
P61982
P62204
P62259
P62984
P63101
P68369

P70296
P70339
Q00897
Q02257
Q04447
Q06770
Q06890
Q19LI2
Q19LI2
Q3TTY5

Q3U285
Q3U564
Q52KR3
Q60590

Q60674
Q61147
Q61171
Q61171
Q61646
Q61670
Q61838
QBIFX2
QBIFX2

HSP72 _ Heat shock-related 70 kDa protein 2
PPIA _ Peptidyl-prolyl cis-trans isomerase A
TPIS _ Triosephosphate isomerase

LYZ1 _Lysozyme C-1

K1C19 _ Keratin, type | cytoskeletal 19
NELFE _ Negative elongation factor E
PLMN _ Plasminogen

PLMN _ Plasminogen

CYTC _ Cystatin-C

VTDB _ Vitamin D-binding protein

A1AT2 _ Alpha-1-antitrypsin 1-2

EST1C _ Carboxylesterase 1C

CATA _ Catalase

MUGL _ Murinoglobulin-1

MUG2 _ Murinoglobulin-2

SPA3C _ Serine protease inhibitor A3C
SPA3C _ Serine protease inhibitor A3C
FETUA _ Alpha-2-HS-glycoprotein

FETUA _ Alpha-2-HS-glycoprotein

GDIA _ Rab GDP dissociation inhibitor alpha
K2C6A _ Keratin, type Il cytoskeletal 6A
K2C6A _ Keratin, type Il cytoskeletal 6A
KPYM _ Pyruvate kinase PKM

1433G _ 14-3-3 protein gamma

1433G _ 14-3-3 protein gamma

CALM _ Calmodulin

1433E _ 14-3-3 protein epsilon

RL40 _ Ubiquitin-60S ribosomal protein L40
14337 _ 14-3-3 protein zeta/delta

TBA1A _ Tubulin alpha-1A chain
PEBP1 _ Phosphatidylethanolamine-binding
protein 1

FRATL1 _ Proto-oncogene FRAT1
Al1AT4 _ Alpha-1-antitrypsin 1-4
PLAK _ Junction plakoglobin

KCRB _ Creatine kinase B-type

CBG _ Corticosteroid-binding globulin
CLUS _ Clusterin

A1BG _ Alpha-1B-glycoprotein
A1BG _ Alpha-1B-glycoprotein

K22E _ Keratin, type 1l cytoskeletal 2 epidermal

LCORL _ Ligand-dependent nuclear receptor
corepressor-like protein

DCP1B _ mRNA-decapping enzyme 1B
PRUN2 _ Protein prune homolog 2
A1AG1 _ Alpha-1-acid glycoprotein 1

NR1D2 _ Nuclear receptor subfamily 1 group D

member 2

CERU _ Ceruloplasmin

PRDX2 _ Peroxiredoxin-2

PRDX2 _ Peroxiredoxin-2

HPT _ Haptoglobin

HLX _ H2.0-like homeobox protein
A2M _ Alpha-2-macroglobulin

K1C42 _ Keratin, type | cytoskeletal 42
K1C42 _ Keratin, type | cytoskeletal 42
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102.94
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289.47
81.95
362.05
229.32
60.27
51.81
72.47
123.87
32.87
115.42
135.68
68.46
67.03
75.07
98.05
118.62
70.64
140.06
123.85

53.77
18.08
391.83
24.30
163.82
90.78
17.41
41.70
52.84
52.93

33.59
58.53
29.92
41.05

2421
15.07
86.61
125.39
61.76
26.24
872.05
139.75
130.21
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2.95
2.39
3.39
2.42
3.06
24.05
1.79
10.49
2.75
1.39
1.29
1.06
1.35
1.47
3.24
1.59
4.56
1.26
21.14
1.65
10.43
1.99
12.37
1.39
1.61
1.26
1.32
6.19
1.67
22.27

3.55
33.64
9.19
1.39
10.03
1.00
2.09
1.44
9.69
3.26

10.29
211
3.20
1.08

2.27
4.48
6.70
121
2.80
1.52
2.89
1.03
62.59



Q6IFZ6
QBNXH9
Q6P2L7
Q6P2L7
Q6VGS5
Q8BFZ3

Q8CFY5
Q8VCT4
Q8VEDS
Q91X72
Q92111
Q922U2
Q923D2
QIESB3

Q9JIYO

Q9JL35
QIQWL7
QIROH5
QIR111
Q9Z2K1
Q9Z2K1

BO9EKR1

B9EKR1
008553
008677
008709

008983
089020
P00920
P01027
P01837

P01864
P01867

P01869
P01872
P01872
P02088
P02535
P03995
P03995
P04104
P04919
P05064

P05201

P05201
P05213
P06151
P06745

K2C1B _ Keratin, type Il cytoskeletal 1b
K2C73 _ Keratin, type Il cytoskeletal 73
CASC4 _ Protein CASC4

CASC4 _ Protein CASC4

DAPLE _ Isoform 2 of Protein Daple

ACTBL _ Beta-actin-like protein 2

COX10 _ Protoheme IX farnesyltransferase,
mitochondrial

CES1D _ Carboxylesterase 1D

K2C79 _ Keratin, type Il cytoskeletal 79
HEMO _ Hemopexin

TRFE _ Serotransferrin

K2C5 _ Keratin, type Il cytoskeletal 5
BLVRB _ Flavin reductase (NADPH)

HRG _ Histidine-rich glycoprotein

PKHO1 _ Pleckstrin homology domain-
containing family O member 1

HMGNS5 _ High mobility group nucleosome-
binding domain-containing protein 5

K1C17 _ Keratin, type | cytoskeletal 17
K2C71 _ Keratin, type Il cytoskeletal 71
GUAD _ Guanine deaminase

K1C16 _ Keratin, type I cytoskeletal 16

K1C16 _ Keratin, type I cytoskeletal 16
PRPTZ _ Receptor-type tyrosine-protein
phosphatase zeta

PRPTZ _ Receptor-type tyrosine-protein
phosphatase zeta

DPYL2 _Dihydropyrimidinase-related protein 2
KNGL1 _ Kininogen-1

PRDX6 _ Peroxiredoxin-6

HPS1 _ Hermansky-Pudlak syndrome 1 protein
homolog

AFAM _ Isoform 3 of Afamin

CAH2 _ Carbonic anhydrase 2

CO3 _ Complement C3

IGKC _ Ig kappa chain C region
GCAB _ Ig gamma-2A chain C region secreted
form

IGG2B _ Ig gamma-2B chain C region
IGH1IM _ Ig gamma-1 chain C region,
membrane-bound form

IGHM _ Ig mu chain C region

IGHM _ Ig mu chain C region

HBB1 _ Hemoglobin subunit beta-1
K1C10 _ Keratin, type | cytoskeletal 10
GFAP _ Glial fibrillary acidic protein
GFAP _ Glial fibrillary acidic protein
K2C1 _ Keratin, type Il cytoskeletal 1
B3AT _ Band 3 anion transport protein
ALDOA _ Fructose-bisphosphate aldolase A
AATC _ Aspartate aminotransferase,
cytoplasmic

AATC _ Aspartate aminotransferase,
cytoplasmic

TBA1B _ Tubulin alpha-1B chain
LDHA _ L-lactate dehydrogenase A chain
G6PI _ Glucose-6-phosphate isomerase
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19
16
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15

12

15

11
6

65.30
70.77
23.51
34.05
42.17
120.08

35.14
85.92
56.25
337.65
300.10
108.98
58.53
21.26

24.06

31.27
121.61
95.24
61.75
66.26
68.79

59.54

34.48
60.49
81.21
42.40

38.52
47.06
257.74
413.43
32.53

41.64
82.63

62.32

79.40
157.56
517.13
216.72

30.89
168.47
148.37
168.61
100.77

90.25

123.78
78.35
92.36
36.73

0.969
0.969
0.969
0.969
0.969
0.969

0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969

0.969

0.969
0.969
0.969
0.969
0.969
0.969

0.969

0.969
0.969
0.969
0.969

0.969
0.969
0.969
0.969
0.969

0.969
0.969

0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969

0.969

0.969
0.969
0.969
0.969
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5.56
2.18
1.27
1.01
2.63
5.86

14.30
1.21
1.02
1.22
3.71
3.73
4.90

Infinity

25.29

2.12
4.15
1.40
1.10
1.04
6.03

0.19

0.63
0.50
0.83
0.70

0.41
0.82
0.49
0.73
0.47

0.82
0.90

0.64
0.61
0.47
0.67
0.21
0.31
0.45
0.41
0.62
0.37

0.73

0.63
0.43
0.38
0.58



PO7724
PO7724
PO7758
PO7759
PO7759
P08032
P08226
P08228
P08228
P08249
P09411
P11352
P13634
P14152
P14152
P15327
P16125

P16858
P17156
P17182
P17182
P17183
P17183
P17742
P17751
P21614
P22599
P23492
P23953
P24270

P26883
P28665
P32261
P35700
P40142
P50396

P56480
P58465
P60710
P60710
P62204
P62259
P62984
P63017
P63017
P63101

P70296
Q00623
Q00623
Q00896
Q00897
Q00898
Q02257

ALBU _ Serum albumin

ALBU _ Serum albumin

AlAT1 _ Alpha-1-antitrypsin 1-1

SPA3K _ Serine protease inhibitor A3K
SPA3K _ Serine protease inhibitor A3K
SPTA1 _ Spectrin alpha chain, erythrocytic 1
APOE _ Apolipoprotein E

SODC _ Superoxide dismutase [Cu-Zn]
SODC _ Superoxide dismutase [Cu-Zn]

MDHM _ Malate dehydrogenase, mitochondrial

PGKZ1 _ Phosphoglycerate Kinase 1

GPX1 _ Glutathione peroxidase 1

CAH1 _ Carbonic anhydrase 1

MDHC _ Malate dehydrogenase, cytoplasmic
MDHC _ Malate dehydrogenase, cytoplasmic
PMGE _ Bisphosphoglycerate mutase

LDHB _ L-lactate dehydrogenase B chain
G3P _ Glyceraldehyde-3-phosphate
dehydrogenase

HSP72 _ Heat shock-related 70 kDa protein 2
ENOA _ Alpha-enolase

ENOA _ Alpha-enolase

ENOG _ Gamma-enolase

ENOG _ Gamma-enolase

PPIA _ Peptidyl-prolyl cis-trans isomerase A
TPIS _ Triosephosphate isomerase

VTDB _ Vitamin D-binding protein

Al1AT2 _ Alpha-1-antitrypsin 1-2

PNPH _ Purine nucleoside phosphorylase
EST1C _ Carboxylesterase 1C

CATA _ Catalase
FKB1A _ Peptidyl-prolyl cis-trans isomerase
FKBP1A

MUG1 _ Murinoglobulin-1

ANT3 _ Antithrombin-111

PRDX1 _ Peroxiredoxin-1

TKT _ Transketolase

GDIA _ Rab GDP dissociation inhibitor alpha

ATPB _ ATP synthase subunit beta,
mitochondrial

CTDSL _ CTD small phosphatase-like protein
ACTB _ Actin, cytoplasmic 1

ACTB _ Actin, cytoplasmic 1

CALM _ Calmodulin

1433E _ 14-3-3 protein epsilon

RL40 _ Ubiquitin-60S ribosomal protein L40
HSP7C _ Heat shock cognate 71 kDa protein
HSP7C _ Heat shock cognate 71 kDa protein

1433Z _ 14-3-3 protein zeta/delta
PEBP1 _ Phosphatidylethanolamine-binding
protein 1

APOA1 _ Apolipoprotein A-I
APOAL1 _ Apolipoprotein A-I
A1AT3 _ Alpha-1-antitrypsin 1-3
Al1AT4 _ Alpha-1-antitrypsin 1-4
A1ATS5 _ Alpha-1-antitrypsin 1-5
PLAK _ Junction plakoglobin
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15

1064.74
912.14
371.51
270.61
165.92
149.83

50.33
80.94
134.59
62.11
47.93
64.80
159.45
80.92
109.63
101.52
38.88

61.85
107.11
93.76
101.05
118.58
133.90
97.82
133.12
103.41
380.02
57.41
274.49
125.19

36.33
115.33
64.10
29.88
17.39
38.49

28.35
23.84
146.13
194.61
79.23
84.76
27.67
151.95
136.99
137.99

56.34
158.26
225.16
215.75
216.81
281.32

45.62

0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969

0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969

0.969
0.969
0.969
0.969
0.969
0.969

0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969

0.969
0.969
0.969
0.969
0.969
0.969
0.969

81

0.95
0.57
0.40
0.79
0.41
0.49
0.60
0.53
0.66
0.58
0.37
0.64
0.77
0.49
0.77
0.79
0.57

0.44
0.30
0.53
0.37
0.51
0.97
0.51
0.65
0.35
0.54
0.48
0.23
0.73

0.47
0.59
0.46
0.91
0.63
0.71

0.59
0.35
0.68
0.81
0.52
0.77
0.59
0.52
0.56
0.40

0.71
0.54
0.91
0.71
0.24
0.46
0.24



Q02566

Q03265
Q03734
Q03734
Q04447
Q06770
QOQWG9
Q3TTY5
Q3U5Q7

Q3UDPO
Q3UV17
Q3UV17
Q55X39
Q61147
Q61696
Q61781
Q61838
Q62179
Q6GQT1L
Q6IFZ6
Q6IFZ9
Q6IMFO
QBNXH9

Q7SIG6

Q7TNS58
Q7TQ95
Q7TSD4

Q80W93

Q80Y20
Q810U4
Q810U4
Q8BFZ3
Q8BLK9
QBKOES
Q8R007
Q8R1Q0
Q8R3HY
Q8VCC2
Q8VCT4
Q91X72

Q91ZT5
Q92111

Q922U2
Q923D2

Q99N03

QI9CPUO
QICQV8
QICQV8

QICWJ9

MYH6 _ Myosin-6

ATPA _ ATP synthase subunit alpha,
mitochondrial

SPA3M _ Serine protease inhibitor A3M
SPA3M _ Serine protease inhibitor A3M

KCRB _ Creatine kinase B-type

CBG _ Corticosteroid-binding globulin

GRD2I _ Delphilin

K22E _ Keratin, type Il cytoskeletal 2 epidermal

CMPK2 _ UMP-CMP kinase 2, mitochondrial
WDRA41 _ Isoform 2 of WD repeat-containing
protein 41

K220 _ Keratin, type Il cytoskeletal 2 oral
K220 _ Keratin, type Il cytoskeletal 2 oral
MYH4 _ Myosin-4

CERU _ Ceruloplasmin

HS71A _ Heat shock 70 kDa protein 1A
K1C14 _ Keratin, type | cytoskeletal 14
A2M _ Alpha-2-macroglobulin

SEM4B _ Semaphorin-4B

A2MP _ Alpha-2-macroglobulin-P

K2C1B _ Keratin, type Il cytoskeletal 1b
K2C74 _ Keratin, type Il cytoskeletal 74
KRT83 _ Keratin, type Il cuticular Hb3
K2C73 _ Keratin, type Il cytoskeletal 73
ASAP2 _ Arf-GAP with SH3 domain, ANK
repeat and PH domain-containing protein 2

TMC8 _ Isoform 2 of Transmembrane channel-
like protein 8

LNP _ Protein lunapark

TBATA _ Protein TBATA

HYDIN _ Isoform 2 of Hydrocephalus-inducing
protein

ALKBS _ Isoform 2 of Alkylated DNA repair
protein alkB homolog 8

NRCAM _ Neuronal cell adhesion molecule
NRCAM _ Neuronal cell adhesion molecule
ACTBL _ Beta-actin-like protein 2

KS6C1 _ Ribosomal protein S6 kinase delta-1
FIBB _ Fibrinogen beta chain

PVRL4 _ Nectin-4

STX19 _ Syntaxin-19

TTC4 _ Tetratricopeptide repeat protein 4
EST1 _ Liver carboxylesterase 1

CES1D _ Carboxylesterase 1D

HEMO _ Hemopexin

FGD4 _ FYVE, RhoGEF and PH domain-
containing protein 4

TRFE _ Serotransferrin

K2C5 _ Keratin, type Il cytoskeletal 5
BLVRB _ Flavin reductase (NADPH)
M4A10 _ Membrane-spanning 4-domains
subfamily A member 10

LGUL _ Lactoylglutathione lyase
1433B _ 14-3-3 protein beta/alpha
1433B _ 14-3-3 protein beta/alpha

PUR9 _ Bifunctional purine biosynthesis protein
PURH
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144.72

50.02
86.25
163.11
114.59
133.14
30.60
162.30
33.51

38.58
59.67
131.22
48.49
115.21
57.61
155.45
716.63
23.99
48.57
126.01
62.77
37.55
165.52

30.67

35.08
32.11
27.14

23.87

22.78
62.81
64.66
86.41
19.61
16.57
40.42
32.31
25.53
44.70
89.00
166.98

50.70
684.16
210.17

85.78

14.54
24.50
66.49
73.91

35.63

0.969

0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969

0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969

0.969

0.969
0.969
0.969

0.969

0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969
0.969

0.969
0.969
0.969
0.969

0.969
0.969
0.969
0.969

0.969
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0.65

0.71
0.24
0.42
0.33
0.48
0.55
0.37
0.44

0.59
0.78
0.45
0.52
0.52
0.69
0.42
0.46
0.31
0.24
0.43
0.23
0.19
0.38

0.46

0.94
0.63
0.40

0.39

0.80
0.48
0.30
0.51
0.43
0.32
0.84
0.48
0.96
0.19
0.23
0.94

0.36
0.90
0.41
0.74

0.80
0.56
0.44
0.97

0.48



ODO2 _ Dihydrolipoyllysine-residue
succinyltransferase component of 2-oxoglutarate
Q9D2G2  dehydrogenase complex, mitochondrial
Q9ERD7  TBB3 _ Tubulin beta-3 chain
Q9QXV1 CBX8 _ Chromobox protein homolog 8
QI9QYE6  GOGAS _ Golgin subfamily A member 5
UCHL1 _ Ubiquitin carboxyl-terminal hydrolase
Q9R0OP9 isozyme L1 10 9 63.84  0.969 0.34
ENPP2 _ Ectonucleotide
pyrophosphatase/phosphodiesterase family

21.75  0.969 0.86
51.46  0.969 0.50
14.47  0.969 0.97
19.17  0.969 0.31

A W O N~
W w ww

Q9R1E6 member 2 3 3 21.27  0.969 0.39
ANKR2 _ Ankyrin repeat domain-containing
Q9WV06  protein 2 3 3 1498  0.969 0.41
_6bayhk
Q61879 MYH10_ Myosin-10 4 8 20.67 0.018 1.25
Q9ESB3 HRG_ Histidine-rich glycoprotein 3 3 22.63  0.052 1.56
P01631 KV2A7_ g kappa chain V-II region 26-10 3 8 19.49  0.078 1.53
PKHS1_ Isoform 2 of Pleckstrin homology
Q8BW88  domain-containing family S member 1 4 3 2041  0.261 1.42
Q99PI5 LPIN2_ Phosphatidate phosphatase LPIN2 3 3 2156  0.423 1.10
P01878 IGHA_ Ig alpha chain C region 3 3 25.17  0.489 1.55
JIP4_ C-Jun-amino-terminal kinase-interacting
Q58A65 protein 4 4 8 17.18  0.523 1.10
Q8BFz3 ACTBL_ Beta-actin-like protein 2 6 3 43.84  0.668 1.07
Q9ESB3 HRG_ Histidine-rich glycoprotein 3 8 21.26  0.109 7.72
Q61147 CERU_ Ceruloplasmin 3 3 15.07 0.165 3.04
P02089 HBB2_ Hemoglobin subunit beta-2 112 3 180.31  0.209 2.64
Q6VGS5  DAPLE_ Isoform 2 of Protein Daple 9 3 42.17  0.262 1.82
P29621 SPA3C_ Serine protease inhibitor A3C 7 3 51.81  0.313 3.59
Q06890 CLUS_ Clusterin 3 3 17.41  0.817 1.19
TGFA1_ Transforming growth factor-beta
Q3URT0 receptor-associated protein 1 4 4 19.84  0.005 2.02
P08730 K1C13_ Keratin, type | cytoskeletal 13 8 4 62.06  0.007 1.67
TNG2_ Transport and Golgi organization 2
P54797 homolog 4 4 18.64  0.159 1.51
Q6P1G2 KDM2B_ Lysine-specific demethylase 2B 4 4 28.87 0.184 1.22
P16015 CAH3_ Carbonic anhydrase 3 4 4 27.71  0.317 1.45
P01837 IGKC _ Ig kappa chain C region 4 4 2452  0.355 2.05
P31315 GSX1_ GS homeobox 1 4 4 3551 0401 1.71
P13020 GELS _ Isoform 2 of Gelsolin 4 4 2299  0.458 1.28
P11352 GPX1_ Glutathione peroxidase 1 4 4 26.64  0.687 1.02
Q07456 AMBP_ Protein AMBP 5 4 32.07 0.865 1.05
P50428 ARSA_ Arylsulfatase A 5 4 18.66  0.889 1.07
P01631 KV2A7_ Ig kappa chain V-II region 26-10 4 4 12.06  0.020 5.04
008709 PRDX6_ Peroxiredoxin-6 4 4 23.65 0.074 2.58
P10649 GSTML1_ Glutathione S-transferase Mu 1 4 4 2461  0.107 3.22
HMGNS5_ High mobility group nucleosome-
Q9JL35 binding domain-containing protein 5 4 4 31.27  0.125 5.49
035114 SCRB2_ Lysosome membrane protein 2 4 4 20.32 0.204 1.94
Q6NXH9  K2C73_ Keratin, type Il cytoskeletal 73 26 4 70.77  0.359 2.25
HA10_ H-2 class I histocom5XFADibility
P01898 antigen, Q10 alpha chain 7 4 41.33  0.458 1.34
PKHO1_ Pleckstrin homology domain-
Q9JIYO0 containing family O member 1 7 4 24.06 0.463 1.41
P19001 K1C19_ Keratin, type | cytoskeletal 19 22 4 85.39 0.571 111
P68369 TBA1A _Tubulin alpha-1A chain 16 4 123.85 0.704 1.26
P05784 K1C18_ Keratin, type | cytoskeletal 18 12 4 72.16 0.747 1.05
Q00898 A1ATS5_ Alpha-1-antitrypsin 1-5 19 5 148.27  0.001 2.25

83



Q8BHW6
009114
Q8VCT4
089020

P59055
Q3TTY5
P70339
P06745
P01837

Q8CFY5
Q6P2L7
P50396
Q61670
Q60590
P63017
P14152
P09813
P20918
QICQV8

P70296
P62204
P19221
Q19LI2
Q00897
Q52KR3
Q8BFZ3
Q8BRT1
Q00897
P24270
Q3U564
008553
Q92202

P01869
P28666
P17742
P17897
P19426
P52480
P17183
Q06770
Q06770

P01864
QBIFX2
Q04447
P04919
P50446
Q61171
P13634
P01867
P29699
P01867
P05064

SPT21_Spermatogenesis-associated protein 21
PTGDS _ Prostaglandin-H2 D-isomerase
CES1D_ Carboxylesterase 1D

AFAM_ Afamin
CSRN3_ Isoform 2 of Cysteine/serine-rich
nuclear protein 3

K22E_ Keratin, type Il cytoskeletal 2 epidermal
FRATL_ Proto-oncogene FRAT1
G6PI1_ Glucose-6-phosphate isomerase

IGKC _ Ig kappa chain C region
COX10_ Protoheme IX farnesyltransferase,
mitochondrial

CASC4_ Protein CASC4

GDIA_ Rab GDP dissociation inhibitor alpha
HLX_ H2.0-like homeobox protein

A1AG1 _ Alpha-1-acid glycoprotein 1
HSP7C_ Heat shock cognate 71 kDa protein
MDHC_ Malate dehydrogenase, cytoplasmic
APOAZ2_ Apolipoprotein A-11

PLMN_ Plasminogen

1433B_ 14-3-3 protein beta/alpha

PEBP1_ Phosphatidylethanolamine-binding
protein 1

CALM _ Calmodulin

THRB_ Prothrombin

A1BG_ Alpha-1B-glycoprotein
A1AT4_ Alpha-1-antitrypsin 1-4
PRUN2_ Protein prune homolog 2
ACTBL_ Beta-actin-like protein 2
CLAP2_ CLIP-associating protein 2
A1AT4_ Alpha-1-antitrypsin 1-4
CATA_ Catalase

DCP1B_ mRNA-decapping enzyme 1B
DPYL2_ Dihydropyrimidinase-related protein 2

K2C5_ Keratin, type 1l cytoskeletal 5
IGH1M_ Ig gamma-1 chain C region,
membrane-bound form

MUG2_ Murinoglobulin-2

PPIA_ Peptidyl-prolyl cis-trans isomerase A
LYZ1_ Lysozyme C-1

NELFE_ Negative elongation factor E
KPYM_ Pyruvate kinase PKM

ENOG_ Gamma-enolase

CBG_ Corticosteroid-binding globulin

CBG_ Corticosteroid-binding globulin
GCAB__ Ig gamma-2A chain C region secreted
form

K1C42_ Keratin, type | cytoskeletal 42
KCRB__ Creatine kinase B-type

B3AT_ Band 3 anion transport protein
K2C6A _ Keratin, type Il cytoskeletal 6 A
PRDX2_ Peroxiredoxin-2

CAHL1_ Carbonic anhydrase 1

IGG2B_ Ig gamma-2B chain C region
FETUA _ Alpha-2-HS-glycoprotein
IGG2B_ Ig gamma-2B chain C region
ALDOA _ Fructose-bisphosphate aldolase A
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53.55
37.73
70.04
25.97

38.05
41.81
20.69
27.96
39.11

35.14
34.05
32.87
26.24
26.28
42.52
48.52
14.55
36.83
73.91

53.77
76.70
53.34
52.84
391.83
29.92
120.08
45.07
316.09
81.95
58.53
53.62
111.34

73.39
133.98
82.30
35.47
56.83
68.46
140.83
90.78
82.98

68.98
130.21
98.39
103.27
115.42
86.61
107.42
87.66
123.87
101.48
93.72

0.003
0.280
0.423
0.634

0.675
0.704
0.828
0.204
0.281

0.620
0.620
0.728
0.974
0.155
0.325
0.565
0.023
0.029
0.462

0.695
0.406
0.498
0.151
0.465
0.645
0.704
0.063
0.643
0.183
0.846
0.948
0.265

0.320
0.544
0.111
0.232
0.481
0.777
0.032
0.305
0.722

0.075
0.323
0.744
0.958
0.071
0.755
0.051
0.231
0.628
0.029
0.881
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151
1.15
1.08
1.23

1.09
1.09
1.04
2.54
291

1.27
171
1.25
1.02
1.42
1.01
1.14
45.45
6.43
3.96

1.13
1.32
1.17
2.08
1.30
1.03
1.19
1.26
1.01
3.30
1.08
1.16
1.07

1.08
1.06
1.87
1.83
113
1.29
1.41
1.64
1.06

2.70
1.81
1.02
1.02
2.36
1.24
1.25
2.35
1.14
1.50
1.12



008677
Q04447
Q03734
P07759
P01872
P00920

P01869
P28665
Q91X72
Q00623
P02088
P01027
Q92111
PO7724
B5X0G2
Q6PDM1
PO7758
P60710

Q9ICWO03
POCG50
PO7758
P58465
P61982

QI99N03
Q8BLKY

Q80Y20

QIWV06
Q3TTY5
P21460
P11589

Q03717

P70296
Q6IFZ9

Q3UDPO
P06151
QIQWL7
Q9Z2K1
P17156
P70339

QIDBQ7
P97813
QOROH5
P15327
Q7TSD4
Q02257
P29699

Q5SVT3
Q91W39

KNGL1_ Kininogen-1

KCRB__ Creatine kinase B-type
SPA3M_ Serine protease inhibitor A3M
SPA3K _ Serine protease inhibitor A3K
IGHM_ Ig mu chain C region

CAH2_ Carbonic anhydrase 2
IGH1M_ Ig gamma-1 chain C region,
membrane-bound form

MUGL1_ Murinoglobulin-1

HEMO_ Hemopexin

APOAL1_ Apolipoprotein A-I

HBB1_ Hemoglobin subunit beta-1

CO3_ Complement C3

TRFE_ Serotransferrin

ALBU_ Serum albumin

MUP17_ Major urinary protein 17

MSL1_ Male-specific lethal 1 homolog
Al1AT1 Alpha-l-antitrypsin 1-1

ACTB_ Actin, cytoplasmic 1

SMC3_ Structural maintenance of chromosomes
protein 3

UBC_ Polyubiquitin-C

A1AT1_ Alpha-1-antitrypsin 1-1

CTDSL_ CTD small phosphatase-like protein
1433G_ 14-3-3 protein gamma

M4A10_ Membrane-spanning 4-domains
subfamily A member 10

KS6C1_ Ribosomal protein S6 kinase delta-1
ALKB8_ Isoform 2 of Alkylated DNA repair
protein alkB homolog 8

ANKR2_ Ankyrin repeat domain-containing
protein 2

K22E_ Keratin, type Il cytoskeletal 2 epidermal
CYTC_ Cystatin-C

MUP2_ Major urinary protein 2

KCNB1_ Potassium voltage-gated channel
subfamily B member 1

PEBP1_ Phosphatidylethanolamine-binding
protein 1

K2C74_ Keratin, type Il cytoskeletal 74
WDRA41_ Isoform 2 of WD repeat-containing
protein 41

LDHA _ L-lactate dehydrogenase A chain
K1C17_ Keratin, type | cytoskeletal 17
K1C16_ Keratin, type | cytoskeletal 16
HSP72_ Heat shock-related 70 kDa protein 2
FRAT1_ Proto-oncogene FRAT1

PACE1_ Protein-associating with the carboxyl-
terminal domain of ezrin

PLD2_ Phospholipase D2

K2C71_ Keratin, type Il cytoskeletal 71
PMGE_ Bisphosphoglycerate mutase
TBATA_ Protein TBATA

PLAK_ Junction plakoglobin

FETUA_ Alpha-2-HS-glycoprotein

ETAAL_ Isoform 2 of Ewing's tumor-associated
antigen 1 homolog

NCOAS5_ Nuclear receptor coactivator 5
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100.57
163.82
163.11
261.15
141.14
116.22

125.38
362.05
229.92
225.16
335.44
392.89
573.28
996.95

41.62

24.47
307.34

94.97

22.88
26.52
37151
23.84
75.07

14.54
19.61

22.78

14.98
52.93
24.63
81.61

25.94

20.64
44.55

38.58
22.57
121.61
68.79
63.93
18.08

25.49
24.51
69.35
35.11
27.14
24.30
70.04

41.93
49.06

0.913
0.649
0.714
0.379
0.932
0.399

0.410
0.095
0.087
0.819
0.852
0.760
0.014
0.010
0.000
0.000
0.072
0.170

0.281
0.593
0.001
0.004
0.005

0.030
0.099

0.103

0.233
0.355
0.476
0.736

0.000

0.002
0.078

0.006
0.187
0.246
0.847
0.949
0.981

0.007
0.254
0.601
0.990
0.003
0.019
0.003

0.014
0.091

85

1.06
1.28
1.36
1.17
1.09
1.24

1.98
2.42
1.26
1.59
1.01
1.01
1.42
1.41
0.41
0.38
0.55
0.47

0.93
0.83
0.23
0.18
0.17

0.49
0.58

0.54

0.68
0.69
0.68
0.90

0.52

0.60
0.83

0.15
0.37
0.65
0.87
0.88
0.83

0.30
0.82
0.92
0.85
0.23
0.34
0.40

0.27
0.86



P17742

P02535
P03995
Q923D2
Q3UV17
Q03734
QOQWG9
Q8R1Q0
P08226
Q61646
Q60590
P08226

BO9EKR1

P04938
P32261
P63369
Q3UV17
P05063
P17182
Q6IFZ6
Q6IFZ6
P63101
P22599
Q80TM9
008677

P16858
Q8VCT4
Q810U4
P28666
P04104
P08228
P15327
P62259
P05201
Q92202
Q61171
P07309
P17182
P22599
P62204
P62984
P63101
P21614
P01872
P14152
P04104
P21614
P02535
P28665
P17751
P05201
Q00898
P60710

PPIA_ Peptidyl-prolyl cis-trans isomerase A
K1C10_ Isoform 2 of Keratin, type | cytoskeletal
10

GFAP_ Glial fibrillary acidic protein
BLVRB_ Flavin reductase (NADPH)
K220 _ Keratin, type Il cytoskeletal 2 oral
SPA3M _ Serine protease inhibitor A3M
GRD2I_ Delphilin

STX19_Syntaxin-19

APOE_ Apolipoprotein E

HPT_ Haptoglobin

Al1AG1_ Alpha-1-acid glycoprotein 1
APOE _ Apolipoprotein E

PRPTZ_ Receptor-type tyrosine-protein
phosphatase zeta

MUP8_ Major urinary proteins 11 and 8
(Fragment)

ANT3_ Antithrombin-I11

TBALA_Tubulin alpha-1A chain

K220 _ Keratin, type Il cytoskeletal 2 oral
ALDOC _ Fructose-bisphosphate aldolase C
ENOA _ Alpha-enolase

K2C1B_ Keratin, type Il cytoskeletal 1b
K2C1B_ Keratin, type Il cytoskeletal 1b
1433Z_ 14-3-3 protein zeta/delta

A1AT2_ Alpha-1-antitrypsin 1-2

NISCH_ Nischarin

KNG1_ Kininogen-1

G3P_ Glyceraldehyde-3-phosphate
dehydrogenase

CES1D_ Carboxylesterase 1D

NRCAM_ Neuronal cell adhesion molecule
MUG2_ Murinoglobulin-2

K2C1_ Keratin, type Il cytoskeletal 1
SODC_ Superoxide dismutase [Cu-Zn]
PMGE_ Bisphosphoglycerate mutase
1433E_ 14-3-3 protein epsilon

AATC_ Aspartate aminotransferase, cytoplasmic
K2C5_ Keratin, type 1l cytoskeletal 5
PRDX2_ Peroxiredoxin-2

TTHY_ Transthyretin

ENOA_ Alpha-enolase

A1AT2_ Alpha-1-antitrypsin 1-2

CALM _ Calmodulin

RL40_ Ubiquitin-60S ribosomal protein L40
1433Z_ 14-3-3 protein zeta/delta

VTDB_ Vitamin D-binding protein

IGHM_ Ig mu chain C region

MDHC _ Malate dehydrogenase, cytoplasmic
K2C1_ Keratin, type Il cytoskeletal 1
VTDB_ Vitamin D-binding protein

K1C10_ Keratin, type | cytoskeletal 10
MUGL1_ Murinoglobulin-1

TPIS_ Triosephosphate isomerase

AATC_ Aspartate aminotransferase, cytoplasmic
A1AT5_ Alpha-l-antitrypsin 1-5

ACTB_ Actin, cytoplasmic 1
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55.70

84.72
58.62
37.95
65.11
152.45
30.60
32.31
50.33
61.76
41.05
49.11

34.48

109.51
45.04
64.01
59.67
68.02
93.76
65.30

112.21
73.27

309.51
43.28
87.44

71.44
85.92
62.81
229.32
107.53
80.30
78.71
118.62
78.34
108.98
80.17
60.53
109.43
380.02
98.05
70.64
140.06
146.69
157.56
109.63
107.72
102.94
165.65
173.46
105.97
123.78
281.32
194.61

0.250

0.251
0.313
0.770
0.891
0.965
0.000
0.002
0.451
0.686
0.879
0.108

0.005

0.407
0.046
0.210
0.078
0.218
0.301
0.880
0.027
0.326
0.403
0.949
0.581

0.632
0.651
0.838
0.894
0.084
0.527
0.067
0.910
0.956
0.781
0.354
0.391
0.615
0.055
0.161
0.186
0.205
0.000
0.001
0.014
0.698
0.920
0.971
0.006
0.695
0.008
0.009
0.030

86

0.87

0.83
0.78
0.93
1.00
0.87
0.23
0.28
0.49
0.29
0.82
0.89

0.25

0.48
0.79
0.72
0.44
0.58
0.63
0.83
0.60
0.96
0.88
1.00
0.64

0.79
0.70
0.98
0.86
0.71
0.90
0.48
0.54
0.99
0.79
0.86
0.22
0.97
0.43
0.51
0.57
0.55
0.55
0.19
0.34
0.79
0.80
0.82
0.71
0.99
0.27
0.29
0.29



P63017
Q923D2
P17183
Q61147
P03995
P08228
P13634
P17751
P23953
P04919
Q00623
P23953
P07759
P00920
P01027
Q92111
QI1X72
P01942
Q61838
P01942
Q61838
P02088
P07724

12 ayhk

QIWV06
P21460
P29621
Q3TTY5
Q6VGS5
P11589
P02089

Q80Y20

Q99N03
Q6VGS5
P02089
P29621
P11589
035114
QBNXH9

Q9JIYO
Q9JL35

P01898
P17156
P05784
P70339
P68369
Q9Z2K1
P68369

Q9JIYO

HSP7C_ Heat shock cognate 71 kDa protein
BLVRB_ Flavin reductase (NADPH)
ENOG_ Gamma-enolase

CERU_ Ceruloplasmin

GFAP_ Glial fibrillary acidic protein
SODC_ Superoxide dismutase [Cu-Zn]
CAHL1_ Carbonic anhydrase 1

TPIS_ Triosephosphate isomerase
EST1C_ Carboxylesterase 1C

B3AT_ Band 3 anion transport protein
APOAL_ Apolipoprotein A-I

EST1C_ Carboxylesterase 1C

SPA3K _ Serine protease inhibitor A3K
CAH2_ Carbonic anhydrase 2

CO3_ Complement C3

TRFE_ Serotransferrin

HEMO_ Hemopexin

HBA_ Hemoglobin subunit alpha
A2M_ Alpha-2-macroglobulin

HBA_ Hemoglobin subunit alpha
A2M_ Alpha-2-macroglobulin

HBB1_ Hemoglobin subunit beta-1
ALBU_ Serum albumin

ANKR2_ Ankyrin repeat domain-containing
protein 2

CYTC_ Cystatin-C

SPA3C_ Serine protease inhibitor A3C

K22E_ Keratin, type Il cytoskeletal 2 epidermal

DAPLE_ Isoform 2 of Protein Daple
MUP2_ Major urinary protein 2

HBB2_ Hemoglobin subunit beta-2
ALKBS8_ Isoform 2 of Alkylated DNA repair
protein alkB homolog 8

M4A10_ Membrane-spanning 4-domains
subfamily A member 10

DAPLE_ Isoform 2 of Protein Daple
HBB2_ Hemoglobin subunit beta-2
SPA3C_ Serine protease inhibitor A3C
MUP2_ Major urinary protein 2

SCRB2_ Lysosome membrane protein 2
K2C73_ Keratin, type Il cytoskeletal 73
PKHO1_ Pleckstrin homology domain-
containing family O member 1

HMGNS5_ High mobility group nucleosome-
binding domain-containing protein 5

HA10_ H-2 class I histocom5XFADibility
antigen, Q10 alpha chain

HSP72_ Heat shock-related 70 kDa protein 2
K1C18_ Keratin, type | cytoskeletal 18
FRATL_ Proto-oncogene FRATL
TBALA_Tubulin alpha-1A chain

K1C16_ Keratin, type | cytoskeletal 16
TBALA_Tubulin alpha-1A chain

PKHO1_ Pleckstrin homology domain-
containing family O member 1
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134
135
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136.99

85.78
133.90
123.79
168.47
134.59
159.45
160.22
228.13
129.43
204.10
289.47
270.61
251.67
345.68
300.10
337.65
200.56
674.05
323.43
872.05
589.34
912.14

14.98
24.63
51.81
52.93
4217
81.61
180.31

22.78

14.54
4217
180.31
51.81
81.61
20.32
70.77

24.06

31.27

41.33
63.93
72.16
18.08
123.85
68.79
123.85

24.06

0.002
0.015
0.226
0.526
0.005
0.001
0.098
0.731
0.009
0.997
0.159
0.118
0.648
0.297
0.304
0.792
0.042
0.127
0.398
0.842
0.718
0.708
0.049

0.003
0.055
0.075
0.107
0.190
0.238
0.487

0.521

0.773
0.013
0.052
0.077
0.209
0.064
0.100

0.196

0.214

0.249
0.260
0.303
0.350
0.380
0.482
0.023

0.044

87

0.21
0.39
0.59
0.62
0.31
0.26
0.39
0.79
0.64
0.83
0.74
0.26
0.59
0.63
0.90
0.88
0.39
0.91
0.83
0.81
0.77
0.74
0.48

1.87
2.18
2.18
1.24
1.44
1.66
1.22

1.16

1.03
2.97
242
2.49
1.53
2.85
1.84

1.74

1.73

1.48
131
1.85
1.16
1.65
1.23
3.51

2.39



P01898
P17156
P70339

Q9JL35
P01631
Q61670

Q8CFY5
P50396
Q6P2L7
Q61670

Q8CFY5
Q6P2L7
P09813
P08226
P09813
P20918
Q52KR3
Q19LI2
Q8BFZ3
Q00897
Q00897
Q19LI2
Q8BFZ3
P05063
Q3Us564
P17182
Q3UV17
P24270
Q3Us564
Q810U4
P52480
008677
P19426
Q8VCT4
P28666
P19426
P52480
Q8VCT4
Q810U4
P28666
008677
Q06770
Q06770
P62259
Q922U2
QBIFX2

P01864
Q61171
P07309
Q61171
P02535
P29699

HA10_ H-2 class I histocom5XFADibility
antigen, Q10 alpha chain

HSP72_ Heat shock-related 70 kDa protein 2

FRATL_ Proto-oncogene FRATL
HMGNS5_ High mobility group nucleosome-
binding domain-containing protein 5

KV2A7_ Ig kappa chain V-II region 26-10

HLX_ H2.0-like homeobox protein
COX10_ Protoheme IX farnesyltransferase,
mitochondrial

GDIA_ Rab GDP dissociation inhibitor alpha
CASC4_ Protein CASC4

HLX_ H2.0-like homeobhox protein
COX10_ Protoheme IX farnesyltransferase,
mitochondrial

CASC4_ Protein CASC4

APOA2_ Apolipoprotein A-11

APOE_ Apolipoprotein E

APOA2_ Apolipoprotein A-11

PLMN_ Plasminogen

PRUNZ2_ Protein prune homolog 2
A1BG_ Alpha-1B-glycoprotein

ACTBL _ Beta-actin-like protein 2
Al1AT4 _ Alpha-l-antitrypsin 1-4
Al1AT4 _ Alpha-1-antitrypsin 1-4

A1BG_ Alpha-1B-glycoprotein

ACTBL_ Beta-actin-like protein 2
ALDOC _ Fructose-bisphosphate aldolase C
DCP1B_ mRNA-decapping enzyme 1B
ENOA_ Alpha-enolase

K220_ Keratin, type Il cytoskeletal 2 oral
CATA_ Catalase

DCP1B_ mRNA-decapping enzyme 1B
NRCAM_ Neuronal cell adhesion molecule
KPYM_ Pyruvate kinase PKM

KNG1_ Kininogen-1

NELFE_ Negative elongation factor E
CES1D_ Carboxylesterase 1D

MUG2_ Murinoglobulin-2

NELFE_ Negative elongation factor E
KPYM_ Pyruvate kinase PKM

CES1D_ Carboxylesterase 1D

NRCAM_ Neuronal cell adhesion molecule
MUG2_ Murinoglobulin-2

KNG1_ Kininogen-1

CBG_ Corticosteroid-binding globulin
CBG_ Corticosteroid-binding globulin
1433E_ 14-3-3 protein epsilon

K2C5_ Keratin, type Il cytoskeletal 5

K1C42_ Keratin, type | cytoskeletal 42
GCAB_ Ig gamma-2A chain C region secreted
form

PRDX2_ Peroxiredoxin-2

TTHY_ Transthyretin

PRDX2_ Peroxiredoxin-2

K1C10_ Keratin, type | cytoskeletal 10
FETUA _ Alpha-2-HS-glycoprotein
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11
12
12
12
14
14

41.33
63.93
18.08

31.27
12.06
26.24

35.14
32.87
34.05
26.24

35.14
34.05
14.55
50.33
14.55
36.83
29.92
52.84
120.08
391.83
391.83
52.84
120.08
68.02
58.53
93.76
59.67
81.95
58.53
62.81
68.46
87.44
56.83
85.92
229.32
56.83
68.46
85.92
62.81
229.32
87.44
90.78
90.78
118.62
108.98
130.21

68.98
86.61
60.53
86.61
165.65
123.87

0.104
0.161
0.179

0.363
0.588
0.163

0.290
0.460
0.977
0.090

0.172
0.263
0.089
0.743
0.093
0.343
0.014
0.153
0.183
0.288
0.041
0.067
0.069
0.240
0.534
0.540
0.849
0.372
0.717
0.035
0.057
0.222
0.235
0.264
0.279
0.042
0.141
0.220
0.336
0.344
0.987
0.620
0.138
0.246
0.579
0.176

0.487
0.073
0.458
0.149
0.140
0.279

88

1.86
1.41
1.40

1.27
1.12
1.52

1.33
1.20
1.19
1.60

1.48
1.43
2.57
1.30
2.46
1.27
1.59
2.11
1.82
1.44
1.62
2.50
1.97
1.26
1.15
1.16
1.05
115
1.14
241
1.55
1.60
2.16
1.26
1.25
2.88
1.45
1.35
1.09
1.21
1.10
1.05
1.50
1.68
1.50
1.65

1.22
1.42
1.19
1.33
1.32
1.38



P21614
P29699
P02535
P21614
P05064
Q04447
P17183
P17183
P17751
P17751
P04919
P04919
P28665
P28665
P23953
Q00623
P00920
Q92111
Q92111
P01027
P01027
P01942
P01942
Q61838
Q61838
P02088
P02088
QIESB3
P61982
Q61147
P07758
Q8BLK9
Q06890
P58465
P07758
P61982
Q8BLK9

QIWV06

Q80Y20
Q3TTY5

Q99N03
Q06890
P58465
Q61147
QYESB3
P21460
P06151

Q3UDPO
P01631
P10649
008709
QIQWL7
P19001

VTDB_ Vitamin D-binding protein
FETUA _ Alpha-2-HS-glycoprotein

K1C10_ Keratin, type | cytoskeletal 10
VTDB_ Vitamin D-binding protein
ALDOA _ Fructose-bisphosphate aldolase A
KCRB_ Creatine kinase B-type

ENOG_ Gamma-enolase

ENOG_ Gamma-enolase

TPIS_ Triosephosphate isomerase

TPIS_ Triosephosphate isomerase

B3AT_ Band 3 anion transport protein
B3AT_ Band 3 anion transport protein
MUG1_ Murinoglobulin-1

MUGL_ Murinoglobulin-1

EST1C_ Carboxylesterase 1C

APOAL_ Apolipoprotein A-

CAH2_ Carbonic anhydrase 2

TRFE_ Serotransferrin

TRFE_ Serotransferrin

CO3_ Complement C3

CO3_ Complement C3

HBA_ Hemoglobin subunit alpha

HBA_ Hemoglobin subunit alpha

A2M_ Alpha-2-macroglobulin

A2M_ Alpha-2-macroglobulin

HBB1_ Hemoglobin subunit beta-1

HBB1_ Hemoglobin subunit beta-1

HRG_ Histidine-rich glycoprotein

1433G_ 14-3-3 protein gamma

CERU_ Ceruloplasmin

A1AT1_ Alpha-1-antitrypsin 1-1

KS6C1_ Ribosomal protein S6 kinase delta-1
CLUS_ Clusterin

CTDSL_ CTD small phosphatase-like protein
Al1AT1_Alpha-l-antitrypsin 1-1

1433G_ 14-3-3 protein gamma

KS6C1_ Ribosomal protein S6 kinase delta-1
ANKR2_ Ankyrin repeat domain-containing
protein 2

ALKB8_ Isoform 2 of Alkylated DNA repair
protein alkB homolog 8

K22E_ Keratin, type Il cytoskeletal 2 epidermal
M4A10_ Membrane-spanning 4-domains
subfamily A member 10

CLUS_ Clusterin

CTDSL_ CTD small phosphatase-like protein
CERU_ Ceruloplasmin

HRG_ Histidine-rich glycoprotein

CYTC_ Cystatin-C

LDHA _L-lactate dehydrogenase A chain

WDR41_ Isoform 2 of WD repeat-containing
protein 41

KV2A7_ Ig kappa chain V-II region 26-10
GSTML1_ Glutathione S-transferase Mu 1
PRDX6_ Peroxiredoxin-6

K1C17_ Keratin, type | cytoskeletal 17
K1C19_ Keratin, type | cytoskeletal 19
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18
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23
53
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46
45
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46
74
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35
43
43
44
44
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67
115
115
130
130
132
132
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102.94
123.87
165.65
102.94

93.72
163.82
133.90
133.90
160.22
160.22
129.43
129.43
362.05
362.05
289.47
225.16
251.67
300.10
300.10
392.89
392.89
323.43
323.43
872.05
872.05
589.34
589.34

21.26

75.07

15.07
371.51

19.61

17.41

23.84
371.51

75.07

19.61

14.98

22.78
52.93

14.54
17.41
23.84
15.07
21.26
24.63
2257

38.58
12.06
24.61
23.65
121.61
85.39

0.745
0.100
0.243
0.365
0.794
0.263
0.475
0.816
0.252
0.243
0.287
0.190
0.235
0.128
0.563
0.966
0.377
0.291
0.058
0.193
0.378
0.167
0.413
0.278
0.262
0.324
0.313
0.015
0.025
0.108
0.135
0.231
0.536
0.602
0.003
0.013
0.101

0.126

0.175
0.296

0.298
0.310
0.491
0.524
0.728
0.769
0.001

0.192
0.217
0.355
0.660
0.696
0.871
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1.05
1.68
1.37
1.17
1.07
1.20
1.13
1.03
1.32
1.29
1.29
1.38
1.49
1.48
1.01
1.02
1.15
1.42
1.73
1.56
1.37
1.22
1.12
113
1.20
1.14
1.19
0.27
0.52
0.36
0.59
0.50
0.94
0.71
0.43
0.33
0.56

0.64

0.74
0.52

0.85
0.32
0.69
0.89
0.51
0.80
0.30

0.59
0.42
0.44
0.87
0.97
1.00



P06151

Q3UDPO
QIQWL7
P10649
035114
Q6NXH9
Q9Z2K1
P05784
008709
P19001
Q02257
P01837
Q7TSD4
P06745
Q7TSD4
Q02257
P06745
P01837
P50396
Q8R1Q0

P70296
Q60590
QOQWG9
Q61646
P20918
QICQVS
QOQWG9
Q8R1Q0

P70296
P08226
Q61646
QICQVS
Q60590

P04938
B9EKR1
BO9EKR1

P04938
Q52KR3
Q6IFZ6
008553
P24270
Q6IFZ6
008553
P05063
Q3UV17
P17182
P17742
P17897

P16858
P16858

LDHA _ L-lactate dehydrogenase A chain
WDRA41_ Isoform 2 of WD repeat-containing
protein 41

K1C17_ Keratin, type | cytoskeletal 17
GSTML1_ Glutathione S-transferase Mu 1
SCRB2_ Lysosome membrane protein 2
K2C73_ Keratin, type Il cytoskeletal 73
K1C16_ Keratin, type | cytoskeletal 16
K1C18_ Keratin, type | cytoskeletal 18
PRDX6_ Peroxiredoxin-6

K1C19_ Keratin, type | cytoskeletal 19
PLAK _Junction plakoglobin

IGKC _ Ig kappa chain C region
TBATA_Protein TBATA

G6PI1_ Glucose-6-phosphate isomerase
TBATA_Protein TBATA

PLAK _Junction plakoglobin

G6PI1_ Glucose-6-phosphate isomerase
IGKC_ Ig kappa chain C region

GDIA_ Rab GDP dissociation inhibitor alpha

STX19_ Syntaxin-19

PEBP1_ Phosphatidylethanolamine-binding
protein 1

A1AG1_ Alpha-1-acid glycoprotein 1
GRD2I_ Delphilin

HPT_ Haptoglobin

PLMN_ Plasminogen

1433B_ 14-3-3 protein beta/alpha
GRD2I_ Delphilin

STX19_ Syntaxin-19

PEBP1_ Phosphatidylethanolamine-binding
protein 1

APOE_ Apolipoprotein E

HPT_ Haptoglobin

1433B_ 14-3-3 protein beta/alpha
Al1AGL_ Alpha-1-acid glycoprotein 1
MUP8_ Major urinary proteins 11 and 8
(Fragment)

PRPTZ_ Receptor-type tyrosine-protein
phosphatase zeta

PRPTZ_ Receptor-type tyrosine-protein
phosphatase zeta

MUP8_ Major urinary proteins 11 and 8
(Fragment)

PRUN2_ Protein prune homolog 2

K2C1B_ Keratin, type Il cytoskeletal 1b
DPYL2_ Dihydropyrimidinase-related protein 2
CATA_ Catalase

K2C1B_ Keratin, type 1l cytoskeletal 1b
DPYL2_ Dihydropyrimidinase-related protein 2
ALDOC_ Fructose-bisphosphate aldolase C
K220 _ Keratin, type Il cytoskeletal 2 oral
ENOA_ Alpha-enolase

PPIA_ Peptidyl-prolyl cis-trans isomerase A
LYZ1_ Lysozyme C-1

G3P_ Glyceraldehyde-3-phosphate
dehydrogenase

G3P_ Glyceraldehyde-3-phosphate
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22.57

38.58
121.61
24.61
20.32
70.77
68.79
72.16
23.65
85.39
24.30
39.11
27.14
27.96
27.14
24.30
27.96
39.11
32.87
32.31

53.77
41.05
30.60
61.76
36.83
73.91
30.60
32.31

53.77
50.33
61.76
73.91
41.05

109.51

34.48

34.48

109.51
29.92
65.30
53.62
81.95
65.30
53.62
68.02
59.67
93.76
82.30
35.47

71.44
71.44

0.115

0.171
0.277
0.307
0.700
0.712
0.739
0.933
0.949
0.974
0.034
0.038
0.045
0.118
0.007
0.027
0.247
0.295
0.824
0.031

0.034
0.040
0.051
0.264
0.446
0.768
0.002
0.040

0.065
0.184
0.510
0.567
0.594

0.232
0.276
0.027

0.264
0.349
0.554
0.958
0.968
0.406
0.572
0.666
0.715
0.895
0.045
0.433

0.874
0.114
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0.46

0.52
0.33
0.74
0.97
0.83
0.74
0.67
0.98
0.79
0.55
0.37
0.52
0.42
0.41
0.40
0.71
0.76
0.88
0.57

0.33
0.32
0.51
0.21
0.59
0.95
0.49
0.55

0.58
0.39
0.91
0.75
0.78

0.61

0.60

0.40

0.76
0.89
0.86
0.79
0.92
0.21
0.77
0.84
0.89
0.99
0.43
0.10

0.89
0.74



P17742
P17897
P15327
P62259
P15327

P01864
QBIFX2
Q922U2
P50446
P07309
P50446
P62204
P62984
P22599
P01867
P63101
P22599
P62204
P01867
P62984
P63101
P14152
P01872
P04104
P01872
P14152
P04104
P05201
P05064
Q00898
Q00898
P05201
Q03734
P60710
P60710
Q03734
Q04447
P63017
Q923D2
P63017
Q923D2
P03995
P03995
P08228
P13634
P08228
P13634

P01869

P01869
PO7759
P23953
PO7759

dehydrogenase

PPIA_ Peptidyl-prolyl cis-trans isomerase A
LYZ1 Lysozyme C-1

PMGE_ Bisphosphoglycerate mutase
1433E_ 14-3-3 protein epsilon

PMGE_ Bisphosphoglycerate mutase

GCAB_ Ig gamma-2A chain C region secreted
form

K1C42_ Keratin, type | cytoskeletal 42
K2C5_ Keratin, type Il cytoskeletal 5
K2C6A _ Keratin, type Il cytoskeletal 6A
TTHY_ Transthyretin

K2C6A _ Keratin, type Il cytoskeletal 6A
CALM _ Calmodulin

RL40_ Ubiquitin-60S ribosomal protein L40
A1AT2_ Alpha-l-antitrypsin 1-2

IGG2B_ Ig gamma-2B chain C region
1433Z_ 14-3-3 protein zeta/delta

A1AT2_ Alpha-1-antitrypsin 1-2

CALM _ Calmodulin

IGG2B_ Ig gamma-2B chain C region
RL40_ Ubiquitin-60S ribosomal protein L40
14337 14-3-3 protein zeta/delta

MDHC_ Malate dehydrogenase, cytoplasmic
IGHM_ Ig mu chain C region

K2C1_ Keratin, type Il cytoskeletal 1
IGHM_ Ig mu chain C region

MDHC_ Malate dehydrogenase, cytoplasmic
K2C1_Keratin, type Il cytoskeletal 1
AATC_ Aspartate aminotransferase, cytoplasmic
ALDOA _ Fructose-bisphosphate aldolase A
A1AT5_ Alpha-l-antitrypsin 1-5

Al1AT5_ Alpha-l-antitrypsin 1-5

AATC_ Aspartate aminotransferase, cytoplasmic
SPA3M_ Serine protease inhibitor A3M
ACTB_ Actin, cytoplasmic 1

ACTB_ Actin, cytoplasmic 1

SPA3M_ Serine protease inhibitor A3M
KCRB_ Creatine kinase B-type

HSP7C_ Heat shock cognate 71 kDa protein
BLVRB_ Flavin reductase (NADPH)
HSP7C_ Heat shock cognate 71 kDa protein
BLVRB_ Flavin reductase (NADPH)
GFAP_ Glial fibrillary acidic protein
GFAP_ Glial fibrillary acidic protein
SODC_ Superoxide dismutase [Cu-Zn]
CAHL1_ Carbonic anhydrase 1

SODC_ Superoxide dismutase [Cu-Zn]
CAHL1_ Carbonic anhydrase 1

IGH1M_ Ig gamma-1 chain C region,
membrane-bound form

IGH1M_ Ig gamma-1 chain C region,
membrane-bound form

SPA3K _ Serine protease inhibitor A3K
EST1C_ Carboxylesterase 1C

SPA3K_ Serine protease inhibitor A3K

11
10
12
17
12

11
30
30
31
12
31
14
14
60
14
19
60
14
14
14
19
16
20
25
20
16
25
18
18
41
41
18
31
31
31
31
23
22
19
22
19
32
32
24
24
24
24

23

23
49
46
49

10
10
10

11
11
11
12
12
12
13
13
13
13
13
13
13
13
13
13
14
14
14
14
14
14
15
15
15
15
15
16
16
16
16
16
17
17
17
17
19
19
20
20
20
20

22

22
35
35
35

82.30
35.47
78.71
118.62
78.71

68.98
130.21
108.98
115.42

60.53
115.42

98.05

70.64
380.02

87.66
140.06
380.02

98.05

87.66

70.64
140.06
109.63
157.56
107.72
157.56
109.63
107.72
123.78

93.72
281.32
281.32
123.78
163.11
194.61
194.61
163.11
163.82
136.99

85.78
136.99

85.78
168.47
168.47
134.59
159.45
134.59
159.45

125.38

125.38
270.61
289.47
270.61

0.179
0.683
0.779
0.889
0.659

0.067
0.976
0.984
0.512
0.606
0.687
0.030
0.076
0.092
0.226
0.800
0.012
0.048
0.119
0.147
0.634
0.033
0.051
0.236
0.002
0.023
0.421
0.016
0.578
0.860
0.004
0.071
0.009
0.140
0.028
0.216
0.881
0.101
0.252
0.004
0.129
0.081
0.087
0.040
0.079
0.007
0.053

0.982

0.993
0.026
0.461
0.467
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0.76
0.19
0.95
0.95
0.88

0.55
0.50
0.93
0.86
0.93
0.44
0.42
0.67
0.47
0.45
0.97
0.46
0.59
0.66
0.71
0.89
0.41
0.54
0.65
0.39
0.58
0.14
0.47
0.76
0.91
0.45
0.17
0.27
0.46
0.34
0.70
1.00
0.53
0.86
0.41
0.71
0.65
0.39
0.55
0.70
0.53
0.50

0.84

0.90
0.20
0.79
0.79



P00920
Q00623
Q91X72
QI1X72
P07724
P07724

CAH2_ Carbonic anhydrase 2
APOAL _ Apolipoprotein A-I
HEMO_ Hemopexin
HEMO_ Hemopexin

ALBU_ Serum albumin
ALBU_ Serum albumin

46
45
56
56
339
339

43
43
48
48
324
324

251.67
225.16
337.65
337.65
912.14
912.14

0.135
0.090
0.208
0.854
0.151
0.004

0.79
0.64
0.65
0.95
0.67
0.56
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11.ETiK KURUL ONAYI

T.C.
ISTANBUL MEDIPOL UNIVERSITESI
HAYVAN DENEYLERI YEREL ETIK KURULU (iMU-HADYEK)

Sayr : 38328770 -54
Konu: Etik Kurulu Karar

01/06/2015

Sayin Yrd, Dog. Dr. Ahmet Tank BAYKAL

Universitemizin Hayvan Dencyleri Yerel Etik Kuruluna yapmig oldufiunuz “Beyin
Ekstrascliler Matriksinin  Norodejencrasyondaki  Roltintin - Alzheimer Hastalifn  Fare
Modelinde Amagunlmas™ isimli bagvurunuz incelenmiy olup, etik kurulu karan ekte

sunulmugtur,
Bilgilerinize rica ederim,

EK:
~Karar Formu (1 sayfa)

Dog. Dr. Hanefi OZBEK
Hayvan Dencyleri Yerel Etik Kurulu
(IMO-HADYEK) Baskan:

Tel: (0216)651 51 37
Faks:(0212)531 75 55
E-mail: itknurfili@medipol. edu.tr

Adres: Kavactk Mah. Ekinciler Cad No. 1934510
Kavacik/BEYKOZ
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TICC
ISTANBUL MEDIPOL ONIVERSITESI,

HAYVAN DENEYLERI YEREL ETIK KURULU (IMU-HADYEK)
ETIK KURULU KARARI

Toplants Tarihi | Karar No figi Proje Ytriitiiclis

01/06/2015 19 Yrd. Dog. Dr. Ahmet Tank BAYKAL

"Beyin Ekstraseller Matriksinin Norodejenerasyondaki Roln(in Alzheimer Hastaligs Fare
Modelinde Aragtinlmass™ baghkl bilimsel aragtirma Etik Kurulumuzda gorlylimiy olup,
caligmanin etik kurallara uygun olduguna “oybirligi” ile karar verilmigtir,

Etik Onay Gegerlilik Siiresi: Agustos 2013- Agustos 2016

GOREVI ADI SOYADI IMzA
Baskan Dog. Dr. Hanefi OZBEK [

Bagkan Yardimeisy Prof. Dr. Dr. Enugrul KILIC 2

Oye Prof. Dr. Mustafa OZTURK

Oye Yrd. Dog. Dr. H. Emir YOZBASIOGLU

Uye Yrd. Dog. Dr. Sine Ozmen TOGAY

Oye Taha KELESTEMUR

Oye Ekrem Musa OZDEMIR

Uye Ozge Seyda DURGUT g

Oye Fahriye SENBAHCE




12.0ZGECMIS

Kisisel Bilgiler
Adi Biisra Soyadi Gurel
Dogum Yeri Fatih Dogum Tarihi | 06.11.1988
Uyrugu Turk TC Kimlik No
E-mail busaydogdu@gmail.com | Tel
Egitim Diizeyi
Mezun Oldugu Kurum Mezuniyet Yih
Doktora Istanbul Medipol Universitesi 2017
Yiiksek Lisans | Fatih Universitesi 2013
Lisans Istanbul Universitesi 2010
Lise Vefa Lisesi 2006
Is deneyimi
Gorevi Kurum Sure (Yil-Y1l)

1.Proje Asistani

Acibadem Universitesi

2015-

2. Proje Asistan1 | Istanbul Medipol Universitesi REMER | 2013-2015
3. Proje Asistan1 | Fatih Universitesi 2011-2013
4.Proje Asistan1 | Istanbul Universitesi 2009-2010
Yabanci Dil Sinav Notu
KPDS |YDS/UDS | IELTS | TOEFL | TOEFL |FCE |CAE |CPE
IBT PBT
80
Sayisal Esit Agirhk Sozel
ALES 79,17033 79,33025 70,87377

Bilgisayar Bilgisi

Program Kullanma Becerisi
Microsoft Office Cok iyi

C Programlama Orta

MATLAB Orta
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