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ALZHEIMER VE PARKINSON HASTALIGI iCiN BIYOMARKIR
GELISTiRILMESI

Erden Eren, Dokuz Eyliil Universitesi, Saglik Bilimleri Enstitiisii, Sinirbilimler Anabilim
Dal1, 35340, Inciralti, Izmir

OZET

Amag: Alzheimer hastaligi (AH) ve Parkinson hastaligi (PH) giiniimiizde en sik goriilen
norodejeneratif hastaliklardir ve kesin tanilari ancak post-mortem beyin dokusunun
histopatolojik incelemesiyle miimkiindiir. Giiniimiizde bu hastaliklarda kesin tani igin
biyobelirte¢ bulunmamaktadir. Ancak, dolasimda bulunan mikroRNA (miRNA)’lar gibi yeni
biyobelirte¢ adaylar1 arastiriimaktadir. miRNA’lar, 20-22 niikleotid uzunlugunda kodlamayan
kiicik RNA molekiilleri olarak tanimlanmaktadir. Ayrica, miRNA’lar viicut sivilar1 ve
eksozomlar gibi mikrovezikiillerin i¢inde de bulunabilmektedir. Bu &zellikleri dolay1 son
yillarda biyobelirte¢ alaninda ilgi ¢ekmektedirler. Bu c¢alismada giincel biyobelirteglerin
standardizasyonu ve yeni AH biyobelirteclerin gelistirilmesi amaglanmistir

Yontem: Laboratuvarimiz tarafindan yapilan mikroarray calismasindan elde edilen
sonuclar1 dogrulamak i¢cim bagimsiz bir hasta 6rnekleminde (AH=24, FTD=17 ve Kontrol=29)
serum ve eksozomal miRNA’lar1 ger¢cek zamanli PCR ile inceledik. DIANA miRPath v3.0
sunucusu kullanilarak miRNA’larin olas1 hedef yolaklar1 belirlendi. “Receiver operating
characteristic” (ROC) analizi kullanilarak miRNA’larin tanisal degerleri incelendi. Standardize
yontemler kullanilarak alfa-siniiklein seviyeleri “enzyme-linked immunosorbent assay”
(ELISA) kullanilarak dlgtildii.

Bulgular: Calismamizda AH’de bes miRNA nin (miR-20b, miR-663-3, miR-762, miR-
320b and miR-1915-5p) ifadesinin degistigini gosterdik. Bu miRNA’larin olas1 hedefleri
Ostrojen, ras yolaklari, sirkadiyen ritim ve akson yonlendirme yolaklarinin oldugu tespit edildi.
Calismamizda serumda bulunan miR-320b ve miR-1915-5p’nin potansiyel tanisal degerleri
%100 olarak bulunmustur. Ayrica, ventrikiiler hacmin AH tanisinda amiloid beta seviyelerinin
yorumlanmasinda onemli bir faktér oldugu gosterilmistir. Alfa-siniiklein ELISA kitinin
standardizasyonunda kullanilan Orneklerin farkli seyreltmelerinde ELISA kitinin benzer

performans verdigini gosterdik.



Sonug¢: Serumda bulunan miRNA’lar AH’yi saglikli ve norolojik hasta kontrol grubu
(FTD) hastalarindan ayirt etmede iyi biyobelirte¢ adayir olarak degerlendirilebilir. Alfa-
siniiklein ELISA kitinin biyobelirte¢ olarak kullanilmasi oncesinde laboratuvar igi ve

laboratuvarlar arasi standardizasyonu yapilmasi gerekliligi ortaya konmustur.

Anahtar Kelimeler: Alzheimer Hastaligi, Parkinson Hastaligi, Biyobelirteg, mikroRNA,

FEksozom



DEVELOPMENT OF BIOMARKERS FOR ALZHEIMER’S AND PARKINSON’S
DISEASES

Erden EREN, Dokuz Eylul University, Institute of Health Sciences, Department of
Neuroscience, 35340, Inciralti, [zmir

ABSTRACT

Objectives: Nowadays, Alzheimer’s (AD) and Parkinson’s (PD) disease are the most
prevalent neurodegenerative disorders. Definitive diagnosis of these two diseases is only
possible after examination of post-mortem brain tissue. There is no definitive diagnostic
biomarker for these diseases. However, there are advancement in biomarker candidates such as
circulating microRNAs (miRNA). microRNAs are 20-22 nucleotide long non-coding small
RNA molecules which are post-transcriptional regulators of gene expression. They can be
found in body fluids and also in exosomes and these features make them attractive candidate as
biomarkers. In this study, we aimed to identify novel biomarker candidates and standardize the
existing ones.

Method: In order to validate miRNA hits from microarray study which previously done
by our laboratory, we used serum and exosome samples from independent patient cohort
(AD=24, FTD=17 and Control=29) and analyzed miRNAs with real time PCR. Their predicted
pathway targets were analyzed with DIANA miRPath v3.0 server. Receiver Operating
Characteristic (ROC) analysis was used to potential diagnostic values of validated miRNAs.
Alpha-synuclein levels were measured with enzyme-linked immunosorbent assay (ELISA)
following standardized protocols.

Results: In our study, we found five miRNAs (miR-20b, miR-663-3, miR-762, miR-320b
and miR-1915-5p) were differentially expressed in AD. The predicted targets of these miRNAs
include estrogen and ras signaling, axon guidance and circadian rhythm. We found that the
potential diagnostic values of miR-320b and miR-1915-5p in serum were found to be 100%.
Additionally, ventricular volume is an important confounding factor for interpreting amyloid
beta levels in diagnosis of AD. We showed that the alpha-synuclein ELISA kit gave similar
performance in different dilutions of the samples.

Conclusion: Serum miRNAs can be utilized as good biomarker candidates in

discrimination of AD from control and FTD as neurological disease control group. The need



for standardization between intra- and interlaboratory studies has been demonstrated before use

of the alpha-synuclein ELISA kit as a biomarker.

Keywords: Alzheimer’s disease, Parkinson’s disease, microRNA, Exosomes, Biomarker



1. GIRIS VE AMAC

1.1. Problemin Tanimi ve Onemi

Demans klinik olarak kisinin giindelik hayatini etkileyen derecede biligsel kapasitesinde
kayip ve duygudurum bozukluk olarak tanimlanabilmektedir. Genellikle yaglilik déneminde
ortaya ¢ikan, ilerleyen yas ile birlikte prevalansi artan, belirli bir patolojik bozuklukla
aciklanmas1 miimkiin olmayan ve birden fazla hastalikla iliskili bir klinik tablodur. Bununla
birlikte giiniimiiziin en biiyilkk saglik problemlerinde biridir ve kesin bir tedavisi
bulunmamaktadir. Alzheimer hastaligi (AH) ve Parkinson hastaligi (PH) en yaygn
norodejeneratif hastalilardir.

Bu hastaliklarin kesin tanisi sadece post-mortem beyin dokusunun histopatolojik olarak
incelenmesi ile yapilabilmektedir. Giiniimiizde kullanilan goriintiileme teknikleri ve
biyokimyasal biyobelirtegler hastaliklarin tanisi kolaylastirmakta ancak kesin ayirici tani
yapamamaktadirlar. Goriintiileme tekniklerinin pahali olmasi, her klinikte bulunamamasi,
karmasik yazilim ve donanim gerektirmesi gibi sebepler bu biyobelirteglerin kullanimlarini
sinirlandirmaktadir. Bununla birlikte beyin omurilik sivisi (BOS)’nda 6l¢iilen molekiiller de
ayrict tanida kullanilabilmektedir. Ancak ol¢limler arasi varyasyon, standardize 6rnek toplama
yontemlerinin eksikligi gibi sebepler bu analizlerin kullanimini kisitlamaktadir.

miRNA’lar 20-22 niikleotid uzunlugunda transkripsiyon sonrasi gen ifadelerini
diizenleyen kiigiik RNA molekiilleridir. miRNA’lar viicut sivilarinda 6zellikle kanda ve
eksozom adi1 verilen 30-110 nm boyutlarinda olan hiicre membranindan tiireyen ekstraselliiler
nanokeseciklerin icerisinde paketlenmis olarak bulunabilirler. Hem serbest hem de
eksozomlarin igerisinde dolagan miRNA hiicreler arasinda iletisimde kullanilabilmekte ve alici
hiicrenin gen regiilasyonunu degistirebilmektedir. Ozellikle Alzheimer hastaliginda serbest
dolasan ve dokularda bulunan miRNA’larin ifadelerinin degistigi bildirilmistir. Bugiine kadar
yapilan ¢aligmalarda serbest dolagan ve eksozom igerisinde bulunan miRNA’larin Alzheimer
hastaliginda biyobelirte¢ aday1 olarak kullanilabilecekleri one siiriilmiistiir. Ancak, yapilan
caligmalarda elde edilen miRNA’larin ayirici tanisal degerleri diistiktir.

Parkinson hastaliginda alfa-siniiklein ise biyobelirte¢ aday1 olarak ilgi ¢ekmektedir.
Ancak, alfa-siniiklein’in  BOS’nda  0Olglimiinde standardize olmayan ydntemlerin,
immunoassaylerin ve sertifikali referans materyalinin olmayis1 6l¢iimlerin karsilastirilmasini

ve yorumlanmasini sinirlamaktadir.



1.2. Arastirmanin amaclar
Yaptigimiz bu ¢alisma Uluslararas1 Alzheimer Ortak Programlara Inisiyatifi kapsaminda
desteklenmis olup, Avrupa genelinde yaklasik 48 laboratuvarin katildig1 bir ¢alismanin bir
pargasidir. Bu c¢aligmanin amaci AH ve PH i¢in yeni biyobelirte¢ adaylarinin bulunmasi ve
kullanimda olan biyobelirteclerin standardizasyonudur. Ayrica, AH hastalarinda ifadesi
degisen serbest dolagan ve eksozomal miRNA’larin tanisal degerlerinin incelenmesi ve bununla
birlikte PH’de kullanilan a-siniiklein 6l¢iimiiniin standardize edilmesi amaglanmistir. Ayrica,
Ventikiiler hacimdeki farklarin tanida kullanilan BOS biyobelirte¢ seviyelerini yorumlarken
dikkat edilmesi gereken 6nemli bir faktor olarak etkisinin arastirilmasi amaglanmaistir.
1.3. Arastirmanin Hipotezleri
Calismanin temel hipotezi AH hastalarinda dolasimdaki miRNA’larin ve eksozomal
miRNA’larin seviyelerinin AH nin ayiric1 tanisinda kullanilabilecegidir. Caligmanin ikincil
hipotezi ise alfa-siniiklein seviyelerinin dl¢limde kullanilan ticari ELISA kitinin standardize
edilmis protokoller ile kullanilmasi laboratuvar i¢i ve laboratuvarlar arasi varyasyonlari

azaltmaktadir.



2. GENEL BIiLGILER

2.1. Alzheimer Hastahg:

Alzheimer hastalii (AH) demans vakalarinin yaklasik %60-70’ini olusturmaktadir.
Diinya Alzheimer raporuna gore 2015 yili itibariyle diinyada 46,8 milyon kisi AH ile
yasamaktadir ve bu sayimin her 20 yilda bir ikiye katlanmasi tahmin edilmektedir. Ayrica, her
iic saniyede bir kiginin AH tanisi alabilecegi ongoriilmistiir. Bununla birlikte diisiik gelirli
iilkelerde hastalarin %10’undan azina ancak dogru teshis konulabilmektedir (Prince, 2016). AH
ilk olarak Dr. Alois Alzheimer tarafindan 1907 yilinda tanimlanmustir. {lk hasta olan Auguste
Deter’in post-mortem beyin dokusunda noérofibriler yumaklar ve noritik plaklar gormiistiir
(O'Brien ve Wong, 2011). Daha sonra norofibriler yumaklar hiperfosforile olan tau proteini ve
noritik plaklarin ise 40-42 amino asit arasinda biiyiikliigii olan amiloid peptidi oldugu Glenner

ve ark. tarafindan gosterilmistir (Glenner ve Wong, 1984).

2.1.1. Klinik

AH yaslanma ile beraber ortaya ¢ikan ve yavas ilerleyen bir bilissel bozukluk durumudur.
[lerleyici bir hastalik olmasindan dolay erken, orta ve geg olmak iizere ii¢ farkli evreye ayrilir
(Sahin, 2009). Kisiler hastaligin erken evresinde dogru kelimeleri ve isimleri hatirlamakta
zorlanirlar ve planlama ve organizasyon yaparken zorluk yasarlar ancak giinliik yasamlarini
idame ettirebilirler. Orta evrede ise kisi kelimeleri karigtirmaya baslar, duygu durumunda
degisimler yasanir, giinleri karistirmaya baslar ve davranigsal degisimler gozlenir. Bu evre
yillar boyu stirebilir. Hastaligin son evresinde kisi artik etrafina tepki veremez hale gelir. Bazi
kelime ve ciimleleri hatirlayabilmesine ragmen iletisim kurmak artik ¢ok zordur. Ayrica kisi
giinliik aktivitelerini yerine getirebilmek i¢in kapsamli yardima ihtiya¢ duyar (Alzheimer's,

2016).

2.1.2. Patoloji
Post mortem beyin 6rneklerinden ve molekiiler ¢caligmalardan elde edilen verilere gore
AH patolojisi iki ana agregat ile karakterize oldugu gosterilmistir. Agregatlar ndritik plak ve
norofibriller yumaklar olarak isimlendirilmekle birlikte, yapilan molekiiler ¢alismalar
sonucunda ndritik plaklarin amiloid beta ve norofibriller yumaklarin hiperfosforile tau

proteininden olustugu 6grenilmistir. Bunlarla birlikte bir diger patolojik bulgular néron ve



sinapslarin kayb1 ve serebral amiloid anjiopatidir (Braak ve Braak, 1991; Haass ve Selkoe,

2007; Meraz-Rios ve ark., 2010).

Amiloid beta

Amiloid beta “amyloid precursor protein” (APP) adi verilen membran proteininin farkli
enzimler ile kesilmesi ile olusmakta ve APP’nin kesimi noronal aktivite ile diizenlenmektedir.
APP’nin kesimi sonucunda amiloid ve non-amiloid yolaklar1 olusur ve bu yolaklarin hangisinin
secilecegi APP’yi kesen enzimlerin tiirleri belirler (Haass ve Selkoe, 2007). APP, a-, B-, ve -
sekretaz olmak tizere ii¢ farkli enzim tarafindan kesilmektedir. Timor nekroz faktor-o
doniistiiriicii enzim (TACE) olarak da bilinen a-sekretaz tarafindan APP’nin kesimi sonucunda
soliibl APPa (sAPPa) olusur. Yapilan calismalar bu peptidin hiicre kiiltiirlinde ndronlar
oksijen-glukoz deprivasyonundan korudugunu gostermistir (Mattson ve ark., 1993; Furukawa
ve ark., 1996). Bununla birlikte, sinaptogenez, ndrit biiylimesini destekleme gibi birtakim
etkileri de gosterilmistir (Gakhar-Koppole ve ark., 2008). Daha sonra ikinci kesim y-sekretaz
araciligi ile gerceklesir ve p3 peptidi olusur. “Beta secretase-1” (BACE!) olarak da bilinen -
sekretaz, APP’yi kesen ikinci 6nemli enzimdir. APP’nin bu enzim ile kesimi sonucunda sAPPf3
ekstraselliiler ortama salinmaktadir. Ancak, bu peptidin, sAPPa ile iligkili ndroprotektif etkileri
bulunmamaktadir ve bunun sebebi karboksi-terminalinde AB1-16 bdlgesinin bulunmamasidir.
B-sekretaz ile APP’nin kesimi, amiloidojenik yolaga gecisin ilk basamagidir. Kesim sonucunda
sAPPB disinda “C-terminal fragment 83” (CTF83) olusur. Daha sonra y-sekretaz enzimi bu
membranda kalan CTF83 peptidini farkli bolgelerde keserek toksik B-amiloid (AB) peptidinin
olusmasina neden olur (Chow ve ark., 2010; Zhang ve ark., 2011).

Beta amiloid (AB), AH patolojisinin merkezinde bulunan bir molekiildiir. -sekretaz ve
y-sekretaz enzimlerinin sirasiyla APP’yi kesmesi sonucunda olusur ve peptid uzunlugu 38 ile
43 amino asit (aa) arasinda degigsmektedir. En toksik formu ise 1-42 aa uzunlugunda bulunan
APB(1-42)’dir ve fibril olusturmaya en yatkin formudur (Kozlov ve ark., 2017). 1992 yilinda J.
Hardy’nin ortaya attig1 amiloid kaskad hipotezine gore AP, hastaligin ana etkeni olmakla
birlikte hiicre kaybi, vaskiiler hasar ve norofibriller yumaklarin olugmasinda da etkili
olabilecegini 6ne siirmiistiir (Hardy ve Higgins, 1992). Ancak, yapilan son ¢aligmalarda bu

hipotez hastaligin patogenizi agiklamada yetersiz kaldigi ve hastaligin temelinde daha



kompleks molekiiler mekanizmalarin oldugu ortaya c¢ikmistir (Canevelli ve ark., 2017;

Chandra, 2017; Kozlov ve ark., 2017).

Amiloid yolagindaki rol olan APP ve proteaz genlerinde olusan mutasyonlar erken yas
baslangigh ailesel (FAH) AH’ye neden olmaktadir ve bu mutasyonlar ii¢ gende bulunmaktadir.
Ilki APP geninde bulunan mutasyonlardir. APP geninde 24 farkli mutasyon oldugu
bildirilmigtir. Diger genler ise y-sekretaz ile iliskili olan presenilin 1 ve 2 (PSENI ve
PSEN2)’dir. PSENI’de 185 ve PSEN2’de ise 13 farkli mutasyon oldugu bildirilmistir. Bu
mutasyona sahip bireyler 60 yasin altinda AH’n1 gelistirmektedir. Bununla beraber Down
sendromuna sahip bireylerde 21. kromozom {i¢ kopya olarak bulunmaktadir. APP geni ise bu
kromozomda bulunmakta ve fazla olan bir kopya AP iiretiminin artisina neden olmaktadir
(Wiseman ve ark., 2015). Erken yag baslangi¢cli AH’li bireyler hastaligin yaklasik %10-20’sini
olusturmaktadir (Bateman ve ark., 2011; Tanzi, 2012).

Tau

Hiicre iskeletinin temel yap1 birimi olan mikrotiibiillerin ana bileseni tau proteinidir. Tau
proteini 17. kromozomda bulunan “microtubule-associated protein tau” (MAPT) geninden
kodlanmaktadir. Tau proteini mikrotiibiillerin stabilizasyonunu ve organizasyonunu saglar.
Boylece mikrotiibiiller akson ve dendritte transportun gerceklesmesini saglar. Tau proteini
hiicresel morfolojinin korunmasini saglar ve aksonal transportta gérev alir. Bunlarin diginda tau
proteininin niikleolar yapilarin olugsmasina katkida bulundugu 6ne siiriilmektedir (Meraz-Rios
ve ark., 2010). Tau proteininin santral sinir sisteminde 6 farkli izoformu bulunmaktadir. Protein
sentezlendikten sonra fosforilasyon, asetilasyon ve nitrasyon gibi birgok posttranslasyonel
modifikasyona ugramaktadir. AH’nin karakteristik patolojik 6zelliklerinden norofibriller
yumaklarin ana bileseni hiperfosforile tau proteinidir. Hiperfosforilasyon sonucunda tau
proteinleri mikrotiibiillere baglanamaz ve hiicre i¢inde veya diginda filamentler olustururlar.
Norofibriller yumaklar AH’ nda ana histopatolojik bulgu olmasina ragmen, hastaliga neden olan
toksik unsur olmadig: diisiiniilmektedir. Ayrica, bu yumaklarin hastalifin gelisimindeki etkisi
tam anlamiyla anlagilamamistir. Yapilan ¢alismalardan elde edilen verilere gore, hiperfosforile
olan tau oligomerlerinin noronal hasara neden oldugu ve hastaligin baslangicinda rol

oynayabilecegini gdstermistir. Bu baglamda yumaklardan ziyade hiperfosforile tau



oligomerlerinin ndronal fonksiyon bozukluklarina yol agtig1 sdylenebilir (Shafiei ve ark.,

2017).

Bugiine kadar MAPT geninde 53 farkli mutasyon kesfedilmistir. Bu mutasyonlar
otozomal dominant bir sekilde bir sonraki nesillere gegmektedir. Buna ek olarak, tau patolojisi
FTD, progresif supraniiklear palsi gibi diger ndrodejeneratif hastaliklarda da bulunmustur ve
genel olarak bu hastaliklara taupati ad1 verilmektedir. Ayrica, MAPT geninde bulunan p.A152T
mutasyonunun hem FTD hem de AH hastalarinda bulundugu ve hastalik riskini arttirdigi

bildirilmistir (Lee ve ark., 2013).

2.1.3. Risk Faktorleri

Bugiine kadar yapilan ¢aligmalara gére AH birkag istisnai durum disinda genellikle
birden fazla faktoriin bir araya gelmesi ile ortaya ¢ikmaktadir. Hastalarin %10-20’si hastalikla
iligkili (APP, PSENI ve PSEN?2) genlerde bulunan mutasyonlar sonucunda ortaya ¢ikan erken
yas baslangicli AH’dir. Ancak, hastalarin biiyiik ¢ogunlugu sporadik AH denilen gec yas
baslangi¢cli AH tanisi almaktadir. Sporadik AH’nin belirli bir nedeni olmamakla birlikte, birden
fazla risk faktorii hastaligin gelismesini tetikleyebilmektedir (Alzheimer's, 2016). Bu hastaligin
en biiylik risk faktorii yaslanmadir. Bireylerin yaslanmasi ile birlikte 6zellikle 65 yas ve iizeri
kisilerde AH’ye yakalanma riski %32’ye kadar ¢ikabilmektedir (Hebert ve ark., 2010). Buna
ek olarak, bireyin ailesinde daha 6nce AH tanisi almis bir kisi mevcut ise bu bireyin AH’ye
yakalanma riski bulunmaktadir (Lautenschlager ve ark., 1996). Ayrica, diisiik egitim seviyesine
sahip bireylerin AH tanis1 alma ihtimalleri yiiksek egitim almig bireylere gore daha yiiksektir
(Sando ve ark., 2008). Bunlarin disinda kardiyovaskiiler hastalik riskleri, diyabet, obezite ve
sigara kullanim1 gibi nedenler de AH icin risk faktorleridir (Anstey ve ark., 2007; Ronnemaa

ve ark., 2011; de Nazareth, 2017; Kivimaki ve ark., 2017).

AH i¢in genetik risk faktorleri de bulunmaktadir. Hastalikla iligkili genlerinin aksine bazi
genlerde bulunan mutasyonlar AH riskini arttirmaktadir. Bugiine kadar AH igin risk faktorii
tastyan polimorfizimleri bulabilmek i¢in bir¢ok genom c¢apinda iliskilendirme (GWAS)
caligmasit gerceklestirilmistir. Yapilan GWAS caligmalarinin sonuglarina gére apolipoprotein
E (APOE) en yiiksek risk tastyan genlerden biridir. APOE geninin e2, e3 ve e4 olarak ii¢ farkli

izoformu bulunmaktadir ve popiilasyonda e3 izoformu en sik goriilendir. Ancak, e4 izoformuna

10



sahip bireylerin AH’ye yakalanma riskleri %35’e kadar ¢ikmaktadir ve bu oran bireyin e4
izorformunun bir veya iki kopyasina sahip olup olmamasina gore degismektedir (Genin ve ark.,
2011). Bir diger risk faktorii “triggering receptor expressed on myeloid cell 2” (TREM2) olarak
bilinen membran proteinidir. Bu gende bulunan R47H mutasyonuna sahip bireylerin AH’ye
yakalanma riskleri APOEe4 izoformunu tagiyan bireylerin AH’ye yakalanma risklerine
yakindir (Kleinberger ve ark., 2014). GWAS caligmalarindan elde edilen sonuglara gore AH
riski tagtyan 20 6zgilin genetik bolge tespit edilmistir ve bu genlerdeki polimorfizmler yaygin

olmasina ragmen AH riski ¢ok kiigiiktiir (Scheltens ve ark., 2016).

2.1.4. Tam

AH’nin kesin tanis1 sadece post-mortem patolojik degerlendirilmesiyle, noritik plaklarin
ve norofibriler yumaklarin varliginin belirlenmesi ile yapilabilmektedir ve bu sayede hastaligin
hangi evrede oldugu da belirlenebilmektedir. Giiniimiizde AH tanist nérolojik muayene ve
hasta hikayesinin alinmasi ile baglar. Daha sonra hasta néropsikolojik degerlendirme, kan (B12
vitamini, T4 seviyesi gibi) analizi, ve goriintiileme testleri ile diger hastaliklarin ihtimalleri
elenerek muhtemel AH tanis1 konulabilir (Alzheimer's, 2016). AH tanisinda kullanilmak tizere
olusturulan tan1 kriterleri 1984 yilinda McKhann ve ark. tarafindan yayimlanmistir (McKhann
ve ark., 1984). Bu kriterler 2011 yilinda giincellenmistir. Yeni tani kriterlerine farkli demans
seviyeleri olan AH kaynakli hafif kognitif bozukluk (HKB) tanis1 (Albert ve ark., 2011),
preklinik AH tanis1 (Sperling ve ark., 2011) ve AH kaynakli demans tanilar1 (McKhann ve ark.,
2011) eklenmistir. Bu giincellenmis tan1 kriterlerine AH biyobelirteglerinin kullanim1 da
eklenmistir (McKhann ve ark., 2011). Bu biyobelirtecler sayesinde BOS’ta AP seviyesinin
azalmasi ve amiloid pozitif pozitron emisyon tomografi (PET) goriintiilemesi ile AP birikimi
ve BOS’ta hem pTau hem de tTau seviyesinde artis ile noronal dejenerasyon goriilebilir.
Temporo-parietal kortekste azalmis '“florodeoksiglukoz (FDG) alimi ve manyetik rezonans

goriintiileme ile orantisiz atrofi goriintiilenebilir (McKhann ve ark., 2011).

2.1.5. Alzheimer Hastaliginda miRNA’lar
miRNA’larin fizyolojik ve/veya patolojik birgok biyolojik siireci diizenleyici gorevleri
oldugu yapilan ¢alismalarla gosterilmistir. Bu sayede miRNA’lar norodejeneratif hastaliklar
gibi patolojik mekanizmalarin tam olarak aydinlatilamadigi hastaliklarda en ¢ok ilgi ¢eken

aragtirma konular1 olmuglardir. Beyine 6zgii miRNA’lar toplam miRNA sayisinin 30’da birini
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olusturmaktadir ve bu durum miRNA ekspresyonlarinin zamansal ve mekansal olarak siki
kontrol edildigini gostermektedir. Son yillarda yapilan ¢aligmalar, miRNA’larin nérogelisim,
sinaptik plastisite, nérodejenerasyon gibi bir¢ok ndrolojik siiregte dnemli rolleri oldugunu agiga

cikarmistir.

Alzheimer hastalarinda kapsamli miRNA ekspresyon profilleme ¢aligmalar
gerceklestirilmistir ve birgok miRNA’nin AH hastalarinda disregiile oldugu bildirilmistir
(Wang ve ark., 2009; Nunez-Iglesias ve ark., 2010; Maciotta ve ark., 2013). Lukiw ve ark.
tarafindan yapilan g¢alismada miR-9 ve miR-128’in hastalarin hipokampiisiinde arttigini
gostermistir (Lukiw, 2007). Ayrica, diger bir calismada ise AH hastalarinin frontal giruslarinda
miR-9, -26a, -132 ve -146b dahil 8 miRNA’nin downregiile ve e miR-27, -29, -30, -34 ve -125b
dahil 15 miRNA’nin upregiile oldugu bildirilmistir (Cogswell ve ark., 2008). Sporadik AH
hastalarinin korteksinde 13 miRNA’nin downregiile ve 3 miRNA’nin upregiile oldugu
gosterilmistir (Hebert ve ark., 2008). Bunlarla birlikte AH patogenizinde rol alan proteinlerin
regiilasyonunda da miRNA’lar rol almaktadir. Yapilan in vitro ¢alismalarda 4PP’nin miR-
106a, miR-20 ailesi, miR-16 ve miR-101’in diizenlenmesinde rol oynadiklar1 gosterilmistir
(Hebert ve De Strooper, 2007; Vilardo ve ark., 2010; Long ve Lahiri, 2011). Ayrica, miR-34a
ve miR-26b’nin tau proteini baskiladigr ettigi bildirilmis ve miR-146’nin presenilin
regiilasyonunda gorev aldig1 gosterilmistir (Absalon ve ark., 2013; Dickson ve ark., 2013;
Jayadev ve ark., 2013) . Ayrica, miR-9’un FTD hastalarinda TDP-43’1i diizenledigi, miR-132
ve -132-3p kiimesinin FTD’ye 0zgii TMEMI06B genini hedefledigi gosterilmistir.
Progranulinin kodlandigt GRN geninde bulunan mutasyonlar FTD hastalarinda
gozlemlenmektedir ve bir bagka ¢alismada AH’de ekspresyonu degisen miR-29’un GRN

geninin ekspresyonunu diizenledigini gostermislerdir (Piscopo ve ark., 2016).

Tablo 1: AH'de ifadesi degisen miRNA'lardan bazilar

miRNA degisimi Orneklem Kaynak
TmiR-34a, miR-181b Periferik kan hiicreleri (Schipper ve ark., 2007)
TmiR-9, miR-125b, miR146a, BOS ve beyinden elde .
miR-155 edilen hiicre dis1 siv1 (Lukiw, 2007)
lmiR-26a-5p, miR-181c-3,
miR-584, miR-126-5p, miR-22- Serum (Guo ve ark., 2017)

3p, miR-148b-5p
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1 miR-221-3p, miR-106b-3p,
miRNA-144-5p, miR-6119-5p,
miR-1388-3p, miR-1246, miR-

660-5p

JmiR-15b-5p, miR-34a-5p,

miR-142-3p, miR-545-3p, let- (Cosin-Tomas ve ark.,

7d-5p ve miR-146a-5p Plazma 2017)
{miR-210, miR-181c, miR-15a,
miR-9, miR-22, miR-101, miR-
29b-1, let-71, miR-19b, miR-
106b, miR-26b, miR-363, miR- Sporadik AH beyin (Hebert ve ark., 2008)

93

TmiR-197, miR-511, miR-320

2.2. Parkinson Hastahg
Parkinson hastaligi (PH) substansiya nigra’da bulunan dopaminerjik néronlari etkileyen
norodejeneratif bir hastaliktir. Ik olarak James Parkinson tarafindan 1817 yilinda “An Essay
on the Shaking Palsy” isimli makalesinde tanimlanmistir. Ancak, hastaligin PH olarak anilmaya
baslamasi ancak 1877 yilinda Jean Martin Charcot tarafindan miimkiin olmustur (Nussbaum ve
Ellis, 2003; Poewe ve ark., 2017). PH 65 yas iistiindeki niifusun %2-3’iinii etkileyen ikinci en
yaygin norodejeneratif hastaliktir (Poewe ve ark., 2017).

2.2.1. Klinik

Hastaligin en belirgin motor semptomlar; titreme, bradikinezi, akinezi, yiiriiyiis
bozukluklari, kamburluk ve rijidite olarak sayilabilir. Her hastanin birbirinden farkli
semptomlar1 olabilmekte ve hastalik siireci kisiden kisiye degismektedir. Hastalik herhangi bir
yasta goriilebilmesine ragmen ortalama ortaya ¢ikma yast 60 ve iizeridir (Marras ve Lang,
2013). Ancak, hastalik nadir de olsa gen¢ yaslarda da goriilebilir. Bu durumda kalitsal
nedenlerin aragtirllmasi gerekmektedir. Hastaligin motor olmayan semptomlar1 da
bulunmaktadir ve bunlar depresyon, kabizlik, uyku bozukluklari, yorgunluk, anksiyete, kognitif
fonksiyon bozuklularidir (Khoo ve ark., 2013). Hastaligin baslangicinda tedavi siireci
semptomlarin hayat kalitesini diisiirmesini engellemeye yoneliktir. Ancak, hastalik ilerledikge,
semptomatik tedaviler etkisiz olmaya baslar ve daha uzun sireli tedavi secenekleri
diisiiniilmeye baglanir. Giiniimiizde hastaligin kesin bir tedavisi bulunmamakla birlikte genetik

nedenler disinda PH’ye neden olabilecek bir neden belirlenememistir (Kalia ve Lang, 2015).
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2.2.2. Patoloji

Hastaligin en 6nemli iki patolojik bulgusundan biri substansia nigra pars kompakta
(SNpc)’da dopaminerjik néron kaybidir. Dopaminerjik néron kaybi, hipotalamus, amigdala
gibi beynin farkli bolgelerinde de goriilebilmektedir. Yapilan ¢alismalardan elde edilen verilere
gore, SNpc’de ndron kaybmnin motor fonksiyonlarindaki bozukluga neden olabilecegini
gostermistir (Dickson ve ark., 2009). Bununla birlikte, bu néronal kayip hastaligin ilk
asamalarinda bile goriilebilmektedir ve erken asamadaki noronal kayiplar néronlarin
kurtarilabilecegini anlamina gelebilmektedir (Kordower ve ark., 2013). Ikinci énemli patolojik
bulgu ise Lewy cisimciklerinin (LC) beyindeki varligidir. LC’de ana bileseninin a-siniiklein
oldugu gosterilmistir. o-sintiklein siniiklein alfa (SCNA) geninden kodlanir ve presinaptik bir
proteindir. Proteinin yanlis katlanmasi sonucunda insoliibl ve agregat haline gelirler ve hem
hiicre i¢inde hem de noritlerde bulunabilirler. Bununla birlikte LC sadece beyinde degil ayrica
omurilik ve periferal sinir sisteminde de goriilebilmektedir (Masters ve ark., 2011; Goedert ve
ark., 2013). a-siniiklein beyinde noktasal, ipliksel, soliibl oligomer ve presinaptik birikimler
seklinde birden fazla formda bulunabilir. Ozellikle baz1 soliibl oligomer formlar: PH’de néronal
kayba neden olabilmektedir (Saito ve ark., 2003). PH’ nin yaklasik %50°’nde, AH patolojisi olan
noritik plaklar ve noérofibriler yumaklar tespit edilmis olup eslik eden AH patolojisi LC
patolojisini daha kotii etkileyerek PH’nin gelismesinin hizlandirabilmektedir. Hiperfosforile
tau birikimleri LC ile kolokalize oldugu gosterilmistir ve fosforile tau birikimi hiicre yapisinin
stabilitesini bozarak dopaminerjik noron kaybina katkida bulunmaktadir (Irwin ve ark., 2012;
Irwin ve ark., 2013). Ayrica, Gomperts ve ark. AP birikiminin PH’de kognitif bozuklugun
nedeni oldugunu bildirmistir (Gomperts ve ark., 2013). Bir¢ok caligmada, PH tanist almis
bireylerin beyinlerinde LC patolojisi gézlemlenmemistir (Poulopoulos ve ark., 2012). Ancak,
a-siniikleinin farkli formlarinin olusturdugu agregatlar ve a-sintiklein’den farkli molekiillerin

olusturdugu inkliizyonlar da PH hastaliginin patolojisinde gézlemlenebilmektedir.

2.2.3. Genetik
Onceleri PH’nin sporadik bir hastalik oldugu diisiiniilmekteydi. Ancak, son 15 yilda
yapilan ¢caligmalardan ortaya ¢ikan sonuclar PH’de monogenik otozomal dominant veya resesif
mutasyonlar kesfedilmistir (Kalia ve Lang, 2015). Ilk olarak o-siniiklein’i kodlayan SCNA
geninde mutasyonlarin PH’ye neden olabilecegi gosterilmistir ve sonraki ¢alismalarda diger

genlerde bulunan mutasyonlar da bulunmustur. Otozomal dominant olan mutasyonlar SCNA,
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LRRK?2 ve VSP35 genlerinde tespit edilmistir (Hernandez ve ark., 2016). SCNA geninde A53T
mutasyonu dahil 6 farkli mutasyon otozomal dominant olarak ailesel PH’ye neden oldugu
bildirilmistir. LRRK2 geninde bugiine kadar 100’den fazla mutasyonun otozomal dominant
olarak ailesel PH’ye neden oldugu gosterilmistir. LRRK?2 geninde bulunan mutasyonlar ailesel
PH’nin bilinen en yaygin nedenidir ve bu mutasyonlar ailesel PH’ nin yaklasik %30’unun ve
sporadik vakalarin ise yaklasik %3-5’inin nedeni oldugu gosterilmistir (Zimprich ve ark.,
2004). Otozomal resesif olan mutasyonlar ise parkin (PRKN), “PTEN induced kinase 1”
(PINK1), “Parkinson disease protein 77 (DJ-1), “Probable cation transporting ATPase 13A2”
(ATP13A42), “F-box only protein 7” (FBXO7) ve fosfolipaz A2, grup VI (PLA2GB) genlerinde
tespit edilmistir (Hernandez ve ark., 2016). Bu mutasyonlar genel olarak nadir bulunmakla
birlikte ortalama ailesel PH vakalarinin %20’sinde ve sporadik vakalarin ise %3’iinde

goriilmektedir.

2.24. Risk Faktorleri
PH gibi kompleks olan hastaliklarda hem genetik hem de cevresel risk faktorleri
hastaligin ortaya ¢ikisinda 6nemli rol oynarlar. Ayrica, PH’de tespit edilen otozomal dominant
ve resesif mutasyonlar vakalarin sadece kii¢iik bir boliimiinde bulunmasi, bagka genetik risk

faktorlerinin de hastaligin gelisiminde rol almasi ihtimalini giiclendirmektedir.

Bugiine kadar yapilmis birgok GWAS ¢alismasindan elde edilen sonuglara bakildiginda
birden fazla gende PH icin risk faktorii olusturan tek niikleotid polimorfizmleri (TNP) tespit
edilmigtir. SCNA geninde tespit edilen TNP’lerin sporadik PH riskini énemli 6l¢iide arttirdig:
GWAS caligmalari ile gosterilmistir (Pankratz ve ark., 2009). Kruger ve ark. tarafindan yapilan
calismada APOEe4 alleli ve SCNA promoter poliformizmi birlikte PH riskini 12 kat arttirdigini
gostermisler ancak bu sonug¢ tekrarlanamamistir (Kruger ve ark., 1999). LRRK2 geninde
bulunan mutasyonlarin PH’ye neden olmasinin ortaya ¢ikmasindan sonra yapilan GWAS
caligmalarinda bu gende birden fazla TNP tespit edilmistir ve bu TNP’lerin PH riskini 2 kat
arttirdigr gosterilmistir (Fu ve ark., 2013). Otozomal resesif lizozomal rahatsizliga neden
oldugu bilinen glukoserebrosidaz (GBA) geni Gaucher hastalarinda bulunmaktadir. Klinik
gozlemlerde bu hastalia sahip olan bireylerde de parkinsonism belirtileri gézlemlenmesi

sebebiyle bu genin PH i¢in bir risk faktorii olup olmadigi arastirilmistir ve bu genin 2 farkli
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varyant1 PH riskini 5 kat arttirdig1 bildirilmistir. Ayrica, bu varyantlar Gaucher hastaligina
neden olmamaktadir (Tayebi ve ark., 2003; Nalls ve ark., 2013).

Genetik caligmalar sonucunda elde edilen veriler PH’nin heterojenik bir hastalik
oldugunu gostermistir. Ancak, genetik risk faktorii tasiyan veya hastalikla iligkili gen
mutasyonlaria sahip olan hasta orani yaklasik %10’dur. Geriye kalan yaklasik %90’lik
kesimde PH’nin nedeni bilinmemektedir. Epidemiyolojik ¢alismalar sonucunda birgok ¢evresel
ve/veya davranigsal faktorlerin PH riskini arttirma veya azaltma etkisi olabilecegini
gostermistir. Daha Once gegirilmis kafa travmasi, paraquat gibi pestisitlere maruz kalma,
ilerleyen yas gibi faktorler PH riskini yiikseltmektedir. Bu faktdrlere ek olarak, kisinin etnik
kokeni (Hispanik kokenli bireylerde risk daha yiiksektir), uyusturucu kullanimi ve alkolizm
gibi faktorler de PH riskini arttirmaktadir. Bununla birlikte farkli ¢evresel ve davranigsal
faktorlerin PH iizerine koruyucu etkisi olabilmektedir. Sigara kullanimi, kafein tiikketimi, yesil
ve siyah cay tiikketimi, hareketli yasam ve non-stereoidal anti-inflammatory ila¢ kullanimi gibi
faktorlerin bireylerde PH riskini azaltabildigi gosterilmistir (Kalia ve Lang, 2015; Ascherio ve
Schwarzschild, 2016).

2.2.5. Tam

Giliniimiizde PH’nin kesin klinik tanisini yapabilecek test bulunmamaktadir. Bunun
yerine klinisyenler hastanin hikayesine, semptomlaria, ndrolojik ve fiziksel muayeneye
dayanarak tani koyarlar. Hastaligin tanis1 oncelikle bradikinezi, rijidite ve dinleme sirasinda
olan titreme gibi semptomlarin baz alinmasi ile baslar. Ancak, postiir bozuklugun varlig
hastaligin ileri asamada oldugunun gostergesidir. UK Parkinson’s Disease Society Brain Bank
kriterleri kullanildiginda tanisal hassaslik %90’a kadar yiikselebilmektedir (Hughes ve ark.,
1992). SNpc’de orta-siddetli ndron kaybi, canli néronlarda LC varlig1 ve parkinsonizme neden
olan patolojinin eksikligi PH’nin klinik tablosu olarak goriilebilir. Ayrica, kan ve goriintiileme
testleri (MRG ve PET gibi) diger hastalik ihtimallerini elemek icin yapilmaktadir (Kalia ve
Lang, 2015).

2.3. MikroRNA
miRNA’lar sap-ilmik yapisinda olan 20-22 niikleotid uzunlugunda kodlamayan RNA

molekiilleridir ve genomda polisistronik veya monosistronik olarak kodlanabilirler. miRNA’lar
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ilk kez Caenorhabditis elegans 'ta let-7 ve lin-4 olarak gelisimi diizenleyen kodlamayan RNA
olarak kesfedilmistir. Hedef mRNA’larin 3’UTR (Translasyon olmayan bolge, “Untranslated
Region”) bdlgesine komplementer olarak baglanip translasyonu geciktirme veya mRNA
degradasyonunu saglayarak genleri diizenlerler. Ayrica, her bir miRNAnin tahmini hedefledigi
gen sayist 100°den fazla olabilmektedir. Bugiin miRNA’larin bir¢ok fizyolojik yolakta
diizenleyici etkileri gdsterilmesinin yaninda bir¢ok patolojik durumda farkli fonksiyonlar1 da

bulundugu bilinmektedir (Erson ve Petty, 2008; Peterson ve ark., 2014).

2.3.1. Biyogenez
Klasik yolak

miRNA’y1 kodlayan genler RNA polimeraz II ile transkribe olur. Bu transkript sap-ilmik
yapisindadir. Matiir miRNA sekanst bu yapinin i¢indedir. miRNA transkribe olduktan sonra
pri-miRNA olarak isimlendirilir ve yaklasik 1 kilobaz uzunlugundadir (Lee ve ark., 2002) ve
niikleusta bulunur. Niikleusta Drosha ve DiGeorge sendrom kritik bolge gen 8 (DGCRS)
birlikte mikroislemci kompleksi olustururlar (Gregory ve ark., 2004). Komplekste bulunan
Drosha’nin RNA kesimi i¢in gerekli RNase tip III endoniikleaz aktivitesi vardir ve DGCR8’de
ise ¢ift sarmalli RNA’y1 (d&sRNA) taniyan dsRNA-baglanma bolgesi bulunmaktadir (Han ve
ark., 2006). Mikroislemci kompleksi ile islenen pri-miRNA hem 3’ hem de 5’ ucundan kesilir
ve sonunda 3’ ucunda iki niikleotid uzunlugunda agik u¢ kalmis toplam yaklasik 65 niikleotid

uzunlugunda pre-miRNA olusur (Lee ve ark., 2003).

Bu asamadan sonra pre-miRNA’nin olgunlagsma icin niikleustan sitoplazmaya gecisi
gereklidir. Exportin-5 proteini pre-miRNA ve GTP-binding niikleer protein RAN-GTP ile
transport kompleksi olusturur. Olusan kompleksin sitoplazmaya gecisinden sonra komplekste
bulunan GTP hidrolize olur ve pre-miRNA sitoplazmaya salinir (Kim, 2004; Lund ve ark.,
2004). Dicer sitoplazmada bulunan RNase tip III endoniikleaz’dir ve pre-miRNA’nin
sitoplazmada kesilmesinden sorumludur (Gu ve ark., 2012). Dicer yapisinin N-terminal’inde
helikaz bolgesi bulunur ve bu bolge pre-miRNA’y1 terminal-iplik bdlgesinden tanir. C-terminal
bolgesinde iki tane RNase III bolgesi dimerleserek enzimin aktif bolgesini olusturur. pre-
miRNA Dicer tarafindan tanindiktan sonra terminal-iplik bolgesinden kesilerek ¢ift sarmalli
kiigitk RNA molekiilii olan matiir miRNA olusur (Gu ve ark., 2012). Bu islem sirasinda Dicer
proteini “TAR-RNA binding protein” (TRBP) ile kompleks olusturur ve TRBP matiir
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miRNA’nin uzunlugunu ve pre-miRNA’nin kesim verimliligini diizenler (Lee ve Doudna,

2012).

Matiir miRNA olustuktan sonra sitoplazmada AGO proteinine baglanarak efektor
kompleksini olusur ve bu komplekse RNA-induced silencing complex (RISC) adi verilir
(Hammond ve ark., 2001). Bu komplekte RNA dubleksinin AGO proteinine yiiklenir ve burada
dubleks acilarak kilavuz iplik agiga ¢ikar. AGO proteini dort farkli boliimden olusur. Bunlar
N-terminal bolgesi, PAZ bolgesi, PIWI bolgesi ve MID bolgesidir. Kilavuz RNA PIWI-MID
bolgeleri arasina 5° monofosfot kismindan baglanir. PIWI bolgesinde RNase H’e benzer RNA
kesici bolge bulunmaktadir. PIWI-MID boélgeleri arasina baglanan kilavuz RNA hedef
mRNA’nin 3’UTR boélgesinde komplementer sekans tarar ve PIWI bolgesi hedef mRNA’ya
baglanildiktan sonra komplementer bolgenin 10 ve 11. niikleotid arasindan keser (Song ve ark.,

2004; Parker ve ark., 2005).

Alternatif yolak

DGCRS, Drosha ve Dicer knockout hiicrelerden elde edilen kiigilk RNA sekanslama
verilerine gore miRNA’lar mikroiglemci kompleksi veya Dicer olmadan da iiretilebilmektedir.
Drosha bagimsiz olarak olusturulan miRNA’lar mirtron olarak isimlendirilmektedir. Mirtronlar
yapilarinda kesim akseptorii ve donor sekansi bulunmaktadir ve mRNA splicing mekanizmasi
ile pre-miRNA olusmaktadir. Bu asamadan sonra olusan pre-miRNA klasik yolaga katilarak
matiir hale gelir. Bununla birlikte, bu miRNA’larin RNA polimeraz III ile sentezlendigi
diistiniilmesine ragmen kii¢lik bir kismi1 yine RNA polimeraz II ile sentezlenmektedir (Flynt ve
ark.,2010; Yang ve Lai, 2011). BumiRNA’larin bazilarinda 5’ ucunda 7-metilguanozin sapkasi
bulunmakta ve exportin 1 ile niikleustan sitoplazmaya transfer olmaktadir (Cai ve ark., 2004).
Dicer ile iglemden sonra 5p’de 7 metilguanozin sapkasi buldugu i¢in 3p miRNA o&zellikle

secilmektedir (Yang ve Lai, 2011).

Cogu alternatif yolak ile iiretilen miRNA’lar Dicer bagimli olmasinda ragmen, bazi
miRNA’lar Dicer bagimsiz olarak da iiretilebilmektedir. Bu miRNA’lara splicing-bagimsiz
mirtron-benzeri miRNA’lar (simtron) ad1 verilmektedir. Ornek olarak miR-451 bu yolla matiir
hale gelmektedir. Pri-miR-451"in transkripsiyonundan sonra pri-miRNA Drosha yardimi ile

kesilmekte ve 18 niikleotid uzunlugunda sapa sahip kisa sa¢ tokasi yapida pre-miRNA olusur.
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Bu yap1 Dicer’1in tantyamayacagi kadar kisadir. Bu yilizden pre-miRNA direkt olarak AGO’ya
yiiklenir ve 3’ ucunun ortasindan AGO yardimi ile kesilir. Son asamada Poli(A)-6zgiil

riboniikleaz (PARN) ile 3* ucundan kirpilarak matiir hale getirilir (Yoda ve ark., 2013).

2.3.2. Regiilasyon
miRNA sekanslari genomda birden fazla sekilde bulunabilirler. Ozellikle insanlarda
kodlanan veya kodlanmayan RNA’larin intronik bolgelerinde ve bazt miRNA’lar ise eksonik
bolgelerde de buluna bilmektedir. miRNA kodlayan sekanlar genomda cogunlukla kiimeler
seklinde bulunur. Bu sayede ayni kiimeye ait miRNA’lar (mir-100~let-7~mir-125) ayn1 anda
transkribe olurlar ancak regiilasyonlar1 post-transkripsiyonel olarak tek tek de olabilmektedir

(Lee ve ark., 2002; Roush ve Slack, 2008).

Protein kodlayan genlerin intronik bdlgelerinde bulunan miRNA’lar bu genin
promoter’in1 kullanabilir ve bazi1 durumlarda da kendi promoter bolgeleri olabilecegi gibi
birden fazla promoter bolgesine de sahip olabilirler. RNA polimeraz II tarafindan transkribe
olan miRNA’lar, RNA polimeraz II'yi regiile eden faktorler ile ekspresyonlari
diizenlenebilmektedir. DNA metilasyonu ve histon modifikasyonu gibi epigenetik faktorler’de
miRNA ekspresyonlariin diizenlenmesinde rol alabilmektedir (Ozsolak ve ark., 2008;

Monteys ve ark., 2010).

2.4. Eksozom

Eksozomlar 30-110 nm boyutlarinda olan hiicre membranindan tiireyen ekstraselliiler
nanokeseciklerdir. Cesitli hiicrelerden salgilanmakta birlikte kan, BOS, siit, idrar ve amniyotik
stv1 gibi bir¢ok viicut sivinda varliklari tespit edilebilmektedir (Gallo ve ark., 2012; Manek ve
ark., 2017; Xie ve ark., 2017). Varliklar1 Pan ve Johnstone tarafindan yapilan ¢aligmada
hiicrelerden kopan vezikiiller olarak tanimlanmistir (Pan ve ark., 1985). Ayrica, bu vezikiiller
hiicrelerin istenmeyen molekiilleri olarak bilinse de 1990 yilindan sonra yapilan ¢alismalarda
eksozomlarin hiicre artigindan fazlasi oldugu ve hiicreler arasinda iletisimde gorev aldigi
gosterilmistir. Eksozomlarin hem fizyolojik hem de patolojik durumlarda da salgilandigi ve
iceriklerinin salgilandiklar: hiicre ve fizyolojik duruma gore degisebildigi gosterilmistir (Isola

ve Chen, 2017).
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Eksozomlarin igerikleri rastgele degildir. Her bir eksozom spesifik bir kargo tasir.
Bunlarin igerisinde niikleik asitler, lipidler, proteinler ve sekerler olabilmektedir ve bir
eksozomum icerigi salgilanan hiicreye gore degiskenlik gostermektedir. Antijen sunucu
hiicrelerden salinan eksozomlar Major histokompatibilite kompleks II ve CD86 gibi proteinleri,
kardiyomiyomisitler HP60 ve platelet ve sitotoksik T hiicreleri Willebrand faktorii ve perforin
gibi proteinleri tasirlar (Peters ve ark., 1991; Heijnen ve ark., 1999; Schorey ve Bhatnagar,
2008). Ayrica, lipid igerikleri kolesterol, sfingolipidler, digliseridler, fosfolipidler olabilir. En
fazla bulunabilen makromolekiiller ise niikleotidlerdir (Schorey ve Bhatnagar, 2008). Eksozom
iceriginde bulunan 6zellikle miRNA ve mRNA’lar alict hiicredeki hiicre siklusu, epigenetik
modifikasyon, anjiyojenez ve migrasyon gibi bir¢cok biyolojik olay1 etkileyebilir (Isola ve Chen,

2017).

2.4.1. Eksozom Biyogenezi

Eksozom biyogenezi endozomal sistemde baslar. Oncelikle hiicre membrami kendi igine
dogru katlanarak erken endozomlar1 olusturur. Hiicre sitoplazmasinda ge¢ endozom olarak
matiir hale gelirler. Endozom membraninin invajinasyonu sonucunda intraliiminel vezikiiller
(ILV) olusur ve son haline multivezikiiler cisimler (MVC) denir. MV C’ler olustuktan sonra iki
farkl: siirece girebilirler. (i) Lizozom ile birlesebilir ve (ii) hiicre zar1 ile birleserek eksozomlari
ekstraseliiler bosluga birakabilir. ILV’nin olusmasi iki sekilde olur; “Endosomal Sorting
Complex Required for Transport” (ESCRT) bagimli ve ESCRT-bagimsiz (Hessvik ve Llorente,
2017).

ESCRT kompleksi dort farkli kompleks ve iliskili proteinlerden olusurlar. ESCRT-0 kargo
kiimelenmesinde gorevlidir. ESCRT-I ve —II tomurcuklanma olusmasinda ve ESCRT-III ise
vezikiillerin kesiminde rol alir. Yapilan RNAi g¢aligmalarindan elde edilen verilere gore
ESCRT-0 ve —I’in baskilanmasi eksozom salgilanmasini azalttig1 gibi ESCRT-III ve ilgili
proteinlerin baskilanmasi eksozom salgilanmasini arttirmustir. Ilgili proteinlerden olan ALIX
proteininin baskilanmasiyla eksozom salgis1 dentritik hiicrelerde azalmasina ragmen, ALIX’in
eksozom kargo igeriginin belirlenmesi ve eksozomlarin alt tiplerinin belirlenmesinde rol

oynadig1 belirtilmistir (Babst, 2011; Kowal ve ark., 2014).
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ESCRT proteinlerinin baskilandigi c¢aligmalarda ILV olusumlar1 hiicre i¢inde devam
ettiginin gosterilmesi, eksozom olusumunda ESCRT-bagimsiz bir yolak daha oldugunu
gostermistir. Bu yolakta tetraspaninler gorev almaktadir. Yapilan calismalarda CD9 ve
CD82’nin ekspresyonlart eksozomal saliminin artmasina neden oldugu bildirilmistir. Ayn
calisgmada CD9’un baskilandigi kosullarda eksozom iliskili flotillin-1 proteinin azaldig:
gosterilmistir. Son zamanlarda yapilan c¢alismalar CD63’lin de eksozom salgilanmasinda
gerekli oldugunu gdstermistir. Eksozomal biyogenezin iki farkli yolak ile tanimlanmasinda
ragmen bu iki yolagin sinerjistik bir sekilde calisabilecegi ve farkli alt tip eksozomlarin

olugsmasi farkli yolaklara bagimli olabilir (Babst, 2011; Isola ve Chen, 2017).

2.5. Biyobelirte¢

Biyobelirtecler, normal biyolojik, patojenik veya herhangi bir terapdtik miidahale
sonucunda alinan farmakolojik yanitin tarafsizca Olgiiliip degerlendirilen belirteglerdir
(Biomarkers Definitions Working, 2001). Diinya Saglik Orgiitii tarafindan yapilan daha genis
taniminda ise sadece hastaligin insidans veya sonucunu belirtmeyen, ayrica tedaviye, herhangi
bir miidahaleye, beslenme veya kimyasallar gibi istemsizce maruz kalinan ¢evresel etkilere olan
yanit1 gdsteren belirtegler olarak tanimlanmaktadir (Strimbu ve Tavel, 2010). Biyobelirtecler
tamim itibari ile biyolojik siireclerin dlciilebilen nitelikleridir. Bu baglamda hastanin
deneyimleyebilecegi veya hissedebilecegi sonuglar olmayabilir. Bu sebeple biyobelirtecler
cogunlukla dolayli sonuclar olarak nitelendirilebilir. Kisaca, biyobelirteclerin kullanimi ile
tedavilerin giivenilirligi ve etkinligi hakkinda bilgi klinik sonucun takip edildigi sirada
aliabilir ve arastirmacilar daha kiiciik ve verimli klinik ¢aligmalar tasarlayabilir ve hatta ilag

gelistirme caligsmalarinin siireleri kisabilir (Humpel, 2011).

Gilinimiizde en sik goriilen ndrodejeneratif hastaliklardan olan AH ve PH i¢in yogun bir
biyobelirteg gelistirme ¢abast vardir. Ciinkii, bu hastalilarin gliniimiizde hala kesin bir tanisi
bulunmamakla birlikte, hastaligin tedavisini takip etmek i¢in giivenilir, ucuz, hizli ve dl¢timii
stirekli tekrarlanabilen bir biyobelirte¢ bulunmamaktadir.  Bugiine kadar gelistirilen
biyobelirtegler (i) goriintiileme biyobelirtegleri ve (ii) biyokimyasal biyobelirtecler olarak iki

ana kategoriye ayrilabilir.
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2.5.1. Goriintiileme Biyobelirtecleri
Gorlntiiliime biyobelirtegleri bir biyolojik 6zelligin goriintii kullanilarak 6l¢iilmesidir.
Gilinlimiizde PET, manyetik rezonans goriintilleme (MRG) ve bilgisayarli tomografi (BT) gibi
teknikler kullanilmaktir. Bu tip biyobelirteglerde hedef hastaligin veya durumun varlig: ile
yakin bir sekilde iligkili olmasi, dl¢timlerin dogru, tekrar edilebilir ve uygulanabilir olmasi

gerekmektedir.

Gorlintiileme teknikleri AH ve PH’nin klinik tanisinda kilit rol oynamaktadir. Klasik
goriise gore her bir hasta en az bir defa MRG ve BT taramasi yaptirmasi gerekmektedir.
Kognitif bozukluga sahip hastalarda yapilacak olan MRG veya BT taramasi diger intrakraniyal
olasiliklarin elenmesi i¢in gereklidir. Bu yontemlerle hastalarin hipokampal hacimleri daha
dogru bir sekilde ol¢iilebilmektedir (Frisoni ve ark., 2013). Ancak, bu yontemler karmasik
donanim ve yazilim gerektirdiginden dolay1 klinikte kullanimlar1 kisithdir. Ek olarak MRG
taramasi ile beyindeki vaskiiler degimler gézlemlenebilmekte ve bu ylizden bu sistemlerin
otomotizasyonu ve validasyonlar1 ¢ok biiyiik 6nem tasimaktadir (Boccardi ve ark., 2015). Bu
iki yontemin disinda PET taramasi da AH tanisim1 kolaylastirmak i¢in kullanilabilmektedir.
FDG ligand1 kullanilarak noronal ve glial hiicrelerin glukoz alimlari dl¢iilerek hipometabolizma
ve sinaptik bozukluklara karsi hassas bir yontemdir (Perani ve ark., 2014). Pozitif tarama
temporo-parietal ve posterior singulatta ise AH, anterior veya asimetrik veya her ikiside birden
var ise FTD oldugunu gosterebilir. Bu sebeple tarama sonuglar1 incelenirken tiim korteks
dikkatle incelenmeli ve bir uzman tarafindan yorumlanmalidir. Bu analizde kullanilan Patern
tantyici siniflandirma yazilimlar: hastalarda siniflandirma yapabilir ancak sinaptik bozukluklar
da bu analize dahil olabilmektedir. Bu sebeple bu yontemlerin standardizasyon ve
validasyonularinin yapilmasi ile bireysel tanida kullanilabilmeleri miimkiin olabilecektir
(Womack ve ark., 2011). Florbetabir, florbetaben ve flutemetamol gibi ligandlar kullanilarak
PET taramasi ile amiloid beta birikimi goriintiilenebilmektedir (Herholz ve Ebmeier, 2011). Bu
ligandlarin dogruluklart ¢ok yiiksek olmasina ragmen 60 yas lstii kognitif olarak saglikli
bireylerde de yasa bagli amilod beta birikimi yiiziinden pozitiflik goriilebilmektedir. Bu yiizden
amiloid PET taramasinin negatif sonucu AH hastaligin1 dislamada kullanilmasi daha uygun
olabilmektedir (Wahlster ve ark., 2013). Bununla birlikte beyinde farkli florlanmis ligandlar
kullanilarak fibriler tau yumaklar1 da Oolgiilebilmekte ancak bu ligandlarin klinikteki

uygunluklarmin test edilmesi gerekmektedir (Villemagne ve ark., 2015).
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PH’de goriintiileme biyobelirtegleri i¢in dort farkli yontem bulunmaktadir. Dopamin
tastyic1 tek foton emisyonu bilgisayarli tomografi (DAT-SPECT) yontemi ile presinaptik
dopamin tastyicilarinin fonksiyonunu ve dopamin yikimini gosterir. Bu yontem ligand olarak
'21_N-3floropropil-2betakarbometoksi-3beta-4-iodofenil trofan ('*’I-FP-CIT) kullamlarak
SN’da dopaminerjik inervasyonu gdzlemlenmesine olanak saglar (Seifert ve Wiener, 2013).
Bunun diginda florlanmis levodopa formu olan F-DOPA ise PET taramasinda ligand olarak
kullanilmaktadir. Bunun sebebi ise striatumda dopamin kullaniminin analiz edilmesini
saglamasidir. Testin sonucu PH hastalarinda hipokinezi ve rijidite ile korele bulunmustur. a-
siniiklein i¢in son yillarda PET probu gelistirmek i¢in bir¢ok madde gelistirilmeye ¢alisiimistir.
Bugiine kadar tiretilen ligandlar a-siniiklein i¢in ortalama afiniteye sahiplerdir ve amiloid beta
ve tau’ya karst segiciligi ¢ok yliksek degildir (Kotzbauer ve ark., 2016). Bir diger yontem ise
transkraniyal sonografidir. Bu yontemle SNpc’deki mezensefalik hiperekoik sinyaller alinir ve
demir birikimi Olgililiir. Demir birikimi PH hastalarinda ndrodejenerasyonla ilgili oldugu
diisiiniilmektedir (Bouwmans ve ark., 2013). MRG yontemi kullanilarakta beyinde demir
birikimi hakkinda bilgi alabilir. Beyinde demir birikimi en iyi T2/T2* relaksometri ile
oOlgiiliir. Bu goriintiileme yontemi PH tanisinda standart bir prosediir haline gelmistir ve bu
sayede ikincil nedenler elenebilmektedir (Pyatigorskaya ve ark., 2014). Gérme duyusu PH’den
etkilenen non-motor sistemlerden biridir. Yapilan caligmalar retinal néronlarda dopamin
seviyesinin azaldigin1 gostermistir. Gézde dopamin {ireten amakrin hiicrelerinin bulundugu
retinal noron fiber katmanmi kalinliginin 6lciildiigii optik koherens tomografi yontemi

potansiyel goriintiileme biyobelirte¢ adaylarindandir (Satue ve ark., 2016).

2.5.2. Biyokimyasal Biyobelirtecler
Biyokimyasal biyobelirtegler cesitli viicut sivilart kullanilarak aragtirilmaktadir. Ancak
yapilan ¢ogu calismalar iki temel viicut sivisina yogunlagmaktadir. Bunlardan birincisi
BOS’tur. BOS toplama yontemi invasif olmasina karsin BOS’un santral sinir sistemi ile yakin
temas etmesi ve beyindeki atiklarin temizlenmesinde gorev almasi sebebiyle, BOS analizi ile
beyin kimyasinin takibi elverisli olmaktadir. Bir diger popiiler viicut sivist ile kandir.
Bireylerden kan alinmasinin gorece invasif olmayan bir yontem olmasi, tekrarlanabilir bir

sekilde yeni 6rnek aliminin kolay olmasi ve AH ve PH gibi hastaliklarda kan beyin bariyerinin
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bozulmasiyla kana gecebilen beyin molekiillerinin azda olsa bulunabilmesi gibi 6zellikleri kan1

ilgi ¢ekici bir biyobelirte¢ kaynagi haline getirmektedir.

AH’de BOS’tan 0lgiilen ii¢ ana biyobelirte¢ bulunmaktadir. Bunlarin her biri hastalikta
gerceklesen anahtar patofizyolojik olaylar1 yansitabilmektedir. Bugiin klinikte de kullanilmakta
olan bu proteinler AB(1-42), total-tau (tTau) ve hiperfosfo-tau (pTau) olarak {i¢ tanedir (Olsson
ve ark., 2016). Bu proteinlerin 6l¢imil i¢in en ¢ok kullanilan yontem ELISA yontemidir.
Yapilan meta-analiz sonuglarina gére AH’de BOS’ta 6l¢iilen tTau ve pTau seviyelerinde artig
ve AP(1-42) seviyesinde azalma olmaktadir. Ayrica, bu biyobelirteclerin tanisal performanslari
otopsi sonuglart ile valide edilmistir ve klinik tanidan daha iyi tanisal performanslart oldugu
bilinmektedir (Koopman ve ark., 2009; Shaw ve ark., 2009). Bu biyobelirte¢lerin en biiytlik
problemleri laboratuvarlar arasinda veya kullanilan malzeme serilerin farkli olmasi durumunda
Ol¢iimler arasinda farkliliklar olabilmesidir. Kiitle spektrometrisi ile 6l¢lilmiis ve valide edilmis
referans standart drneklerinin kullanilmasi ve otomatiklestirilmis robotize sistemlerin kullanimi
bu varyasyon kaynaklarini ortadan kaldirilmasina yardim etmektedir (Mattsson ve ark., 2011).
Bunlar disinda neurofilament light chain (NfL), Neurogranin, Trem2 ve YKL-40 gibi sinaptik
dejenerasyonu ve noéroinflamasyonu gosteren birgok aday biyobelirte¢ bulunmaktadir
(Blennow, 2017; Zetterberg, 2017). Gorlintiileme ve BOS biyobelirtecleri hastaligin
patofizyolojisini iyi yansitmasina ragmen PET gibi goriintiileme yontemleri pahali ve sadece
uzmanlagmis merkezlerde bulunabilmektedir. Ayrica, BOS’tan 6rnek toplanmasi bir¢ok
klinisyen tarafindan zaman alici, invazif ve karmasik goriilebilmektedir. Bu yiizden kandan
biyobelirte¢ arayislart daha pratik bir yontem olarak karsimiza ¢ikmaktadir. AB(1-42) ve tau
proteinleri kanda da olciilebilmektedir ancak beyindeki patoloji ile korelasyonlart diisiiktiir.
Plazmada o6lgiilen NfL seviyesi ise BOS’ta dlgiilen seviye, diisiik kognisyon ve beyin atrofisi

ile yliksek seviyede korele oldugu bildirilmistir (Blennow, 2017).

PH hastaliginda ise bugiine kadar BOS ve kanda bulunan bir¢ok molekiil biyobelirte¢ aday1
olarak PH tanis1 veya diger parkinsonizmlerden ayirt etme amaciyla incelenmistir. Bunlarin
arasinda en dikkat ¢ekici olanlar1 a-sintiklein ve DJ-1’dir (Kang ve ark., 2016). Ancak, yapilan
caligmalardan elde edilen sonuglar arasinda varyasyonlar bulunmaktadir. Standardize olmayan
ornek toplama yontemleri, 6rnek kontaminasyonu, heterojen ¢alisma popiilasyonu gibi sebepler

varyasyonlara neden olabilir (Le ve ark., 2017). Bunlarin disinda serumda 6l¢iilen iirat seviyesi
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PH riski ile apolipoprotein A1 seviyesi ise erken PH baslangic1 ve motor semptomlarinin siddeti

ile korele bulunmustur (Lotankar ve ark., 2017).

2.5.3. Yeni biyobelirte¢ adaylar:

Son yillarda yapilan c¢alismalarda elde edilen veriler miRNA diizensizliklerinin
norodejenerasyona katkida bulundugu ve hatta norodejenerasyonda rol oynayan bir¢ok
mekanizmay1 etkiledigi gosterilmesi sebebiyle miRNA’lar biyobelirte¢ ¢aligmalarmin ilgi
odagi olmustur. AH ve PH’de ifadesi degisen miRNA’larin belirlenmesi hastaliklarin erken
tanisinin yapilabilmesine yardimci olabilecegi ve uygulanan tedavinin takibinin daha kolay
olabilecegi diisiiniilmektedir. Biyobelirteg calismalarinda kaynak olarak kullanilan BOS ve
kanda miRNA ’lar serbest halde veya eksozomlarin icerisinde paketlenmis olarak bulunabilirler.
Bu miRNA’larin yikima dayanikliliklar1 ve kan beyin bariyerini gecebilmeleri sayesinde kanda
veya BOS’nda tespitleri kolaydir.

Bugiine kadar yapilan calismalarda oncelikle miRNA’larin tek tek tanisal degerleri
incelenmis ancak tartismali sonuclar elde edilmistir. Bundan sonraki caligmalar miRNA
imzalar1 olusturmaya yonelik olmustur. Denk ve ark. yaptigi ¢alismada BOS’ta 1178
miRNA’nin ifade degisimi RT-qPCR tabanli array kullanilarak {ic miRNA’nin BOS protein
biyobelirtegleri ile birlikte AH’yi %95,5 dogruluk payi ile siniflandirabilmektedir (Denk ve
ark., 2015). Ayrica, Kumar ve ark. yaptig1 calismada plazmada yedi miRNA imzas1 ile AH’ n1
kontrol grubundan %95 oraninda ayirt edebilmistir (Kumar ve ark., 2013). Ayrica, tanisal
miRNA arayislar1 eksozomal miRNA’larin kullanilmasiyla devam etmektedir. Cheng ve ark.
yaptig1 ¢alismada 16 eksozomal miRNA imzas1 AH’n1 tahmin edilmesinde %87 hassaslik ve
%77 ozgiilliikk bulunmustur (Cheng ve ark., 2015). Bir bagka ¢aligmada ise miR-9 ve miR-
598’in AH’nin ayirt edici tanisinda potansiyel biyobelirteg olabilecegi One siirlilmiistiir
(Riancho ve ark., 2017).

miRNA’lardan biyobelirte¢ arayislari PH i¢in de yapilmaktadir. miR-19b’un PH’nda
downregiile oldugu ve hastaligin ortaya ¢ikisindan 4.5 yil 6ncesinde de seviyesinin degistigini
bildirmislerdir (Fernandez-Santiago ve ark., 2015). Bir bagka calismada BOS o6rneklerinden
yapilan analizde miR-1 ve miR-19b’nin ifadelerinin azaldigim1 gdstermiglerdir. Ayrica, PH
hastalarindan alinan plazma Orneklerinden incelenen miRNA’lardan miR-626 ve -505’in
tahmini tanisal degerinin %100 dogrulukta ve %91 6zgiilliikkte oldugu bildirilmistir (Khoo ve
ark., 2012). PH’nda da eksozomal miRNA ¢alismalar1 yapilmaktadir ve Cao ve ark. yaptig1
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calismaya gore miR-19b ve -24’tin PH’de potansiyel tanisal degerlerinin olabilecegi

gosterilmistir (Cao ve ark., 2017).
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3. GEREC VE YONTEM

3.1. Arastirmamn Tipi

Calisma Olgu-Kontrol tipinde, deneysel bir ¢alismadir.

3.2. Arastirmanin Yeri ve Zamani
Calisma Ocak 2015 ile Aralik 2017 tarihleri arasinda Dokuz Eyliil Universitesi Arastirma

laboratuvari ve izmir Biyotip ve Genom Enstitiisii, Geng Lab’ta gerceklestirilmistir.

3.3. Aragtirmanin Evreni ve Orneklemi/Calisma Gruplar

Dokuz Eyliil Noroloji A.B.D. Demans polikliniginde izlenmekte muhtemel Alzheimer
tanist almig hastalar (n=24) ve muhtemel FTD tanis1 almis hastalar (n=17) norolojik hasta
kontrol grubu olarak ¢aligmaya alindi. Hastaliklarin tanist muhtemel Alzheimer hastaligi igin
“Diagnostic and Statistical Manual of Mental Disorders, 4™ edition” (DSM-IV) ve “The
National Institute of Neurological and Communicative Disorders and Stroke and the
Alzheimer’s disease and Related Disorders Association” (NINCDS-ADRDA) tani kriteri baz
alinarak konuldu. Kontrol grubu (n=29) ise norolojik herhangi bir rahatsizligi bulunmayan,
hastaneye herhangi bir ameliyat i¢in yatirilan ve spinal anesteziye gerek duyulan bireylerden

secildi. a-siniiklein Sl¢iimii i¢in gerekli olan BOS 6rnekleri yurtdisindan gonderilmistir.

3.4. Calisma Materyali
Hasta ve kontrol grubundan alinan beyin omurilik sivisi ve periferik kan 6rneklerinden
elde edilen serum Ornekleri ve klinik gorligme sirasinda uygulanan mini mental durum

muayenesi skorlari ¢alisma materyali olarak kullanildi.

3.5. Arastirmanin Degiskenleri
Serum ve ekzozom miRNA diizeyleri (Bagimli Degisken)
BOS’ta Amiloid beta ve pTau diizeyleri (Bagimli Degisken)
Alzheimer Hastalig1 (Bagimsiz Degisken)
Frontotemporal Demans Hastalig1 (Bagimsiz Degisken)
Cinsiyet kadin ve erkek olarak belirtildi.
Standardize mini mental test (SMMT) kullanilarak biligsel durum degerlendirildi.
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3.6. Veri Toplama Araclan
3.6.1. Alzheimer Hastahig icin Yontemler
3.6.1.1. Olgu Veri Kayit Formlar
Calismaya katilan katilimcilardan, yas, cinsiyet ve hastalik baslangi¢ yasi bilgilerinin

aliip kaydedilmesi i¢in demografik bilgi formu kullanilmistir.

3.6.1.2. Noropsikolojik Veri Toplama
Hastalarin ve kontrol grubunun kognitif durumlarinin degerlendirilmek amaciyla

standardize noropsikolojik test olan SMMT uygulanmustir.

3.6.1.3.  BOS’ta AB(.42) ve pTausip) Diizeylerinin Olgiimleri
Hasta ve kontrollerden toplanan BOS 6rneklerinden AH igin AB(.42) ve pTaugsip), PH
icin ise a-siniiklein seviyeleri ELISA ydntemine gore ¢alisan ticari kitler kullanilarak 6l¢iimler
gerceklestirildi.
AB1-42) Ol¢iimii i¢in agagida belirtilen adimlar izlendi.
e BOS ornekleri kullanilmadan 6nce 10 sn boyunca vortekslendi.
e Standart 6rnekleri 2000 pg/ml, 1500 pg/ml, 1000 pg/ml, 500 pg/ml, 250 pg/ml, 125 pg/ml
ve kor olacak sekilde hazirland1
¢ 96-kuyucuklu polipropilen plaga 30ul 6rnek ve standartlar sirasi ile konuldu.
¢ Antikor ile kapli bagka plaga dnce kuyu basina 75 pl conjugate working 1 soliisyonu ve
daha sonra ayni sira ile 6rnek ve standartlar 25 pl hacimde eklendi.
e Plak 1 dk boyunca 1000 rpm’de karistirildi ve 1 saat boyunca oda sicakliginda inkiibe
edildi.
e Inkiibasyon sonunda plak 5 defa yikama soliisyonu ile yikand.
e Yikama sonrasinda plaga kuyu basina 100ul olacak sekilde conjugate working 2
soliisyonu eklendi ve 30 dk boyunca oda sicakliginda inkiibe edildi.
e Plak 5 defa yikama soliisyonu ile yikandi.
e Yikama bitiminde plaga kuyucuk basma 100 pl olacak sekilde substrate working
soliisyonu eklendi ve 30 dk boyunca oda sicakliginda ve karanlikta inkiibe edildi.
e Inkiibasyon bitiminde her bir kuyucuga 50 ul stop soliisyonu eklendi ve 450 nm dalga

boyunda (620 nm referans dalga boyu ile birlikte) plak okuyucuda okutuldu.
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e Orneklerin konsantrasyonlar: standart egri kullanilarak hesaplandi.

pTau(sip) 6l¢limil icin asagida belirtilen adimlar izlendi.

e BOS ornekleri kullanilmadan 6nce 10 sn boyunca vortekslendi.

e Standart 6rnekleri 500 pg/ml, 250 pg/ml, 125 pg/ml, 62,5 pg/ml, 31,25 pg/ml, 15,6 pg/ml
ve kor olacak sekilde hazirlandi.

e Antikor ile kapli plaga dnce kuyu basina 25 pl conjugate working 1 soliisyonu ve daha
sonra ayni sira ile ornek ve standartlar 75 pl hacimde eklendi.

e Plak 1 dk boyunca 1000 rpm’de karistirildi ve gece boyunca + 4 °C’de inkiibe edildi.

e Inkiibasyon sonunda plak 5 defa yikama soliisyonu ile yikand.

e Yikama sonrasinda plaga kuyu basina 100ul olacak sekilde conjugate working 2
soliisyonu eklendi ve 60 dk boyunca oda sicakliginda inkiibe edildi.

e Plak 5 defa yikama soliisyonu ile yikandi.

e Yikama bitiminde plaga kuyucuk basina 100 pl olacak sekilde substrate working
soliisyonu eklendi ve 30 dk boyunca oda sicakliginda ve karanlikta inkiibe edildi.

e Inkiibasyon bitiminde her bir kuyucuga 50 ul stop soliisyonu eklendi ve 450 nm dalga
boyunda (620 nm referans dalga boyu ile birlikte) plak okuyucuda okutuldu.

e Orneklerin konsantransyonlari standart egri kullanilarak hesaplandi.

3.6.1.4.  Serumdan Eksozom izolasyonu
Serumda bulunan eksozomlarin izolasyonu igin ticari olarak satilan Serum Total Exosome
Isolation soliisyonu (Invitrogen, ABD) kullanilmistir. Izolasyon asagidaki adimlar izlenerek
gerceklestirilmistir.
e Serum Ornekleri oda sicakliginda eritildi. 200 pl serum 6rnegi kullanilarak hiicre ve
kalintilarindan kurtulmak i¢in 2000 x g’de 30 dk boyunca santrifiij edildi.
e Siipernatantlar yeni RNase ve DNase free tiiplere aktarildi.
e Her bir ornege elde edilen siipernatantlarin hacimlerinin 5’te 1’1 oraninda izolasyon
soliisyonu eklendi ve karisim vortekslendi.
e Ornekler +4 °C’de 30 dk boyunca inkiibe edildi.
e Ornekler inkiibasyon bitiminde oda sicakliginda 10000 x g’de 10 dk boyunca santrifiij
edildi.

29



Stipernatantlar uzaklastirildi ve tiiplerin dibinde kalan pellet 200 ul 1X PBS kullanilarak
¢oOzildii.

Ornekler sonraki analizlere kadar -20 °C’de saklandi.

3.6.1.5. Dinamik Isik Sacilim (DLS) Analizi

Izole edilen eksozomlarin karakterizasyonu igin DLS analiz yéntemi kullanilmustir.

Bunun i¢in eksozom Orneklerinden rastgele se¢ilen 6rnek 1:1000 olacak sekilde 1X PBS ile

seyreltildi ve Zetasizer nanoseries enstriimanit (Malvern Nano-Zetasizer, A= 532 nm)

kullanilarak izole edilen eksozomlarin boyu 6l¢iildii.

3.6.1.6. Eksozomlarm Kantitatif Ol¢iimii

Her bir hasta grubundan rastgele 5 eksozom 6rnegi se¢ilmistir ve miktarlarinin dl¢tilmesi

icin ticari olarak satilan ExoCET (System Biosciences, ABD) kiti kullanildi. Olgiimler igin

asagidaki basamaklar izlendi.

ExoCET kit adimlari;

20 pl eksozom 80 ul liziz tamponu ile karisitirilarak 37 °C’de liziz i¢in inkiibe edildi.
Ornekler 15 saniye boyunca vortekslendi.

Ornekler 5 dk boyunca 1500 x g’de santrifiijlendi ve siipernatantlar1 yeni tiiplere
aktarildi.

ExoCET standartlarin i¢indeki eksozom sayilar1 1.28E10, 6.40E9, 3.20E9, 1.60E9,
8.00E8, 4.00E8, 2.00E8 ve kor olacak sekilde hazirlandi.

Kullanilacak olan her bir kuyucuga 50 pl Reaksiyon tamponundan eklendi.

Daha sonra, standartlar ve ornekler ilgili kuyucuklara 50 pl olacak sekilde eklendi.
Plak oda sicakliginda 10 dk inkiibe edildi.

Varioskan plak okuyucu (Thermo Scientific, ABD) kullanilarak 405 nm’de Slgiim
yapild.

Orneklerin miktarlar1 standart egri cizilerek hesaplandi.

3.6.1.7. Serumda ve eksozomlarda bulunan total RNA’larin izolasyonu

Serumda bulunan ve biyobelirte¢ degeri tagiyabilecek miRNA’lar daha 6nce grubumuz

tarafindan yapilan mikroarray ¢aligmasi sonucunda elde edilen verilerden belirlendi. Buna gore;
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Serum ve eksozomlardan miRNA izolasyonu ticari kit (Qiagen, Almanya) kullanilarak asagida

anlatilan adimlar izlenerek gergeklestirildi.

e 200ul serum ornegine Sul liziz soliisyonundan eklenip vortekslendi ve oda sicakliginda
5 dk inkiibe edildi.

e Daha sonra 5 nM konsantrasyonunda hazirlanmis 5 pl spike in kontrol miRNA’s1
(Ce_miRNA 39) her bir 6rnegin karisimina eklenip 2 dk oda sicakliginda inkiibe
edildi.

e Ornekler 15 dk boyunca 12.000xg’de +4°C’de santrifiij edildi.

e Renksiz iist kisim alinarak 1,5 kat1 kadar mutlak etanol eklenip karistirildi.

¢ 700 pl karisimdan alinip kolona eklenerek ve >8000 x g’de santrifiijlendi.

e Kolonlara 700ul RWT yikama soliisyonu eklenerek ayni sekilde santrifiijlendi.

e Kolonlara 500 pl RPE yikama soliisyonu eklenerek ayni sekilde santrifiijlendi

¢ Kolonlara 500ul RPE yikama soliisyonu eklenerek ayni sekilde santrifiijlendi.

¢ Kolonlar bos bir sekilde santrifiij edilerek kalan etanolden arindirildi.

e Daha sonra kolona 14 ul DNase ve RNase free su eklenerek eliisyon ger¢eklestirildi.

3.6.1.8. Komplementer DNA (¢cDNA) Sentezi

Bir 6nceki agamadan elde edilmis olan toplam 40 ng ticari olarak satilan miScript RT II

kiti (Qiagen, Almanya) kullanilarak cDNA sentezi i¢in kullanilmistir. Reaksiyon, her bir 6rnek

icin Tablo 2’de gosterilen malzemeler ile belirtilen miktarlar kullanilarak gerceklestirilmistir.

Tablo 2. cDNA sentezlemek i¢in gerekli malzemeler ve miktarlar

Bilesen Hacim
5x HiSpec tampon 4ul
10x Niikleik Asit 2ul

RNase-free su

Toplam hacim 20 pl’ye tamamlanacak

miScript Reverse Transcrption Mix

2ul

Template RNA

Degisken

e Yukaridaki tabloya gore hazirlanan reaksiyon karigimi 37°C’de 60 dk boyunca

inkiibe edildi.
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e Daha sonra karisim 95°C’ye 1sitilarak 5 dk boyunca enzim inaktivasyonu igin
inkiibe edildi.
e FElde edilen cDNA ‘lara 20 pul RNase-free su eklenerek -20°C’de saklandi.

3.6.1.9. Gercek Zamanh Kantitatif PCR (qPCR) Analizi
Elde edilen cDNA ‘’lardan ticari olarak satilan miScript SYBR Green Master Mix
(Qiagen, Germany) kullanilarak analiz ger¢eklestirildi. Her bir qPCR reaksiyonu Tablo 3’te
belirtilen miktarlarda bilesenler kullanilarak gergeklestirildi. miRNA ’larin kat degisimi 2*Ct

yontemi ile hesaplandi. Sentetik ce-miR-39 normalizasyon i¢in kullanildi.

Tablo 3. qPCR reaksiyonu i¢in gerekli malzemeler ve miktarlar

Bilesen Hacim

2x Master Mix 10ul

10x Universal Primer 2ul

10x miRNA 06zgiil primer 2ul

RNase free Su Sul

Template RNA 1 pl (Ing cDNA’ya esit)

Tablo 4. Analizde kullanilan miRNA primerleri

miRNA miRBase Accession # Dizi
ce_miR-39 MIMATO0000010 5’UCACCGGGUGUAAAUCAGCUUG
miR-16 MIMATO0000069 S'UAGCAGCACGUAAAUAUUGGCG
miR-126 MIMATO0000445 S'UCGUACCGUGAGUAAUAAUGCG
miR-20b MIMATO0001413 S'CAAAGUGCUCAUAGUGCAGGUAG
miR-320a MIMATO0000510 S'AAAAGCUGGGUUGAGAGGGCGA
miR-320b MIMATO0005792 S'AAAAGCUGGGUUGAGAGGGCAA
miR-320c MIMATO0005793 S'AAAAGCUGGGUUGAGAGGGU
miR-663-3 MIMATO0003326 S'AGGCGGGGCGCCGCGGGACCGC
miR-762 MIMATO0010313 5'GGGGCUGGGGCCGGGGCCGAGC
miR-1469 MIMATO0007347 5'CUCGGCGCGGGGCGCEGGLCUCC
miR-1915-3p | MIMATO0007892 5'CCCCAGGGCGACGCGGCGGG
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miR-1915-5p | MIMATO0007891 S'ACCUUGCCUUGCUGCCCGGGCC

3.6.1.10.  Biyoinformatik Analizi
miRNA’larin tahmin edilen hedeflerini ve ilgili “Kyoto Encyclopedia of Genes and
Genomes” (KEGG) yolaklarint DIANA-miRPath v3.0 ¢evrimigi analizi ile inceledik . KEGG
zenginlestirme analizi i¢in istatiksel anlamlilik seviyesini 0.001 olarak belirledik (Vlachos ve
ark., 2015). miRNA ve yolaklar arasindaki iliskiyi gorsellestirmek i¢in Cytoscape 3.5 yazilimi
kullanildi (Shannon ve ark., 2003).

3.6.2. Parkinson Hastalig1 icin Yontemler
3.6.2.1.  BOS’ta o-siniiklein Diizeylerinin Ol¢iimii
BOS’ta a-syniiklein (Covance, ABD) 6l¢iimleri i¢in asagida belirtilen adimlar izlendi.

¢ Standart 6rneklerinin konsantrasyonlar1 1500 pg/ml, 600 pg/ml, 240 pg/ml, 96 pg/ml, 38.4
pg/ml, 15.4 pg/ml, 6.1 pg/ml ve kor olacak sekilde 1X reagent diluent kullanilarak
hazirland.

e BOS oOrnekleri 1X reagent kullanilarak 1:10 ve 1:25 olarak iki farkli seyreltme orani
kullanilarak seyreltildi.

e Orneklerin ve standartlarin hazirlanmasindan sonra, antikor ile kaplanmis olan plak
300ul/kuyucuk olacak sekilde yikama soliisyonu ile 4 defa yikandi.

¢ Yikama isleminden sonra standartlar 200 pl/kuyucuk olacak sekilde tiglii olarak plaga
eklendi. Ornekler 200ul/kuyucuk olacak sekilde duplike olarak plaga eklendi. Plak gece
boyunca +4 °C’de inkiibe edildi.

e Ertesi giin plak 4 defa yikama soliisyonu ile yikandi.

e Daha sonra 1X reagent diluent ile 1:1000 seyreltilen antikor biotinylated primer antikor
50ul/kuyucuk olacak sekilde plaga eklendi ve oda sicakliginda 2 saat inkiibe edildi.

e Inkiibasyon sonunda plak tekrar 4 defa yikama soliisyonu ile yikandu.

e Streptavidin-HRP 1X reagent diluent kullanilarak 1:15000 olarak seyreltildi. Soliisyon
200ul/kuyucuk olarak plaga eklendi ve oda sicakliginda 1 saat boyunca inkiibe edildi.

e Inkiibasyon bitiminde plak 4 defa yikama soliisyonu ile yikand.

e Kemiliiminesan A ve B soliisyonlar1 1:1 olacak sekilde karistirildi ve 100ul/kuyucuk

olarak plaga eklendi.
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¢ Plak okuyucu (Biotek, ABD) kullanilarak kemiliiminesan okuma yapildi.

e Orneklerin konsantrasyonlar: standart egri kullanilarak hesaplandi.

3.7. Arastirma Plam ve Takvimi

[Ocak 2015 - Temmuz 2015] ~—<[ Tez dnerisinin hazirlanmasi ve savunmasi ]

[Temmuz 2015 - Haziran 2017]‘—~ BOS ve Serum orneklerinin toplanmasD

BOS érneklerinde
AB1.42 ve pTau seviyelerinin dl¢iimi

Serum 6rneklerinden eksozom izolasyonu
Eksozom ve Serumdan miRNA izolasyonu

Haziran 2017 - Agustos 2017

\ Eksozom ve serum miRNA'larin seviyesinin
gPCR ile belilenmesi

Verilerin Analizi

[ EKim 2017 - Aralik 2017 ]~—[ Tez ve makale yazimi ]
[ Subat 2018 ]<—<C Tez Savunmasi ]

3.8. Verilerin Degerlendirilmesi

Verilerin istatiksel analizi icin IBM SPSS Statistics for Mac (IBM, ABD) programinin 20.0
versiyonu kullanildi. Ayrica, verilerin gorsellestirilmesi i¢in Prism 7.0a (Graphpad, ABD)
programi kullanildi. Elde edilen degerlerin dagilimini belirlemek i¢in Kolmogorov-Smirnov
testi kullanildi. Dagilimin normal olmamasi durumunda Kruskal Wallis testi, normal dagilim
durumunda Mann-Whitney U testi kullanild1 ve p<0,05 degerleri anlamli olarak kabul edildi.

Elde edilen miRNA verilerinin hastaliklar1 birbirinden ayirt ediciligini belirlemek i¢in,
ROC egim analizi kullanildi. p<0.001 degeri istatiksel olarak anlamli kabul edildi ve egim
altinda kalan alan (AUC) i¢in en uygun kesim degerleri, 6zgiilliik ve hassasiyet degerleri
hesaplandi.

miRNA ifade seviyeleri ile klinik parametrelerin (pTausip), AB(1-42), SMMT skoru ve yas)
korelasyon analizi Pearson korelasyon analizi kullanilarak yapildi. Ki-kare testi gruplar

arasindaki cinsiyet farklarini analiz etmek i¢in kullanildi.
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3.9. Arastirmanin Sinirhhiklar:

Calismadan elde edilen serum miRNA’larin seviyeleri bagimsiz ve farkli merkezlerden
toplanan Ornekler ile genisleterek sonuglarin tekrarlanabilirligi gosterilmelidir. Ayrica,
calismamizda elde edilen eksozomal miRNA’lar kanda bulunan néronal kdkenli eksozomlarda
tekrar edilmelidir. Bu sekilde ¢alismanin giivenilirligi ve degeri artmis olacaktir. Tiim bunlari
desteklemek amaci ile AH ve FTD fare modelinde bu miRNA’larin rolleri belirlenebilir.
Calisma AH ile FTD tanisinda ’ye ayrici taniyt kolaylastirabilecektir. AH ¢ok uzun yillardir
bilinen bir hastalik olmakla birlikte patogenezi yeni aydinliga kavusmaktadir. Patojenezde
miRNA’larin rolii son yillarda ortaya konmustur. Bu ¢alisma ile AH’ nin patojenezine yeni bir
katkr saglanmistir. a-sintiklein ELISA testi sonuglariin diger laboratuvarlarin sonuglar ile
karsilastirilmast i¢in gerekli olan sertifikali referans materyalinin olmamasi bu testin

yorumlanmasini sinirlamaktadir.

3.10. Etik Kurul Onay1
Aragtirmamiz, Dokuz Eyliil Universitesi Tip Fakiiltesi Klinik Arastirmalar Etik Kurulundan
17.09.2015 tarihli ve 32-SBKAEK Protokol numarali 2015/16-24 karari ile etik kurul iznine

sahiptir.
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4. BULGULAR

4.1. Demografik veriler

Hasta gruplarma iligkin demografik veriler Tablo 5’te verilmistir. Validasyon grubundan
elde edilen APi-42) ve pTaugsip) seviyeleri AH tanisini desteklemistir. Ayrica, yas ve SMMT
skorlar1 i¢in hasta gruplar1 arasinda istatiksel olarak bir farklilik bulunmamistir. Parkinson
hastalariin BOS 6rnekleri Klinik Norokimya/Sahlrenska Molndal Universite hastanesinde
toplanmistir. Ancak, bize yollanan 6rneklerin demografik verileri paylasilmamistir ve/veya
makalede yayinlanmamustir.

Tablo 5: Hasta ve Kontrol grubunun demografik verileri

Tarama Grubu Validasyon Grubu
Kontrol AH Kontrol AH FTD deseri
(m=10) (=10) (n=29) (n=24) (n=17) PO°&
Yas, 69.5 76.9 64.7 61.6 57.5 0.56
Ortalama (SD) (9.9) (2.1) (11.2) (1.6) (2.8) ’
Cinsiyet, Kadin/Erkek 4/6 8/2 7/22 15/9 7/10 0.019
SMMT Skoru, 17.4 16.5 15.2 0.73
Ortalama (SD) (2.4) (1.6) (1.9) ’
CSF AB(1-42), 1181 569.2 655.9 £0.0001
Ortalama (SD). pg/ml (284.9) (261.2)  (201.8) '
CSF pTau(lglp), 41.15 90.74 4324 <0.0001
Ortalama (SD). pg/ml (16.41)  (40.37)  (24.54) '

4.2. Alzheimer Hastahig icin Bulgular

4.2.1. Alzheimer hastaliginda mikroarray yontemi ile belirlenen serum
miRNA’lar

Serumda bulunan ve biyobelirte¢ degeri tasiyabilecek miRNA’lar daha 6nce grubumuz
tarafindan yapilan microarray ¢alismasi sonucunda elde edilen veriler kullanilarak
belirlenmistir (Oner, 2012). Bunun igin Affymetrix firmas: tarafindan iiretilen GeneChip
miRNA 2.0 Array ¢ipi kullanilmistir. Elde edilen sonuglara gore AH serum 6rneklerinde 21
miRNA’nin ifadesinin degistigi belirlenmistir. miRNA’larin listesi Tablo 6’da verilmistir.
Daha sonra valide etmek istedigimiz miRNA’lar1 segmek i¢in 2 kat ifade degisimi ve istatiksel
olarak p degerinin 0,05 ten kii¢iik olmasi kriterleri uygulanmistir. Buna gore 10 adet miRNA’y1
(secilen miRNA’lar1 Tablo 6’da gri olarak belirtilmistir.) bagimsiz yeni bir hasta-kontrol grubu

kullanarak yeniden analiz edilmistir.
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Tablo 6: Mikroarray analizi ile belirlenen ifadesi degismis miRNA'lar

miRNA Karsilastirmal Ifade p degeri
Degisimi
(AH/Kontrol)
Upregiilasyon
hsa-miR-16 6.16 0.046
hsa-miR-126 2.09 0.044
hsa-miR-20b 2.02 0.016
hsa-miR-15a 1.56 0.039
hsa-miR-30d 1.35 0.037
hsa-miR-660 1.29 0.003
hsa-miR-324-3p 1.23 0.024
hsa-miR-92b 1.22 0.026
hsa-miR-3148 1.21 0.044
hsa-miR-1263 1.16 0.001
Downregiilasyon
hsa-miR-129-3p 0.90 0.043
hsa-miR-1825 0.74 0.017
hsa-miR-1280 0.72 0.034
hsa-miR-762 0.46 0.031
hsa-miR-1915 0.45 0.017
hsa-miR-663 0.44 0.002
hsa-miR-320b 0.43 0.034
hsa-miR-320c¢ 0.43 0.020
hsa-miR-1469 0.39 0.005
hsa-miR-320a 0.36 0.023
4.2.2. Secilmis ifadesi de@isen miRNA’larin yeni hasta grubunun serum

orneklerindeki seviyelerinin belirlenmesi

Mikroarray analizi sonucunda seg¢tigimiz miRNA’larin validasyonu ig¢in yeni bir hasta

grubu kullanilmistir. Hasta grubunun demografik verileri Tablo 5’te gOsterilmistir.

miRNA’larin ifade degisimleri, serumdan ve eksozomdan izole edilen RNA’lar ile qPCR

yontemi kullanilarak incelenmistir. Tiim miRNA’larin normalize edilmis Ct degerleri

karsilastirma igin Sekil 1°de gosterilmistir.
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Sekil 1. Serum ve Eksozomlarda seviyesi Ol¢iilen miRNA'larin ce-miR-39 spike-in kontrol ile
normalize edilmis Ct degerlerinin heatmap gdsterimi.

Elde edilen sonuglara gore, sadece 5 miRNA, mikroarray sonuglari ile uyumlu
bulunmustur. Bu miRNA’lardan miR-20b AH hastalarinda istatiksel anlamlilikta artig
gostermigtir. miR-663, miR-762, miR-320b ve miR-1915-5p seviyeleri AH hastalarinda

istatiksel anlamlilikta azaldigin1 gosterilmistir. Ancak, miR-320c seviyesi

belirlenememistir (Sekil 2).

serumda
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Sekil 2. Farkli hasta gruplarinin serumdaki miRNA seviyeleri. Karsilastirmali miRNA
seviyeleri qPCR yontemi ile Ol¢ililmiistiir. Gruplar arasindaki farklar Kruskal-Wallis ve Mann

Withney-U testi kullanilarak analiz edilmistir. (** p<0.01, *** p<0,001)

4.2.3. Serumdan elde edilmis eksozomlarda miRNA’larin seviyelerinin
incelenmesi

Aynt  hasta grubundan alinmig serumlar kullanilarak  eksozom izolasyonu
gerceklestirilmistir. Elde edilen eksozomlarin karakterizasyonu icin oOncelikle eksozom
orneklerinin boyut analizi dinamik 151k sa¢ilim1 yontemi ile yapilarak konfirme edilmistir (Sekil
3A). Bununla birlikte eksozomlarin karakterizasyonu eksozom membraninda bulunan bir
tetraspanin olan CD63’ii (Andreu ve Yanez-Mo, 2014) ve eksozomlarda fazlaca bulundugu
gosterilmis asetil-CoA asetilkoesteraz enzim aktivitesini (Gupta ve Knowlton, 2007) eksozom
belirteci olarak kullanan ticari ELISA tabanli kitler kullanarak gerceklestirilmistir ve

orneklerimizin eksozom oldugu saptanmistir (Sekil 3B ve 3C).
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Sekil 3. Eksozomlarin izolasyonundan sonra 3 adet birbirinden bagimsiz eksozom
karakterizasyon analizi kullanildi. (A) Dinamik Isik Sagilimi analizi, (B) Asetil-CoA
asetilkolinesteraz enzim aktivitesi. Analizler rastgele secilen bes Ornek kullanilarak

gerceklestirilmistir.

Ayn1 miRNA’larin seviyeleri serumdan elde ettigimiz eksozom orneklerinde qPCR
yontemi ile ¢calisilmistir. Elde ettigimiz sonuglara gore, miR-663, miR-762, miR-320b ve miR-
1915-5p istatiksel anlamlilikta azaldigini tespit edilmistir. Ancak, miR-20b seviyesinde
istatiksel anlamlilikta herhangi bir degisim tespit edilememistir (Sekil 4). Serum ve
eksozomlarda bulunan miRNA’lar karsilastirildiginda ise sadece 4 miRNA’nin benzer sonuglar

verdigi goriilmektedir.
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Sekil 4. Farkli hasta gruplarinin serumdan elde edilen eksozomlarindaki miRNA seviyeleri.
Karsilagtirmalt miRNA seviyeleri qPCR yontemi ile dl¢lilmiistiir. Gruplar arasindaki farklar

Kruskal-Wallis ve Mann Withney-U testi kullanilarak analiz edilmigtir (** p<0.01, ***
p<0,001).

4.2.4. Ifadesi anlamh olarak degisen miRNA’larin biyoinformatik araclarla

hedef yolaklarimin belirlenmesi
Bir sonraki asamada, istatiksel olarak anlamli ifadesi degisen miRNA’larin tahmini
hedeflerinin belirlenmesi amaclandi. KEGG yolak zenginlestirme analizi icin DIANA-mirPath
v3.0 sunucusu kullanildi ve miRNA’larin tahmini AH yolaklar1 belirlendi. Analiz sonucuna
gore, bu miRNA’larin deregiilasyonu (miR-320b, miR-762, miR-663-3 ve miR-1915-5p) AH
ile iligkili akson yonlendirme, sirkadiyen ritmi, Ras ve Ostrojen yolaklarini hedeflendigi ortaya

cikmistir (Sekil 5).
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Sekil 5. Alzheimer hastaliginda anlamli olarak degisimi tespit edilen miRNA'larin tahmini

hedefleri. miRNA ve yolaklarin iliskileri Cytoscape yazilimi ile gorsel hale getirilmistir.

4.2.5. miRNA seviyelerinin klinik parametreler ile korelasyonlarimin
degerlendirilmesi

Bir sonraki asamada ifadesi degisen miRNA’larin klinik parametreler (pTauigip), AB(i1-42),
SMMT skoru ve yas) ile korelasyonlar1 analiz edilmistir. Elde edilen veriler incelendiginde ise
serumda bulunan miR-663-3 seviyesi SMMT skorlar1 ile ortalama pozitif bir korelasyon
gostermektedir. Bununla birlikte eksozomdan elde edilen miRNA’larin klinik parametrelerden
AP(1-42) ile pozitif ortalama korelasyon gostermektedir. Bunun disindaki elde edilen verilere
gore miRNA’lar diger parametreler ile istatiksel anlamlilikta korelasyon gostermemektedir

(Tablo 7).
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Tablo 7. miRNA'larin klinik veriler ile korelasyonu.

SMMT pTauqsy) B-Amiloid(1.42) Yas

Rho (¢) p-degeri Rho (p) p-dederi Rho (@) p-degeri Rho (@) p-degeri
Serum miRNA
hsa-miR-663-3 0.335 0.049 0.147 0.227 -0.131 0.279 0.128 0.293
hsa-miR-762 0.212 0.222 -0.064 0.599 0.184 0.131 0.214 0.078
hsa-miR-320b 0.256 0.138 -0.053 0.661 0.166 0.173 0.215 0.076
hsa-miR-1915-5p 0.103 0.557 -0.079 0.516 0.216 0.075 0.195 0.108
Eksosom miRNA
hsa-miR-663-3 -0.11 0.537 -0.125 0.319 0.361 0.003 0.19 0.13
hsa-miR-762 -0.079 0.658 -0.104 0.407 0.319 0.01 0.198 0.114
hsa-miR-320b -0.136 0.444 -0.169 0.176 0.468 <0.001 0.113 0.037
hsa-miR-1915-5p -0.096 0.59 -0.186 0.136 0.363 0.003 0.122 0.332

4.2.6. Demans tanmisinda miRNA'larin potansiyel biyobelirte¢ olarak
degerlendirilmesi

Son asamada istatiksel olarak anlamli degisen 4 miRNA’nmn tanisal degerlerinin
belirlenmesi i¢in ROC egrisi analizi yapildi. %95 giiven araliginda serum ve eksozomal
miRNA’larin ROC egrileri ¢izildi ve AUC degerleri hesaplandi. Bugiine kadar yapilan
biyobelirteg calismalarinda dogruluk yiizdeleri %70-95 arasinda degismektedir. Bu sebeple
daha giivenilir biyobelirte¢ adaylar1 belirlemek i¢in ROC analizi sonucunda dogruluk ytizdesi
%90 ve lizeri olan miRNA’lar1 se¢ildi. Elde ettigimiz sonuglara gore, AH’yi kontrol grubundan
ayirt etmede AUC degerleri miR-320b i¢in 0,909, miR-663-3 i¢in 0,865, miR-762 i¢in 0,877
ve miR-1915-5p i¢in 0,789 olarak bulunmustur. Bunun diginda, AH’yi FTD grubundan ayirt
etmede AUC degerleri miR-663-3 i¢in 0,940, miR-762 i¢in 0,995, miR-320b i¢in 1,000 ve miR-
1915-5p icin 1,000 olarak hesaplanmistir. FTD’yi kontrol grubundan ayrit etmede AUC
degerleri miR-663-3 i¢in 0,997, miR-762 i¢in 0,998, miR-320b i¢in 1,000 ve miR-1915-5p i¢in
1,000 olarak hesaplanmustir.

Ayni analiz eksozomdan elde edilen miRNA’lar i¢in gerceklestirildi. Buna gore, AH’yi
kontrol grubundan ayirt etmede AUC degerleri miR-663-3 i¢in 0,783, miR-762 i¢in 0,753,
miR-320Db i¢in 0,749 ve miR-1915-5p icin 0,774 olarak hesaplandi. FTD’yi kontrol grubundan
ayirt etmede AUC miR-663-3 igin 0,758, miR-762 i¢in 0,754, miR-320b i¢in 0,775 ve miR-
1915-5p i¢in 0,776 olarak hesaplanmistir. Ancak, AH’yi FTD’den ay1rt etmede kullanilabilecek
miRNA’lar i¢in istatiksel anlamlilikta bir sonug elde edilememistir. Tiim miRNA’lar i¢cin ROC

analiz sonucu asagida Tablo 8’de verilmistir.
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Tablo 8. Serum ve Eksozom miRNA’lar1 i¢gin ROC analizi.

Serum AUC 95% CI P degeri Cut-off Hassashk Ozgiilliik
AH vs. Kontrol

hsa-miR-663-3 0.865 0.765-0964 <0.001 0.468 0.792 0.821
hsa-miR-762 0.877 0.780-0975 <0.001 0.532 0.875 0.786
hsa-miR-320b 0.909 0.828 - 0.991 <0.001 0.403 0.875 0.857
hsa-miR-1915-5p 0.789 0.662-0917 <0.001 0.818 0.833 0.679
AH vs. FTD

hsa-miR-663-3 0.94 0.832-1.047 <0.001 0.136 1.000 0.824
hsa-miR-762 0.995 0.982-1.008 <0.001 0.139 1.000 0.882
hsa-miR-320b 1.000 1.000-1.000 <0.001 0.059 1.000 1.000
hsa-miR-1915-5p 1.000 1.000-1.000 <0.001 0.136 1.000 1.000
FTD vs. Kontrol

hsa-miR-663-3 0.997 0.931-1.023 <0.001 0.209 0.941 1.000
hsa-miR-762 0.998 0.991-1.005 <0.001 0.310 1.000 0.964
hsa-miR-320b 1.000 1.000-1.000 <0.001 0.119 1.000 1.000
hsa-miR-1915-5p 1.000 1.000- 1.000  <0.001 0.226 1.000 1.000
Eksozom AUC 95% CI P degeri Cut-off Hassashk Ozgiilliik
AH vs. Kontrol

hsa-miR-663-3 0.783 0.650-0.916 0.001 0.735 0.818 0.741
hsa-miR-762 0.753 0.616 - 0.890 0.001 0.936 0.818 0.630
hsa-miR-320b 0.749 0.608 - 0.890 0.003 0.683 0.727 0.741
hsa-miR-1915-5p 0.774 0.640 - 0.907 0.001 0.761 0.818 0.741
AH vs. FTD

hsa-miR-663-3 0.501 0.313-0.690 0.989 0.557 0.591 0.529
hsa-miR-762 0.504 0.317-0.691 0.966 0.614 0.500 0.529
hsa-miR-320b 0.535 0.348 - 0.721 0.713 0.435 0.636 0.529
hsa-miR-1915-5p 0.567 0.381-0.752 0.479 0.607 0.636 0.471
FTD vs. Kontrol

hsa-miR-663-3 0.758 0.593-0.923 0.004 0.793 0.882 0.704
hsa-miR-762 0.754 0.591 -0.917 0.005 0.769 0.882 0.741
hsa-miR-320b 0.775 0.629 - 0.920 0.002 0.742 0.765 0.704
hsa-miR-1915-5p 0.776 0.619 - 0.932 0.002 0.745 0.882 0.741
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4.2.7. Ventrikiiler hacimlerinin AH biyobelirteclerinin tamisal degerlerine

etkisi
Calismanin bu béliimiinde, proje kapsaminda BOS’ta olglilen A(1.42) ve pTaugsip)
seviyelerine beyinde lateral ventrikiiler hacimlerinin etkisi incelenmistir. Bu baglamda, bu
calismaya 13 Avrupa hafiza kliniginden toplam 730 hasta 6rnegi ve bu hastalarin Afi_42),
pTausip) ve ventrikiiler hacim 6lgiimleri toplanmistir. Elde edilen sonuglar ventrikiiler hacmin
BOS AB(i42) seviyelerini yorumlarken en 6nemli etkilerden biri oldugunu gostermistir.

Calismanin sonuglar1 “Journal of Alzheimer’s disease” dergisinde yayimlanmustir.

4.3. Parkinson Hastalig1 icin Bulgular

4.3.1. Parkinson hastalarinda alfa-siniiklein seviyelerinin belirlenmesi

Son yillarda BOS’ta bulunan diisiik o-siniiklein seviyesinin PH’de biyobelirte¢ olarak
kullanilabilecegi bildirilmistir. Ancak, ¢aligmalarda kontrol grubuna kiyasla bu diisiisiin kiigtik
bir oranda oldugu ve ¢aligsmalar arasinda tutarsizlik oldugu bildirilmistir. Laboratuvarlar arasi
Olciimlerde bulunan varyasyonlar, standardizasyon ihtiyacin1 ortaya c¢ikarmistir. Bu
calisgmamizda ortak olusturulan BOS havuzundan c¢aligmaya katilan 18 farkli laboratuvara
ornek gonderildi ve tiim laboratuvarlarda yapilan Slgiimlerde olusturulmus olan standart
operasyon prosediirleri kullanildi. Bu ¢alisma kapsaminda kullanilan ELISA kitinin hassaslik
degeri 6 pg/ml olarak bulunmustur (Mollenhauer ve ark., 2013) ve BOS 06rneklerinde farkli
konsantrasyonlarda ¢alisildiginda iiretici firma tarafindan belirtilen geri kazanim orani1 %90’1n
iizerindedir. Bununla birlikte kitin varyasyon katsayis1 ayni kosullarda %10’un altinda oldugu
belirtilmektedir (Kruse ve ark., 2015).

Dahil oldugumuz bu g¢alismada bizim laboratuvarimizca orneklerin farkli seyreltme
oraninin alfa-siniiklein dl¢limiine etkisi ve Covance marka ELISA kitinin 6rneklerin degisik
seyreltme oranlarindaki performansi incelenmistir. Elde edilen sonuglara goére Parkinson
hastalarinin BOS o6rneklerinde 1:10 ve 1:25 seyreltme oranlari ile hesaplanan alfa-siniiklein
seviyeleri tutarli olarak bulundu (Sekil 6). Bu deney ile dahil oldugumuz ¢alismadan elde edilen
sonuclara gore orneklerin 1:10 seyreltme diizeyinde drneklerin %98°nden fazlasinda varyasyon
katsayis1 %20’in altinda hesaplanmistir. Ayrica, 1:25 oraninda seyreltme yapilan 6rneklerin
%94’linde varyasyon katsayist %20’in altinda oldugu bildirilmistir. Bu sonuglar 6rneklerin

gonderildigi laboratuvarda elde edilen sonuglar ile karsilastirmasiyla elde edilmistir.
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@ 1:10 Seyreltme
@ 1:25 Seyreltme

3000+
4000~

Alfa-Siniiklein Seviyesi (pg/ml)

Sekil 6. Parkinson hastalarinin BOS 6rneklerindeki farkli seyreltme oranlarinda alfa-siniiklein

seviyesi.

46



5. TARTISMA

5.1. Alzheimer Hastahig1

Giliniimiizde muhtemel AH tanisi gogunlukla diger ndrolojik hastaliklarin diglanmasi, beyin
goriintlileme ve psikolojik testler gibi pahali ve zaman alan teknikler ile miimkiin
olabilmektedir. Son zamanlarda klinik ve molekiiler analiz yontemler degerli biyobelirte¢
adaylarini ortaya ¢ikarmistir. BOS tabanli AP (1-42), pTau(181p) ve total Tau seviyeleri AH
tanisin1 desteklemek amaciyla kullanilmasina ragmen, BOS tabanli biyobelirtegler invazif
yontemler oldugu i¢in bu biyobelirteglerin ilag denemelerinde, boylamsal caligmalarda ve
hastaligin izlenmesinde kullanimlari kisitlidir (Sharma ve Singh, 2016). Bu sebepler, hizli, ucuz
ve invazif olmayan yontemlerin gelistirilmesi gerekliligini vurgulamaktadir. Son zamanlarda,
kan tabanli biyobelirte¢ gelistirilmesinin kolayligin1 gosteren calisma sayisinda artis vardir
(Thambisetty ve Lovestone, 2010; Henriksen ve ark., 2014; Keshavan ve ark., 2017). Ayrica,
kan tabanli biyobelirte¢ taramas1 hem invazif olmayan hem de tekrar eden 6rnek toplanmasina
izin veren bir yontemdir. Bu ¢alismamizda, grubumuzca daha énce AH’de kontrol grubuna
gore mikroarray yontemi ile belirlenmis farkli olarak ifade edilen miRNA’lar kullanilarak,
bagimsiz yeni bir hasta grubunda bu miRNA’larin ifadelerini hem serumda hem de serumdan
elde edilmis olan eksozomlarda inceledik. Buna gore, serumda bulunan miR-20b, miR-663-3,
miR-762, miR-320b ve miR-1915-5p istatiksel anlamlilikta ifade degisimlerini dogruladik.
Ozellikle, serumda ifadesi degisen bu miRNA’larin Alzheimer hastalarini hem FTD hem de
kontrol gurubundan ayirt etmede yiiksek potansiyelleri oldugunu gosterdik. Ayrica, Parkinson
hastalarindan toplanan BOS 6rneklerinde Covance marka ticari ELISA kiti ile dlgiilen alfa-
siniiklein seviyelerinin orneklerin seyreltilmesinden bagimsiz olarak tutarli bir sekilde
Olciilebilecegini gosterdik. Bununla birlikte ELISA testlerinin standardize ydntemler ile
Ol¢iilmesinin laboratuvarlarin rutinlerini gelistirmesini ve ilerideki ELISA c¢aligsmalarinin stabil
sonuclar vermesine yardimci olabilecektir. Ayrica,

Serbest dolagan miRNA’larin ilk kez diffiiz biiyiilk B hiicreli lenfoma hastaliginda
biyobelirte¢ olarak kullanilabilecegi gosterilmistir (Lawrie ve ark., 2007). Bu ¢alismadan sonra
bircok grup biyobelirteg olarak miRNA’lar1 kullanmayr amaglamistir. Bunun nedenleri
arasinda miRNA’larin bir¢ok hiicresel fonksiyonu diizenleyebilmesi bulunmaktadir. Farkli
patolojik durumlarda farkli miRNA’larin dahil oldugu bilinmektedir. Ayrica, spesifik veya bir
grup miRNA seviyesindeki degisimlerin patolojik siirecin durumu hakkinda bilgi verebilir ve

bu miRNA’larin seviyelerindeki degisim ve hatta varlik veya yokluklar: hastalik siirecinin
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gostergesi olabilmektedir. Bunun yaninda, miRNA’larin farkli viicut sivilarinda varliklari
ayrica gosterilmistir. Dolasimdaki stabiliteleri ve giliniimiizdeki tespit yontemleri sayesinde
hizli ve giivenilir bir sekilde dolasimdaki seviyeleri belirlenebilmektedir. Bu o6zellikleri
miRNAlar1 herhangi bir patolojik durumda ideal biyobelirte¢ aday1 olarak gostermektedir.
Birgok calisma farkli olarak ifade edilen miRNA’lar1 hem beyinde hem de BOS’nda
gostermistir (Grasso ve ark., 2014; Viswambharan ve ark., 2017). Bununla birlikte,
miRNA’larin ve eksozom igeriklerinin yaslanma ile birlikte degisimleri daha Onceki
calismalarda bildirilmistir (Xu ve Tahara, 2013). Ilging bir sekilde, belirli miRNA imzalarmnin
hastaligin gelisimini ve/veya semptomlari kesisen hastalilarin ayirt edilmesinde kullanilabilme
potansiyeli gosterilmistir (Shafi ve ark., 2010). Birgok ¢alisma farkli ifade edilen miRNA’lar1
belirlemek i¢in BOS ve kan gibi farkli 6rnek tiplerini kullanmistir (Galimberti ve ark., 2014;
Grasso ve ark., 2014; Dong ve ark., 2015; Gui ve ark., 2015) Burgos ve ark. Alzheimer ve
Parkinson hastalarinin BOS ve serum 6rneklerinde 13 6zgiin miRNA nin farkli ifade edildigini
yeni nesil dizileme yontemi kullanarak gostermistir (Burgos ve ark., 2014). Ayrica, Dong ve
ark. AH’nda miR-31, miR-93, miR-143 ve miR-146a’nin ifadelerinin serumda azaldiginm
gostermislerdir (Dong ve ark., 2015). Yapilan ¢calismalarda elde edilen miRNA degisimlerinin
yorumlanmasinda ifade degisimlerinin yaslanmaya baglh olarak degisebilecegi ihtimali goz
oniinde bulundurulmalidir. Bu ¢alismamizda, AH ve FTD hastalarinin serum 6rneklerinde miR-
663-3, miR-762, miR-320b ve miR-1915-5p’nin farkl olarak ifade edildigini gosterdik.
Eksozomlarin hastaliga 6zgii protein ve niikleik asit tasiyabilme o6zellikleri, viicut
stvilarindaki - dayanikliliklari, miRNA’larca zengin olmalar1 ve kan beyin bariyerini
gegebilmeleri bir¢ok ¢alisma tarafindan gosterilmistir (Cheng ve ark., 2014; Kumar ve ark.,
2017; Riancho ve ark., 2017). Bu 6zellikleri sayesinde eksozomlar ideal biyobelirte¢ kaynagi
olarak ilgi gekmektedir. Serum ve eksozom miRNA seviyelerinin farkli olabilecegini Cheng ve
ark. daha once gostermislerdir (Cheng ve ark., 2014). Farkli bir ¢alismada ise yeni nesil
dizileme yontemi ile bulunan ve qPCR yontemi ile valide edilen 16 eksozomal miRNA’nin
kullanilmast AH’ nin tanisin1 kolaylastirabilecegi gosterilmistir (Cheng ve ark., 2015). Bagka
bir ¢aligmada ise plasmadan elde edilen eksozomlardan izole edilmis yedi miRNA nin %83-89
arasinda dogruluk ile AH’y1 tahmin edebilmistir (Lugli ve ark., 2015). Yaptigimiz ¢aligmada,
serumdan elde edilmis eksozomlarda serumda farkli ifade edildigini gosterdigimiz
miRNA’larin seviyelerini inceledik. Bu miRNA’larin eksozomda bulunan seviyeleri ile

serumda bulunan seviyeleri farkli olmasina ragmen benzer ifade degisimleri bulunmustur.
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Bu miRNA’larin ndérodejenerasyon ile ilgili yolaklarda rolleri olup olmadigin1 arastirmak

icin bu miRNA’larin tahmini hedef yolaklarini network analizi ile arastirdik. Analiz sonucu bu
dort miRNA’nin Ras ve Ostrojen sinyalleme, sirkadien ve akson yonlendirme yolaklarini
hedefleyebilecegini gosterdi. Bu yolaklarin daha 6nce yapilan ¢aligmalarda nérodejenerasyon
ile iliskileri gosterilmistir (Lin ve ark., 2009; Van Battum ve ark., 2015; Wang ve ark., 2016;
La Morgia ve ark., 2017). Bu yolaklarin 6nemi fizyolojik kosullarda birbirleri ile i¢ ice gecmis
olmalar1 ve bu yolaklarin deregiilasyonlarinin nérodejenerasyonla ilgili olmasidir (Godoy ve
ark., 2014). Hedeflenen yolaklardan 6zellikle dstrojen sinyalleme yolagi ilgi ¢ekicidir. Bugiine
kadar yapilan ¢alismalarda kadinlarin AH’ye yakalanma riskinin erkeklere oranla daha ytiksek
oldugu bildirilmistir (Mosconi ve ark., 2017). Bununla birlikte, yapilan ¢alismalar kadinlarda
menopoza gecis evresi ve sonrasinin kognitif fonksiyonlarla iligkili oldugunu aciga ¢ikarmaistir.
Ayrica, Ostrojen hormon terapisi alan kadinlarda menopozun erken doneminde kognitif
fonksiyonlarda diizelme goriilmekle birlikte, ge¢ donemde baglayan Ostrojen hormon tedavisi
durumun daha kétiiye gitmesine neden olabilecegini gostermistir (Cholerton ve ark., 2002; Cui
ve ark., 2013). Ayrica, calismada kullandigimiz kohortta kadin oran1 ytiksektir. Bu sebeple, bu
calismadan elde edilen ifadesi degismis miRNA’larin dstrojen sinyalleme yolagini tahmini
olarak hedeflemesinin bulunmasini etkilemis olabilir.
Ancak, bu yolaklarin ve bu c¢alismada analiz edilen miRNA’larin gergek etkilesimlerinin
dogrulanmasi gerekmektedir. Bunlarla birlikte, miR-663-3’{in TDP-43’e direk baglanabildigi
ve norojenez’de gorev alan genleri baskiladigi gosterilmistir (Buratti ve ark., 2010; Shu ve ark.,
2015). miR-762°’nin M2 fenotipindeki mikroglial hiicrelerde ifadesinde artis bulunmus
(Martinez ve Peplow, 2017) ve miR-320b’nin ifadesi prion ile indiiklenen nérodejenerasyonda
artmig ancak sizofren hastalarinin kanlarda azalmistir (Vachev ve ark., 2016).

Bugiine kadar yapilan birgok calismada miRNA’larin ¢esitli hastaliklarda, ozellikle
demans ve kanser hastaliklarinda, tanisal degerleri incelenip tartisilmistir (Wang ve ark., 2016).
Son zamanlarda yapilan ¢alismalarda miR-9, miR-181c, miR-26b, miR-106 ve miR-29 en ¢ok
deregiilasyonu gosterilen miRNA’lar olmustur (Viswambharan ve ark., 2017). Tan ve ark.
tarafindan yapilan ¢alismada miR-342-3p’nin AH’yi kontrol grubundan ayirt etmede %81,5
dogruluk payina ulagsmistir (Tan ve ark., 2014). Baska bir calismada BOS’ta bulunan miR-100,
miR-103 ve miR-375’in kombinasyonu AH’yi siniflandirmada %95,5 dogruluk pay1 oldugunu
gostermistir (Denk ve ark., 2015). Galimberti ve ark. hem serum hem de BOS’ta miR-125b’nin
AH’yi non-inflamatuar hastaliklardan %82 dogrulukla ayirt edebildigini gdstermistir. Ancak,
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AH’yi FTD’den ayirt etmede herhangi istatiksel anlamlilikta bir sonu¢ bulamamiglardir
(Galimberti ve ark., 2014). Kumar ve ark. ve Leidinger ve ark. yaptiklar1 ¢aligmalarda AH’yi
ayirt etmede %93’ten fazla dogruluk payina ulagmislardir (Kumar ve ark., 2013; Leidinger ve
ark., 2013). Bugiline kadar yapilan tim c¢alismalar incelendiginde AH tanisinda
kullanilabilecegi one siiriilen miRNA’larin baska calismalar tarafindan tekrar edilemedigi
goriilmektedir. Bunun sebepleri arasinda kullanilan protokollerin standardize olmamasi ve
farkli metodolojilerin kullanilmasi; 6zellikle kanda aranan biyobelirteclerde kanda bulunan
miRNA ve/veya metabolitlerin seviyelerinin bir¢ok farkli durumdan etkilenmesi
tekrarlanabilirlik sorunlarini ortaya ¢ikarmaktadir. Calisilan 6rneklerin farkli olmast (serum,
plazma gibi), 6rnek toplama, saklama ve hazirlama ydntemlerinin ¢aligmalar arasi farklilik
gostermesi en biiylik tekrarlanabilirlik problemlerinden biridir.

Calismamizda tekrarlanabilirlik sorununu agmak amaciyla, 6rnek toplama, saklama ve
hazirlama yontemlerini projemiz kapsaminda olusturulan standardize yontemlerini kullandik.
Calismamizda ifade degisimlerini gosterdigimiz miRNA’larin tanisal degerlerini inceledik ve
bu miRNA’larin daha 6nce AH’nda deregiilasyonlar1 gosterilmemistir. Sonuglarimiza gore
serum miR-663-3, miR-762 ve miR-320b AH’y1 kontrol grubundan ayirt etmede %85 ten fazla
dogruluk payimna sahiptir. Bununla birlikte, eksozomal miRNA’larin tanisal degerleri
hesaplandiginda ise belirledigimiz kriteri saglamamakla birlikte serum miRNA’larin potansiyel
tan1 degerlerinin gerisinde kalmistir. Ancak, eksozomal miRNA’larin 6zellikle AH ve FTD’yi
kontrol grubu ile karsilastirdigimizda ROC sonuglarindaki hassaslik degerleri miR-320b
disinda 0.80’in iizerinde bulunmustur ve sonuglara gére bu miRNA’larin tarama testi olarak
kullanilabilme potansiyelleri goriilmektedir.

FTD hastalarinda mRNA-miRNA aginda onemli degisimler tespit edilmistir (Detayli
derleme (Rivero-Santana ve ark., 2017)). Bozulmus miRNA biyojenezi ve spesifik miRNA
genlerinin FTD’nin patojenezine katildig diistiniilmektedir (Eitan ve Hornstein, 2016). Bugiine
kadar yapilmis ¢aligmalarin aksine, ¢calismamizda buldugumuz miRNA’larin FTD hastalarini
AH ve kontrol grubundan ayirt etme potansiyellerini inceledik. Yaptigimiz ¢aligmada dort
miRNA’nin (miR-663-3, miR-762, miR-320b ve miR-1915-5p) FTD hastalarin1t AH ve kontrol
grubundan %90’dan fazla dogrulukla ayirt edebildigini gosterdik. Ozellikle, miR-320b ve miR-
1915-5p’nin dogruluk oranlarint %100 olarak bulduk.

BOS’tan 6lgiilen AH biyobelirtecleri AH tanisini kolaylastiran en 6nemli faktdrlerdendir.

Bu biyobelirtegler devam eden néronal degisimlerin ve AP ve tau birikimlerini iyi bir sekilde
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yansitabilmektedir. Ancak, 6l¢lilen Ai.42) ve pTaugsip) seviyelerini yorumlarken karisikliga
neden olabilecek sebepleri dislamak gerekmektedir. Ventrikiiler hacim/Toplam intracranial
hacim oram (VH/TIP) bu karsiliga sebep olabilecek nedenlerin en basinda gelmektedir.
Projemiz kapsaminda dahil oldugumuz ¢alismada BOS biyobelirtegleri VH/TIP ile diizeltilerek
bu biyobelirteclerinin tanisal giliglerinin arttirilabilecegini gostermistir (van Waalwijk van
Doorn ve ark., 2017).

5.2. Parkinson Hastahg:

Kantitatif analizlerin validasyonu biyobelirte¢ alanindaki en biiyilik problemlerden biridir.
Laboratuvarlar arast ve hatta ayni laboratuvarda yapilan ayni analizler bile farkli sonuglar
verebilmektedir (Vanderstichele ve ark., 2017). Ayrica Ol¢iimleri etkileyen farkli etkenler
bulunmaktadir. Bunlarin arasinda kullanilan antikorlarin, analiz metotlarinin, 6rnek saklama
kosullarinin ve 6rnek diliisyonlarmin farkli olmasi gibi birgok faktor bulunmaktadir (Kruse ve
ark., 2015). Calismamizda ayni lot numarasina sahip, ayn1 standardize yontemlerle toplanmis
BOS ornekleri kullanilarak alfa-siniiklein seviyeleri 2 farkli 6rnek diliisyonu ile 6l¢tildii. 2 farkls
dilisyonu ile olgiilen alfa-siniiklein seviyeleri benzer 6l¢iildii. Bununla birlikte, calismaya
katilan diger 17 laboratuvarin sonuglar1 referans ol¢iim kabul edilen 6rneklerin yollandig:
laboratuvar ile karsilagtirildiginda sonuglarin kabul edilen diizeyde varyasyona (<%20) sahip
oldugu goézlenmistir. Mattsson ve ark. tarafindan yapilan uluslararas1 BOS biyobelirteg kalite
kontrol ¢alismasinda elde edilen varyasyon seviyesi ile benzerlik gostermistir (Mattsson ve
ark.,2011). Ayrica, giiniimiizde alfa-siniiklein 6l¢timlerinde kullanilabilecek sertifikali referans
materyali bulunmamaktadir. Referans materyalinin gelistirilmesi ve {retilmesi farkli
laboratuvarlar  tarafindan  Olgiilen  alfa-siniiklein  seviyelerinin  karsilastirilmasini
kolaylastiracaktir. Sonuca gore, drnek toplama yontemleri, kullanilan pipetler ve firmalarin
kitlerin iiretiminde standardizasyonu saglamas1 gibi faktorlerin standardizasyonu, 6l¢iimlerin

daha dogru ve tutarli olmasini saglayacaktir.
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6. SONUC VE ONERILER

Bu calismamizda dort miRNA’nin Alzheimer ve FTD hastaliklarinda ifade degisimlerini
tespit ettik. Ayrica, bu serumdan elde edilen miR-320b ve miR-1915-5p’nin %100 dogruluk
orantyla FTD grubunu AH ve kontrol grubundan ayirt edebildigini bulduk. Bununla beraber
eksozomlardan izole edilen miRNA’larin da bu amagcla kullanilabilecegini gosterdik.

Hastalar1 tanilarinin dogru olma olasiligmin arttirmak i¢in temel BOS biyobelirtecleri
kullanilmistir. Ancak, hasta ve kontrol gruplarinin tek bir merkez yerine birden fazla merkezden
toplanmas1 ve daha fazla sayida hasta Orneginin kullanilmasi ¢alismanin giivenilirligini
arttiracaktir.

Eksozomlardan elde edilen miRNA’larin tanisal degerlerinin arttirilabilmesi i¢in kanda
noronal kokenli eksozomlarin izolasyonu yapilarak merkezi sinir sistemine Ozgii
eksozomlardan elde edilecek miRNA’larin daha giivenilir sonuglar verebilecegi géz onilinde
bulundurulmalidir.

Bu dort miRNA’nin DIANA mirPath v3.0 kullanilarak belirledigimiz tahmini hedef
yolaklari icerisinde sirkadiyen ritim, Ras ve dstrojen sinyalleme ve akson yonlendirme yolaklari
norodejenerasyon ile oldukea ilgilidir. Bu sebeple bu hedef yolaklar1 tahmini olduklari i¢in

dogruma deneyleri gereklidir.
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GONULLU BILGILENDIRME VE ONAY FORMU

Alzheimer Hastaligi (AH) ve Parkinson Hastaligi (PH), ileri yasta siklikla karsimiza c¢ikan
norolojik hastalilkardir. AH ve PH toplumdaki genel 6lum nedenleri siralamasinda Ust
siralarda yer almaktadir. AH'da kognitif fonksiyonlarda kayip ile birlikte bellek bozuklugu en
onemli klinik bulgularidir. Bu bulgulara ileri donemde fiziksel fonksiyonlarda da kayip eklenir.
AHnin Kklinik tanisi demansa yol acabilecek diger nedenlerin ekarte edilmesi ile
yapllmaktadir. PH’de ise titreme, sertlik ve hareketlerde yavaslama en énemli semptomlardir.
Daha sonraki donemde durussal bozukluklar da semptomlara eklenmektedir. Parkinson
hastaliginin tanisi ise norolojik muayene ve benzer klinik tablolarin semptomlarinin ekarte

edilmesi ile konmakta ve Levodopa kullanimi sonucu duzelme ile kontrol edilmektedir.

Bu calismada, Alzheimer ve Parkinson hastalarinda hastaligin tanisinda ve tedavinin
izlenmesinde kullanilan gegerli biyomarker testlerin 6rnek alimindan standardizasyonuna

kadarki agamalarinin standardizasyonu amaclanmigtir.

Caligmaya Dokuz Eylil Universitesi Tip Fakiltesi, Noroloji Anabilim Dali, Demans
polikliniginde izlenen, klinik olarak Alzheimer veya Parkinson tanisi almis hastalar arasindan
30 kisi erken donem demans, 30 kisi ge¢ donem demans ve 30 kisi Parkinson hastasi
alinacaktir. Kontrol grubu olgulari cerrahi girisim igin epidural anestezi uygulanacak
kisilerden olusturulacaktir. Géniilliilerden 6rnek alma isleminin goéniilliiye herhangi bir
olumsuz risk veya rahatsizligi olmayacaktir. Gonlilliilerden arastirma igin yalnizca bir
defa 6rnek alinacak ve testlere tabi tutulacaktir. Tum hasta ve kontrollerden bir kez
koldan 10 ml kan 6rnegdi ve lomber ponksiyon ile 5 ml Beyin Omurilik Sivisi 6érnegi
alinacaktir. Kontrol grubundan BOS alma iglemini ¢galismada yer alan Anestezi Profeséru Dr.
Leyla lyiliki gerceklestirecektir. Hastalardan ise bu islemleri Néroloji Anabilim Dalindan Dr.
Anil Tanburoglu ve Dr. Gulsah Cokelez gerceklestirecektir. Kan érnekleri, 6rneklerden elde

edilen serumlar ve BOS é6rnekleri ¢caligma bitiminde imha edilecektir.

Bu calisma sirasinda uygulanacak testlerin ve arastirma ile ilgili gergeklestirilecek diger
islemlerin masraflari size veya guvencesi altinda bulundugunuz resmi ya da Ozel higbir

kurum veya kuruluga 6detilmeyecektir.

Arastirmanin géniilliiye herhangi bir yarari olmayacaktir. Gonulli bu galismaya katiimay:
red etme hakkina sahiptir. Bu c¢alismaya katilmamaniz daha sonraki tibbi bakiminizi
etkilemeyecektir. Arastirmaci da gonullinun kendi rizasina bakmadan, olguyu arastirma digi
birakabilir.



Bu calismada yer aldiginiz sure igerisinde kayitlarinizin yani sira iligkili saglik kayitlariniz
kesinlikle gizli kalacaktir. Bununla birlikte kayitlariniz kurumun yerel etik kurul komitesine ve
Saglik Bakanhgina agik olacaktir. Hassas olabileceginiz kisisel bilgileriniz yalnizca arastirma
amaciyla toplanacak ve islenecektir. Calisma verileri herhangi bir yayin ve raporda

kullanilirken bu yayinda isminiz kullanilmayacak ve veriler izlenerek size ulagilamayacaktir.

Yukarida gonulluye arastirmadan once verilmesi gereken bilgileri okudum. Bunlar hakkinda
bana yazili ve sozlu agiklamalar yapildi. Bu kosullarla s6z konusu klinik arastirmaya kendi

rizamla, hi¢bir baski ve zorlama olmaksizin katilmayi kabul ediyorum.
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P157. Serum miR-16 levels show negative correlation with amyloid-
beta; 4, levels in Alzheimer’s disease patients

Erden Eren'”" Erdogan Pekcan Erkan ', Kemal Ugur Tufekei ., Gulsah Gokce®, Anil
Tanburoglu *, Nurhak Demir °, Gorsev Yener’, Sermin Genc'*

"Department of Neuroscience, Health Science Institute, Dokuz Eylul University

?Advanced Biomedical Research Center, iBG-Izmir Project, Dokuz Eylul University,

Department of Neurology, Dokuz Eylul University Medical School

*Erden Eren. E-mail: erdeneren@gmail.com

Abstract

Alzheimer’s disease (AD) is a progressive neurodegenerative disease, and represents the most
common form of dementia. AD has no known cure, and eventually leads to death. The disease is
characterized by the formation of amyloid-beta plaques, and neurofibrillary tangles (NTF). Alterations
in microRNA (miRNA) expression profiles have been linked to AD pathogenesis, and several studies
suggest that altered miRNA signatures could serve as diagnostic markers for AD. We have previously
performed a microarray-based screening by using serum samples from AD patients (n=10) and
controls (n=10), and found several dysregulated miRNAs in AD patients. Of note, miR-16 showed the
highest level of overexpression in AD patients, compared to healthy controls. Here, our aim was to
validate the microarray data on a larger patient cohort. Quantitative real-time PCR analysis showed
that miR-16 expression was approximately 3.5-fold higher in AD patients (n=24) compared to healthy
controls (n=24). Moreover, we analyzed amyloid-beta expression by using ELISA, and we compared
AB(1-42) levels and miR-16 expression levels by Spearman’s Rank Order correlation test. Correlation
analysis revealed a significant negative correlation between AP(1.42) levels and miR-16 expression
levels.. Altogether, our results suggest that elevated miR-16 levels and low A4 levels can serve as
a novel biomarker signature for AD patients.

Keywords: Alzheimer’s Disease, miRNA, Amyloid-beta, Biomarker
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pathology. Imaging using markers of b -amyloid combined with Positron
Emission Tomography (PET) allows a semi-quantitative in vivo assessment
of A b depostion in the subject brains. However, this approach is invasive,
costly and restricted to specialised centres. Candidate blood protein
biomarkers that predicted global neocortical brain amyloid load have
been recently identified (our group and Burnham et al. 2013). However,
temporo-parietal junction, posterior cingulate and precuneus are areas of
early b -amyloid deposition in Alzheimer’s disease (AD) (Villain et al.
2012). Blood-based protein biomarkers that could predict brain amyloid
burden in those specific regions could thus be used as markers of early
amyloidosis. Using an unbiased approach, we have identified distinct
peripheral protein levels that are associated with specific regions of the brain
where b -amyloid deposits. Methods: Peripheral biomarker discovery was
in a cohort of 78 subjects from the Australian Imaging, Biomarker &
Lifestyle Flagship Study of Ageing (AIBL) cohort which pathological status
was determined by the measurement of PiB in 18 brain regions. Isobaric
tandem mass tagging (TMT) combined with SDS-PAGE fractionation and
LC-MS/Mass spectrometry (Orbitrap Velos-Pro) were used to detect and
quantify plasma proteins. L inear regressions were performed, co-varying
for age, gender and APOE4 presence. Results: Regression analysis
(co-varying for age, gender and APOE4 status) identified that the regional
PiB levels of6 peripheral plasma proteins, previously identified as
candidates of global amyloid load (Bazenet et al), had a significant regional
PiB pattern (FDR <0.05). Conclusions: We have discovered distinct sets of
plasma proteins that have potential to predict regional brain amyloid burden
as a measure of AD pathology. Some of those brain regions identified have
been suggested to display accumulation at the earliest stages of amyloid
accumulation. Those candidates, if replicated and validated in other cohorts,
could thus represent very early markers of prodromal AD.

SERUM LIPOCALIN-2: MONITORING THE
NEUROPATHOLOGICAL PROGRESSION OF AD IN
DOWN SYNDROME?

Alain Dekker', Antonia Coppus’, Pieter Naudé®, Cornelia van Duijn?,
Peter Paul De Deyn®, / University Medical Center Groningen, Groningen,
Netherlands; >Erasmus University Medical Center, Rotterdam,
Netherlands; jUniversity of Groningen, Groningen, Netherlands;
“Laboratory of Neurochemistry and Behavior, Institute Born-Bunge,
University of Antwerp, Antwerp, Belgium. Contact e-mail: alaindekker@
gmail.com

Background: With an incidence of approximately 1 in 650-1000 live births,
Down syndrome (DS) or trisomy 21 is the most common genetic intellectual
disability in humans. A distinct characteristic is early-onset dementia, which
is predominantly attributed to Alzheimer’s disease (AD). Whereas, almost
all individuals have developed a full-blown AD-like pathology around
mid-life, the onset of dementia symptoms varies tremendously. Therefore,
predicting and monitoring the progression of AD in DS is necessary to
enable adaptive caretaking. The undesirability of relatively invasive
CSF-sampling procedures in DS illustrates the need for an efficient blood
biomarker. The pro-inflammatory factor Lipocalin-2 (LCN2) might be a
promising candidate, as increased plasma levels were reported in MCI
and AD patients. Interestingly, it has been demonstrated that significantly
higher levels are present in healthy DS individuals as well. Therefore, this
study investigates the potential of LCN2 as biomarker for AD in DS.
Methods: Using an optimized and previously documented ELISA, LCN2
concentrations were quantified in serum of 308 DS subjects (> 45 years)
and 19 age-matched healthy non-DS controls. Among the DS population,
three groups were considered: DS subjects with AD (demented), without
AD (non-demented) and AD and a group of non-demented individuals
that developed AD over time (converters). Results: Compared to non-DS
controls, serum LCN2 levels were strongly elevated in DS, regardless of
the presence dementia. Although serum LCN2 levels were not associated
with clinical symptoms of dementia in DS, they correlated significantly
with previously determined plasma levels of AG1-40, AB1-42 and truncated
Apn42 in demented subjects and with truncated ABn40 in the converted
and non-demented group. Furthermore, we demonstrated a significant

association between serum LCN2 levels and the age of the subjects at the
moment of blood sampling. Conclusions: As the current population is
45 years or older, these DS subjects presumably presented a full-blown
AD-like neuropathology, including A8 plaques deposition, neurofibrillary
tangles and inflammation. Whereas the serum LCN2 levels were not associ-
ated with clinical symptoms of dementia in DS, they correlated significantly
with A@ plasma levels. Therefore, serum LCN2 levels do not monitor
cognitive decline in DS, but might rather monitor the neuropathological
progression.

Michala Kolarova, Jan Ricny, Ales Bartos, Daniela Ripova, Prague
Psychiatric Center, Prague, Czech Republic. Contact e-mail: kolarova.
michala@pcp.lf3.cuni.cz

SEX DIFFERENCES IN ANTIBODY LEVELS IN
ALZHEIMER’S DISEASE

Background: Tau protein is one of the cytoskeletal neuronal proteins and
under some pathological conditions it can be released into the extracellular
fluid. One of promising therapeutic options for Alzheimer disease (AD) is
tau vaccination. Therefore we aimed to find out corresponding immunologic
background in normal population and in patients with AD prior to
vaccination. Methods: We measured anti-tau antibodies using ELISA in
serum samples from AD patients fulfilling NIA-AA criteria and age- and
sex- matched cognitively normal controls (NC) in two independent
experiments (firstly, 36 AD vs 34 NC, secondly, 30 AD vs 30 NC). We
used different tau antigens involved in AD pathology or resembling
brain tau protein: the longest isoform (441 amino acids), the shortest
isoform ("fetal" 352 amino acids), two misdisordered forms of tau protein
(151-391 3R and 151-391 4R), a cleaved form (151-421 amino acids) and
native bovine tau protein. Results: Levels of serum anti-tau antibodies
did not differ between the AD patients and the controls in both experiments.
Moreover, anti-tau levels were independent of age in both NC groups.
Interestingly, we found some differences depending on gender and the
used antigen. We noticed that anti-tau antibody levels were in opposite
direction in male and female population which could have an influence on
statistics. Conclusions: We found similar immunological background of
anti-tau antibodies in serum from individuals with AD or without it.
Gender changes in serum anti-tau antibodies due to AD should be taken
into consideration in tau vaccination interventions. The size of our groups
does not allows us to perform rigorous statistical analysis and our
preliminary findings should be validated on larger sample. The study was
supported by grant GACR P304/12/G069 and GACR 13-26601S, IGA
NT 13183 and MH CZ - DRO (PCP, 00023752), UK 266705/SVV/2014.

THE NEW CUT-OFF FOR CEREBROSPINAL FLUID
BIOMARKER OF ALZHEIMER’S DISEASE IN THE
DIFFERENTIATION BETWEEN FTLD AND
CONTROL SUBJECTS FOR A TURKISH
POPULATION

Erden Eren', Pembe Keskinogluz, Kemal Ugur Tufekciz, Giilsah Gékge",
Anil Tanburogluz, Nurhak Demirl, Derya Durusu Emek—Savas4,

Gorsev G. Yener?, Azermin Geng®, ' Dokuz Eylul University Institute of
Health Sciences, Izmir, Turkey; ’Dokuz Eylul University, Izmir, Turkey;
3Dokuz Eylul University Medical School, Izmir, Turkey; “Istanbul Kultur
University, Istanbul, Turkey. Contact e-mail: erdeneren @ gmail.com

Background: We aimed to compare CSF levels of A 8 1-42, and pTau (181)
between AD, Frontotemporal dementia (FTD) and controls. We hope to look
at possible new cut-off point of CSF biomarkers in our Turkey population.
Methods: In this study, we collected 44 dementia subjects (24 AD, 20 FTD)
and 29 controls for CSF analysis. A 8 1-42 and pTau levels in CSF samples
were measured by enzyme-linked immunoassay (ELISA) by INNOTEST
(Ghent, Belgium). Results: Mean CSF A 8 1-42, pTau (181), and pTau/A
6 1-42 in the AD group were 473.5 *= 54.6 pg/mL, 101.8 £ 12.1 pg/mL
and 0.215 * 0.222 accordingly. Mean CSF A § 1-42, pTau (181), and
pTau/A 3 1-42 in the FTD group were 637.4 = 74.0 pg/mL, 28.1 * 7.5
pg/mL and 0.044 = 0.102 accordingly. Mean CSF A ( 1-42, pTau (181),
and pTau/A 8 1-42 in the controls were 1246.1 * 60.9 pg/mL, 23.1 * 4.0
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pg/mL, and 0.019 £ 0.066 respectively. There is significant difference be-
tween AD and controls groups in CSF A ¢ 1-42, pTau and pTau/A § 1-42
(p<0.0001). There is significant difference between FTD and controls
groups in CSFA 8 1-42 (p<0.0001). However, there is no significant differ-
ence between FTD and control groups in CSF pTau (p = 0.935) and pTauw/A
(6 1-42 (p = 0.200). Moreover, there is a significant difference between AD
and FTD in CSF pTau and pTau/A 8 1-42 (p<0.0001). However, there is no
significant difference in CSFA 8 1-42 (p = 0.104).Optimal A § 1-42 cut-off
level was 514,3 pg/ml and optimal P-taul81P cut-off level was 41,8 pg/ml
and optimal p- pTau/A § 1-42 cut-off level was 0,0612 for differentiating
AD from controls. Optimal P-taul81P cut-off level was 32,6 pg/ml and
optimal P- pTau/A (§ 1-42 cut-off level for differentiating AD from FTD
was 0,0410. Conclusions: Optimal A § 1-42, P-taul81P and P-taul81P/
A 8 1-42 cut-off levels help discrimination of AD from controls and FTD
dementia. * This project was supported by The Scientific and Technological
Research Council of Turkey (112S335).

PROTEOMIC ANALYSIS OF SERUM PROTEINS IN
TRIPLE TRANSGENIC ALZHEIMER’S DISEASE
MICE: IMPLICATIONS FOR IDENTIFYING
BIOMARKERS FOR USE TO SCREEN POTENTIAL
CANDIDATE THERAPEUTIC DRUGS FOR EARLY
AD

Sun Qian], Xiaojing Suiz, Jianjun Liuz, Xifei Yangz, Shenzhen University,
Shenzhen, China; 2Shenzhen Center for Disease Control and Prevention,
Shenzhen, China. Contact e-mail: 770891531 @qq.com

Background: Alzheimer’s disease (AD) is the most common fatal
neurodegenerative disease affecting the elderly worldwide. There is an
urgent need to identify novel biomarkers of early AD. This study aims to
search for potential early protein biomarkers in serum from a triple
transgenic (PS1 M146V/APP Swe/Tau P301L) mouse model. Methods:
Proteomic analysis via two-dimensional fluorescence difference gel
electrophoresis was performed on serum samples from wild-type (WT)
and triple transgenic mice that were treated with or without coenzyme
Q10 (CoQ10) (800mg/kgbodyweight/day), a powerful endogenous
antioxidant displaying therapeutic benefits against AD pathology and
cognitive impairment in multiple AD mouse models, for a period of three
months beginning at two months of age. Results: A total of 15 differentially
expressed serum proteins were identified between the WT and AD
transgenic mice. The administration of CoQ10 was found to alter the
changes in the differentially expressed serum proteins by up-regulating 10
proteins and down-regulating 10 proteins. Among the proteins modulated
by CoQ10, clusterin and alpha-2-macroglobulin were validated via ELISA
assay. These findings revealed significant changes in serum proteins in the
AD mouse model at an early pathological stage and demonstrated that
administration of CoQ10 could modulate these changes in serum proteins.
Conclusions: Our study suggested that these differentially expressed serum
proteins could serve as potential protein biomarkers of early AD and that
screening for potential candidate AD therapeutic drugs and monitoring of
therapeutic effects could be performed via measurement of the changes in
these differentially expressed serum proteins. This work was supported by
NSFC (the National Natural Science Foundation of China) (81102154),
Medical Scientific Research Foundation of Guangdong Province
(B2012322, A2013598), Shenzhen Scheme of Science and Technology
(Medicineand Health) (201202086, 201302148), and Shenzhen
Special Fund Projecton Strategic Emerging Industry Development
(JCYJ20130329103949650). (Correspondence should be addressed to
Dr. YANG Xifei (xifeiyang@gmail.com)).

Cristina Muscio', Marina Boccardi', Michela Pievaniz,

Patrizio Pasqualetti", Samantha Galluzziz, Barbara Borroni4,
Alessandro Padovani4, Giovanni Frisonis, ILENITEM, Brescia, Italy;
2Laboratory of Epidemiology, Neuroimaging and Telemedicine, IRCCS
Centro San Giovanni di Dio Fatebenefratelli, The National Center for

DEMENTIA EXPERTS’ PERCEIVED DIAGNOSTIC
VALUE OF PET AMYLOID IMAGING

Research and Care of Alzheimer’s and Mental Diseases, Brescia, Italy;
jAFaR—CRCCS, Ospedale Fatebenefratelli, Rome, Italy; ‘Centre for
Neurodegenerative Disorders, Neurology Unit, University of Brescia,
Brescia, Italy; Memory Clinic and LANVIE - Laboratory of Neuroimaging
of Aging, University Hospitals and University of Geneva - Laboratory of
Epidemiology, Neuroimaging and Telemedicine, IRCCS Centro San
Giovanni di Dio Fatebenefratelli, The National Center for Research and
Care of Alzheimer’s and Mental Diseases, Brescia, Italy.

Contact e-mail: mboccardifbf@ googlemail.com

Background: Amyloid PET imaging is a biomarker of amyloid pathology
and can assist in the differential diagnosis of Alzheimer’s Disease (AD)
from other non-AD dementias. Evidence that amyloid PET has an impact
on the diagnostic thinking of dementia experts is starting to emerge but is still
limited (Vandenberghe et al., 2013; Grudman et al., 2012). This study was
aimed at assessing whether amyloid positivity/negativity has an impact on
the diagnostic thinking of dementia experts (DEs) as assessed through an
ad-hoc questionnaire. Methods: This study was carried out in the context
of a larger one on the diagnostic valueof amyloid PET imaging in
Eastern Lombardy, Italy. Twenty-two DEs of second level referral centres
participated to the study. Six clinical case-vignettes representative of
patients with diagnostic uncertainty were developed and submitted to the
DEs. Each case-vignette included the following information: patient’s age,
sex, cognitive/behavioural symptoms, FDG-PET and MRI results, and initial
diagnosis before amyloid-PET scan. DEs were then asked to rate the proba-
bility (from O to 100) of a change in diagnosis after knowledge of amyloid-
PET results (positive AB+/negative AB-). Results: When assessing the 6
case-vignettes, the highest probability of a change in diagnosis was for cases
with an initial diagnosis of (i) AD with atypical profile (logopenic variant) and
AB- (66% probability), and of (ii) subcortical ischemic vascular dementia and
AL+ (62%). There was no significant difference between the two case-vi-
gnettes (p>0.05 on post-hoc ANOVA). The lowest probability was in the
cases with an initial diagnosis of (iii) LBD and AB- (14%), and of (iv) AD
and AB- (33%). These case-vignettes were significantly different from
case-vignettes (i) and (ii) (p<0.01). For cases with an initial diagnosis of
bvFTD and CBD and AB+ the probability of a change in diagnosis was inter-
mediate (43 and 44%). These values were significantly higher compared with
those of case-vignette (iii) (p<0.01). Conclusions: Amyloid biomarkers
proved to be most informative to rule out an AD etiology in cases with atyp-
ical AD, and to support an AD etiology in cases with a non-AD dementia. A
change in the diagnosis was less frequent in cases of suspected non-amyloid
pathology.
THE INCREMENTAL DIAGNOSTIC VALUE OF
18F-FLORBETAPIR IMAGING IN NATURALISTIC
PATIENTS WITH COGNITIVE IMPAIRMENT: THE
INDIA-FBP STUDY

Cristina Muscio', Marina Boccardi' , Ugo Paolo Guerraz, Barbara Paghera3 s
Claudio Pizzocaroz, Michela Pievani4, Alessandro Padovani’ s

Giovanni Frisoni®, ! LENITEM, Brescia, Italy; 2Fondazione Poliambulanza,
Brescia, Italy; *University of Brescia and Spedali Civili di Brescia, Brescia,
Italy; *Laboratory of Epidemiology, Neuroimaging and Telemedicine, IRCCS
Centro San Giovanni di Dio Fatebenefratelli, The National Center for
Research and Care of Alzheimer’s and Mental Diseases, Brescia, Italy;
°Centre for Neurodegenerative Disorders, Neurology Unit, University of
Brescia, Brescia, Italy; “Memory Clinic and LANVIE - Laboratory of
Neuroimaging of Aging, University Hospitals and University of Geneva -
Laboratory of Epidemiology, Neuroimaging and Telemedicine, IRCCS Centro
San Giovanni di Dio Fatebenefratelli, The National Center for Research and
Care of Alzheimer’s and Mental Diseases, Brescia, Italy.

Contact e-mail: mboccardifbf@ googlemail.com

Background: Amyloid PET imaging enables the in vivo estimation of brain
(-amyloid neuritic plaque density and can be used to support an Alzheimer’s
Disease (AD) diagnosis in research settings (Albert et al., 2011). The added
value of amyloid PET imaging in clinical settings is less known. Data are
starting to emerge but still limited (Vandenberghe et al., 2013; Grundman
et al, 2012). We report preliminary findings about the incremental
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Decreased levels of alpha-synuclein (aSyn) in cerebrospinal fluid (CSF) in Parkinson’s disease and related
synucleinopathies have been reported, however, not consistently in all cross-sectional studies. To test the
performance of one recently released human-specific enzyme-linked immunosorbent assay (ELISA) for
the quantification of aSyn in CSF, we carried out a round robin trial with 18 participating laboratories
trained in CSF ELISA analyses within the BIOMARKAPD project in the EU Joint Program - Neurodegen-
erative Disease Research. CSF samples (homogeneous aliquots from pools) and ELISA kits (one lot) were
provided centrally and data reported back to one laboratory for data analysis. Our study showed that
although factors such as preanalytical sample handling and lot-to-lot variability were minimized by our

ELISA study design, we identified high variation in absolute values of CSF aSyn even when the same samples

Validation
Biomarker

and same lots of assays were applied. We further demonstrate that although absolute concentrations
differ between laboratories the quantitative results are comparable. With further standardization this

assay may become an attractive tool for comparing aSyn measurements in diverse settings. Recom-
mendations for further validation experiments and improvement of the interlaboratory results obtained

are given.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

In the last years, decreased concentrations of alpha-synuclein
(aSyn) in cerebrospinal fluid (CSF) have been shown and pro-
posed as a biomarker for Parkinson’s disease, multiple system
atrophy and dementia with Lewy bodies (Hall et al., 2012; Hong
et al,, 2010; Kasuga et al., 2010; Mollenhauer and Schlossmacher,
2008; Mollenhauer et al., 2008, 2011, 2013; Parnetti et al., 2011;
Tateno et al., 2012; Tokuda et al., 2006, 2010; Wennstrom et al.,
2013). The degree of change of CSF aSyn in Parkinson’s disease is
only minor, with aSyn being in the range of 80%—90% of the level in
matched controls. Discrepant findings showing no change or
elevated levels have been reported by other groups (Aerts et al.,
2012; Lee et al., 2011; Noguchi-Shinohara et al.,, 2009; Ohrfelt
et al., 2009; Park et al., 2011; Reesink et al., 2010; Spies et al., 2009;
Wang et al.,, 2012). Several factors could explain these discrep-
ancies, including the use of different assay formats and antibodies
as well as differences in sample handling (Mollenhauer et al., 2010).
There is also evidence that CSF aSyn levels are elevated in diseases
with severe synaptic and/or neuronal degeneration, for example,
Creutzfeldt-Jakob and Alzheimer’s disease (Hall et al., 2012;
Mollenhauer et al., 2008). Thus, reduced levels in synucleino-
pathies may be masked if there is concomitant release of aSyn into
the CSF from degenerating neurons and synapses. The inclusion of
such cases may account for some of the variation across studies.

Large variability between laboratories can occur, as has been
demonstrated for the quantification of beta-amyloid and tau pro-
tein in CSF, even when the same assay and standard operating
procedure for sample handling were used (Mattsson et al., 2011).
Hence, to understand and compare aSyn levels between labora-
tories and studies, it is important to establish the variation across
different laboratories. Within the BIOMARKAPD project, a European
Union Joint Program - Neurodegenerative Disease Research, we
therefore performed a round robin trial using one specific enzyme-
linked immunosorbent assay (ELISA) suitable for the quantification
of CSF aSyn and report here on the interassay variability across 18
different laboratories.

2. Material and methods

Seventeen laboratories from 13 countries within the BIO-
MARKAPD consortium (www.biomarkapd.org) and one from the
United States participated in the trial (#1-18). All laboratories are
experienced in the quantification of CSF proteins by ELISA Kkits.
Except for two laboratories (#18 and #4), none of the participating
laboratories had previously used the ELISA kit under investigation.

Participants were not specifically trained to use the assay under
investigation but all laboratories were experienced in performing
ELISA assays on CSF proteins and some even in ELISA development
(Supplementary Table 1). All participants received 24 CSF samples
provided by one central laboratory in a blinded manner. Measure-
ments performed in the originator laboratory of the assay (#18)
were used as reference values for comparison with the other
laboratories.

2.1. CSF samples

Human CSF pools were prepared at the Clinical Neurochemistry
Laboratory/Sahlgrenska University Hospital in Mdélndal, Sweden,
from a large number of samples obtained during routine clinical
workflow. CSF samples were collected after performance of all
planned analyses, after which left-over aliquots would have been
destroyed. Samples were deidentified so that they cannot be
traced back to an individual patient. All samples underwent one
freeze-thaw cycle before pooling. No extra amount of aSyn (spiking)
was added to the samples. The individual samples were thawed and
pooled into 50 mL centrifuge tubes, centrifuged at 2000g for
10 minutes, and were then divided into 500 pL aliquots in poly-
propylene screw-cap tubes (Sarstedt AG & Co, Niimbrecht, Ger-
many) during continuous mixing to ensure homogeneity of the
pools. The samples were refrozen at —80 °C, and distributed to the
participating laboratories on dry ice by courier.

Two identical sets of 12 CSF samples were provided centrally to
18 laboratories; the order of the samples was changed in set
2 compared with set 1. Results were reported back to one central
laboratory for data analysis.

We conducted the study according to the Declaration of Helsinki
and all subjects provided written informed consent. The ethics
committee of the University of Gothenburg approved the procedure
for collection of samples.

2.2. aSyn ELISA assay

Quantification of aSyn was performed using the aSyn ELISA kit
(Cat.-# SIG-38974, Covance, Dedham, MA USA). The ELISA assay is
intended for research use only. Data on the analytical performance
have been published recently (Mollenhauer et al., 2013). All kits
used in this study were from one single lot (Lot-# D13DK01212;
exp: 26/0ct/13). Each participating laboratory received two Kkits.
Assays were performed according to the manufacturer’s in-
structions in the kit insert. CSF samples were analyzed at 1:10 and
1:25 dilution. One laboratory used 1:20 instead of 1:25, and two
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Fig. 1. Standards curves from two alpha-synuclein quantification experiments show variable performance. Raw data for standard curve signal readings from two independent
experiments are shown per laboratory. In most laboratories both curves are highly comparable whereas in some significant differences were observed.

laboratories also analyzed 1:50 dilutions. Samples were analyzed in
either duplicate or triplicate.

Covance provided the ELISA kits, and analyzed the same CSF
samples as originator laboratory #18 but was not involved in the
design of the study. In addition the company was neither involved
in data analysis nor interpretation of the results.

2.3. Instruments

According to the manufacturer’s instructions, the BioTek Syn-
ergy 2 luminescence reader was recommended. Luminescence
detection was carried out with 11 different instruments in 18 lab-
oratories: BioTek Instruments Synergy HT (laboratories #3, #6, #14,
#18), PerkinElmer VICTOR3 Wallac (laboratories #9, #12, #13, #16),
PerkinElmer VICTOR X4 (laboratory #4), PerkinElmer 2 (laboratory
#11), EnVision Multilabel Reader 2104-0010 (laboratory #10), BMG
Labtech LUMIstar Optima (laboratory #7), Tecan Infinite M200
(laboratories #2, #8), Tecan Infinite 200 Pro (laboratory #17),
POLARstar Omega (laboratory #5), LabSystems Fluoroskan Ascent
FL (laboratory #15), Fuji Instruments LAS-3000 (laboratory #1).

2.4. Data analysis

Duplicates or triplicates of standards and CSF samples were
analyzed in two independent experiments. Data were reported
back to one central laboratory (Gottingen) for analysis. Samples
diluted 1:20 in one laboratory were taken along with samples
diluted 1:25 in the other laboratories. Background values were
subtracted from standard and sample readings. Means of the signal
readings were calculated for standard replicates. Standard curves
were plotted using Microsoft Office Excel 2003. Resulting curve
parameters of linear regression curves were used to calculate aSyn
concentrations in individual samples, as is considered acceptable
according to the kit insert. Concentrations were adjusted for dilu-
tion factors. To test the intra-assay variability, coefficients of vari-
ance (CVs) were calculated for every sample measured in each
laboratory. Dilution linearity was analyzed by comparing mean
concentrations of adjusted protein concentrations on individual
plates measured at two different dilutions. Within-laboratory
variability was analyzed by comparing individual samples at both
dilutions from both experiments. Precision refers to the variability
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Fig. 1. (Continued)

of mean concentrations of individual samples at both dilutions from
both experiments. Reliable results were defined as those with CVs
for replicate determinations of analyte concentration of <20%.
Figures were prepared using Excel software.

3. Results
3.1. Participants and analytical techniques
All participants followed the instruction manual provided with

the kits with minor adaptations. Four laboratories used plate
washers and 14 washed plates manually as specified in the

instruction manual. At least two laboratories used Milli-Q water
instead of reverse osmosis de-ionisation (RODI) water. Laboratory
#2 analyzed CSF samples in a single run. Results were treated as if
they came from two independent experiments.

3.2. Standard curves across laboratories and different luminescence
readers

Performance and reproducibility of standard curves were
analyzed first for all laboratories. In 13/18 laboratories standard
curves from both runs were comparable with less than a two-fold
difference in signal readings (Fig. 1). In four laboratories there
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Fig. 1. (Continued)

were variations of up to nearly 100-fold in signal values for indi-
vidual standard concentrations between both runs (Fig. 1, labora-
tories #3, 8, 16, and 17). One laboratory reported data for one run
only (laboratory #2). We included all results for further analysis and

will discuss these separately when describing different aspects of
data analysis.

3.3. Intra-assay variability (means of duplicates)

When analyzing the 1:10 dilution, as suggested in the ELISA
manual, 16 laboratories (89%) obtained mean concentrations from
both runs with all CVs <20%. Two laboratories (11%) had 3 and 5
samples with CVs >20%. For the 1:25 dilutions more samples

reached CVs >20% (11 laboratories [61%] with all CVs <20%, three
laboratories (17%) with 1 sample and four laboratories (22%) with
2—9 samples with CVs >20%). Overall, for all analyses >98% of
samples were quantified with <20% CV at 1:10 dilution and 94% at
1:25 dilution (Fig. 2).

Among the laboratories with high numbers of samples with CVs
>20% this variability may be attributed to pipetting errors when
preparing either the standard curves or the sample dilutions. The
standard curve of the first experiment in laboratory #16 shows a
very long plateau phase at low aSyn concentrations (Fig. 1). This is
probably the reason why we found 6 samples with CVs >20% with
regard to intra-assay variability. Four of these 6 samples were
measured at <100 pg/mL aSyn at 1:25 dilution. Within the plateau
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Fig. 2. Quantification of alpha-synuclein in cerebrospinal fluid samples is highly
consistent. Results of duplicate determinations of alpha-synuclein concentration at
different dilution were grouped into CV ranges. Percentages of each group were
calculated. More than 75% of results exhibited CVs <10% at both dilutions. Abbrevia-
tion: CV, coefficient of variance.

phase, minor differences in signal readings have strong effects on
the concentration determined for these samples. All measurements
at 1:10 dilution and at 1:25 dilution in the second experiment
showed CVs <20%.

Nine samples with CVs >20% were found by laboratory #5. All of
the variability was found in the 1:25 dilution and were probably
due to inconsistencies in pipetting as the standard curves were
similar in both experiments (Fig. 1). The same holds true for labo-
ratory #1, where 8 samples were measured with high CVs (5 from
experiment 1 and 3 from experiment 2).

3.4. Within-laboratory variability and interassay variability

To test the interassay variability, quantification results from
identical samples from both runs were compared. In nine labora-
tories (50%) all samples diluted 1:10 were similar with CVs <20%.
Three laboratories (17%) measured 1 sample with CVs >20% and six
laboratories (33%) measured 2—12 samples with CVs >20%. At 1:25
dilutions, six laboratories (33%) determined similar concentrations
with CVs <20% for all samples. Three laboratories (17%) found 1
sample with CVs >20% and nine laboratories (50%) found 2—12
samples with CVs >20%.

For laboratory #4 very high concentrations were determined in
experiment 2 as compared with experiment 1. The reason for this
observation is that signal readings for standards in experiment 1 are
higher than those in experiment 2 (Fig. 1). Therefore, higher con-
centrations were assigned to samples in experiment 2 as compared
with experiment 1 (Fig. 3). The same effect was found in laboratory
#8 (Figs. 1 and 3). In both experiments most of the samples showed
high CVs (12 and 11 samples at both dilutions, respectively).

Standard curves from both experiments in laboratories #3 and
#17 differed to a great extent. In laboratory #3 signal readings for
both standards as well as samples differed at similar levels in the
two experiments. Therefore, comparable concentrations were
assigned to the samples (Fig. 3). By contrast, signal readings for
samples differed to a larger extent in laboratory #17 as compared
with those for standards. This resulted in much higher concentra-
tion assignment for samples in experiment 1 (Fig. 3). We found 7

samples with CVs <20% at 1:10 dilution and 11 samples at 1:25
dilution.

3.5. Dilution linearity

Dilution linearity was analyzed by comparing results obtained at
1:10 and 1:25 dilutions. Mean concentrations back-calculated from
the diluted samples in most cases had CVs <20%. For nine labora-
tories (50%) this holds true for all samples in both experiments.
Furthermore, six laboratories (33%) had 1-5 samples with CVs
>20%, while three laboratories (17%) had 9—14 samples with CV
>20%. Results shown in Fig. 2 indicate that diluting samples 1:10
gave more consistent results compared with higher dilutions. This
becomes more evident when results from the two laboratories
using 1:50 dilutions (laboratories #7 and #17) were taken into
account. If mean concentrations were calculated from all three
dilutions, 10 and 12 samples gave inconsistent results with CVs
>20% (data not shown). In one of these laboratories (#17) all
samples with CVs >20% were on the same plate indicating that the
particular experiment had some inherent problems, as already seen
from the standard curves (Fig 1).

3.6. Absolute concentration

When concentrations determined for individual samples were
compared, a marked variability in absolute values was observed
(Fig. 3). Up to six-fold differences were assigned to identical sam-
ples. For example, the aSyn concentration of sample 1 was deter-
mined to be 433 pg/mL in laboratory #2 and 2617 pg/mL in
laboratory #12 (Fig. 3). Lowest aSyn concentrations for all samples
were measured in laboratory #2 (Fig. 4). These were at a mean level
of 57% relative to the concentrations determined in laboratory #18.
Highest mean levels were determined in laboratory #8, with a
mean level of 222% relative to laboratory #18 (Fig. 4). Between six
and 11 laboratories measured aSyn concentrations in individual CSF
samples that were in the range of 80%—120% of the values
measured in reference laboratory #18.

3.7. Within-laboratory precision

Precision was calculated per laboratory from all concentrations
determined for individual samples, that is, mean concentrations
were calculated from both dilutions on both plates. This analysis
revealed that in some laboratories many samples had CVs >20%. In
seven laboratories (39%) all samples gave reliable results (CV <20%).
Seven laboratories (39%) obtained 1—4 samples with CV >20%, and
four laboratories (22%) had >5 for the reasons already described
previously.

3.8. Correlation between samples between laboratories (total
variability)

To gain an overview of the consistency of quantitative results,
we normalized all concentrations determined for single samples to
the concentrations determined in laboratory #18, which were set to
100% accordingly. Although absolute concentrations differed
between laboratories, relative values were, in most cases, very
consistent, that is, they follow the same trend (Fig. 4). Eight of 17
laboratories obtained concentrations comparable to laboratory #18,
that is, mean relative concentrations were in the range of 80%—
120% of those determined in laboratory #18. Interestingly, the
laboratories experienced with running the assay (laboratories #4
and #18) showed highly comparable results.
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Fig. 3. Absolute concentration of alpha-synuclein in cerebrospinal fluid (CSF) samples. Alpha-synuclein concentrations in 12 CSF samples quantified by all laboratories in 2
experiments at different dilutions were plotted per CSF sample. Quantitative results for most CSF samples were highly comparable irrespective of sample dilution.

4. Discussion

Validation of quantitative assays is of major concern in research
and clinical settings (see www.biomarkapd.org) (Del Campo et al.,
2012; Koel-Simmelink et al., 2014). We report here on a first large
round robin trial based on a recently released, commercially
available ELISA kit for the quantification of aSyn in human CSF.
Seventeen laboratories from 13 European countries, and one labo-
ratory from the United States, used the aSyn ELISA kit from one
single lot to analyze 24 (2 x 12) CSF samples provided centrally. All
laboratories participating in this study have years-long experience
in quantification of CSF proteins by ELISA, but none, except for
laboratories #18 and #4, had previously used the tested aSyn ELISA.

To compare data between the participating laboratories, raw
data were analyzed centrally and identically for all experiments.
Such procedure excludes differences in concentration assignment
based on different algorithms used by the various luminescence
readers used in the study. Main analyses included intra-assay and
interassay variability, dilution linearity, and precision. In most
laboratories standard curves derived from two independent ex-
periments were comparable with <two-fold differences in signal
readings for individual standard concentrations. Four laboratories
observed significantly larger differences (up to 100-fold) between
standard curves from both runs. This observation, in combination
with variabilities in analytical procedure (operator and/or techni-
cian effects), is responsible for occasional large differences in

absolute concentration assignment in individual CSF samples. Ac-
cording to the kit instructions, the highest concentration of the
standard curve is prepared in three consecutive dilution steps.
Thus, small pipetting errors will have a great impact on the con-
centration, although differences up to 100-fold cannot be explained
by pipetting errors alone.

Detailed analysis of aSyn concentrations determined in CSF sam-
ples revealed that comparable results with acceptable variation of
about 20% relative to the results from a reference laboratory were
obtained in most of the participating laboratories. Some laboratories
determined concentrations strongly deviating from reference data.
Nevertheless, all these results followed the same trend. Similar vari-
ations in quantitative results have been reported previously in a large
international quality control program for other CSF biomarkers
(Mattsson et al., 2011). In their study, Mattsson et al. found consid-
erable variation with respect to within-laboratory precision of
biomarker protein quantification. This may be due to the fact that
several multiplex assays were used, while our test is a singleplex
ELISA. One major problem related to protein quantification using
multiplex assays is that all samples are subjected to common dilution
factors that do not necessarily reflect the right dilution for all analytes.
A further problem is potential interaction of multiple assay constitu-
ents, that is, antibodies and analytes. Our study clearly shows that
there is a distinct challenge in comparative measurements of the
absolute concentration of aSyn in CSF between different laboratories,
an issue that needs to be addressed in further studies.
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Fig. 3. (Continued)
Intra-assay and interassay variability were found to be very low. 1:10 dilutions, 50% of the laboratories obtained comparable results

Within-laboratory precision, as determined from quantification of for all 12 CSF samples. In only four laboratories >3 samples were
individual CSF samples in independent runs, was very high and quantified with CVs >20%. At higher dilutions (1:25) this number
matched accepted criteria (DeSilva et al., 2003; Lee et al., 2006). At slightly increased. We therefore conclude that, at the current state
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of assay validation users should adhere to 1:10 dilution to measure
CSF aSyn. Although only very limited data were obtained regarding
dilution linearity (due to space limitations), we found that com-
parable results were obtained at 1:10 and 1:25 dilutions in nine
laboratories. Thirteen of 18 laboratories measured <3 CSF samples
with CVs >20% in aSyn concentration.

We found that in some laboratories standard curves varied
considerably. Increased signal readings in one experiment were not
necessarily reflected with CSF samples, that is, while signal read-
ings for standards increased, those for CSF samples decreased. This
was not to be expected and was the cause of inconsistent results
with large CVs.

We are aware that this study is only an initial validation study.
All assays were performed with one single lot of the ELISA on CSF
samples prepared under highly standardized conditions. These
factors exclude differences in the manufacturing process as a
source of variability of results. Preanalytical differences were also
excluded to a very large degree as all samples were provided
centrally. Therefore, analytical differences, including interoperator
variability, analytical instrumentation, and ELISA kit variability, are
most likely responsible for the variations observed in this study.
Furthermore, more detailed studies are required to address more
preanalytical and analytical factors that might have an impact on
quantification results. These include, but are not limited to,
different procedures in lumbar puncture, influence of centrifuga-
tion and other procedures before storage of CSF samples, time
delay before freezing, different storage conditions, methods of
thawing CSF, number of freeze-thaw cycles, and most importantly
artificial blood contamination, which impacts the aSyn concen-
tration in CSF tremendously. In addition, multiple lots of the ELISA
assay should be tested. The use of certified reference materials
(standard reference materials) will aid in the comparison of data
raised within and between studies. An initiative was started at the
Sahlgrenska University Hospital in Mdélndal, Sweden, to address
this issue (Mattsson et al., 2011). A full validation study may lead
to similar analytical refinements as has been achieved after a
systematic validation of a commercially and widely used ELISA
assay for quantification of Ap42 (Cullen et al., 2012). Moreover,
because ELISA assays are susceptible to variation in assay perfor-
mance, training of laboratory technicians by experienced assay
performers could minimize the interlaboratory variances. It is to
be expected that variations in quantification will decrease when
laboratories gain more experience using the aSyn ELISA as has
been shown in another study (Mattsson et al., 2011).

Overall, our round robin trial showed that even when other
factors (such as preanalytical sample handling, lot-to-lot vari-
ability) were minimized by the design of our study, we identified
high variation in absolute values of CSF aSyn when the same sam-
ples and same lots of assays are applied. This calls for standardi-
zation efforts ranging from optimization of the assay, for example,
ready-to-use calibrators and standardized operating procedures
both for preanalytical and analytical procedures. This will enable
laboratories to develop routines to control for longitudinal stability
of their results. Determination of own reference limits and com-
parison against laboratories who have published similar data will
increase the confidence of the results.
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Abstract. Cerebrospinal fluid (CSF) biomarkers may support the diagnosis of Alzheimer’s disease (AD). We studied if the
diagnostic power of AD CSF biomarker concentrations, i.e., ARy, total tau (t-tau), and phosphorylated tau (p-tau), is affected
by differences in lateral ventricular volume (V' V), using CSF biomarker data and magnetic resonance imaging (MRI) scans of
730 subjects, from 13 European Memory Clinics. We developed a Matlab-algorithm for standardized automated segmentation
analysis of T1 weighted MRI scans in SPM8 for determining V'V, and computed its ratio with total intracranial volume (TIV)
as proxy for total CSF volume. The diagnostic power of CSF biomarkers (and their combination), either corrected for VV/TIV
ratio or not, was determined by ROC analysis. CSF A, levels inversely correlated to VV/TIV in the whole study population
(AB4z: r=-0.28; p<0.0001). For CSF t-tau and p-tau, this association only reached statistical significance in the combined
MCI and AD group (t-tau: r=-0.15; p-tau: r=-0.13; both p <0.01). Correction for differences in VV/TIV improved the
differentiation of AD versus controls based on CSF A4, alone (AUC: 0.75 versus 0.81) or in combination with t-tau (AUC:
0.81 versus 0.91). In conclusion, differences in VV may be an important confounder in interpreting CSF A4, levels.

Keywords: Alzheimer’s disease, amyloid biomarkers, cerebrospinal fluid, lateral ventricles, tau protein
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INTRODUCTION

Alzheimer’s disease (AD) is a progressive
and irreversible neurodegenerative disease. The
neuropathological features of AD comprise the extra-
cellular accumulation of amyloid-f3 (AB) in plaques
and in the cerebrovasculature and intracellular neu-
rofibrillary tangles containing hyperphosphorylated
tau protein [1].

The diagnosis of AD is based on clinical criteria,
comprising medical history, physical and neurologi-
cal exams, and neuropsychological testing. However,
the diagnostic accuracy of these criteria is relatively
low (sensitivity: 71-88%; specificity: 44—71%) [2].
Additional tools that may help to support or refute the
diagnosis of AD include amyloid positron emission
tomography (amyloid PET), fluorodeoxyglucose
PET (FDG PET), structural brain magnetic reso-
nance imaging (MRI), and cerebrospinal fluid (CSF)
protein analysis [3-5]. Amyloid PET imaging tech-
niques can trace in vivo fibrillar A accumulation
in the brain by abnormal tracer retention [6]. With
FDG PET, information will be obtained on the
degree of neuronal degeneration or synaptic injury
by visualizing reduction of glucose metabolism in
cortical neurons and glial cells in AD patients [7,
8]. Structural MRI allows accurate measurement of
the three-dimensional volume of brain structures.
More specifically, structural MRI has revealed a spe-
cific pattern of atrophy in AD in the medial, basal,
and lateral temporal lobe, and medial and lateral
parietal cortices [9, 10]. Regarding CSF protein anal-
ysis, the combination of decreased concentrations
of AB42 and increased concentrations of both total
and hyperphosphorylated tau proteins in the CSF is
compatible with AD pathology [11] and may pre-
dict the progression to AD dementia in patients'with
mild cognitive impairment (MCI) [12, 13]. Moreover,
recent studies have shown that abnormal levels of
A4 can be detected already in cognitively normal
individuals, 10 to 20 years before clinical symptoms
occur [14].

CSF biomarkers have recently been included in
diagnostic criteria for AD and may improve the accu-
racy of AD diagnosis to >85% [4, 15]. However, it is
also well known that CSF biomarkers are influenced
by several confounding factors. These confounders
may include pre-analytical handling of the CSF and
laboratory-specific procedures for the CSF analysis
and may cause inter-laboratory variation in results
and interpretation [16, 17]. Furthermore, an unstud-
ied potential confounder in the interpretation of CSF

results is the CSF volume. In aging and in AD, CSF
production is known to be impaired, probably affect-
ing the clearance of A} and tau and may also impact
the total ventricular volume (VV) [18]. This might
potentially result in an altered concentration of these
proteins in the CSF. On the one hand, at a given pro-
duction rate of AP or tau proteins, an increase in
the CSF volume may lead to decreased CSF con-
centrations of these biomarkers. On the other hand,
an increased VV is also related to increased tissue
atrophy in AD. Even though changes in CSF dynam-
ics across the AD continuum are still not completely
understood, the interplay among brain atrophy, CSF
production rates, and CSF protein concentrations, all
known to be altered in AD [18], may contribute to
dynamic changes in core AD CSF biomarker con-
centrations. The VV can be quantified on MRI, and
used as a proxy for the total CSF volume in the brain
[19, 20], which allows to study the effects of CSF
volume on biomarker concentrations.

In this observational study, we investigated (1)
whether there is an association between core AD CSF
biomarkers and CSF volume and (2) whether correct-
ing for this association might impact the diagnostic
capacity of the CSF biomarkers. Our hypothesis is
that correcting for the effect of VV may optimize
clinical application of CSF biomarkers. We studied if
the diagnostic power of AD CSF biomarker concen-
trations, i.e., AP42, t-tau, and p-tau, can be improved
by correction for VV as a proxy for total CSF volume,
in a multi-center setting.

MATERIALS AND METHODS
Subjects

T1 weighted MRI scans and AD CSF biomarker
data of 800 subjects were acquired from 13 research
centers within the Biomarkers for Alzheimer’s and
Parkinson’s Disease (BIOMARKAPD) project, a
consortium of the European initiative Joint Program
for Neurodegenerative Diseases (JPND). The study
was approved by the local ethics committee or the
institutional review board of each center. The par-
ticipants or their legal representatives gave written
informed consent.

All subjects underwent clinical and neurological
assessment, lumbar puncture, MRI scanning, and
CSF analysis at their local laboratory. The diagnos-
tic criteria used in the different groups are presented
in Supplementary Table 1; the locally applied cut-off
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values for the use of the CSF biomarkers are shown
in Supplementary Table 2. The patient groups com-
prised: 180 neurological controls, including healthy
controls and subjective memory complainers, 336
MCI patients, 185 AD patients, 61 frontotempo-
ral dementia (FTD) patients, and 38 patients with
other dementias (e.g., vascular dementia, dementia
with Lewy bodies, dementia not otherwise specified,
corticobasal ganglionic degeneration, progressive
supranuclear palsy).

The data of the subjects fulfilled the following
requirements: the time between the lumbar punc-
ture and the T1 weighted MRI scan was less than
6 months, and the T1 weighted MRI scans had a
maximum voxel size of 2 mm x 2 mm x 2 mm. Addi-
tionally, information about the height, age, gender,
diagnosis according to internationally accepted cri-
teria (AD: [4, 21-24], MCI: [5, 25, 26], FTD: [27,
28]), scanner type, and magnetic field strength, were
recorded and analyzed as covariates. In Supplemen-
tary Tables 3 and 4, information on the MRI scanner
type, acquisition parameters, and whether a center
used a specific protocol or not, can be found.

Segmentation algorithm for ventricular volume

Existing atlas-based algorithms were tried to seg-
ment the CSF volume in the brain, but did not provide
robust segmentations in extremely enlarged ventri-
cles [29]. To overcome this limitation, we developed
a ventricle segmentation algorithm to be applied on
a CSF segmentation of the MRI scans. The tar-
get ventricular region of interest (ROI) consisted
of the lateral and third ventricles. The algorithm is
based on a mixed region growing and atlas based
approach and implemented in MATLAB using the
tissue segmentation tool in the VBMS toolbox of
SPMS (http://dbm.neuro.uni-jena.de/vbm8/). Briefly,
the MRI scans were spatially normalized to the
Montreal Neurological Institute (MNI) atlas using
the DARTEL algorithm implemented in SPMS. In
the normalized CSF a priori image, ‘seed points’
were placed in the lateral and third ventricles
and the main anatomical boundaries of the ven-
tricles were manually delineated. Then, the seed
points and the boundaries in the normalized space
were brought to the individual space by apply-
ing the inverse spatial normalization field. In the
CSF segmented image, the ventricular ROI, was
created by adding CSF-classified voxels adjacent
to the seed points and this process was iterated
by adding more CSF contiguous voxels to the

ventricular ROI. This iterative process stops when
no more voxels can be added to the ROI, either
because contiguous voxels are not classified as CSF
or because they were beyond the specified mor-
phological boundaries. All the ventricular masks
underwent visual quality control by an experienced
reader. The ventricular segmentation algorithm is
available at https://github.com/jdgispert/Ventricular-
segmention under a GNU license.

The algorithm was validated using publicly avail-
able datasets (https://sites.google.com/site/mrilateral
ventricle/) and following the methodology described
in [29]. Accuracy of the lateral ventricle segmenta-
tion was determined for healthy young adults and AD
patients. Test-retest reproducibility was estimated
with repeated acquisitions in the same scanner, as
well as for different scanners and pulse sequences.
Accuracy and reproducibility were quantified using
the intraclass correlation coefficient (ICC) measure
(single measure, 2-way mixed model, consistency).
For accuracy results, the ICC quantifies how well
the automated segmentations agree with respect to
the gold standard measures (average of two manual
segmentations by the same rater). For reproducibil-
ity, the ICC value quantifies the consistency of the
segmentations. For further details on the validation
methodology and characteristics of the test datasets,
please see [29].

Total intracranial volume

The total intracranial volume (TIV) was deter-
mined by tissue segmentation, to correct the
ventricular volume measurements. Voxels in MRI
images were assigned to white matter, grey matter, or
CSF in the brain using the algorithm included in the
SPMB8 suite. In the spatial normalization processes,
the individual image was deformed to a template,
in this case the MNI atlas. The template resembles
a normal image with information about whether a
voxel is more likely to represent a particular tissue
depending on its position in the brain. The infor-
mation of tissue types acquired is then applied to
subject’s space by quantifying the probabilities based
on location in the subject’s image rather than the
template and thus the deformation is undone. The
segmentation combines the latter information as well
as the voxel intensity one in a Bayesian framework
to define the tissue type. This process is repeated for
all images and collected for each subject in our study
population.

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233


http://dbm.neuro.uni-jena.de/vbm8/
https://github.com/jdgispert/Ventricular-segmention
https://sites.google.com/site/mrilateralventricle/
https://sites.google.com/site/mrilateralventricle/

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

L.J.C. van Waalwijk van Doorn et al. / CSF Biomarkers and Ventricular Volume 5

AD CSF biomarkers

The ELISA’s from Fujirebio (Gent, Belgium)
were used according to the manufacturers’ protocol
for the determination of AB4y, (INNOTEST® B-
AMYLOID (1-42)), t-tau INNOTEST® hTAU Ag),
p-tau (INNOTEST® PHOSPHO-TAU (181P)) at
each site separately. In all participating laboratories,
the CSF samples were collected in polypropylene
tubes. The CSF samples were directly transported to
the laboratory, centrifuged, and measured or stored
at —80°C until use.

AD-CSF-indices [30, 31] were calculated applying
the following formulas:

AD — CSF — Index (t — tau)

Aﬂmax - Aﬂ42 ftau — ttau nin
= + ()
Aﬁmax - Aﬂmin Hfaumax — 1AUmin

AD — CSF — Index (p — tau)

ABmax — APaz ptau — plaumin
= + ()
Aﬂmax - Aﬂmin ptaumax T ptaumin
where APmax, ttalmax, and ptaumax represent
the 95th percentile of the respective values; ABmin,
ttaumin, and ptaumi, represent the Sth percentile of the
distribution values; and A4, ttau, and ptau represent
the biomarker values for every individual. Derivation
of ‘minimum’ and ‘maximum’ values of the biomark-
ers was based on the 5th and 95th percentiles of their
respective distributions after pooling the different
sample data (inter-site).

MTA scoring

Medial temporal lobe atrophy (MTA) scoring was
used as measure for hippocampal atrophy and was
used in a subset of patients to study the correlation
between hippocampal atrophy (as a proxy for disease
progression) and VV/TIV. In 34 AD patients and 13
controls from the Radboud University Medical Cen-
ter the MTA was scored visually on the coronal T1
weighted images throughout the hippocampus at the
level of the anterior pons. This score ranged from
0 (no atrophy) to 4 (severe atrophy) and assessed
the width of the choroid fissure, width of the tem-
poral horn of the lateral ventricle and the height of
the hippocampus [32].

Data and statistical analysis

Statistical analyses were performed using IBM
SPSS Statistics 22 (Armonk, NY, USA) and Graph-

pad Prism 5.03 (La Jolla, CA, USA). Significant
differences between AD patients and control subjects
were tested using a non-parametric Mann-Whitney
test, because the data was not normally dis-
tributed according to the D’Agostino and Pearson
omnibus normality test. The Chi-square test was
used to check gender differences between the diag-
nostic groups. Significant differences between the
CSF biomarkers in the diagnostic groups were
estimated by non-parametric Kruskal-Wallis test.
Bivariate correlations were determined using Spear-
man correlation coefficient. Models were constructed
using forward (conditional) logistic regression
analysis.

The diagnostic power of CSF biomarkers (or com-
binations) was determined by receiver operating char-
acteristic (ROC) analyses. The area under the curve
(AUC) in the ROC analyses was determined and the
sensitivity at 85% specificity along with the positive
likelihood ratio (LR+=sensitivity/(1-specificity))
were compared between different CSF biomarkers
and combinations in models. MedCalc version 16.2.1
(Mariakerke, Belgium) was used to check whether the
ROC curves were significantly different.

RESULTS

Validation of ventricular volume segmentation
algorithm

The ventricular segmentation algorithm success-
fully segmented all images in the accuracy and
reproducibility datasets. Regarding accuracy, the
algorithm achieved an ICC of 0.9895 for healthy
young adults and 0.9893 for AD patients. The ICC
for the test-retest reproducibility was of 0.9995 for the
between-scanner and 0.9990 for the pulse sequence
reproducibility. Average time to process each scan
was 10 min approximately in a standard laptop (CPU
3.0 GHz 64-bit). Individual ventricular masks and
volumetric results of the validation process can
be found in (https://github.com/jdgispert/Ventricular-
segmention).

All ventricular masks obtained with the segmenta-
tion algorithm were visually checked for each patient
and revealed correct segmentation for the small and
large ventricular volume in most cases (Fig. 1).
Unfortunately, 70 subjects had to be excluded from
the study group (Supplementary Table 5), since in
these subjects the visual inspection of the segmen-
tation showed an underestimation or overestimation
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Fig. 1. Segmentation of ventricular volume (VV). (A) and (B) From left to right: coronal, sagittal, and transverse plane. The segmentation
of the lateral and third ventricles were included in the region of interest (ROI) by the ventricle segmentation algorithm. Red indicates the
segmentation mask on a T1 weighted MRI scan of cognitive healthy person (A) and Alzheimer’s disease patient (B).

of the ventricle size. The excluded subjects were
measured on different scanners: 7 subjects were mea-
sured on 1.0 T MRI scanners, 32 subjects on 1.5 T
scanners, and 31 subjects on 3.0 T scanners. Thus
730 subjects remained in the study and their demo-
graphics are shown in Table 1 and the number of
included and excluded patients per center and per dis-
ease group can be found in Supplementary Table 5.
Control subjects had significantly (p <0.0001)
lower VV/TIV ratios compared to AD patients
(Table 1).

Clinical validation of AD CSF biomarkers

The AP42 concentrations were significantly
decreased (p<0.0001) in "AD patients (mean:
495 pg/mL) compared to control subjects (mean:
703 pg/mL) (Fig. 2A). The mean t-tau (Fig. 2B)
and p-tau (Fig. 2C) concentrations were signifi-
cantly increased (p <0.0001) in AD patients (t-tau:
720 pg/mL, p-tau: 98 pg/mL) compared to control
subjects (t-tau: 296 pg/mL, p-tau: 57 pg/mL). Table 1

provides an overview of the CSF analysis data of all
patient groups.

Correlations between CSF biomarkers and VV

Bivariate correlations between the CSF biomark-
ers and VYV, corrected for the size of the head (TIV)
as VV/TIV ratio, are displayed in Fig. 3A, B, C for
all patients. AB4> negatively, albeit weakly, corre-
lated with the VV/TIV ratio (r=-0.28; p<0.0001),
but both t-tau and p-tau did not correlate with the
VV/TIV ratio (t-tau: r=0.04; p-tau: r=-0.03; both
p>0.34). Similar results were found for correlations
of VV/TIV with AB4y (r=-0.35; p<0.0001), t-tau
(r=0.11; p>0.17), and p-tau (r=-0.11; p>0.17)
for the group of controls only (Fig. 3D-F). When
considering only AD and MCI patients, we found
significant correlations of VV/TIV with both AB42
(r=-0.23; p<0.0001), t-tau (r=-0.15; p<0.01), and
p-tau (r=-0.13; p<0.01) (Fig. 3G-I), although it
should be noted that r values of these latter corre-
lations are low.
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Table 1
Demographic data and CSF biomarker concentrations across the diagnostic groups

Control AD MCI FTD Other p-value
Sample size: n 157 175 308 57 33
Gender: female n (%) 98 (62) 107 (61) 151 (49) 24 (42) 15 (45) <0.01*
Age: years mean (SD) 63.6 (8.6) 67.4 (8.7) 69.8 (7.4) 65.1 (10.5) 68.5 (10.1) <0.0001°
AP42: mean in pg/mL (SD) 703 (250) 495 (238) 630 (305) 774 (256) 643 (243) <0.0001°
t-tau: mean in pg/mL (SD) 296 (223) 723 (454) 519 (328) 342 (228) 371 (307) <0.0001°
p-tau: mean in pg/mL (SD) 57 (39) 98 (64) 78 (48) 43 (24) 61 (34) <0.0001°
VV: mean in cm? (SD) 26 (17) 40 (19) 40 (22) 52 (30) 67 (50) <0.0001°
VV/TIV: mean (SD) 0.019 (0.011) 0.030 (0.013) 0.029 (0.015) 0.039 (0.021) 0.047 (0.033) <0.0001°

CSF, cerebrospinal fluid; AD, Alzheimer’s disease; MCI, mild cognitive impairment; FTD, frontotemporal dementia; Other, other dementias;
AB42, amyloid-B; t-tau, total tau; p-tau, phosphorylated tau; SD, standard deviation.2 Chi-square test.”Kruskal-Wallis test.
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Fig. 2. Clinical validation of AD CSF biomarkers: AB42 (n=332), t-tau (n=306), and p-tau (n=331). Clinical validation of (A) AP42 with
Controls (n=157), and Alzheimer’s disease (AD) patients (n=175), (B) t-tau with Controls (n=156) and AD patients (n=150). and (C)

p-tau with Controls (n=156) and AD patients (n=175). ***p <0.0001.

Comparison of diagnostic power

Next, we compared whether correction for
VV/TIV improved the biomarker performance of
A4, t-tau, and p-tau in differentiating AD from
controls (Table 2, index 1-6). The diagnostic power
increased when correcting AB42 for the VV/TLV,
but an opposite result was observed for both t-tau
and p-tau. For differentiation of AD and controls,
the AUC for AB4p (0.75, 95% confidence inter-
val (CI): 0.70-0.81), but not for t-tau and p-tau,
increased significantly (p <0.01) after correction for
VV/TIV (AUC: 0.81, 95% CI: 0.77-0.86). The full
list of AUCs and 95% Cls can be found in Table 2.
Additionally, the sensitivity for A4, improved from
49% to 57% at a fixed specificity of 85% and the pos-
itive likelihood ratio increased (3.7 versus 3.2) after
correction for VV/TIV.

We also compared whether correction for VV/TIV
improved the biomarker performance of A4z, t-tau,
and p-tau in differentiating AD from FTD and other
dementias. No improvement in differentiation could
be found in correcting either of the three AD CSF
biomarkers for VV/TIV (data not shown).

Next, we determined the diagnostic power of
combined AD CSF biomarker concentrations in dif-
ferentiating AD from controls (Table 2, index 7-10).

The AD-CSF-Index t-tau (AUC: 0.86) showed no
significantly different (p =0.97) result compared to
t-tau (AUC: 0.87). The AD-CSF-Index p-tau (AUC:
0.83) showed no significantly different (p=0.09)
result compared to p-tau (AUC: 0.79). The sensi-
tivities, at a fixed specificity of 85%, and positive
likelihood ratios were equal for the AD-CSF-Index
of t-tau or p-tau compared to t-tau or p-tau alone,
respectively. Logistic regression modeling using the
three AD CSF biomarkers resulted in model 1, in
which p-tau was not included. The combination of
AB42 and t-tau (Model 1) improved the diagnostic
value (AUC: 0.88, 95% CI: 0.84-0.92) to discrimi-
nate AD from controls, compared to AB4; alone. This
diagnostic power (AUC: 0.91, 95% CI: 0.88-0.94)
was even higher when CSF A4, was normalized
to the VV/TIV ratio in combination with the CSF t-
tau analysis (Model 2). The AUC of Model 2 was
significantly (p<0.01) higher than that of Model
1. Additionally, the sensitivity of Model 2 (83%)
was higher than that of model 1 (71%) at a fixed
specificity of 85%. The positive likelihood ratio was
also higher in Model 2 than Model 1 (5.7 ver-
sus 4.8) (see Table 2). Height, age, gender, scanner
type, and magnetic field strength were analyzed as
covariates, but did not affect the above-mentioned
results.
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Fig. 3. Correlation of ventricular volume with CSF AB*?, t-tau, and p-tau in all patients. Ventricular volume corrected for total intracranial
volume (VV/TIV) versus CSF AB4: (A, D, G), t-tau (B, E; H), and p-tau (C, F, I) concentrations of all patients combined (A-C; i.e., controls,
Alzheimer’s disease (AD), mild cognitive impairment (MCI), frontotemporal dementia (FTD), and other dementias (AB42: n="730; t-tau:
n=0681; p-tau: n=729)), of controls only (D-F; AB4y: n=157; t-tau: n=156; p-tau: n=156) and AD plus MCI patients only (G-I; AB4;:
n=483; t-tau: n=448; p-tau: n=483). A significant (p <0.0001) correlation was found between VV/TIV and CSF A4 concentrations (A,
D), but not t-tau (B, E) or p-tau (C, F) for all patients combined and the control group only. For AD plus MCI patients, a significant correlation
was found between VV/TIV and both CSF AB4> concentrations (p <0.0001) (G), t-tau (p <0.01) (H), and p-tau (p <0.01) (I). For p-tau in
panel C and I, one data point (690 pg/mL) is outside the axes limit. ryp, =spearman r.

Hippocampal atrophy hippocampal atrophy (MTA score) as a measure for

disease progression in 34 AD patients and 13 con-
trols and analyzed the correlation with VV/TIV. The
VV/TIV ratio raised significantly with increasing
MTA score (Fig. 4), suggesting that the improved
biomarker functioning after correction for VV/TIV

The improvement of correcting AB4, for VV/TIV
could be due to a general dilutional effect, but could
also be related to disease progression. We performed
a pilot study to test this hypothesis. We measured

423

424

425

426

427

428



429

430

431

432

433

434

435

436

437

438

439

L.J.C. van Waalwijk van Doorn et al. / CSF Biomarkers and Ventricular Volume 9

Comparison of CSF biomarker (combinations) with and without correction for VV/TIV ratio

Index AUC (95% CI) Sensitivity (%) at LR+ Patients C + AD (n)
85% specificity

1 AB42 0.754 (0.701-0.808) 49.1 3.2 332
2 AB42/(VVITIV) 0.813 (0.765-0.861) 57.1 3.7 332
3 t-tau 0.867 (0.826-0.908) 75.3 5.1 306
4 t-tau/(VV/TIV) 0.637 (0.574-0.699) 35.3 24 306
5 p-tau 0.793 (0.743-0.842) 66.9 4.4 331
6 p-tau/(VV/TIV) 0.503 (0.440-0.565) 23.4 1.5 331
7 AD-CSF-Index t-tau (pooled) 0.864 (0.821-0.907) 77.0 4.9 306
8 AD-CSF-Index p-tau (pooled) 0.829 (0.783-0.875) 66.3 43 331
9 Model 1 (AB4; and t-tau)® 0.880 (0.840-0.920) 71.3 4.8 305*
10 Model 2 (AB42/(VV/TIV) and t-tau)® 0.912 (0.880-0.944) 83.3 5.7 305*

AUC, area under the curve; CI, confidence interval; LR+, positive likelihood ratio; AB42, amyloid-; t-tau, total tau; p-tau, phosphorylated
tau; V'V, ventricular volume; TIV, total intracranial volume; AD, Alzheimer’s disease; C: controls. Y = (-0.650118) + (-0.002705)*[AB42]
+(0.005129)*[T-Tau] Covariates: AB4;, p-tau, t-tau. ®Y = (=0.568419) + (—0.000055)*[AB42]/(VV/TIV) + (0.005053)*[T-Tau] Covariates:
AB42/(VVITIV), p-tau, t-tau.*Input data was n =332, but n=26 are missing t-tau and n=1 is missing p-tau. These n =27 patients were not

used in creating the model.

*kk

0.104

*%*

VVITIV

oO
0.054 v
- ’
‘E‘ v °
[ ]
0.00 T T

0 1 2 3
MTA score

Fig. 4. Correlation of ventricular volume with hippocampal atro-
phy (n=47). Ventricular volume corrected for total intracranial
volume (VV/TIV) versus medial temporal lobe atrophy (MTA)
score as measure for hippocampal atrophy in Controls and AD
patients (pilot: total n=47). Significant differences in VV/TIV
were found between the different MTA scores (**p <0.01 and
***p <0.001).

may, at least in part, be related to differences in dis-
ease progression.

DISCUSSION

Quantification of CSF biomarker concentrations
may be a valuable addition for early diagnosis of AD,
because these biomarkers reflect the ongoing pro-
cess of amyloid deposition and neuronal changes. The
added value of CSF biomarkers can be optimized if as
many confounding factors as possible are excluded.
One of these confounders may be variation in CSF
volume, and normalizing CSF biomarker results for

the VV/TIV ratio may correct for this confounding
factor.

Validation of ventricular volume segmentation
algorithm

In this study, we developed and validated a novel
algorithm for automated measurement of VV in T1
images. The algorithm showed excellent accuracy
and reproducibility and was capable of segment-
ing all the images in the validation dataset, thus,
also showing appropriate robustness. This is advan-
tageous compared to other existing segmentation
algorithms, which did not provide robust segmenta-
tions in extremely enlarged ventricles, as are often
seen in severe cases of AD [29]. However, the ventric-
ular segmentation algorithm failed in a non-negligible
percentage of the MRI scans available for this study.
To this regard, it has to be noted that the images in this
study come from a previously-acquired convenience
sample in a multi-center setting in which no pre-
vious MRI protocol harmonization was conducted.
Therefore, images were acquired in a variety of
scanners with a wide range of parameters in the pulse-
sequences. This resulted in significant contrast varia-
tion within the dataset, a situation that is challenging
for automatic segmentation algorithms. This fact can
account for the relatively high number of failures in
the study dataset, even though the algorithm was able
to process all the scans in the validation dataset and
the resulting accuracy and test-retest variability were
excellent. This behavior highlights the relevance of
protocol harmonization in multicenter studies aiming
at obtaining quantitative measurements using MRI.
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Clinical validation of AD CSF biomarkers

We decided to pool the healthy control subjects
and SMC in one group as neurological controls. A
recent study showed that SMC are very similar to
healthy controls in terms of prevalence of amyloid
pathology [14]. The diagnostic value of AB4; for
the discrimination of AD versus these controls was
slightly, but significantly improved (p <0.01) by cor-
rection for VV/TIV. CSF A4, slightly decreased
when VV/TIV increased, which is compatible with
a dilutional effect, as described previously [19], but
could also be explained by more advanced brain
atrophy related to enlarged V'V, which is a measure
of disease progression [33, 34]. Indeed, it has been
suggested that CSF A4y concentrations decrease
steadily with advancing disease progression [10,
35-38]. It should be noted, however, that the variation
in the biomarker concentrations between the partic-
ipating groups was larger than would be expected
and, possibly, could be smaller when all biomarker
results were obtained from the same laboratory. It is
therefore possible that the diagnostic gain is higher
when the biomarker analyses are more harmonized.
Furthermore, it could be argued that there is a circu-
larity in testing the diagnostic capacity of core AD
CSF biomarkers when, in some of the participat-
ing centers, these have also been used as a support
for the diagnosis of AD. This would likely lead
to an increased observed discriminative power of
the CSF biomarkers in these selected samples. In
this article, however, our main interest was to test
whether correcting for VV increased their discrim-
inative power as compared to non-corrected values,
and not to estimate the absolute diagnostic capacity
of the core AD biomarkers in a clinical setting. Since
both approaches were compared in the same selec-
tion of samples, we do not expect our main results
to be affected by any potential biases in the absolute
discrimination power.

Correlations between CSF biomarkers and VV

In contrast, the CSF t-tau and p-tau concentrations
did not correlate with VV or the VV/TIV ratio when
analyzed for all patients together, and normalization
for this ratio did not affect the diagnostic accuracy
of these parameters. This lack of correlation may be
explained by a combination of events with opposite
effects. On one hand, t-tau and p-tau concentrations
could be lower at higher VV because of dilution, but
this effect may be counteracted by higher rates of

tau protein release in the CSF during neurodegen-
eration. The latter may especially be true for p-tau,
since CSF p-tau, as well as VV, are strongly associ-
ated with disease progression in MCI and AD patients
[10, 38-40]. A biomarker dilution effect is supported
by the significant negative correlation of t-tau and
p-tau with VV/TIV in the combined group of MCI
and AD patients, however, we did not observe such a
correlation between t-tau or p-tau levels and VV/TIV
in the control group, where neurodegeneration is not
expected to occur. This argues not necessary against
such a dilution effect, because both taulevels and VV
displayed a reduced range of variation in the control
group in comparison to that observed in the combined
group of MCI and AD patients as a consequence of the
neurodegenerative process in the latter group. In the
combined MCI and AD groups, however, the disease
progression is linked to VV.

Limitations

Although promising, the results of this study
should be interpreted with caution for a number of
reasons. Firstly, the measurement of CSF ventric-
ular volume is a proxy for the total CSF volume
in the brain and only globally indicates brain atro-
phy. Furthermore, it is important to note that CSF
biomarker concentrations were determined in differ-
ent laboratories and, despite that the same assays
were used, variation in the pre-analytical and ana-
Iytical procedures used will influence our data
[31]. Efforts for more standardized methods are
needed to measure CSF biomarkers, and standardized
guidelines are developed using uniform reference
materials within the JPND-BIOMARKAPD project
(http://biomarkapd.org/). Additionally, there was nei-
ther a standardized MRI protocol used for this study
nor patients were scanned using the same scan-
ner, therefore variations in scanning protocol could
have influenced our data. Furthermore, we have not
evaluated the possible correlations between CSF
biomarker levels (in particular CSF AB42) and dis-
ease progression of AD in the entire group, but only
in a small subgroup. Patients at a more advanced
stage of AD may have larger ventricular volumes,
and—according to our results—disease progression
may explain part of the relation we found between
AB42 and VV/TIV ratio. In controls, both VV and
t-tau showed normal population variability (i.e., not
linked with disease progression). Just the opposite
was found when we compared the combined MCI
and AD groups, in which the disease progression is
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correlated to VV. The only way to untangle variations
in VV from tissue atrophy would be to have con-
centrations of a CSF biomarker known not to vary
with AD, but unfortunately we do not have such a
biomarker in this study. Also in this study, we did not
have access to APOE genotyping data and therefore
we could not determine the effects of APOE geno-
type on either CSF biomarkers or on the ventricular
volume. However, despite these limitations we found
that correction for differences in ventricular volume
improved the differentiation of AD versus controls
based on CSF AB4, alone or in combination with
t-tau.

CONCLUSION

In summary, we studied if the differences in CSF
volume may act as a confounding factor for interpre-
tation of CSF biomarkers. We used VV as a surrogate
marker of brain atrophy. For this purpose, we devel-
oped and validated a novel algorithm for automated
measurement of VV in T1 MRI images available
to accurately segment normal as well as abnormally
large ventricular volumes. CSF A4, concentrations
decreased with increasing VV; correction for differ-
ences in this volume improved the differentiation of
AD versus controls based on CSF A4 alone or in
combination with t-tau. The correlation between VV
and hippocampal atrophy gives an indication that the
dilutional effect could be partly explained by ongoing
brain atrophy in AD, as an indirect measurement of
disease progression. Dilution of CSF biomarkers by
increased VV may affect interpretation of the results
of CSF biomarker analysis.
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Abstract

Background: Alzheimer’s disease (AD) and frontotemporal dementia (FTD) are common
dementia types and often show overlapping symptoms that can hamper clinical diagnosis of
early-onset dementia. They represent a global health problem for both patients and their
caregivers. Their definitive diagnosis is only possible post mortem and there are no early tests
for their definitive diagnoses.

Objective: The aim of this study is to identify differentially expressed miRNAs in both AD
and FTD patients and also investigate their potential diagnostic values.

Method: For this purpose, an initial microarray analysis was performed on a screening cohort
(AD=10 and control=10). Real-time PCR was used to validate differentially expressed miRNAs
in serum of the independent cohort (AD=24, FTD=17, and control=29). miRNA-KEGG
pathway association network was generated using Cytoscape 3.5.1. Receiver operating
characteristic (ROC) curves were plotted to determine the sensitivity, specificity, and accuracy
values.

Results: Five miRNAs (miR-20b, miR-663-3, miR-762, miR-320b and miR-1915-5p) were
found to be differentially expressed in AD. Additionally, same expression pattern was found in
serum derived exosomes. Further, network analysis revealed that predicted targets of
differentially expressed miRNAs include axonal guidance, Ras, and estrogen signaling
pathways and circadian rhythm. Among these miRNAs, miR-320b and miR-1915-5p were
found to have 100% accuracy, sensitivity, and specificity. However, the accuracy of exosomal
miRNAs was not above 80%.

Conclusion: Our study suggests that serum and exosomal miRNAs are differentially expressed

in AD and FTD and can be used to support differential diagnosis of AD and FTD.
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Introduction

Alzheimer’s disease (AD) and frontotemporal dementia (FTD) are the first and the second most
common causes of early onset dementia, respectively [1]. AD commonly presents with
progressive memory loss while, FTD is characterized by the predominance of behavioral and
language disturbances. Since, clinical phenotypes of AD and FTD often overlap, the differential
diagnosis between these two diseases may be challenging [2]. Definitive diagnosis of both AD

and FTD is possible only with post-mortem histopathological examination of the brain tissue.

With the emergence of miRNAs as important regulators in physiological and pathological
pathways in brain in the last few years, their possible role in neurodegenerative disorders has
gained increasing interest. Recent studies have shown that expression levels of miRNAs are
altered under different pathological conditions as well as neurodegenerative diseases [3-5].
These miRNAs can be found in various body fluids such as urine, saliva and cerebrospinal fluid
(CSF) in secreted (or circulating) form [6]. They were shown to be very stable in circulation
and their tissue/cell specific expression can reflect disease pathology. Their detection and
analyses are also considerably easy with current methodology. Therefore, given these features
makes them ideal biomarker candidates (e.g. real-time PCR) [7]. They, therefore, can serve as
a key starting point for biomarker studies in neurodegenerative diseases, especially because of
cost-effectiveness, easy applicability, and minimal invasiveness. Even though altered miRNA
expressions in FTD have been reported in various studies [8], there is no report on use of
miRNA as a biomarker for discriminating FTD from other types of dementia or control subjects.
However, a number of studies have envisaged miRNA signatures as biomarkers for AD
(Reviewed in [3]).

miRNAs can also be detected in biological fluids as encapsulated within extracellular vesicles

such as exosomes, which are small membrane-derived vesicles that measure about 30-150 nm
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in diameter [9]. Previous studies have shown that exosomes are highly enriched in miRNAs
and their cargoes are protected from degradation and free from endogenous ribosomal RNA
contaminations [9]. Further, studies have also suggested that miRNA expression profiles in
exosomes can be promising prognostic markers for neurodegenerative diseases [10, 11]. Till
date, different groups have reported the several altered exosomal miRNAs in AD patients [9,
12, 13].

In this study, we have attempted to identify novel miRNAs that could discriminate AD and
FTD patients from healthy controls. First, we carried out microarray-based screening to
determine the differentially expressed serum miRNAs in AD patients and control subjects.
Then, we used quantitative real-time PCR to validate the 10 most significant miRNA hits in an

independent group of AD patients, FTD patients, and control subjects.
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Material and Methods

Study participants

Ten patients diagnosed with AD and 10 control subjects were included in the initial screening
cohort. Twenty-four patients diagnosed with AD, 17 patients diagnosed with FTD and 29
normal control subjects were included in the independent cohort. Patients with FTD and AD
were recruited from the Department of Neurology, Dokuz Eylul University Hospital, Izmir.
Clinical diagnosis of probable AD was made according to Diagnostic and Statistical Manual of
Mental Disorders, 4th edition (DSM-IV) and the National Institute of Neurological and
Communicative Disorders and Stroke and the Alzheimer’s disease and Related Disorders
Association (NINCDS-ADRDA) diagnostic criteria [14]. FTD diagnosis was made according
to the new revised consensus criteria [15]. Control subjects were chosen from individuals who
required spinal anesthesia for any surgical intervention. None of the control subjects had
history, symptoms, or signs of cognitive or other neurological disorders. All control subjects
had a clinical dementia rating (CDR) score of 0.

Informed written consent was obtained from all participants or their legal representatives prior
to participation. Ethics approval was granted from the Clinical Research Ethics Committee of
Dokuz Eylul University Faculty of Medicine.

Sample collection

CSF and blood samples were collected and stored according to the Alzheimer’s Biomarkers
Standardization Initiative guidelines [16]. Sample collection was performed during routine
clinical assessment. CSF samples were collected into 10 ml polypropylene tubes with screw
caps (Sarstedt, Germany). Blood samples were collected into clot activator-containing tubes
(Vacutest Kima, Italy). Then, samples were centrifuged at 2,000 x g for 10 minutes. Aliquots

of 500 pl of the supernatants were transferred to 0.5 ml polypropylene screw cap tubes
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(Sarstedt, Germany). Collected samples were stored at -80°C for 1-2 years. Samples did not
undergo freeze-thaw cycles.

Amyloid-beta (APa-42)) and pTauasie) ELISA

For quantification of Af1-42) levels and pTausip) levels in CSF samples, the INNOTEST® f-
AMYLOID (1-42) (Innogenetics, Belgium; Cat#:80324) and the INNOTEST PHOSPHO-TAU
(181P) solid-phase enzyme immunoassay kit (Innogenetics, Belgium; Cat#: 80317),
respectively, were used according to the manufacturer’s instructions. The absorbance at 450
nm was measured on a spectrophotometric multiplate reader. For background subtraction,
absorbance at 620 nm was measured.

Isolation of circulating miRNAs

miRCURY miRNA isolation kit-Body fluids (Exiqon, Denmark; Cat#: 300112) was used to
isolate circulating RNAs from serum samples. Briefly, 200 microliters of serum samples were
used for RNA isolation. During RNA isolation, synthetic ce-miR-39 (Qiagen, Germany; Cat#:
219610) was added as a spike-in RNA, after the addition of lysis reagent. RNA samples were
eluted in nuclease-free water, and quantified on a Nanodrop 2000™ spectrophotometer
(Thermo Scientific, USA). Samples were stored at -80°C until further analysis.

Exosome isolation and quantification from serum samples

To 1solate exosomes from serum samples, Total Exosome Isolation (from serum) kit
(Invitrogen, Life Technologies, USA; Cat#: 4478360) was used according to the manufacturer’s
instructions. Exosome pellets were resuspended in 100 pl of 1X PBS. Exosome samples were
stored at -80°C until further analysis. For characterization of exosome samples, dynamic light
scattering was carried out using Zetasizer nanoseries instrument (Malvern Nano-Zetasizer,
Country; A = 532 nm laser wavelength). Following isolation, samples were diluted 1:1000 with
Phosphate buffered saline (PBS) prior to analysis. Each measurement was carried out in

triplicate.



O ~J o Ul b WN

OO CTUI U UTUIUTUTOTOT S DB BB DEDDEDWWOWWWWWWWWWNNNNNNMNNNMNNNERERERRRR R R
OB WNHFRFO WO IO WNROWVW®O-JAUTDWNROW®O®-JdAUDRWNROWWTIANUBRWNREOWOO-TUNSWNR OO

For quantification of exosome samples, ExoCET kit exosome quantitation assay (System
Biosciences, CA, USA; Cat#: EXOCET96A-1) were used according to the manufacturer’s
instructions. Absorbance was measured at 405 nm. A standard curve was plotted, and total
particle number was calculated according to the standard curve.

Exosomal RNA isolation

miRNeasy RNA isolation kit (QIAGEN, Germany; Cat#: 217004) was used to isolate exosomal
RNA:s. Briefly, 80 microliters of exosome samples were used for RNA isolation. Synthetic ce-
miR-39 was added as a spike-in RNA, after addition of lysis reagent. Exosomal RNA samples
were eluted in nuclease-free water, and quantified on a spectrophotometer (NanoDrop 2000,
Thermo-Scientific, USA). Samples were stored at -80°C until further analysis.

Analysis of differential miRNA expression

Microarray analysis was carried out by Aros Applied Biotechnology A/S (Denmark). GeneChip
miRNA 2.0 Array (Affymetrix) was used for expression analysis. The probes on chips include
15,644 probe sets belonging to 131 organisms, which were designed to all mature and mature*
sequences available on MirBase release 15.0 (April 2010).

(http://microrna.sanger.ac.uk/sequences/index.shtml).

Bioinformatics Analysis

We predicted putative targets of miRNAs (hsa-miR-762, hsa-miR-663a, hsa-miR-320b and
hsa-miR-1915-5p) and their associated Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathways with DIANA-mirPath v.3 online analysis suit [17]. We set the significance level of
KEGG enrichments analysis to 0.001 and significant miRNA-KEGG pathway association
network was generated using Cytoscape 3.5.1[18].

Reverse-transcription

Equal amount of serum and exosomal RNA samples (40 ng) were reverse-transcribed by using

the miScript RT 1II kit (QIAGEN, Germany; Cat#: 218161) according to the manufacturer’s


http://microrna.sanger.ac.uk/sequences/index.shtml
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instructions. Then, cDNA samples were diluted with nuclease-free water to a final volume of
40 pl, and stored at -20 C until real-time PCR.

Real-time PCR

Specific miRNA primer assays (QIAGEN, Germany) and miScript SYBR Green PCR kit
(QIAGEN, Germany; Cat#: 218075) were used for real-time PCR experiments. miRNAs with

2-8ACt jethod was used

a cut-off value for C; <35 were considered to be actively expressed. The
to determine relative gene expression [19]. The synthetic miRNA ce-miR-39 was used to
normalize gene expression.

Statistical analysis

Statistical analyses were performed on SPSS v.22.0 (IBM, USA) and graphs were prepared
with Prism 7.0a (Graphpad, USA). Continuous variables were represented with mean =+
standard error of mean (S.E.M). Categorical variables were represented with frequencies and
percentages. Kolmogorov-Smirnov test was used to analyze the distribution of serum and
exosomal miRNA levels in all groups. For non-normally distributed variables, Kruskal-Wallis
test was used to analyze the difference between the groups. For significant parameters identified
by Kruskal-Wallis test, Mann-Whitney U test with Dunn correction was used to determine
which groups were responsible for the observed difference. Statistical significance was
established at an alpha value of 0.05.

Receiver operating characteristic (ROC) curve analysis was carried out to analyze the
discriminating features of serum and exosomal miRNAs between different groups. For ROC
curve analysis, statistical significance was established at area under curve (AUC) >0.85 and
alpha <0.001. The optimal cut-off points, sensitivity and specificity values were calculated for

individual miRNAs accordingly.
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Chi-square test was used to compare gender differences between the groups. Unpaired t-test
was used to analyze the differences in pTauusip) levels, AP-42) levels, and total exosome

numbers between the groups.
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Results

Characteristics of study participants

Ten healthy subjects and 10 AD patients were recruited for an initial screening study. For
discovery set, the mean age of control subjects was 69.5 £+ 9.9. The male/female ratio was 6/4.
For AD patients, the mean age was 76.9 + 2.1 years. The male/female ratio was 2/8, and the
mean MMSE score was 17.4 = 2.4. We also used independent samples, which consisted of
control subject (n=29), AD patients (n=24) and FTD patients (n=17). The mean age of control
subjects, AD, and FTD patients were 64.7 = 11.2, 61.1 + 1.6 and 57.5 &+ 2.8 years, respectively.
The male/female ratio was 22/7, 9/15 and 10/7, respectively. The mean MMSE scores of AD
and FTD patients were 16.5 £ 1.6 and 15.2 = 1.9 respectively. To support clinical diagnosis, we
used commercial ELISA kits to quantify pTau(181P) and AB(1-42) levels in CSF samples of
all patients to further confirm AD diagnosis. AB(1-42) levels were significantly lower in AD
patients (569.2 pg/ml £ 53.31), compared to control subjects (1181.0 pg/ml £+ 52.90). However,
there was no significant difference between FTD patients (655.9 pg/ml + 50.45) and AD
patients. pTau(181P) levels were significantly higher in AD patients (90.74 pg/ml + 8.24),
compared to control subjects (41.15 pg/ml + 3.05). Additionally, there was a significant
difference between FTD patients (43.24 pg/ml £+ 5.95) and AD patients. Taken together, these
results further support the diagnosis of AD.

Microarray analysis reveals differentially expressed miRNAs in AD

To identify differentially expressed miRNAs in serum of AD patients, we used human
GeneChip miRNA 2.0 Array (Affymetrix) to analyze global miRNA expression in a discovery
set. Microarray analysis showed that 21 miRNAs were differentially expressed between AD
patients and control subjects. Eleven miRNAs were upregulated in AD patients, whereas 10

miRNAs were downregulated in AD patients, compared to control subjects. After applying
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selection criteria (selection criteria: 2-fold; p<0.05) (Table 1; highlighted in grey), we selected
10 of 21 miRNAs for further experiments.

Expressions of selected miRNAs in serum and serum-derived exosomes in AD and FTD
Selected 10 miRNAs were analyzed with RT-qPCR using serum samples from independent
cohort. Considering the results of microarray screening, we were able to validate the five
miRNAs in the independent cohort. miR-20b was significantly upregulated. On the other hand,
miR-663, miR-762, miR-320b, and miR-1915-5p were significantly downregulated in AD
compared with the control subjects (Figure 1). We, however, could not detect miR-320c with
qPCR in both serum and serum-derived exosome samples.

We further pursued to explore whether the same set of miRNAs could be found in exosomes
which were isolated from serum samples of independent cohort. Isolated exosomes were
confirmed by using commercial ELISA-based assays and dynamic light scattering (DLS). (SI
Figure 1). The same set of validated miRNAs were analyzed by RT-qPCR in serum-derived
exosomes and we observed the consistent results for miR-663, miR-762, miR-320b and miR-
1915-5p with serum miRNAs. However, expression of miR-20b was not significantly changed
in AD compared to control subjects (p=0.173) (Figure 2). Normalized Ct values for miRNAs
were depicted as heat map and found in SI Figure 2. Taken together, our results show that
exosomal miRNA profiling can yield similar results as the serum-based miRNA profiling.
Bioinformatics analysis of differentially expressed miRNAs

In the next step, we searched for more mechanistic evidence for biomarker potential of
differentially expressed miRNAs. For this purpose, we analyzed the association of miRNAs
with related pathways of AD. KEGG pathway enrichment analysis of differentially expressed
miRNAs with DIANA-mirPath v.3 revealed that axon guidance, Ras, and estrogen signaling

pathways and circadian rhythm pathways may be modulated with de-regulation of miR-320b,
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miR-1915-5p, miR-663a and miR-762 and found to be good biomarker candidates in our study
(Figure 3).

Evaluating the potential of miRNAs as diagnostic markers for dementia

Eventually, we evaluated the diagnostic potential of miRNAs for dementia. We created ROC
curves for serum and exosomal miRNAs and calculated the area under curve (AUCs) at 95%
confidence intervals. Since most of the published biomarker candidates have accuracy between
70 - 90%, we pursued to look for miRNAs that have better accuracy. We, therefore, applied a
selection criterion (>90% accuracy) to determine more reliable biomarker candidates. The
complete list for ROC analysis can be found in SI Table 2. For serum miRNAs, only hsa-miR-
320b had >90% accuracy to discriminate AD patients from control subjects. miR-663-3, miR-
762, miR-320b and miR-1915-5p had >90% accuracy to discriminate AD patients from FTD
patients (Figure 4). Notably, hsa-miR-320b and hsa-miR-1915-5p had perfect accuracy
(Sensitivity: 100% and Specificity: 100% for both miRNAs). The same set of miRNAs also had
>90% accuracy to discriminate FTD patients from control subjects. Similarly, hsa-miR-320b
and hsa-miR-1915-5p had perfect accuracy (Sensitivity: 100% and Specificity: 100% for both

miRNAs). No exosomal miRNAs could show more than 80% accuracy (SI Table 2).
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Discussion

Some recent studies have reported differential expression of miRNAs in brain and CSF samples
of different neurodegenerative diseases [8, 20]. Interestingly, certain miRNA signatures have
the potential of reflecting disease progression and/or help to differentiate diseases with
overlapping symptoms [21]. Several studies have relied on analysis of different body fluids
(CSF, serum, and plasma) to identify differentially expressed miRNAs in different
neurodegenerative diseases (Reviewed in [7]). Our recent study shows differentially expressed
miRNAs in AD compared to FTD and control subjects. Microarray analysis of our screening
samples show 21 differentially expressed serum miRNAs in AD patients compared to controls.
Importantly, we validated differentially expressed miR-20b, miR-663-3, miR-762, miR-320b
and miR-1915-5p using independent samples. In particular, serum hsa-miR-320b and miR-
1915-5p have promising diagnostic potential in discriminating FTD from AD and control
subjects. These microRNAs expression changes have not been reported in Alzheimer's disease.
There are also inconsistent or discrepant results in previous miRNA expression changes studies.
It 1s likely that differences in analysis of data, source of miRNA and several pre-analytical
factors all of which can cause inconsistency among these studies could have precluded the
identification of possible biomarkers.

To the question whether these miRNAs have a further role in neurodegeneration-related
pathways, we established a network analysis using predicted targets of those differentially
expressed miRNAs. Predicted targets of our miRNAs showed that miR-762, miR-320b and
miR-1915-5p are involved in Ras signaling pathway [22], axon guidance [23, 24], estrogen
signaling pathway [25, 26] and in circadian rhythm [27, 28]. Most pertinent to note is that these
pathways are intertwined and, their dysregulation can lead to the pathogenesis of
neurodegenerative diseases [29, 30]. Particularly, miR-663 has been reported to bind directly

to TDP-43, which is known to have role in FTD and ALS [31] and further, mimicking of miR-
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663 has been reported to suppress human neural stem cell differentiation [32]. On the other
hand, upregulation of miR-320b is reported in prion induced neurodegeneration and,
downregulation of it in peripheral blood of schizophrenia patients [33]. miR-762 is reported to
upregulate the M2 phenotype of microglia [34]. However, a genuine interaction between these
miRNAs and proteins in the above pathways remains to be validated.

Current diagnoses of AD and FTD are mostly dependent on exclusion of other neurological
diseases and involves application of expensive and time-consuming methods such as
histopathological and psychological tests and brain imaging. To date, methods of clinical and
molecular analysis have yielded valuable biomarker candidates. CSF-based biomarkers,
including amyloid-P (AB(i-42)), total Tau, and phosphorylated-tau (pTau(igip)) are being used to
support the diagnosis of AD, yet, these CSF-based biochemical biomarkers requires an invasive
sample collection procedure which limits the use of such markers in drug trials, longitudinal
studies and monitoring of disease progression [35]. These highlight the imperativeness to
develop novel biomarkers that are non-invasive, cheap, and fast. Studies on the feasibility of
discovering blood-based biomarkers for neurodegeneration has seen an increase during the last
decade. The sampling procedure in blood-based screening studies is less invasive compared to
CSF [36] and allows repeated measurements. Therefore, we investigated the discriminative
power of these miRNAs in different patient groups via ROC curve analysis. Our results suggest
that serum hsa-miR-663-3, hsa-miR-762, and hsa-320b can discriminate AD patients from
control subjects with >85% accuracy. This level of accuracy is quite higher compared to the
other studies [37, 38]. On the other hand, our results fall short to reach the level of accuracy
obtained by Leidinger et al. and Kumar et al. (2013), which have reached of 93% accuracy and
95% accuracy, respectively [39, 40].

Significant transcriptomic alterations, particularly in the mRNA-miRNA networks (reviewed

in [41]), have been identified in FTD patients. It has been suggested that certain deregulated
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miRNAs or mutations in FTD-related genes can result in FTD-specific miRNA signatures [41,
42]. Defective miRNA biogenesis and specific miRNA genes are considered to contribute to
pathogenesis of FTD [43]. We also investigated miRNAs that can discriminate FTD patients
from control subjects and AD patients. Our results show that 4 miRNAs (hsa-miR-663, hsa-
miR-762, hsa-miR-320b and hsa-miR-1915-5p) can discriminate AD patients from FTD
patients, and FTD patients from control subjects with >90% accuracy. Notably, hsa-miR-320b
and hsa-miR-1915-5p had 100% accuracy. A recent study reported that combined set of
miRNAs can differentiate FTD from control subjects or AD. However, their findings showed
that these combined set of brain-enriched miRNAs (miR-9*/miR-129-3p, miR-7/miR-451 and
miR-335-5p/ let-7e) showed less than 85% of accuracy [44]. When compared to our results,
their accuracy falls behind of diagnostic potential of our miRNAs.

Given their potential to carry disease-specific proteins and/or nucleic acids, exosomes gained
great attention as diagnostic markers. A growing body of evidence also suggests that they are
highly stable in body fluids and enriched with miRNAs [9]. AD-specific 16 miRNAs, which
isolated from serum-derived exosomes have been proposed to predict AD [45]. Additionally,
Gui et al. showed that combinational use of CSF-derived exosomal miR-153 and miR-409-3p
can be used as reliable diagnostic markers for Parkinson’s disease with 99% of accuracy [11].
Combination of three serum-derived exosome miRNAs can predict relapsing-remitting
multiple sclerosis with high accuracy [46]. Here, we analyzed the expression levels of miRNAs
in exosomes isolated from serum samples of AD, FTD and control subjects. Our results
suggested that these exosomal miRNAs give consistent results as serum miRNAs, yet their
diagnostic potential fall behind the diagnostic potential of serum miRNAs. Fiandanca et al.
showed that neural derived exosomes can increase classification of AD and FTD patients [12].
Therefore, neural derived exosomes can be used to increase the diagnostic potential of our

miRNAs.
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Patient recruitment from a single center, small sample size and lack of pathological
confirmation of the participants are the important limitations of our study. We also used the
CSF core biomarker profile, together with clinical diagnosis, to increase the likelihood of a
correct diagnosis. Furthermore, different biological factors either from the underlying
neurological condition or, from patients’ overall physical condition, may affect serum miRNA
expression levels, and hence, could probably have a confounding effect on the observed results.
Finally, due to overlap in expression levels of miRNAs, more than one miRNA should be
required to assign a diagnostic value.

Conclusion

In the present study, we could identify several differentially expressed miRNAs in AD, FTD
and control subjects. We also discerned that serum hsa-miR-320b and hsa-miR-1915-5p levels
could be employed to discriminate AD patients from FTD patients with perfect accuracy.
Additional studies need to be carried out in a larger patient cohort to validate the diagnostic

potential of these miRNAs.
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Figure Legends:

Figure 1: Differentially expressed miRNAs in serum samples. Relative expression levels of
serum-derived miRNAs were assessed with qRT-PCR. Differences between groups were
analyzed with Kruskal-Wallis Test and Mann Whitney-U test, ** p<0.01 and *** p<0.001.
Figure 2: Differentially expressed serum-derived exosomal miRNAs. Relative
quantification of exosome-derived miRNAs was evaluated with qRT-PCR. Differences
between groups were analyzed with Kruskal-Wallis Test and Mann Whitney-U test, *p<0.05,
** p<0.01 and *** p<0.001.

Figure 3: miRNA-Pathway network map for selected miRNAs. After selection and

validation of differentially expressed miRNAs, network map was generated using Cytoscape.
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Color of pathway nodes indicate significance level.

SI Figure 1: Characterization of exosomes. Following exosome isolation from serum
samples, three independent assays were used to characterize exosome samples. (A) Dynamic
light scattering (DLS) analysis was carried out to determine the size distribution of exosomes.
The result of a representative sample (mean diameter ~90 nm) is shown. (B) ExoCET assay
(System Biosciences, USA) was used to analyze acetyl-CoA acetylcholinesterase (AChE)
activity, which is known to be enriched in exosomes. Data represent mean = S.E of 5 randomly
selected samples.

SI Figure 2: Heatmap showing ACt values. The heatmap shows normalized Ct values of both

serum and serum derived exosome miRNAs in Control subjects, AD and FTD patients.
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Table 2: Differentially expressed microRNAs between patients with Alzheimer’s disease and

control subjects

miRNA Relative expression p value*
(AD/Control)

Upregulated

hsa-miR-15a 1.56 0.039
hsa-miR-30d 1.35 0.037
hsa-miR-660 1.29 0.003
hsa-miR-324-3p 1.23 0.024
hsa-miR-92b 1.22 0.026
hsa-miR-3148 1.21 0.044
hsa-miR-1263 1.16 0.001
Downregulated
hsa-miR-129-3p 0.90 0.043
hsa-miR-1825 0.74 0.017
hsa-miR-1280 0.72 0.034

* Mann-Whitney U-test, p<0.05
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