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1. Wykaz publikacji stanowigcych podstawe rozprawy doktorskiej

Praca doktorska w formie cyklu publikacji zostata przygotowana w oparciu o:

prace przeglagdowa:

Wilczynska Karolina, Waszkiewicz Napoleon.
Diagnostic utility of selected serum dementia biomarkers:

amyloid B-40, amyloid B-42, tau protein, and YKL-40: a review.

Journal of Clinical Medicine: 2020: 9, 26 pp, Article ID 3452;
IF 4,242 MNISW 140,00

oraz prace oryginalng:

Wilczynska Karolina, Maciejczyk Mateusz, Zalewska Anna,
Waszkiewicz Napoleon.
Serum amyloid biomarkers, tau protein and YKL-40 utility in

detection, differential diagnosing, and monitoring of dementia.

Frontiers in Psychiatry: 2021: 12, 11 pp., Article ID: 725511.
IF 4,157 MNiSW 100,00



2. Zestawienie publikacji doktorantki

Rodzaj publikacji Liczba Impact Factor |Punktacja
MNiSW

Prace wigczone do rozprawy 2 8,399 240,00

doktorskiej

Prace, ktére nie zostaty 35 14,918 609,00

witgczone do rozprawy

doktorskiej

Streszczenia zjazdowe 15 - -

Razem 52 23,317 849,00




3. Wstep

3.1 Charakterystyka kliniczna otepien

Otepienie jest heterogennym zespotem zaburzeh funkcji poznawczych
powodujgcych postepujace uposledzenie funkcjonowania. Obok dysfunkcji
poznawczych obserwuje sie takze objawy psychopatologiczne, behawioralne
i neurologiczne. Otepienie wystepuje u co pigtej kobiety i co dziesigtego
mezczyzny i stanowi siodma najczestszg przyczyne zgondw.

Czynniki ryzyka to niski poziom wyksztatcenia, dysfunkcja narzadu stuchu,
nadcisnienie, cukrzyca, palenie tytoniu, naduzywanie alkoholu, urazy mdzgu,
otytos¢, niewlasciwa dieta, ograniczona aktywnos¢ poznawcza, fizyczna
i spoteczna, czynniki toksyczne (otéw, pestycydy, zanieczyszczenia powietrza)
oraz czynniki genetyczne takie jak polimorfizm apolipoproteiny E (ApoE) [1-5].

Najczestszg przyczyng otepienia jest choroba Alzheimera (AD) stanowigca
60-80% przypadkow. W AD stwierdzane sg mikroskopowo ztogi amyloidu
na zewnatrz oraz splgtki biatka tau wewnatrz neuronéw, a makroskopowo - zanik
mozgu, szczegolnie ptatow skroniowych. Choroba charakteryzuje sie stopniowa,
powolng utratg pamieci autobiograficznej i epizodycznej, anomia, zaburzeniami
funkcji wzrokowo-przestrzennych, utratg zdolnosci uczenia sie oraz apatig.

Od rozpoznania do zgonu mija 4-8 lat, natomiast proces chorobowy rozpoczyna
sie nawet 20 lat wczeséniej. U potowy chorych stwierdza sie wspétwystepowanie
innych otepien, najczesciej otepienia naczyniowego (VaD) [2, 5].

W VaD wystepujg ogniska niedokrwienia i atrofii mézgu, zmiany miazdzycowe
naczyn oraz cechy gliozy w istocie biatej. ,Czyste” VaD wystepuje u okoto 5-10%
chorych z demencjg. Zmiany naczyniowe czes$ciej wystepujg jako element
otepienia mieszanego i sg obecne u okoto 40% chorych z otepieniem. Czestosé
wystepowania VaD ros$nie z wiekiem i jest najwyzsza wsréd osob obcigzonych
czynnikami ryzyka naczyniowego, a poczatek zaburzen jest czesto zwigzany
z incydentem naczyniowo-mozgowym. Przebieg choroby jest skokowy. Objawy
sg zalezne od lokalizacji uszkodzen i obejmujg najczesciej zaburzenia uwagi,
przetwarzania informacji, funkcji wykonawczych oraz objawy neurologiczne
[2, 5, 6, 7].



Otepienie mieszane (MxD) wystepuje u okoto potowy chorych z demencja,
szczegolnie po 85. roku zycia [5]. Etiologie stanowi najczesciej AD i VaD.
W pierwotnym VaD niedokrwienie prowadzi do przeciekania bariery krew-médzg
(BBB), dysfunkcji srédbtonka, niedotlenienia i nasilenia stresu oksydacyjnego,
co pobudza produkcje amyloidu beta (AB) i biatka tau. Z kolei w pierwotnym AD
odktadajacy sie w Scianach naczyn AR powoduje angiopatie amyloidowg (CAA)
— zwezenie Swiatta naczynia i dysfunkcje srédbtonka [8].

Do rzadziej wystepujgcych otepien naleza:

- otepienie z cialami Lewy’ego (LBD) wywotane obecnoscig ztogow
a-synukleiny w korze mozgu. Charakterystyczne sg omamy wzrokowe,
zaburzenia funkciji wzrokowo-przestrzennych oraz parkinsonizm
przy poczatkowo wzglednie sprawnej pamieci. Przebieg jest powolny, falujacy.

- otepienia czotowo-skroniowe (FTD), najczestsze przed 60. rokiem zycia,
wywotane przez wtrety fosforylowanego biatka tau, TDP-43 i biatka FUS,
powodujgce zanik kory czotowej i/lub skroniowej. Objawy to zmiany zachowania
oraz afazja z pdzniejszg utratg pamieci. Przebieg zazwyczaj jest stopniowy,
powolny. [2, 5].

- otepienie w chorobie Parkinsona (PDD) zwigzane z odktadaniem sie ztogéw
a -synukleiny w istocie czarnej, a nastepnie takze w korze, z objawami jak w LBD.

Otepienie bywa wywotane rowniez przez odwracalne przyczyny takie jak
depresja, niedoczynnosc tarczycy, niedobory witamin i naduzywanie alkoholu [5].

Przebieg otepien ma zwykle charakter przewlekly i postepujgcy, a rodzaj
i nasilenie objawow rozni sie w zaleznosci od zaawansowania procesu
chorobowego. W przebiegu AD wyréznia sie nastepujgce stadia:

- faza przedkliniczna, w ktérej mozna stwierdzi¢ obecnosé biomarkerow
otepienia bez objawdw klinicznych choroby.

- tagodne zaburzenia poznawcze (MCIl) zauwazalne dla chorego i rodziny, ale
nie dla dalszego otoczenia, nie zaburzajgce aktywnosci dnia codziennego.

- otepienie tagodne, w ktérym zachowana jest mozliwo$¢ wzglednie
niezaleznego funkcjonowania przy zapewnieniu pomocy innych osob.

- otepienie umiarkowane, stanowigce czesto najdluzszg faze choroby,
charakteryzujgce sie zaburzeniami komunikacji i wykonywania rutynowych
czynnosci, zmianami zachowania, podejrzliwos$cig i pobudzeniem.

- chorzy z otepieniem ciezkim wymagajg statej catodobowej opieki, tracg
zdolnosc¢ poruszania sie, pobierania ptynéw i pokarméw [5].



Rozpoznanie prawdopodobnego otepienia ustala sie na podstawie wywiadu,
badania neuropsychologicznego, badan laboratoryjnych i neuroobrazowych.
W przypadkach watpliwych moze by¢é wskazane wykonanie badania
pozytronowej tomografii emisyjnej (PET) Ilub badania ptynu mozgowo-

rdzeniowego [2].

3.2 Rola amyloidu beta w otepieniach

Amyloid to widkienkowe ztogi biatka barwigce sie czerwienig Kongo i dajgce
z0Mto-zielong dwojtomnosé. Znanych jest 36 biatek amyloidowych powodujgcych
choroby réznych uktadoéw i narzgdow nazywane amyloidozami [9, 10].

AB powstaje w wyniku modyfikacji biatka prekursorowego amyloidu (APP)
przez sekretazy. C-koniec jest odcinany zawsze przez y-sekretaze. Przeciecie
N-kohca przy udziale a-sekretazy powoduje powstawanie rozpuszczalnego
biatka prekursorowego (sAPPa), natomiast pod wptywem B-sekretazy powstaje
nierozpuszczalny AB. y-sekretaza sktada sie z czterech biatek: preseniliny
przecinajgcej fancuch APP oraz trzech innych biatek regulujgcych jej aktywnosc.

Oligomery AB zawierajg 37-49 reszt aminokwasowych. Najwazniejsze z nich
to hydrofiiny AR1-40 oraz mniej rozpuszczalny AB1-42 [11, 12]. lloczyn
AB1-42/AB1-40 moze stuzy¢ jako wskaznik nasilenia amyloidopatii [13].

AB jest wydzielany do przestrzeni zewnatrzkomoérkowej lub pozostaje
zwigzany z btong komoérkowg. Po zwigzaniu AB z ApoE moze dochodzi¢ do jego
endocytozy, co powoduje uszkodzenie i Smier¢ komorki. Rozpuszczalne formy
AB mogag tez indukowac zaburzenia metabolizmu glukozy, funkcji mitochondriow
i nasilac stres oksydacyjny [11, 12]. Oligopeptydy AR mogqg osadzac sie w postaci
nierozpuszczalnych agregatéw, by¢ aktywnie transportowane poza BBB
lub ulega¢ degradaciji proteolitycznej. Agregacja AR zaburza funkcjonowanie
synaps i mitochondriéw, uruchamia odpowiedz zapalng, nasila fosforylacje biatka
tau oraz generuje reaktywne formy tlenu, wskutek czego dochodzi do utleniania
lipidow i powstawania zwigzkow toksycznych takich jak 4-hydroksynonenal (HNE)
[11]. HNE promuje synteze AB zmniejszajgc aktywnos¢ katalityczng neprylizyny

oraz zwiekszajgc aktywnosc¢ y-sekretazy [14].



W AD o wczesnym poczatku wystepujg mutacje genow APP i preseniliny
powodujgce zwiekszenie proporcji AB1-42 do AB1-40, zas w poznych postaciach
gtéwna role odgrywajg czynniki prozapalne oraz czynniki wptywajgce na wzrost
produkcji i agregacji oraz hamowanie eliminaciji i rozktadu Ap [11, 15].

Amyloidopatie stwierdzano badaniem PET réwniez w LBD, FTD i VaD [16-20].
W VaD odktadanie sie AB w naczyniach powoduje krwawienie i stan zapalny.
W CAA przewazajg zmiany w scianach naczyn krwionosnych, w przeciwienstwie
do AD, gdzie ztogi AB lokujg sie gtéwnie miedzykomaorkowo [21, 22].

Nadprodukcja lub upos$ledzona eliminacjia AR moze wystepowac takze
w nowotworach, szczegolnie watroby, niewydolno$ci nerek i watroby, chorobie
Parkinsona, otytosci i insulinoopornosci, zespole Downa, hipoksji i zaburzeniach
psychicznych (schizofrenii, depresji i chorobie afektywnej dwubiegunowej)
[23-30]. Stanowi to powazne ograniczenie przydatnosci AR jako biomarkera

szczegolnie u 0so6b starszych i schorowanych [31].

3.3 Biatko tau w otepieniach

Biatko tau, nazywane tez biatkiem zwigzanym z mikrotubulami (MAPT) ulega
alternatywnemu skfadaniu tworzgc 6 izoform: 3RON, 3R1N, 3R2N, 4R0N, 4R1N,
4R2N. Stosunek izoform 3R do 4R u os6b zdrowych wynosi 1:1, a jego
zaburzenie wystepuje w stanach chorobowych — tauopatiach [32].

Mikrotubule tworzg szkielet komoérek nerwowych oraz transportujg organelle
i czgsteczki sygnatowe wzdtuz aksonu. Biatko tau bierze udziat m. in.
w stabilizacji  mikrotubul, plastycznosci synaptycznej, regulacji cyklu
komorkowego oraz wptywa na przekaznictwo glutaminergiczne [33-35].

Funkcje biatka tau sg regulowane przez modyfikacje potranslacyjne, z ktérych
najistotniejszg jest fosforylacja, zachodzaca w odpowiedzi na stresory takie jak
zaburzenia gospodarki insulinowej, gtdd, hipotermia, glikokortykoidy, czy alkohol
[32, 33]. Nadmierna fosforylacja (hiperfosforylacja) powoduje zmiane konformacji

i tadunku biatka, co umozliwia jego agregacje i oligomeryzacje [32].



Zmiany wywotywane przez hiperfosforylowane biatko tau (p-tau) wynikajg z:
1. utraty jego witasciwosci fizjologicznych: zaburzenie funkcji cytoszkieletu,
podatnosc¢ na stres oksydacyjny, zaburzenia struktury i funkcji mitochondridw;

2. dzialania toksycznego nieprawidtowego biatka: aktywacja procesow
zapalnych, zaburzenie przekaznictwa poprzez gromadzenie sie p-tau w kolcach
postsynaptycznych, zaburzenia degradacji biatek i autofagii [33, 36].

Agregacja biatka tau powoduje choroby neurozwyrodnieniowe zwane
tauopatiami, moze tez wystepowaé w starzeniu bez otepienia [34, 35].
Do tauopatii pierwotnych nalezg miedzy innymi podtypy FTD oraz atypowe
zespoty parkinsonowskie. Ze wzgledu na zlozong, zalezng rowniez od A
etiopatogeneze AD zalicza sie do tauopatii wtornych. W AD AR aktywuje kinazy
oraz posredniczy w wywotaniu stresu oksydacyjnego promujgc w ten sposéb
hiperfosforylacje i agregacje tau. Inne tauopatie wtérne to m. in. zespét Downa,
choroby prionowe, encefalopatia pourazowa i stwardnienie zanikowe boczne
[20, 33, 37].

Uwaza sie, ze stezenie biatka tau w CSF odzwierciedla stopien uszkodzenia
neurondw [38]. Biatko tau przenika przez BBB i ziarnistosci opony pajeczej, dzieki
czemu moze by¢ tez wykrywane we krwi obwodowej [39]. Stezenia catkowitego
biatka tau (t-tau) w osoczu korelujg z jego zawartoscig w tkance moézgowej
oceniang badaniem PET [40, 41].

3.4 YKL-40 jako marker zapalny otepienia

Neurozapalenie stanowi trzeci kluczowy element patofizjologii AD. Rozwd;j
stanu zapalnego przypisuje sie aktywnosci mikrogleju i uwalnianiu cytokin
w odpowiedzi na utrate neuronéw w przebiegu choroby. Odpowiedz zapalna
promuje dalszg synteze APP i fosforylacje biatka tau [42].

YKL-40 nalezy do rodziny hydrolaz glikozydowych. Jest nazywane réwniez
biatkiem 1 podobnym do chitynazy 3 (CHI3L1), ludzkg glikoproteing chrzgstkowg
39 (HC-gp39) lub biatkiem regresji gruczotu sutkowego (BRP-39).



Biatko to jest wytwarzane przez rozne komorki tkanki tgcznej, komorki
nowotworowe, srodbtonek i miesnie gtadkich scian naczyn, a jego produkcje
regulujg cytokiny, czynniki wzrostu i stres. YKL-40 bierze udziat w odpowiedzi
immunologicznej oraz procesach zapalnych. Stymuluje wzrost i proliferacje
komorek, bierze udziat w procesach naprawy tkanek, hamuje apoptoze, aktywuje
uktad odpornosciowy, reguluje synteze i degradacje sktadnikbw macierzy
zewnatrzkomérkowej [43].

Do dowoddéw na zwigzek YKL-40 z AD nalezy wystepowanie obszarow
zwiekszonej jego ekspresji wokot blaszek amyloidowych oraz w naczyniach
krwionosnych z cechami CAA [44], zaleznos¢ miedzy genotypem APOE4
a stezeniem YKL-40 w CSF [45] oraz zmniejszenie ekspresji APP i poprawe
funkcji poznawczych gryzoni po podaniu substancji hamujgcej aktywno$¢ YKL-40
[46].

Nadekspresja YKL-40 wystepuje w chorobach zapalnych, nowotworach, [43],
po udarach niedokrwiennych mdzgu [47], w tauopatiach [48, 49], chorobach
neurozwyrodnieniowych [50] i niektoérych zaburzeniach psychicznych [51, 52].
Obnizone stezenie YKL-40 w CSF obserwowano w zaburzeniu afektywnym

dwubiegunowym przed wystgpieniem epizodu manii lub hipomanii [53].

3.5 Biomarkery otepienia

Biomarker to zdefiniowana cecha (molekularna, histologiczna, radiologiczna,
fizjologiczna) mierzona jako wskaznik normalnych proceséw biologicznych,
proceséw patologicznych lub odpowiedzi na ekspozycje badz interwencje.
Biomarkery mogg by¢ stosowane do oceny ryzyka zachorowania, diagnostyki,
monitorowania, prognozowania przebiegu choroby oraz oceny bezpieczenstwa
i skutecznosci terapii [54]. Umozliwiajg optymalizacje diagnostyki i leczenia,
utatwiajg prowadzenie badan klinicznych i poznawczych [49].
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Marker diagnostyczny powinien charakteryzowaé sie przynajmniej
umiarkowang czutoscig i wysokg specyficznoscig (>85%), tatwoscig pozyskania
materiatu, prostym sposobem oznaczenia, powtarzalnoscig oraz niskg cena.
Powinien réwniez posiada¢ zdolno$s¢ wczesnego wykrywania i réznicowania
choroby, byé powigzany z podstawowg patofizjologig schorzenia i odpowiednio
zwalidowany. Jego stezenie nie powinno ulega¢ zmianom pod wptywem
objawowo stosowanego leczenia [17, 55].

Aktualnie uznane za diagnostyczne biomarkery AD przedstawiono w Tabeli 1
[56]. Do markeréw kandydujgcych nalezg m. in. neurogranina i YKL-40 w CSF
oraz peptydy AB i p-tau w surowicy [57].

Do biomarkeréw VaD zalicza sie p-tau, AB, metaloproteazy macierzy, sulfatydy,
albumine i biatko C-reaktywne (CRP) w CSF i surowicy. Sg to markery czute,

jednak mato specyficzne [58].

Markery amyloidowe Markery tau Markery zapalenia

LAB1-42 M-tau
CSF TNFL

JUAB1-42/AB1-40 M p-tau
surowica kontrowersyjne M-tau TNFL

Amyloid PET Tau PET FDG-PET (hipometabolizm)
neuroobrazowanie (Pittsburgh Compound B, (18F-flortaucipir,

18F-florbetapir) 18F-R0-948) MRI (atrofia)

Tabela 1. Biomarkery AD. NFL — fancuchy lekkie neurofilamentéw; MRI — rezonans

magnetyczny; FDG-PET — badanie PET ze znakowaniem fluorodeoksyglukozg [56].
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4. Cele pracy

Otepienie stanowi aktualnie jeden z najwazniejszych probleméw
zdrowia publicznego na $Swiecie. W wiekszosci przypadkow otepienie jest
chorobg przewleklg, postepujgcg i nieuleczalng, a koniecznos¢ opieki
nad chorymi generuje olbrzymie koszty spoteczne i ekonomiczne. Ze wzgledu
na ograniczong dostepnos¢ opieki specjalistycznej oraz niedostateczne
mozliwosci diagnostyczne w warunkach podstawowej opieki zdrowotnej wielu
chorych pozostaje nie zdiagnozowanych i nie leczonych az do péznych stadiéw
choroby.

Celem przeprowadzonych badan byla ocena przydatnosci oznaczen
w surowicy stezen wybranych biatek zwigzanych z patogenezg otepien jako
prostych, niedrogich badan przesiewowych, ktére mogtyby by¢ zlecane przez
lekarzy podstawowej opieki zdrowotnej pacjentom z grup ryzyka,
w celu identyfikowania oséb wymagajgcych dalszej specjalistycznej diagnostyki.

W  przeprowadzonym badaniu oznaczono stezenia potencjalnych
biomarkeréw w surowicy chorych z najczesciej wystepujgcymi otepieniami — AD,

VaD i MxD oraz zdrowych oséb po 60. roku zycia.

Cele szczego6towe pracy obejmowaty:

1. Ocene przydatnosci AB1-40, AB1-42, t-tau i YKL-40 w diagnostyce

wystepowania otepienia.

2. Ocene przydatnosci AB1-40, AB1-42, t-tau i YKL-40 w réznicowaniu otepienia

alzheimerowskiego, naczyniopochodnego i mieszanego.

3. Ocene korelacji stezen AB1-40, AB1-42, t-tau i YKL-40 ze stopniem

zaawansowania otepienia.

4. Ocene zmian stezen AB1-40, AB1-42, t-tau i YKL-40 po czterech tygodniach

hospitalizacji.
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5. Materiatl i metody

5.1 Uczestnicy

Badaniem objeto 60 spos$rod wstepnie zakwalifikowanych 100 pacjentow
z otepieniem (20 z AD, 20 z VaD, 20 z MxD) oraz 20 zdrowych ochotnikéw
powyzej 60 roku zycia. Uczestnicy lub opiekunowie wyrazili pisemng zgode
na udziat w badaniu. Badanie przeprowadzono zgodnie z zasadami Deklaraciji
Helsinskiej. Protokdt badania zostat zaakceptowany przez Komisje Bioetyczng

przy  Uniwersytecie Medycznym w Biatymstoku (R-1-002/62/2016).

Grupy badane

Do badania wstepnie zakwalifikowano 100 pacjentow Oddziatu Psychogeriatrii
Samodzielnego Publicznego Psychiatrycznego Zakfadu Opieki Zdrowotnej
w Choroszczy. Badani byli hospitalizowani z przyczyn psychiatrycznych.
Przyczyng hospitalizacji pacjentow z umiarkowanym i ciezkim otepieniem byty
zwykle zaburzenia zachowania w przebiegu choroby podstawowej, natomiast
pacjenci z otepieniem lekkim byli hospitalizowani w celu przeprowadzenia
diagnostyki roznicowej lub z powodu tagodnych, innych niz otepienie zaburzen
psychicznych, na przyktad zaburzeh lekowych.

Pacjenci byli przy przyjeciu badani Krétkg Skalg Oceny Stanu Psychicznego
(MMSE), wedtug podrecznika PAR MMSE Clinical Guide Reorder #R0-4922.
Wstepnie zakwalifikowano 100 badanych z wynikiem ponizej 23 punktow w skali
MMSE i bez towarzyszacych chorob zapalnych, nowotworowych
i autoimmunologicznych w wywiadzie.

W  kolejnym etapie u wszystkich pacjentow wykonano panel badan
dodatkowych  stuzgcy do wykluczenia innych  przyczyn otepienia
oraz wspotwystepowania chorob przyjetych za kryteria wytgczenia z badania,
tj. przewlektych chordob zapalnych, autoimmunologicznych i nowotworowych.
Panel badan obejmowat tomografie komputerowg gtowy, morfologie krwi
obwodowej, stezenie elektrolitow — sodu, potasu i chlorkéw, poziom wapnia
catkowitego w surowicy, stezenie mocznika i kreatyniny, aktywnos¢ transaminaz

watrobowych, stezenie biatka C-reaktywnego (CRP), stezenie hormonu
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tyreotropowego, stezenie kwasu foliowego i witaminy B12 oraz ocene
Geriatryczng Skalg Depresji (GDS).

W trakcie diagnostyki réznicowej wykonano rowniez badania
neuropsychologiczne przy zastosowaniu zestawu testow dobieranego przez
psychologa indywidualnie, w zaleznosci od mozliwosci poznawczych badanego.
Stosowano miedzy innymi: ACE-R, badanie fluencji stownej, test do badania
funkcji czotowych Frontal Assessment Battery, test Stroopa, test figury ztozone;j
Rey’a, test 15 stbw Rey’a, test tgczenia punktow, montrealski test funkciji
poznawczych (MoCA), zeszyty tuckiego. Rozpoznanie ustalono zgodnie
z kryteriami ICD-10 przedstawionymi w Tabeli 2.

Do badania zakwalifikowano 20 oséb z AD, 20 z VaD i 20 z MxD. Sposrod
przebadanych wstepnie 100 pacjentow wybrano chorych bez wspdtistniejgcych
chorob autoimmunologicznych, zapalnych i nowotworowych, z prawidtowymi
wynikami badan laboratoryjnych i jak najmniej obcigzonych somatycznie.
Do grupy z AD zakwalifikowano wytgcznie pacjentow bez zmian patologicznych
w badaniu TK gtowy, za wyjatkiem zmian zanikowych kory mézgu.

Po czterech tygodniach hospitalizacji ponownie pobrano krew do oznaczen
biomarkeréw oraz oceniono funkcjonowanie poznawcze przy zastosowaniu skali
MMSE. W celu wykluczenia wplywu wieku i wyksztatcenia wyliczono
skorygowang wartos¢ MMSE wedtug wzoru: skorygowany MMSE = surowy
MMSE - (0.471 x [lata nauki-12]) + (0.131 x [wiek-70]) [59].

W celu oceny zwigzku nasilenia otepienia ze stezeniami biomarkeréw
dokonano podziatu badanych na dwie grupy: chorych z otepieniem tagodnym
(MD) i umiarkowanym do ciezkiego (MSD). Za punkt odciecia przyjeto
skorygowany wynik badania skalg MMSE réwny 20 punktéw.
W grupie z otepieniem tagodnym znalazto sie 17 pacjentéow (4 z AD, 7 VaD,
6 z MxD), za$ w grupie ciezej chorych — 43 osoby, w tym 16 z AD, 13 z VaD
i 14 z MxD.

Grupa kontrolna

Do grupy kontrolnej zakwalifikowano 20 stuchaczy Uniwersytetu Zdrowego
Seniora bez otepienia (wynik MMSE powyzej 27 pkt.) i bez towarzyszgcych
chorob zapalnych, nowotworowych i autoimmunologicznych w wywiadzie.

U oséb z grupy kontrolnej pobrano krew do oznaczen, wykonano identyczny
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jak w grupie badanej panel badan laboratoryjnych oraz wykluczono obecnos¢

depresiji skalg GDS.

Otepienie

G1. Stwierdzenie wszystkich nastepujacych:

(1) Ostabienie pamieci najwyrazniejsze w zakresie uczenia si¢ nowych informacji, chociaz
w ciezszych przypadkach odtwarzanie wczesniej nabytych wiadomosci moze by¢ rowniez
zaburzone. Uszkodzenie przejawia sie w odniesieniu do materiatu zaréwno stownego, jak
i bezstownego. Spadek nalezy potwierdzi¢ obiektywnie, uzyskujac rzetelny wywiad od otoczenia
i uzupetniajgc go, jesli mozna, testami neuropsychologicznymi i ilosciowymi metodami oceny
proceséw poznawczych.

(2) Spadek innych zdolnosci poznawczych cechujacy sie pogorszeniem sgdzenia i myslenia,
w zakresie planowania i organizowania oraz ogélnego przetwarzania informacji. Najlepiej bytoby
uzyska¢ potwierdzenie tego stanu rzeczy od osdb z otoczenia i uzupetnic, jesli to mozliwe,
zapomocg testow neuropsychologicznych lub obiektywnych metod ilosciowych. Nalezy
stwierdzi¢ pogorszenie w stosunku do wczesniejszego wyzszego poziomu funkcjonowania.
G2. Zachowana swiadomosé otoczenia (fj. brak przymglenia swiadomosci) przez czas
wystarczajgco diugi dla jednoczesnego ujawnienia objawow kryterium G1. W przypadku
nawarstwienia sie epizodow zaburzen swiadomosci (delirium) rozpoznanie nalezy odroczyé.
G3. Spadek emocjonalnej kontroli nad motywacjg albo zmiana zachowan spotecznych
przejawiajgca sie co najmniej jednym z nastepujacych:

(1) chwiejnos¢ emocjonalna,

(2) drazliwosc,

(3) apatia,

(4) prymitywizacja zachowan spotecznych.

G4. Wiarygodne rozpoznanie kliniczne wymaga wystepowania objawéw kryterium G1 przez
€0 najmniej 6 miesiecy. Jezeli okres od ich ujawnienia sie jest krotszy, rozpoznanie moze byé
tylko przypuszczalne.

AD (F00) VaD (F01) MxD (F00.2)

A. Spetnione kryteria G1. Spetnione ogdine kryteria otepienia | 1. Spetnione kryteria
otepienia (G1-G4) (G1-G4). otepienia w chorobie
B. W wywiadzie, badaniu |G2. Nieréwnomierne deficyty wyzszych | Alzheimera (F00), wiek
stanu somatycznego czynno$ci korowych, z wyraznym wystgpienia — 65 rok
i badaniach dodatkowych |zajeciem pewnych funkcji i wzglednym zycia lub pézniej.
brak potwierdzenia zaoszczedzeniem innych. Przyktadowo, |2. Dodatkowo,
wszelkich innych pamie¢ moze by¢ zaburzona catkiem spetniony co najmniej
przyczyn otepienia wyraznie, podczas gdy myslenie, jeden z wymogow:
(np. choroby naczyniowej |rozumowanie czy przetwarzanie (a) potwierdzenie
mobzgu, nabytego informacji moze wykazywac jedynie bardzo powolnego,
uposledzenia odpornosci, |fagodny spadek. stopniowego poczagtku
choroby Parkinsona, G3. Przestanki kliniczne organicznego i progresiji (szybkosc¢
choroby Huntingtona, uszkodzenia mozgu, przejawiajgce sie tej ostatniej mozna
wodogtowia €0 najmniej jednym z nastepujacych: oceni¢ tylko
normotensyjnego), (1) jednostronny niedowtad spastyczny retrospektywnie,
choroby ogdélnoustrojowej | konczyn, po przebiegu
(np. niedoczynnosci (2) jednostronne wzmozenie odruchéw obejmujgcym okres 3 lat
tarczycy, niedoboru Sciegnistych, lub diuzszy),
witaminy B12 lub kwasu | (3) dodatni odruch podeszwowy, (b) zaburzenia pamieci
foliowego, hiperkalcemii), |(4) porazenie rzekomoopuszkowe. G1(1) dominujag nad
albo naduzywania G4. Wywiad, badanie lub testy 0golnym uszkodzeniem
alkoholu czy substanciji potwierdzajg wyraznie chorobe intelektu G2(2) — patrz
psychoaktywnych. naczyniowg mozgu, ktérg mozna ogolne kryteria dla

zasadnie uwazac¢ za powigzang otepienia.

z otepieniem (np. udar w wywiadzie,

stwierdzenie zawatu mozgu).

Tabela 2. Kryteria ICD-10 rozpoznawania otepienia [60].
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5.2 Oznaczenia laboratoryjne

Stezenia badanych biomarkeréw oznaczano we krwi zylnej pobranej z zyty
tokciowej, odwirowanej i zamrozonej w temperaturze -80 stopni Celsjusza.
W grupach badanych stezenia biomarkeréw oznaczano w dwoch probkach
pobieranych w odstepie 4 tygodni, a w grupie kontrolnej w pojedynczych
probkach.

Stezenie  YKL-40, t-tau, AB1-42 i Ap1-40 oznaczono metodg
immunoenzymatyczng ELISA z zastosowaniem gotowych zestawow
laboratoryjnych USCN Life Science (Wuhan, Chiny), uzytych zgodnie
z zaleceniami producenta. Absorbancje mierzono czytnikiem mikroptytek Infinite
M200 PRO Multimode Microplate Reader (Tecan). Wszystkie oznaczenia

przeprowadzono w podwdjnych probach.

5.3 Analiza statystyczna

Analizy statystycznej dokonano przy uzyciu programu GraphPad Prism 7.0
for MacOS (GraphPad Software, La Jolla, USA).

Normalnos¢ rozktadu oceniano testem D Agostino-Pearsona i Shapiro-Wilka.
Jednorodnosc¢ wariancji badano testem Levene’a. Do poréwnan miedzy grupami
uzyto ANOVA i testu Tukey’a, a w przypadku braku rozktadu normalnego - testu
Kruskala-Wallisa i testu ANOVA Dunna. Korelacje miedzy stezeniami
biomarkeréw oceniano przy zastosowaniu wspotczynnika korelacji Pearsona.

Uzytecznosc¢ diagnostyczng badanych markeréw oceniono z zastosowaniem
krzywej ROC. Przedziaty ufnosci dla czutosci i specyficzno$ci obliczono metodg
Wilsona/Browna.

Analize wptywu wielu zmiennych niezaleznych (wieku, ptci, punktacji w skali
MMSE) na zmienng zalezng przeprowadzono za pomocg regresji liniowej. Pteé,
wiek i punktacje w skali MMSE potraktowano jako zmienne niezalezne.

Za poziom istotnosci statystycznej przyjeto p<0,05.

16



6. Wyniki

6.1 Analiza demograficzna

Analiza wariancji nie wykazata istotnych statystycznie réznic wieku i poziomu
wyksztatcenia pomiedzy grupami. Badaniem objeto 60 kobiet i 20 mezczyzn (w tym

6 mezczyzn z AD, 4 zVaD, 5 z MxD i 5 z grupy kontrolnej).

Wyniki badan dodatkowych u wszystkich osob z grup badanych i grupy
kontrolnej miescity sie w granicach normy lub wykazywaty minimalne, nieistotne
klinicznie odchylenia. Wszyscy pacjenci z grup badanych mieli wykonang tomografie
komputerowg gtowy. U zadnego z badanych nie uwidoczniono zmian mogacych
sugerowa¢ wtorng etiologie otepienia, takich jak ostre zmiany niedokrwienne
lub krwotoczne czy guzy. Do grupy AD kwalifikowano wytgcznie chorych
bez uwidocznionych badaniem obrazowym zmian naczyniopochodnych mézgu.
W skali GDS badani uzyskali wyniki ponizej 6 punktow, co pozwolito wykluczyé

wystepowanie depresii.

Wyniki badania skalg MMSE byly poréwnywalne we wszystkich grupach
z otepieniem i statystycznie istotnie réznity sie od wynikbw w grupie kontrolne;j,
co ilustruje Rycina 1. W grupach badanych ocene skalg MMSE przeprowadzano
dwukrotnie. Wyniki na poczatku hospitalizacji i po 4 tygodniach jej trwania nie réznity

sie istotnie statystycznie.

MMSE

30 < ANOVA P <0.0001 >

20+ ok
hedudodod T ddgen WNAN
RAA I

10+

Ryc. 1. Punktacja w skali MMSE przy przyjeciu (0) i po 4 tygodniach hospitalizacji (1). **** p vs.
C <0,0001.
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6.2 Analiza korelacji stezen biomarkeréow z parametrami laboratoryjnymi

i punktacjg w skali MMSE

Stezenie YKL-40 korelowato ze stezeniami t-tau, AB1-42/AB1-40, nasileniem

otepienia mierzonym skalg MMSE oraz stezeniem CRP.

Stezenie t-tau korelowato ze stezeniem YKL-40 i punktacjg w MMSE.

Zaobserwowano rowniez odwrotng korelacje pomiedzy stezeniem CRP

a punktacjg w skali MMSE. Najwazniejsze korelacje przedstawiono w Tabeli 3.

Badane parametry R 95% ClI P value
YKL-40 1 & t-tau 1 0.36 0.1163 do 0.5622 0.005
YKL-40 0 & AB1-42/AB1-40 0 0.288 0.03707 do 0.5052 0.026
YKL-40 0 & MMSE 0 -0.614 -0.7507 do -0.4263 <0.0001
YKL-40 1 & MMSE 1 -0.563 -0.7145 do -0.3601 <0.0001
YKL-40 1 & CRP 0.29 -0.2512 do 0.2566 0.025
t-tau 0 & MMSE 0 -0.287 -0.5041 do -0.03550 0.026
t-tau 1 & MMSE 1 -0.287 -0.5041 do -0.03551 0.026
MMSE 0 & CRP -0.407 -0.5992 do -0.1710 0.001

Tabela 3. Istotne statystycznie korelacje miedzy biomarkerami, MMSE i parametrami zapalnymi.

R — wspétczynnik korelacji; Cl — przedziat ufnosci; Neu - neutrofile; YKL-40 O - YKL-40 przy

przyjeciu; YKL-40 1 - stezenie YKL-40 po 4 tygodniach itd.
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6.3 Stezenia biomarkerow w poszczegolnych rodzajach otepienia

Stezenia biomarkerow w poszczegolnych grupach przedstawia zamieszczona
na kolejnej stronie Rycina 2. Stezenia YKL-40 u pacjentow ze wszystkimi
podtypami otepienia, byty istotnie statystycznie wyzsze niz w grupie kontrolnej.
Stezenia t-tau byty wyzsze w AD i MxD, a AB1-40 i AB1-42 - w AD i VaD. Wartos¢
ilorazu AB1-42/AB1-40 nie roznita sie istotnie pomiedzy grupami.

Analiza ROC wskazuje na wysokg czutosc¢ i swoistos¢ YKL-40 w réznicowaniu
miedzy otepieniem a kontrolg. Najwazniejsze sposrdéd uzyskanych parametrow
ROC przedstawiono w Tabeli 4. YKL-40 jest najbardziej diagnostyczny dla AD

i VaD, nieco mniej dla MxD.

Biatko tau wykrywato wystepowanie AD i MxD 2z czutoscig 75%

i specyficznoscig 70%. T-tau okazato sie nieprzydatne w diagnostyce VaD.
Analiza ROC nie potwierdzita przydatnosci diagnostycznej AB1-40 i AR1-42.

Uzyskane wyniki nie wskazuja, by ktérykolwiek z biomarkeréw mogt byc¢
przydatny w roznicowaniu miedzy AD, VaD i MxD. W analizie ROC dla porownan

miedzy grupami z otepieniem uzyskiwano czuto$c¢ i specyficznos¢ rzedu 50-65%.

AUC P value Punkt odciecia Czutos¢ Specyficznos¢
t-tau
CvsADO 0.845 0.0002 >338.4 75 70
CvsVaDO 0.7175 0.0186 >318.3 60 55
CvsMxDO 0.8825 <0.0001 >341.4 75 70
YKL-40
CvsADO 0.8625 <0.0001 >106.3 85 75
CvsVaDO 0.8525 0.0001 >113.0 80 80
CvsMxDO 0.7975 0.0013 >103.9 70 70

Tabela 4. Analiza ROC przydatnosci diagnostycznej biomarkerow w poszczegdélnych rodzajach

otepienia.
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Ryc. 2. Stezenia biomarkerdw u pacjentow z otepieniem i w grupie kontrolnej przy przyjeciu i po
4 tygodniach hospitalizacji. Wyniki przedstawiono jako srednig, odchylenie standardowe (SD)
oraz wartosci w poszczegoélnych prébach. C — grupa kontrolna (n = 20); AD 0 — pacjenci z chorobg
Alzheimera, prébki pobrane przy przyjeciu (n = 20); VaD 0- pacjenci z otepieniem naczyniowym,
prébki pobrane przy przyjeciu (n = 20); MxD - pacjenci z otepieniem mieszanym, prébki pobrane
przy przyjeciu (n = 20); AD 1 - pacjenci z chorobg Alzheimera, probki pobrane po 4 tygodniach (n
= 20); VaD 1 - pacjenci z otepieniem naczyniowym, probki pobrane po 4 tygodniach (n = 20);
MxD 1 - pacjenci z otepieniem mieszanym, probki pobrane po 4 tygodniach (n = 20). *p < 0.05

vs. C, **p < 0.005 vs. C, ****p < 0.0001 vs. C, #p < 0.05 vs. AD 0.

20



6.4 Ocena zmian stezenh biomarkerow w czasie

Stezenia biomarkeréw na poczatku hospitalizacji i po 4 tygodniach jej trwania
przedstawiono na Ryc. 2. Jedynie stezenia AB1-42 u chorych z AD istotnie

statystycznie zmniejszyty sie po 4 tygodniach hospitalizacji.

6.5 Analiza przydatnosci biomarkerow w ocenie progresji otepienia

YKL-40 okazat sie czutym i specyficznym markerem rozrozniajgcym zdrowg
grupe kontrolg z otepieniem wczesnym (MD). Umiarkowang przydatnosc

w wykrywaniu wczesnych otepien wykazuje réwniez t-tau (Tabela 5).

W poréwnaniu pomiedzy grupami z MD i MSD diagnostyczny okazat sie
jedynie YKL-40 wykazujgc czutosc¢ i specyficznosé powyzej 76%.

Analiza ROC nie potwierdzita przydatnosci markerow amyloidowych

w monitorowaniu nasilenia otepienia.

AUC P value Punkt odciecia Czutos¢ Specyficznosé
t-tau
Cvs MD 0.8488 <0.0001 >341.1 72.09 70
MD vs MSD 0.6607 0.0539 <377.9 58.82 58.14
YKL-40
Cvs MD 0.9128 <0.0001 >115.8 86.05 85
MD vs MSD 0.8263 <0.0001 <123.3 76.47 76.74

Tabela 5. Analiza ROC przydatnosci diagnostycznej biomarkeréw w ocenie zaawansowania

otepienia.

21



6.6 Analiza regresji wieloczynnikowe]

W celu oceny wptywu wieku, pici i glebokosci otepienia mierzonej skalg MMSE

na uzyskane stezenia t-tau i YKL-40 przeprowadzono analize regresji

wieloczynnikowej. Uzyskane wartosci p value przedstawiono w Tabeli 6.

Wiek i pte¢ badanych nie
YKL-40 i t-tau byly zalezne
wyniku MMSE.

miaty wptywu na stezenia biomarkeréw. Stezenia

od nasilenia otepienia ocenianego na podstawie

Zmienna zalezna

Wartosci p wptywu zmiennych niezaleznych

t-tau

YKL-40

wiek pteé MMSE
0.6261 0.1003 0.0252
0.7948 0.3831 <0.0001

Tabela 6. Warto$ci p dla wptywu zmiennych niezaleznych na stezenia biomarkeréw

uzyskane metodg regresiji liniowej.
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7. Dyskusja

7.1 YKL-40 jako czuty i specyficzny marker otepienia

Biatko YKL-40 jest dos$¢ niespecyficznym markerem stanu zapalnego,
stanowigcego trzecig obok amyloidopatii i tauopatii sktadowg patofizjologii
otepienia. Gtdéwng przyczyng aktywacji proceséw zapalnych w AD jest
neurozwyrodnienie, a w VaD — niedokrwienie. Dotychczas przeprowadzono
niewiele badan dotyczgcych mozliwej przydatnosci oznaczania YKL-40

w surowicy chorych z otepieniem.

Stezenia YKL-40 we wszystkich badanych grupach byto istotnie statystycznie
wyzsze, niz w grupie kontrolnej, a analiza ROC potwierdzita jego uzytecznos$¢
diagnostyczng w roznicowaniu miedzy osobami zdrowymi a chorymi
ze wszystkimi rodzajami otepienia — uzyskane wartosci AUC wynosity od 0,8 dla
MxD do 0,86 dla AD. YKL-40 nie jest markerem zdolnym do réznicowania etiologii

otepienia.

Analiza ROC pomiedzy stezeniami YKL-40 w grupie z otgpieniem tagodnym,
umiarkowanym do ciezkiego i grupg kontrolng wskazuje na przydatnos¢ tego
biatka w wykrywaniu wczesnego otepienia z czutoscig 86,05% i specyficznoscig

85%. YKL-40 moze by¢ réwniez przydatne w monitorowaniu progresji otepienia.

Stezenie YKL-40 nie zmieniato sie istotnie po 4 tygodniach hospitalizacji,
co potwierdzito stabilnos¢ jego stezen wobec stosowanych czynnikéw
leczniczych takich jak leki prokognitywne, leczenie wspotwystepujacych chorob

somatycznych i zaburzeh psychicznych oraz oddziatywania terapeutyczne.

Najpowazniejszym ograniczeniem przydatnosci diagnostycznej YKL-40 jest
wzrost jego stezenia w chorobach zapalnych oraz nowotworowych, ktére
stanowig czestg wspotchorobowos¢é u osob starszych. Zastosowanie tego
biomarkera wymagatoby zatem wykluczenia innych schorzen mogacych
powodowac wzrost stezenia YKL-40. Pomocnym mogtoby by¢ doktadne zebranie
wywiadu i/lub jednoczesne oznaczenie nieswoistego markera zapalnego takiego
jak CRP. Zasadnym mogtoby tez by¢ zastosowanie kombinacji YKL-40 z mniej

wrazliwym na wystepowanie wspotchorobowosci markerem, takim jak t-tau.
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Uzyskane wyniki wskazujg na korelacje stezen YKL-40 ze stezeniami biatka
tau, nasileniem stanu zapalnego odzwierciedlonym przez stezenie CRP
oraz nasileniem otepienia mierzonym punktacjg w skali MMSE, co potwierdza
spojnos¢ uzyskanych wynikow. Na podstawie wynikow analizy regresji

wykluczono wptyw pfci i wieku na stezenia tego biomarkera.

Idealny biomarker powinien by¢ powigzany z neuropatologig choroby,
nie ulega¢ zmianom pod wptywem leczenia objawowego oraz wykazywac
przynajmniej umiarkowang czutos¢ i wysokg (>85%) specyficznosc [17]. Istotna
jest réwniez tatwos¢ pozyskania materiatu do oznaczen, prosta metoda i niski
koszt oznaczenia, oraz powtarzalnos¢ uzyskiwanych wynikéw [55]. Wyniki
badania wskazuja, ze YKL-40 w surowicy jako biomarker do wykrywania

otepienia we wczesnym stadium spetnia wszystkie powyzsze warunki.

7.2 Biatko tau jako marker wczesnych otepien alzheimerowskich

Kolejnym istotnym elementem patofizjologii AD jest gromadzenie sie splagtkow
biatka tau. Podwyzszone stezenia t-tau obserwuje sie w tauopatiach, z ktérych
wiekszos¢ stanowig choroby rzadkie. Niektére tauopatie, miedzy innymi FTD
réwniez przebiegajg z otepieniem. Powoduje to, ze t-tau jest dosS¢ swoistym
markerem chorob neurozwyrodnieniowych. Stezenia t-tau w surowicy korelujg

Z jego zawartoscig w mozgu oceniang badaniem PET [35].

W przeprowadzonym badaniu stezenia t-tau korelowaty ze stezeniami YKL-40
oraz nasileniem otepienia w skali MMSE. Nie zaobserwowano zwigzku stezenia

t-tau ze stezeniem biomarkeréw amyloidowych ani CRP.

Stezenia t-tau byty istotnie statystycznie wyzsze w grupach z AD i MxD niz
w VaD, co wynika z patogenezy poszczegdélnych typow otepien. Analiza ROC
nie potwierdzita przydatnosci t-tau w réznicowaniu etiologii otepienia, jest ono
jednak czutym i specyficznym markerem do réznicowania miedzy otepieniem
w AD i MxD a osobami zdrowymi. Wartosci AUC wyniosty 0,85 dla AD vs grupa

kontrolna i 0,88 dla MxD vs kontrola.
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T-tau wydaje sie byC wartosciowym markerem pomimo nieprzydatnosci
w wykrywaniu VaD. Otepienie alzheimerowskie wystepuje pojedynczo lub jako
sktadnik ztozonej patofizjologii u 60-80% ogdétu chorych z otepieniem [5].
Tauopatia wystepuje réwniez w otepieniu z ciatami Lewy’ego [38], stanowigcym
kolejne 5% chorych [5], a takze otepieniach czotowo-skroniowych [35]
wystepujgcych u 10% chorych z otepieniem przed 65. rokiem zycia i u 3%
po 65 roku zycia [5]. Wynika stad, ze t-tau moze by¢é markerem zdolnym

do wykrywania przewazajgcej wiekszosci chorych z otepieniem.

Biatko tau moze byC tez przydatne w diagnostyce wczesnego otepienia
niezaleznie od etiologii, jednak z czutoscig i swoistoscig mniejszg niz YKL-40.
Ze wzgledu na opisane wyzej ograniczenia zastosowania YKL-40, t-tau moze
peinic role markera dodatkowego Iub zastepczego. Nie potwierdzono
przydatnosci diagnostycznej biatka tau w ocenie progresji otepienia do stadiow

ciezszych.

Stezenia t-tau nie zmienity sie istotnie po 4 tygodniach stosowania
oddziatywan leczniczych i terapeutycznych, co potwierdza stabilnos¢

i niepodatnos¢ biomarkera na wptyw nieswoistego leczenia.

Wyniki analizy regresji wskazujg, ze stezenia t-tau byly niezalezne od pfci

i wieku badanych.
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7.3 Markery amyloidowe

W przeprowadzonym badaniu stezenia ABR1-40 i AB1-42 byty istotnie
statystycznie wyzsze w grupie z AD i VaD niz w grupie kontrolnej, jednak analiza

ROC nie potwierdzita ich przydatnosci w diagnostyce ani réznicowaniu otepien.

AB1-42 byt jedynym parametrem, ktorego istotny statystycznie spadek
odnotowano po 4 tygodniach hospitalizacji. Spadek ten nie wigzat sie jednak
z poprawg funkcji poznawczych w skali MMSE. Stezenia AB1-42 nie korelowaty
ze stezeniem innych biomarkeréw, a analiza ROC nie potwierdzita jego
przydatnosci w diagnostyce, roznicowaniu i ocenie progresji otepienia. Spadek
stezenia AB1-42 miat najpewniej charakter nieswoisty i mogt wynika¢ z ogolne;j

poprawy zdrowia psychicznego i/lub somatycznego w trakcie hospitalizaciji.

W niniejszym badaniu nie uzyskano wynikdw wskazujgcych
na przydatno$¢ diagnostyczng markerow amyloidowych, co nie dziwi
w kontekscie danych z pracy przeglagdowej, w ktorej wyniki kilkudziesieciu
analizowanych badan markerow amyloidowych w surowicy byly w znacznym
stopniu niespéjne. Brak przydatnosci diagnostycznej AB w surowicy przy jego
potwierdzonej uzytecznosci diagnostycznej w CSF moze wynika¢ ze zmiennej
osobniczo przenikalnosci AB przez BBB, zmiennej szybkosci eliminacji z krwi

i/lub obecnosci we krwi AR powstatego w tkankach i narzagdach innych niz mozg.
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7.4 Ograniczenia badania

Do najwazniejszych ograniczen badania nalezg: mata liczebnos¢ proby
oraz kwalifikacja do badania pacjentéw z prawdopodobng, a nie potwierdzong

etiologig otepienia.

Najdoktadniejszymi mozliwymi do wykonania przyzyciowo badaniami
potwierdzajgcymi  alzheimerowskg etiologie otepienia sg oznaczenia
biomarkeréw choroby w ptynie moézgowo rdzeniowym lub badanie PET.
Wykonanie nakitucia ledzwiowego wymagatoby zaangazowania osoby
przeszkolonej w pobieraniu ptynu moézgowo-rdzeniowego, wigzatoby sie tez
ze zbyt duzym ryzykiem dla badanych. Z kolei PET jest badaniem kosztownym
i niedostepnym w placéwce, w ktorej leczeni byli badani pacjenci. Z powyzszych
wzgledow za kryteria wigczenia do badania przyjeto badawcze kryteria

diagnostyczne wedtug ICD-10, przedstawione we wstepie.

Kolejnym ograniczeniem badania jest oparcie go na tescie MMSE. Jest to
prosty test przesiewowy, badajgcy gtownie pamieé, w mniejszym stopniu inne
funkcje poznawcze. Do zalet MMSE nalezy szybkos¢ wykonania, powtarzalno$¢
i dostepnos¢ wielu zwalidowanych wersji jezykowych, co umozliwia
porownywanie badan prowadzonych w réznych osrodkach. W procedurach
diagnostycznych niniejszego badania test MMSE stuzyt gtéwnie za narzedzie
przesiewowe. W grupach badanych wykonano wiele innych testow
neuropsychologicznych, ktére nie mogty by¢ jednak uzyte jako narzedzie
porownawcze ze wzgledu na rozny zestaw uzytych testow w zaleznosci
od gtebokosci otepienia. MMSE byt testem mozliwym do wykonania u wszystkich
badanych, zatem jego skorygowang warto$¢ przyjeto jako miare nasilenia

otepienia.

Niewielka liczebnos¢ proby stanowi niewatpliwie istotne ograniczenie wartosci
badania. Wydaje sie jednak, ze mata liczba badanych umozliwita niejako ich
bardziej rygorystyczng selekcje, gdyz pacjenci byli kwalifikowani do badania
przez lekarza prowadzgcego ich diagnostyke i leczenie. Posiadana wiedza
na temat stanu zdrowia badanych najprawdopodobniej zmniejszyta ryzyko
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pomytek diagnostycznych oraz kwalifikacji osob z wystepujgcymi, lecz nie

ujawnionymi kryteriami wytgczenia.

7.5 Znaczenie uzyskanych wynikow

Skale niedoszacowania przypadkéw otepienia dobrze obrazuje fakt, ze u 52
sposrod 60 uczestnikbw badania rozpoznanie zostato postawione po raz
pierwszy w zyciu. Wiele sposrdd nich stanowity osoby z otepieniem w stopniu
umiarkowanym i gtebokim. Do tego stanu rzeczy przyczynia sie niska
Swiadomos¢ faktu, ze zaburzenia pamieci w wieku starszym stanowig chorobe,
a nie nieodzowny element starzenia sie, w zwigzku z czym obserwowane
zaburzenia poznawcze rzadko sg zgtaszane lekarzowi pierwszego kontaktu lub
sktaniajg do wizyty u specjalisty psychiatry czy neurologa. W warunkach
podstawowej opieki zdrowotnej gtdwny problem stanowi ograniczony czas wizyty
oraz niewystarczajgce przeszkolenie i doswiadczenie personelu w zakresie
przesiewowe] diagnostyki funkcji poznawczych. Dostepno$¢ diagnostyki
specjalistycznej jest z kolei ograniczona czasem oczekiwania na wizyte, a czesto
takze odlegtym od miejsca zamieszkania potozeniem placowki specjalistycznej,
co w potgczeniu z ograniczong mobilnoscig chorego stanowi istotng bariere.
W praktyce specjalistycznej bardzo czesto spotyka sie z prosbami opiekunow
0 przyjazd na wizyte domowg bgdz udzielenie porady za posrednictwem srodkéw
komunikacji zdalnej.

Rozwigzaniem wyzej opisanych problemédw mogtoby by¢ zastosowanie
w podstawowej opiece zdrowotnej prostego testu przesiewowego pod postacig
oznaczenia biomarkera lub biomarkerow otepienia we krwi i kierowanie
do diagnostyki specjalistycznej pacjentow z dodatnim wynikiem testu [61].

Uzyskane w niniejszym badaniu wyniki, jak rowniez potrzeba stworzenia
prostego testu przesiewowego do diagnostyki otepienia w warunkach
podstawowej opieki zdrowotnej uzasadniajg prowadzenie dalszych badan nad

zastosowaniem oznaczen YKL-40 i t-tau we krwi jako biomarkerow otepienia.
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. Wnioski

. Stezenia YKL-40 korelowaty ze stezeniami innych markerow, CRP i punktacjg

w skali MMSE. Stezenia YKL-40 i t-tau byty niezalezne od ptci i wieku.

. YKL-40 moze by¢ przydatny w diagnostyce wszystkich rodzajow otepien,

natomiast t-tau - w diagnostyce otepien z komponentg alzheimerowska.

. Nie wykazano przydatnosci zadnego z biomarkeréw w réznicowaniu otepien.

. YKL-40 moze by¢ przydatne w wykrywaniu otepien wczesnych i monitorowaniu

progresji otepienia.

. T-tau moze byc¢ przydatne w diagnostyce wczesnego otepienia, szczegolnie

gdy zastosowanie YKL-40 bedzie ograniczone przez wspoétchorobowosc.
. Po czterech tygodniach hospitalizacji zaobserwowano istotny statystycznie

spadek stezen AB1-42 w grupie z AD, majacy najprawdopodobniej charakter

nieswoisty, wtérny do poprawy ogolnego stanu zdrowia.
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Abstract: Introduction: Dementia is a group of disorders that causes dysfunctions in human cognitive
and operating functions. Currently, it is not possible to conduct a fast, low-invasive dementia
diagnostic process with the use of peripheral blood biomarkers, however, there is a great deal of
research in progress covering this subject. Research on dementia biomarkers in serum validates
anticipated health and economic benefits from early screening tests. Biomarkers are also essential for
improving the process of developing new drugs. Methods: The result analysis, of current studies
on selected biomarker concentrations (Af40, AR42, t-tau, and YKL-40) and their combination in
the serum of patients with dementia and mild cognitive disorders, involved a search for papers
available in Medline, PubMed, and Web of Science databases published from 2000 to 2020. Results:
The results of conducted cross-sectional studies comparing Ap40, Ap42, and AP42/AB40 among
people with cognitive disorders and a control group are incoherent. Most of the analyzed papers
showed an increase in t-tau concentration in diagnosed Alzheimer’s disease (AD) patients’ serum,
whereas results of mild cognitive impairment (MCI) groups did not differ from the control groups.
In several papers on the concentration of YKL-40 and t-tau/A 42 ratio, the results were promising.
To date, several studies have only covered the field of biomarker concentrations in dementia disorders
other than AD. Conclusions: Insufficient amyloid marker test repeatability may result either from
imperfection of the used laboratorial techniques or inadequate selection of control groups with
their comorbidities. On the basis of current knowledge, t-tau, t-tau/AB42, and YKL-40 seem to be
promising candidates as biomarkers of cognitive disorders in serum. YKL-40 seems to be a more
useful biomarker in early MCI diagnostics, whereas t-tau can be used as a marker of progress of
prodromal states in mild AD. Due to the insignificant number of studies conducted to date among
patients with dementia disorders other than AD, it is not possible to make a sound assessment of
their usefulness in dementia differential diagnostics.

Keywords: Alzheimer’s disease; vascular dementia; mixed dementia; serum; biomarkers; amyloid
beta; tau protein; YKL-40

1. Introduction

1.1. Dementia

Dementia is a group of multiple etiology cognitive disorders that result in daily life impediments.
The most common cause of dementia is Alzheimer’s disease (AD) which is chronic, progressive,
and leads to death of the neurodegenerative process [1].

There are two main groups of pathologies that cause dementia, i.e., neurodegenerative diseases and
secondary dementias [1]. The cause of neurodegenerative diseases (proteinopathies) is accumulation
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and aggregation of proteins with abnormal conformation [2], which results in death of neurons and
supporting cells, leading to cognitive and motor dysfunctions [3]. Death of cells results in activation of
glial cells and secretion of cytokine and chemokine by them, which leads to the chronic inﬂammatory
process interfering with brain tissue homeostasis. Moreover, neurotoxicity of some inﬂammatory
response products intensifies the neurodegenerative process [4]. Neurodegenerative dementia includes
the following: dementia in Alzheimer’s disease, dementia with Lewy bodies (DLB), frontotemporal
dementia (FTD), dementia in Parkinson’s disease (PDD), Huntington’s disease (HD), and dementia in
prion diseases.

The most common secondary dementia is vascular dementia. Approximately 10-15% of patients
are only diagnosed with vascular-only dementia (VD). VD consists of subtypes of different etiology
and clinical features, such as multi-infarct dementia, small vessel disease, strategic infarct dementia,
hypoperfusion dementia, haemorrhagic dementia, hereditary cerebral autosomal dominant arteriopathy
with subcortical infarction, and leukoencephalopathy (CADASIL) [1,5].

The observed symptoms of dementia such as depression, delirium, thyroid hormone abnormalities,
vitamin deficiencies, or normotensive hydrocephalus are in potentially reversible states [1]. Chronic
alcohol use is also a very common cause of dementia. In contrast to Wernicke-Korsakoff syndrome
associated primarily with memory impairment, in alcoholic dementia, there are disorders in many
other cognitive functions. Alcoholic dementia constitutes approximately 10% of early-onset cases and
slightly more than 1% of late-onset dementia cases [6].

Dementia can be of mixed etiology, in up to half of patients, especially in senior age groups [1].
Vascular lesions occur in 40% of demented patients and usually coexist with other dementia causes.
Changes caused by microinfarcts were found in around half of the patients with AD [7]. Contrary to
previous diagnostic recommendations considering cerebral vascular lesions as an exclusion criterion
of AD, the American Alzheimer’s Association currently takes the view that dementia often results
from both neurodegenerative and vascular pathologies and suggests classifying such conditions as
mixed dementias [1]. An autopsy study by Schneider et al. revealed that subjects with multifactorial
etiology of dementia found in the autopsy were more frequently diagnosed with dementia during
life as compared to those with only one type of neuropathological change [8]. It suggests that mixed
dementia (despite its heterogeneous etiology) may be a category for underdiagnosed cases, and it also
has an important clinical and prognostic value. Other relatively common forms of mixed dementia
include the coexistence of AD and DLB or PDD [8].

1.2. Amyloid Beta and Its Role in Dementia Process

Amyloid is a group of insoluble beta-sheet proteins that form filamentous structures. They may
play a role in the pathogenesis of various diseases when accumulating as deposits in the extracellular
space. Each amyloid type is formed from its specific precursor protein-like amylin, derived from
the precursor islet amyloid polypeptide (IAPP), involved in the pathogenesis of insulin-dependent
diabetes, or AL and AH proteins composed of light and heavy chains of immunoglobulin, resulting in
primary systemic amyloidosis [9]. Except for brain tissue, the amyloid precursor protein (APP) has
been identified in the thymus, heart, lungs, kidneys, muscles, adipose tissue, liver, spleen, skin, and the
intestine [10].

Amyloid beta (A(3) refers to oligopeptides composed of 4042 amino acid residues, originating
from the amyloid precursor protein (APP). The APP protein family includes two similar peptides,
i.e., amyloid precursor-like proteins 1 and 2 (APLP1 and APLP2) [11]. The APP protein encoding gene
is located on chromosome 21q21. Most of the many APP mutations exist around sequences encoding
secretase splitting sites and they are responsible for early-onset, familial forms of the disease [12].
The amyloid precursor protein is transformed to oligopeptides by three enzymes, i.e., -, 3- and
y-secretase. The C-terminal fragment of APP is always cut off by y-secretase, but the forming of A
is determined by enzyme activity cutting off the N-terminus of either a- or B-secretase precursor
peptides. Formation of A happens when an N-terminus fragment is cleaved by f-secretase, while the
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activity of secretase « results in making a so-called secreted form of APP (s-AAP«x) [13], a signal protein
which is a neuron growth factor that promotes synaptogenesis and has a positive role in memory and
learning processes [10]. Another factor contributing to AP formation are mutations of the y-secretase
subunits, i.e., presenilins. On the one hand, presenilins of correct structure regulate intracellular
calcium balance, lysosome, and proteasome activity and counteract the effects of oxidative stress.
On the other hand, presenilin mutations contribute to the formation of longer AP chains, which are
more prone to aggregate into insoluble AB forms [14].

AP oligopeptides vary in the number of amino acids in the molecule. Most scientific research has
focused on the fragment with 42 amino acid residues, i.e., AB42. It is the main component of amyloid
plaques found in the brain of patients with AD. A second dominant isoform of A is peptide with a
length of 40 amino acid residues. AB40 is a less amyloidogenic form. Researchers have also suggested
their role in preventing formation of AP deposits. Calculation of the A42/A 340 ratio can be found in
many scientific papers. A high value of this ratio is used as a predictor of cerebral amyloidopathy.
Other forms of AB were also considered to be potential biomarkers, mainly AB38 [15].

In addition to previously described overproduction, accumulation, and aggregation of Af in the
brain tissue, the impaired pathological protein degradation also contributes to dementia pathogenesis.
Peroxidation of the cell membrane lipids under oxidative stress results in 4-hydroxynonenal (HNE)
secretion, which has an ability to modify protein structure and function. HNE lowers the catalytic
activity of neprilysin, a metallopeptidase preventing the deposition of AB through degradation of
mono- and oligomeric AP forms [16]. Apolipoproteins E2 and E3 (but not E4 which is one of the main
AD risk factors) are capable of binding HNE through cysteine, lysine, and histidine residue, preventing
the damage of other proteins [17]. HNE also increases the synthesis of AP by its binding with nicastrin,
part of the gamma-secretase complex, increasing activity of this enzyme [18].

The role of AP in AD pathogenesis is described in the so-called amyloid cascade hypothesis.
This theory suggests that the disease process begins with overproduction and accumulation of Ap
as amyloid plaques. Their presence leads to mitochondrial and synaptic damage, disrupting the
homeostasis of brain tissue. This process is accompanied by microglia and astrocytes activation,
which results in inflammation and oxidative stress, eventually causing the death of neurons.
Furthermore, A is considered to be a factor that activates hyperphosphorylation of tau proteins.
In addition to the amyloid cascade hypothesis, there are other possible explanations of the AD
pathogenesis, such as the “prion-like” action of the A hypothesis [19]. More and more reports have
shown that the amyloid cascade hypothesis has not fully explained the pathogenesis of AD. It has
recently been demonstrated that amyloid-dependent memory and synaptic plasticity impairments
could occur without tau [20].

On the basis of current knowledge, pathologies tied with AP are not specific for AD dementia.
The existence of amyloid deposits have also been identified by PET scan in dementias other than AD,
especially among seniors who have been carriers of the APOE4 allele. Ossenkoppele et al. obtained
positive amyloid-PET results in as many as 83% of 80-year-old APOE4 gene carriers with DLB, 43% with
FTD and 64% with VD. Among a younger group of people (around 60 years old), who were not
carriers of APOE4, those percentages were respectively 29%, 5%, and 7% [21]. It is not easy to state
whether those observations might result from incorrectly established clinical diagnosis or rather
amyloid deposition is secondary to neuropathology of other dementia types [22]. Among non-AD
dementias, the clearest relationship occurs between AP and VD. It is known that apart from the
predominant atherosclerotic etiology, other angiopathies such as congophilic amyloid angiopathy
(CAA) can initiate the disease process [5]. Contrary to AD, where amyloid deposits locate mainly
(but not exclusively) into intercellular space, in CAA subjects, the lesions are predominately in the
blood vessel walls [3]. It has been proven that the density of congophilic vascular lesions increased with
the severity of cognitive impairment [7]. On the one hand, overproduction or impaired elimination of
AP can also occur in other diseases. Increased amyloid peptide concentrations were found in patients
diagnosed with liver tumors [23], kidney [24] and liver [25] failure, Parkinson’s disease [26], obesity
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and insulin resistance [27], or Down Syndrome [28]. On the other hand, a decrease in AB42 levels in
the serum has been observed in depression [29]. An increased level of AP in many conditions results in
serious limitations of its use as a biomarker, especially in a multimorbid old age group. Meta-analysis
published by Zhang et al. indicated that the lack of proper screening for comorbidities among the
control group resulted in minor differences in the amyloid marker concentrations among groups in
studies [30].

1.3. Tau Protein and Its Role in Dementia

Tau protein is a product of the MAPT gene, located on chromosome 17. It is expressed
predominantly in the central nervous system [31]. This protein is found mainly inside neurons
(especially in microtubule-rich axons), but also, to a lesser extent, in glial cells (astocytes and
oligodendrocytes) [32], as well as in extracellular space [33]. It locates primarily in the cytoskeletal
structures of the cell, but it has also been identified in the nuclei and centrosomes [32]. The MAPT gene
product undergoes alternative splicing into six different, tissue-specific tau proteins. Depending on the
number of 29-amino acid inserts (0, 1 or 2), there are three isoforms, i.e., 0N, 1 N, and 2 N. Each isoform
contains three or four microglobulin binding domain repeats (3R or 4R) [32,33]. In normal conditions,
the tau protein is soluble and unfolded [33].

The physiological functions of the tau protein include stabilization and polymerization of
microtubules, regulation of axonal transport, neuron polarization, axon growth and elongation,
protection of DNA and RNA integrity, formation of cytoskeleton actin filaments, regulation of synaptic
plasticity (dendritic tau protein), as well as cell cycle regulation via tyrosine kinase, membrane
interactions, synaptic transmission, and regulation of NMDA transmission through interactions
with the Fyn protein [32-34]. The tau protein undergoes post-translational modifications such as
phosphorylation, O-glycosylation, advanced glycation, Maillard reaction, ubiquitination, nitration,
sumoylation, proline isomerization, acetylation, and truncation. The most important one of the above
is the kinase-induced phosphorylation process regulating tau distribution within the cell, the transport
of organelles to the somatodendritic compartment, and enabling interactions with neurotransmitters
and enzymes. Under physiological conditions, tau phosphorylation occurs in response to stressors
such as insulin imbalance, hunger, hypothermia, anesthesia, glucocorticoids, opiates, or alcohol [32].

Phosphorylation also enables the tau protein to aggregate [31]. Excessive aggregation of the
tau protein leads to formation of neurofibrillary tangles and it occurs in medical conditions called
tauopathies and in the physiological aging process [32]. The presence of tau protein inclusions
in neurons or glia causes tauopathies-progressive diseases associated with cognitive, behavioral,
and motor impairment. Hyperphosphorylated tau protein and its isoforms, such as p-tau-217,
measured in the peripheral blood are also promising AD biomarker candidates [35].

The pathological changes caused by the hyperphosphorylated tau protein (p-tau) can be divided
into the following:

1. Resulting from the loss of its physiological properties:

a. Axonal transport disturbance;

b.  Actin cytoskeleton abnormalities leading to increased susceptibility of the cell to oxidative stress;

c¢.  Disturbed structure and function of mitochondria, disrupting their metabolism and
increasing susceptibility to oxidative stress, which leads to the death of the cell.

2. Resulting from the toxic effect of the abnormal isoform:

a.  Activation of astrocytes and microglia to secrete proinflammatory mediators;

b.  Disruption of synaptic transmission through the accumulation of pathological tau in
postsynaptic spines;
o Disturbances in proteasome degradation and autophagy [30,32].
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Formation of tau protein deposits is the key pathophysiological process in primary tauopathies,
while in secondary tauopathies, its origin is from other pathologies. Primary tauopathies include
the subtypes of frontotemporal dementia, atypical parkinsonian syndromes, argyrophilic grain
disease, and globular glial tauopathy. Considering complex (dependent also from amyloid beta)
aetiopathogenesis, AD is qualified as a secondary tauopathy [36]. Other conditions, secondary to the tau
protein pathology are the aging process (primary tauopathy related to age, astriogliopathy related to age),
Down syndrome, prion diseases, post-traumatic encephalopathy (dementia pugilistica), amyotrophic
lateral sclerosis, parkinsonism-dementia complex, postencephalitic parkinsonism, and some rare
diseases such as progressive subcortical gliosis, diffuse neurofibrillary tangles with calcification,
“tangle-only dementia”, Hallervorden-Spatz disease, Niemann-Pick type C disease, subacute sclerosing
panencephalitis, myotonic dystrophy, non-guanamian motor neuron disease with neurofibrillary
tangles, meningioangiomatosis, and tuberous sclerosis [32]. Neurofibrillary changes have also been
identified post mortem in subjects without any dementia characteristics. There is an assumption that
in such cases the disease was present in an asymptomatic state [7].

It is believed that the concentration of tau protein in CSF relates to the degree of brain cells
damage [37]. Tau protein is secreted from neurons to the cerebrospinal fluid, where it penetrates
through the blood-brain barrier and the arachnoid granules to the bloodstream, which is why it can be
identified in peripheral blood [38]. Results of studies show the correlation between total tau protein
(t-tau) concentration in serum and its brain tissue levels assessed by PET scan [39,40].

1.4. YKL-40: An Inflammatory Marker in Dementia

More and more data show the key role of the inflammatory process (neuroinflammation) in AD
pathogenesis. Most of all, microglia cells and astrocytes are present in the CNS inflammatory response.
These cells are activated by proinflammatory cytokines, as well as Ap and APP, causing the release of
neurotoxic proinflammatory cytokines and reactive oxygen forms, and resulting in intensification of
the inflammatory process and oxidative stress [41]. This knowledge resulted in taking the interest of
inflammatory mediators as potential AD biomarkers.

Chitinase 3-like protein 1 (CHI3L1), also named YKL-40, human cartilage glycoprotein-39 (hcgp-39),
or breast regression protein (BRP-39), is ranked among the chitinase family (glycosidic hydrolases). It is
an acute-phase protein secreted into extracellular matrix through connective tissue cells (neutrophils,
monocytes, macrophages, coming from monocytes, dendritic cells, osteoclasts, chondrocytes, synovial
cells), vascular smooth muscle cells, glandular epithelium, and also thru other cells within an
inflammatory state in response to inflammatory cytokines such as TNF-alpha, INF-gamma, IL-1beta,
and IL-6 [42,43]. Some cancerous cells also have the ability of YKL-40 secretion [44].

In the inflammatory process, YKL-40 acts as an acute-phase protein that regulate proliferation,
adhesion, migration, and cells differentiation. To date, the known functions of YKL-40 are the following:

e connective tissue repair process, i.e., connective tissue growth stimulation, bonding and
fibrillogenesis of collagen, modulating of inflammatory cytokines impact on fibroblasts;

e stimulation of epithelial cells migration;

e modulation, adhesion, and migration of vascular smooth muscle cells;

e stimulation of alveoli macrophages to metalloproteinases and chemokines secretion;

e increase in auxiliary lymphocytes Th2 response caused by antigens;

e regulation of oxidative stress response;

e regulation of apoptosis process (i.e., prevention of epithelial cells apoptosis);

e stimulation of M2 macrophages differentiation;

e suppression of mammary gland epithelial cells differentiation [42,43,45].

Studies have described the relationship between YKL-40 and AD (occurrence of increased YKL-40
expression areas, concentrating mainly on astrocytes surface, around amyloid plaques and blood
vessels, with amyloid angiopathy in patients with AD brain [46]), and the relationship between APOE4
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genotype and YKL-40 concentration in cerebrospinal fluid (CSF) [47]. This was also supported by an
experiment conducted by Choi et al., who found, in mice disease model, decreased APP expression
and an improvement of rodents’ cognitive functions after administration of substance suppressing
CHIBL1 activity [48]. The relationship between neuroinflammation and described biomarkers in AD
are shown on Figure 1.

o

plaque

(V)/

Figure 1. The role of neuroinflammation and neurodegeneration processes in the formation of dementia
protein biomarkers, i.e., amyloid, tau, and YKL-40. IL-1b, interleukin 1 beta; IL-6, interleukin 6; TNF-a,
tumor necrosis factor alpha.

YKL-40 diagnostic utility is limited by its non-specificity. An increased concentration of this
protein was found in various types of cancer, inflammatory and autoimmune diseases [43], bacterial,
viral, and parasitic infections [44]. An increase in serum YKL-40 concentration was also documented
in VD and mixed dementia with vascular risk factors, such as metabolic syndrome [49], coronary
heart disease [50], atrial fibrillation [51], and obstructive sleep apnea [52]. Xu et al. concluded, in a
group of patients with prehypertensive state, that the disease could be preceded by an increase in
YKL-40 concentration [53]. In the first days after an ischaemic stroke, an increase in this marker was
proportional to the volume of the stroke site and the severity of symptoms [54].

An increase in YKL-40 expression was observed in tissues and bodily fluids other than
serum, for example, in motor cortex and spinal cord of patients with atrophic lateral sclerosis [55],
in hippocampus of schizophrenia patients [56], or in CSF of elderly woman with suicidal thoughts [57].
On the one hand, increased YKL-40 immunoreactivity in brain, correlating with tau protein,
was observed in tauopathies other than AD [58]. On the other hand, studies conducted by Isgren et al.
have shown that decreased concentration of YKL-40 in CSF of patients with bipolar disorders was
preceded by episodes of mania or hypomania [59].
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1.5. Practical Aspects of Using Dementia Biomarkers

Many studies conducted, to date, have proven that brain lesions precede the occurrence of clinical
symptoms of disease even by 20 years [1], which gives hope to use these observations for development
of early detection and prevention methods. Efforts that have been undertaken to use proteins involved
in disease pathogenesis as biomarkers have proven that they can inform about disease existence even
in the asymptomatic stage and they also correlate with disease intensification when neuropathological
changes buildup [60].

Considering potential application, the following can be singled out:

e predictive biomarkers for estimating disease in the preclinical stage, and for estimating
clinical prognosis;

e  diagnostic biomarkers in precise differential diagnosis;

e biomarkers for healing response and assessing the effectiveness of therapy;

e surrogate markers for estimating the influence of therapeutic intervention on selected
pathophysiological processes;

e trait markers, strictly tied to disease characteristics (e. g., mutations);

e  condition markers (e.g., enzymes) for monitoring progression of disease [22].

Diagnosis and monitoring of dementia are carried out mainly by clinical assessment and
neuropsychological tests. It is only possible to diagnose the disease in the symptomatic stage,
and the given diagnosis is considered to be probable [22]. Regular neuropsychological assessment,
which is recommended as an early dementia diagnosis tool, is not fulfilling its role. The main
causes of this situation are (among others) the long waiting time for an appointment and very short
duration of visits. In standard healthcare, a common problem is also inaccurate screening performance
and interpretation of cognitive functioning of patients. This results from insufficient training and
experience of primary care staff. The key step is the referral of a patient to a specialist by a general
medical practitioner. Adequate biochemical markers could be an inestimable tool in the hands of
family physicians, facilitating selection of patients in need of specialist treatment [61]. Regardless of
health benefits, early AD diagnosis could significantly reduce treatment and care costs generated by
patients [1].

Usage of biomarkers in dementia diagnostics could aid early diagnosis, monitoring of disease
severity, and recovery prognosis. It could also help in the development of more personalized
pharmacotherapy by adequate recruiting and grouping of subjects, as well as assessment, in clinical
trials, of test drug effectiveness and dosage [15]. The role of biomarkers in the development process of
new drugs is crucial because of verification of patients included in clinical trials, for example, the PET
amyloid test showed that many of the patients were falsely classified as AD patients [62]. In the future,
proper selection and use of biomarkers may enable the development of personalized therapy for every
individual patient, such as in modern oncological treatment standards [15,61]. However, the current
goal, in studies on AD biomarkers, is to achieve a cost-efficient screening test with high negative
(not necessarily high positive) predictive value, which should have the ability to identify AD cases on
a large scale [61].

An ideal diagnostic marker should be characterized by at least moderate sensitivity and high
specificity (>85% [22]), ease of obtaining research material, easy determination method, repeatability,
and low cost [60]. It should also have the ability to identify disease in the early stage and differentiate
it from other dementias, reflecting the neuropathology of the examined disease. Another important
characteristic of a valuable biomarker is the absence of concentration changes due to the influence of the
used symptomatic treatment [22]. Currently, on the one hand, biomarker identification in cerebrospinal
fluid (A B42, t-tau, p-tau) requires qualified personnel that can use a more invasive, expensive, and often
non-refundable procedure for material extraction [60,63]. Use of the CSF extraction procedure is
limited to a wide-range population and its repeatability, which calls in to question its usability in
standard healthcare or in clinical trials [15]. Survival assessment of the occurrence of A deposits
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with the PET method is very costly and often non-refundable, moreover it is associated with exposure
to a radioactive substance [63]. On the other hand, collecting a blood sample and its analysis is a
routine procedure that does not require additional personnel training and it is repeatable and possible
to perform in various conditions [61].

Imprecise measurement of the concentration of marker in peripheral blood due to its low
blood-brain barrier (BBB) permeability [60], possible proteolysis of tested protein in peripheral blood,
and its fast elimination by liver or kidneys are the main elements that limit the capability of using
biomarkers from peripheral blood. Moreover, blood is a fluid with a high concentration of various
proteins, posing a risk of obtaining false-positive results with insufficient specificity of applied
tests [61,64]. Therefore, imperfections of available markers may be minimalized by application of
several different test panels [60].

The aim of this review is to gather and summarize studies conducted to date, on using selected
proteins that can act as dementia biomarkers in blood material, for example, AB40 and A 42 amyloids,
tau protein, as well as its phosphorylation products (p-tau) and YKL-40 protein.

2. Experimental Section

For the analysis of acquired studies and their results on concentrations of selected biomarkers
in the blood of dementia patients, the search for works about human research published in English
scientific journals in Medline, Pubmed, and Web of Science databases was conducted with the use
of keywords such as “amyloid beta”, “"tau protein”, "YKL-40 OR CHI3L1” AND ”“dementia OR
alzheimer*” AND “plasma OR serum or blood”. Considering the possibility of outdated laboratory
techniques influencing results, the search was limited only to studies from 2000 to 2020. Among
the acquired search results, only cross-sectional studies with a control group and a test group with
dementia and mild cognitive impairments (MCI) were qualified for comparison. Review articles and
prospective studies were excluded. Studies on biomarkers in other than plasma or serum biological
material, as well as studies on specific isoforms of the markers, were excluded. We also did not
qualify research made on specific groups, i.e., corpses, children, patients with concomitant diseases
(e.g., Down syndrome), or patients with undefined dementia etiology. Some groups of patients were
investigated in more than one article, in such cases, only one methodologically best study was taken
into account. Papers with no significance level “p” value for comparison among groups and in which
test or control groups consisted of less than 10 people were also excluded. The results obtained in
groups other than dementia and MCI were not included in the tables. The number of search results in
each database is listed in the Table 1.

Table 1. Search results in each database.

Biomarker Database Found Qualified Qualified Total
Medline 1698 41
Amyloid beta PubMed 1709 40 50
Web of Science 7133 48
Medline 405 15
T-tau PubMed 397 16 20
Web of Science 1547 14
Medline 14 4
YKL-40 PubMed 11 3 5
Web of Science 38 5
Medline 281 5
et combinaton PabMed 55 ‘
Web of Science 960 5
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3. Results

3.1. Amyloid Markers Ap40, Ap42, and Ap40/42 Ratio

According to the adopted criteria, 50 studies comparing concentrations of AB40, AB42, and their
ratio were selected from the search results. A total number of 7303 patients with dementia or MCI
and people from control groups without any cognitive disorders were examined in these studies.
In 31 studies, the ELISA method was used for identification; in eight studies, the immunomagnetic
reduction method (IMR) was used; in six studies, the fluorescence in multiplex immunology test
method (xMAP) was used; and in two studies, the single molecular array method (Simoa) was used.
In one study, identification was made using the immunoblot method [65]. The most recent from the
covered studies [66] was conducted by carbon nanotubes array (CNT).

The A P40 concentration was tested in 43 trials, listed in Table 2. The obtained results are highly
incoherent. Statistically significant differences among groups were found in only 24 trials, whereas,
in 10 of the trails, the concentrations of AB40 were (contrary to general trend) higher in the control
group. In 39 trials, AD patients were investigated. Twenty trials compared MCI subjects to cognitively
normal controls. The inconsistency of results did not depend on the method used. A large part of
research gave statistically not significant results (12 out of 20 for ELISA, three out of eight for IMR,
two out of five for xMAP).

In 48 of the selected studies, there was a comparison of AB42 among groups. In 32 of them,
the results were statistically significant. In most of the comparisons, the Af42 concentrations were
higher in control groups, but in as many as 13 cases higher concentrations of Ap42 were identified
in patients with dementia or MClI rather than in the control group. Among the methods repeated in
several studies, it was noteworthy that, in all seven studies conducted using the IMR method, the A 342
levels were significantly higher in the AD or MCI groups than in the controls. In addition, studies
based on ELISA or xMAP method gave very inconsistent results.
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Table 2. Studies on AB40, Ap42, and AB40/AB42 in serum.
A p40 Concentration A (542 Concentration
Study N Groups () IpglmLl SDorCI p {pgimLl SDorCl P ABAZAB4D (SD or CI) p Method
AD 272 (100-770) AD73 (25-550) - -
Mchtactal, 000[67] €5 AD (3), HC (9) ik 0005 g e 005 ELISA
AD 1687 (322) AD 3758 (103) J— AD46(09) <0001
Sobowetal, 205(65) 135 AD(SHMCI9HC(S)  MCI6L1(202) 005 MCIZ68(9.3) e MC129 (06) (MClvs ELISA
HC 1601 (15) HC 363 (63) HC 45(0.6) AD+ HC)
AD3R
Pesaresictal, 206[69] 3% AD(146) MCI(89), HC 89) ; . MCIS2 Py - - ELISA
HC54 +HC)
ADCDRI (16) ADCDR 1 ADCDRI13 (¥.2) Rt -
Fﬂsﬁnc‘t al,, 2007 [70] 114 ADCDROS (33), ADCDRODS 051 ADCDRO5 41 (38.9) 0.76 ADCDR&S::‘,?S m;} 0.82 ELISA
HC-CDRO (65) CDRO191 (613) CDR0 3 (29.4) phrrerpipin
Serum Serum Serum
AD 18301 (623) ADOST (082) ADO0S4 0011)
Abdullahetal, HC 13433 (279) <005 HC 9.02 (0.40) 005 HC 0.076 (0.005) <005
i m AD(§7), HC (146) ELISA
2007 [71] Plasma <001 Plasma 005 Plasma 005
AD10338(427) : ADAR (052) : AD00S3 (0.008)
HC 8066 + 1.8 HC 566 (031) HC 0,061 (0.006)
Baranowska-Bik et al,, 124 mildAD (29), m-sAD (28), ) . HC > mildAD » <005 (mild vs. m-sAD) . ; ELISA
200872 HC (67) modsevAD <001 (HCvs. mildAD)
Xuetal, 2008 73] %8 AD(M3) HCpssy  ADM2EOSNpmoll 0., AD1029 (1350 pmolL <0.0001 ;\D‘:f:? :fuouj <00001 ELISA
J HC 95.38 (1230) HC 1213 (1229) :
HCB.34 (383)
Ait ghezalactal, AD91.99 (5.02) AD191 (014, 689) AD Q015 (0.002, 0097)
2008 74 " ADEA) HCam) HC 8104 (294 U5 heas 059, 5%8) ~00s s ELISA
AD 42406 (147.73) AD 13991 (77.82) ADO35(0.16)
Roheretal, M09[75] 38 AD(17, HC (1) vy oy 0.088 Fdeyeip g 0.448 =ty 09 ELISA
Sedaghatetal,, AD1&2(28)
2009 [76] 35 AD(29), HC (18) HC134(14) >005 ELISA
AD 181 (1378) AD 1389 (200) o AD0.086(0013)
Luis et al,, 2009 7] 78 AD(25),MCI(13,HC(40)  MCI158(17.55) 005 MABESpYmL) o el e MCL0.161 (0.045) 002 ELISA
HC 158 (7.65) HC 10 (184) : = HC 0.071 (0.014)
Commaratactal, MC12947 (20.86) MCl 2662 (268) MC10.12 (002)
2009 [75] 2 BACT (197), HC (102) HC 3156 (23.64) >005 HC 1646 (1.46) <o HC0.09 (0.01) < BLI5A
AD 1551 (#42) AD300(10.2) AD0.199 (0.056)
Luietal, 00(79] 1032 ADeza, r’;‘,”g (22, MCI1529 (51.5) 087 MC1302(119) <000 MC10216(0:120) 0001 ELISA
HC 1534 (#02) HC324(97) HC0.221 (0.097)
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A 40 Concentration Ap42 Concentration
Study N Groups (n) [pg/mL] (SDor C1) P [pg/mL} (SD or C1) P AB4YAB40 (SD or CI) P Method
7 AD 378 (113)
Konnoetal, 011(80] 49 AD(39) HC (21) i 00001 - ; - - ELISA
AD%.7 (87) AD321(3.0) AD0.29(0.07)
Hanetal, 012(81] 343 g (112)é:'s[11353.(<;0u;=r yhaasad) >005 VDH3E3) <0001 YDUA(09) <0001 ELISA
IRE ALY e ae 0D 931(11.0) ! 0D7.2(55) OD0.4(0.08)
HC 924 (130) HC 377 (76) HC0.41(0.09)
AD977 (306) AD115(29) Tt AD0.12(003) 0001
Zhangetal, 2013 [s2) 26 AD(IS3VD(3),HC(20)  VD982(205) >005 VD132(31) oo 1,E\D\'“VD? VD014 (0.02) (ADvs. HC,  ELISA
HC 926 (267) HC133(37) Y % HC0.14(001) ADvs.VD)
] AD17.19(219) ] ]
Huang et al, 2013[83] 34 AD (18), MC1 + HC (16) MCI+ HC731 (5.3) 0.079 ELISA
AD51 (16) AD105(7.5)
Ruizetal,0B3(84] 140 ADGIMCI(HC(3)  MCIS89(16) <000 MCI14(18) <0002 (nfs) - : ELISA
HC 444 (14) HC13(12)
MClvs HC
ADS7 apmo@n) I Apged) 0944MClvs. HC
Wang et al,, 2014 [85) 73 MCI54 MCI 51.66 (26.03) Q:;C; MC1 47.49 (0.93) 0.474 MClvs. AD - - ELISA
HC122 HCRU@S) e HC 4753 (197) 0468 ADvs. HC
<0.001
N ) AD 3965 (8.08) AD338 (2349 - -
Trikasetal, 014[86] 55 AD(28), HC (2) b i Pt o 0849 ELISA
T AD 16366 (6676) <0001 (ADvs. HG,VD
20:‘:"; e 105 AD(30), VD (35), HC (40) 3 : VD 14817 (60.24) vs. HC) : - ELISA
7] HC 86.10 (43.75) >0.05 (ADvs. VD)
kg AD(I5)MCI(4) HC ~ HC685>AD>HC <00 ;‘;'C'I‘D HC 66-85 > HC <0.05 for ADvs. HC HC 1830 > HC “:{%‘ "‘D: .
. % 18Wyars(RHCHE  wes>MA>HC  MRMOL 1830 > HC #SSandMCIva HC 065> HCsss5>  MCES - pusa
(13), HC 66-85 (19) 1830 s %-65>AD>Mal 6655 MCl> AD e
Jiaoetal, 2015 [59] 25 AD (156), HC (129) st :;i;: <0001 e :g;; 0001 : : ELISA
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Table 2. Cont.
Ap40 Concentration Ap42 Concentration
Study N Groups (n) {pg/mL} (SD or CI) » {pg/mL] (SD or CI) P AB42/AB40 (SD or CI) r Method
Median Median Median AB40/42 001 (ADvs.
Igarashi et al,, 2015 [%0) 153 AD (70), MCI (50), HC (33) AD. ;‘é’ SPu";"L >005 AD&:.IP"‘“Z""L >0.05 ag% atosh(ﬁ’cl v EUSA
HC514 HC&9 HC69
ABaY42
) AD387 (202) AD90 (40)
Kim etal,, 2015 [91] 146 AD (100), HC (46) 0371 0.003 AD&S(21) 0.000 ELISA
HC 54.2(250) HC 104 (35) HCS0 R
Apissgsty  APYEECP Apwssi) i AD020(064) <aomHg;n -
Poljaket al, 2016 [92] 31 ADEAMCIE)LHCM)  MCI236H(10056)  THE MC137.58 (74.35) S008 acion B0 MC10.23(049) oiopaice, EUSA
HC 25485 (145.72) P HCssEI70) * * HC026(0.59) Ho
LA aMC1 127,63 (2376) 1A aMC140.38 (476) 1A aMC1 0.3 (0.05)
Igroupsof 15aMCland  CAIMCIIEOSI @591)  LAp<00S  CAaMCI121 Q81) CaMC10.16 (0.01)
’ AAIMCII0628(957) CAp=00001  AAaMCl 2648 (261) <0005 (LA) AA aMC1 041 (0.19)
Guewal etal, 2016 {30) 3 mg.':’“"“‘" of LAHC 10481 (1866)  allgroupsp=  LAHC 2369 (234) >0.05 (CA, AA) LA HC0.4 (031) 2005 ELBA
ATCTEnt Taces CA HC 96.02 (20.24) 0.0001 C HC 34.82 (4.00) C HC 0.46 (0.09)
AA HC 10333(1477) AA HC 2695 (4.05) AAHC03(0.05)
z AD 1036 (11.8)
Yamashita etal, AD250(53) AD03(0.1)
2016054 3% AD (18), HC (18) uém“(‘;s) >005 iCiksan >005 HO0S 6 5005 ELISA
Rani etal,, 2017 [95] % AD (45), HC (45) E :féfu*g (:szz;;) <0.001 . . ELISA
Sun etal, 2018 [96] 137 AD(76), HC (61) QCD ﬂig (‘f;g; <0001 ;?:L?;(gf;’ <o . . ELISA
Chenetal, 2018 [%7] 126 AD (%), HC (30) AD 64965 (152.21) <0001 ADSZEBUAY <0001 Al: fﬂf 66) 5005 ELISA
HC 42352 (100.99) HC 21921 (6251) Retiipm
AD 0199 (0.099) ] AD 002 (0.007)
AD(I5) ADCYD (o), v AD-CYDQIT (0083) <u0;(g)o Y& ADCYD0023 (0013)
Bibl et al, 2007 [65) 8 (05 poPDD QOGS . VDOZ0(103) i) VD002 (0.008) >005 . - immunoblot
b h PDPDD 0.185 (0.069) e PDOIPDD0023 (0.007)
HC 0.209 (0.087) P HC 0,025 (0.007)
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AB40 Concentration A 42 Concentration
Study N Groups (1) pg/mL] (SD or CI) P pg/mL] (SD or CI) P AB42/A 40 (SD or C1) I3 Method
AD405 (328-509)
Le Bastard etal, AD (48), non-AD (46), MCI nor-AD 421 (33.1-486)
bt " (39).HC(29) ’ ’ MCI 443 (383-538) 0174 - - AMAP
HC 389 (31.0461)
AD 3068 (2687-3368) AD404 (21-508) AD 0135 (0.110-0.160)
Le Bastard et al,, AD(50), non-AD (50), non-AD 2927 2 non-AD 0.152
210(99] 147 i) pe 0397 m:ég :1(]29(33.4-430) 0506 o120 0056 \MAP
HC 2848 (240.6-3336) 4 (294-467) HC0.137(0.111-0.153)
AD1459(643)  <005(ADvs. AD285 (107 )
S"’m‘d'o'ﬂg“"" 23 AD(O)MCIBH,HCE@S)  MCII6A8(71)  HCandMCI  MCI349(117) ‘°’°i%°‘,‘:ﬂ'g o 2 2 MAP
HC91.9 (285) vs. HC) HC220(92)
0807 (ADvs. 0.904 (AD vs,
AD 1731 (793) AD238(151) ) AD0.15(0.25)
Chouetal, 016[101] 781 "D‘S;'fc" “M;;; (19), MCI 1787 (546) w;‘(%“ MC1 236 (125) e m%‘;‘:fc‘; MaausEo m}:n?a w
HC 1716 (643) HC237(126) : HC0.15 (0.08) :
HC) HO)
. ADIR3 (@39  CO01ADvs. AD37.2(141) ) AD0.232(0.09) SUAD
Hsuetal, 017[102) 35 AD(177), MCL(€0), MCI171.1 (345) HO) MCI34995) 0025 (AD#& HO) MC10210(0.06) HO) XMAP
* HC (108) 0.0013 (MCI 038 (MClvs. HC) 0.0032 (MCI
HC 1437 (34.9) HC336(102) HC 0.239 (0.064)
vs, HC) vs HC)
AD 263 (80) AD369(117)
Hanonetal, I8[103] 1040 AD ‘m&;‘m‘ aMCT 269 (65) 004 aMC1382(119) a0t . : MAP
naMCl 272 (52) naMC1397 (105)
AD53.21 (34.69) AD34.22 (31.62) AD06%06(033%63)  <0.001 (ADvs.
Usluetal, 2012 [104] 60 AD(IS,MCI(16),HC(26)  MCI4798(1620) >005 MCI 2266 (20.83) 0,001 (ADvs. HC) MCI04502(0.1864)  HCand MCI IMR
HC 65,84 (13.47) HC 1579 (0.56) HC 02464 (0.0370) vs HO)
ADS321 (3469) ADM22(31.62) ADaes oy ADYS MY
Chiuetal, 2012[105] 60 AD(IS)MCI(16),HC(26)  MCI47.9841620 5005 MCI 2266 (20.83) 0.001 (ADvs. HC) MCI04302(01868) T IMR
HC 65,84 (13.47) HC 1579 (0.56) HC 02464 (0.0370) g 4
AD349(16) AD189(03) AD052(0.07)
Tzenetal, 2014[106] 45 AD(14) MCI (1), HC (20) MCI41.4(18) <0.001 MC117.2(03) <0001 MC1042(0.07) <0.001 IMR
HC 609 (64) HC159(03) HC0.26 (0.03)
AD439(21) AD232(184) AD055(0.23)
Lee etal, 2017 (107) 140 AD(62), HC (78) HC611(63) and <0.001 HC158(03) and <0001 HC 026 (0.03)and <0.001 IMR
607 (69) 160(0.35) 0.27(0.04)
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Table 2. Cont.
Ap40 Concentration Ap42 Concentration
Study N Groups (1) {pgimL) SDor CD p {pg/mL} (SDor é” p AB42/AB40 (SD or CT) I3 Method
Teunissenetal, AD&3 AD17.9(43) ) . . )
18{108) % HC 43 HC155(21) o i
001
(ADvs. HO) <0.05 (ADvs. HC)
Tangetal, 018[19) 79 ADQ@I, VDAL HC@)  HC>VD>AD g AD> VD> HC <001 (ADvs VD) . : IMR
o <005 (VD vs. HC)
AD95(8) <0001 AD190(27)
Fanetal, 2018 [110] 80 AD(MCI)LHC(9)  MCI413(39) (ADvs, HC, MCI17.0 (20) atnan ‘gc?'“ - - IMR
HCX2(1L1)  MClvs HO) HC161(18)
AD5L7 (37) AD17.4(10) o AD0.338 (0032)
Taietal,09111] 9% ADGIMCIEO,HC(3)  MCI519(49) >005 MCI17.0(07) A S MC1 0330 (0.035) >005 IMR
HC518(51) HC167(07) HC 0326 (0.035)
AD 16050
; (4360-42000) AD 1332 (425-1884) ADOOS (0.04-0.11) :
Startinetal, 019(28) 54 AD(27), HC (2) fradbinns S Lot ety o710 ANuEer <0001 Sitmoa
(26.88-355.60)
0.0001
<0001 (ADvs. HO)
Janelidze etal, AD (57), MCI (214) ADMI(GH ey AD13203) <0001 (ADvs HO) AP0 (002) ) .
216[112) HC (274) M2 6670 <0.0001 MCLIBBG6Y)  owpaDvamcy) — MCIOMSOOL)  pmng S
HCZETED)  Suel HC19662) HC 0073 (0.023) it
(ADvs MCI)
Shietal, M09(113] 155 MCI (65), HC (57) ng'lgj'f(z‘;) 0011 ﬁg';f:g'g’ 0000 . . Simoa
AD median approx. 0.1
Kim et al., 2020 [66] 0 AD(20), HC (20) ADI g:’) 026 A f;:g:;’ <0001 HC median approx. 005 <0.000001 ONT
) (from the graph)

SD, standard deviation; CI, confidence interval; AD, Alzheimer’s disease; MCI, mild cognitive impairments; HC, control group; CDR, clinical dementia rating; VD, vascular dementia; PD,
Parkinson’s disease; mildAD, AD in mild level; m-sAD, moderate and severe AD; non-AD, dementia of etiology other than AD; aMCl, amnestic MCI subtype; naMCl, non-amnestic MCI

tic reduction
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The amyloid peptide concentration ratio was assessed in 29 studies. In nine cases, the results
were not statistically significant. Among the comparisons that were statistically significant, in 11 cases,
the AB42/AB40 concentration ratio was higher in the control groups and, in seven cases, it was higher
in the study groups. In two of the studies, the A342/A 40 ratio was similar in the AD and control
groups and significantly higher than in the MCI groups [68,102]. The results varied depending on
laboratory methods use. None of the three studies using xXMAP gave statistically significant results,
while, in four out of five IMR studies, the AB42/A 340 ratio was significantly higher in the AD or MCI
groups than in the controls. The results obtained in ELISA studies were highly inconsistent.

3.2. Tau Protein

Twenty cross-sectional tests, conducted to date, on t-tau concentration in patients with dementias
and MCI serum, and which meet the search criteria, are listed in Table 3. One work included
two separately examined cohorts [114]; 16 patients with AD and 12 patients with MCI were
examined. Single tests referred to FTD (t-tau significantly higher than in control group [115])
and VD (t-tau significantly lower than in AD and higher than control group [87,109]). The identification
of tau protein was conducted in seven studies by the Simoa method, in six studies by the ELISA
method, in six studies by the IMR method, and in one study by CNT. The absolute values of t-tau
concentration identified by the single molecule array (Simoa) method were lower by one to two orders
of magnitude than values acquired by other methods.

Table 3. Studies on t-tau concentration in serum.

Tau Concentration in Serum

Study N Groups (1) (SD or CI) [pg/mL] P Method
Chiu et al, " AD (10), MCI (20), &%S;}};Q <001 (MClvs AD) o
2014 [116] HC (30) He e o >0.05 (MCl vs. HC)

AD 467 (20)

I(Z)‘;: f]t&'] 45 s (ﬁ)é ?foc)' a1, MCI 335 (2.2) <0.001 IMR
2 2 HC 13.5 (5.5)

leeetal, AD475(18.9)

2017 [107) 140 AD (62), HC (78) HC 15.0 (7.3) and 14.9 (5.5) 900 IMR

e <0.001 (ADvs. HC)
;‘;{g [‘1'(;'] 79 AR (Iz-llc) (\,’g (34), AD> VD > HC <0.01 (ADvs. VD) IMR
- <0.05 (VD vs. HC)
AD 37.54 (12.29) <0.001 (AD vs.

ey 73 e MCI 32.98 (10.18) HC + MCI) IMR
: HC 18.85 (10.16) >0.05 (MCl vs. HC)

- , AD27.1 (48)

e etal, % AD @A) MacHLA. MCI 245 (4.0) <0.05 IMR
2019 [111] HC (13) o
AD 213.95 (44.57) 0.457 (MCl vs. HC)
oo g 73 e MCI 20.61 (39.65) remaining ELISA
s HC 214.94 (43.23) comparisons p > 0.05
Krishnanetal, o AD (30), VD (35), Q%iﬁgzg,?ﬁz)) <005(ADvs.VD) oo
e o 3(326.2
2014 [87] HC (40) ooy e <0.001 (AD vs. HC)
Jiao et al., AD 227.1 (102.2)
il 285 AD (156), HC (129) e 16 o) <0.001 ELISA
AD 47.49 (9.00) <0.001 (AD vs. HO)
S"f(:‘l';"‘['f];;‘"' 13 AD o :‘gg)' 7). MCI 39.26 (7.78) <0001 (ADvs. MCI)  ELISA
2 HC 34.92 (6.58) 0.059 (MCl vs. HC)
Rani etal, AD 45176 (240.82)
s 90 AD (45), HC (45) e o ot <0.001 ELISA
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Table 3. Cont.
Study N Groups () T fgg‘::gi‘;' [(:;/l:lfle A P Method
Jiangetal, AD 26.14 (11.52)
e 238 AD (110), HC (128) 161 Hd <0.001 ELISA
Dage etal, MCI (161), MCl4.34 ,
2016 [120] 9 HC (378) HC 4.14 o Stmon
I AD (179), MCI , i
Mattsonetal, 563 + 547 (195, HC 189), ~ AD312(1:30)and537(256) 015 140,58 (AD .
2016[114]  (wocohorts) IEADN),MCI  MC1271(132)and546271) 0 "y Hey S
e iCas  HC258(119)and 558 (251)
Mielke et al., o MCI4.5(1.8) i
ol 458 MCI (123) HC (335) HoGis 0.28 Simoa
Detersetal, - AD (168), MCI il 0002 (AD vs. %
2017 [122] (174), HC (166) HC271(1) MCI + HC) Hmoa
T AD72 (28) 0.029 (AD vs. MCI)
g 267 o MCI5.9 (28) 0001 (ADvs. HO)  Simoa
: ‘ HC 5.9 (1.9) >0.05 (MCl vs. HC)
- , BvFTD 1.96 (1.07)
Fokahd etal, 176 BYETD (71), TRA PPA 2.65 (2.15) <0.05(FTDvs. HQ)  Simoa
2018115 (83), HC (22) i
Shietal, MCI3.71 (23) ,
b 1 155 MCI (68), HC (87) ool 0.865 Simoa
Kimetal,, AD322(16.4)
Ssbpis m AD (20), HC (20) e <0.001 ONT

SD, standard deviation; CI, confidence interval; AD, Alzheimer’s disease; MCI, mild cognitive impairments; HC,
control group.

In 14 studies, t-tau concentration was higher as compared with a control group; in five studies,
there was no significant difference; and in two studies [87,95], t-tau concentration was higher in the
control group. A significantly higher concentration of t-tau protein in AD as compared with a control
group was identified in 13 out of 16 studies, and AD as comparing with MCI in eight of nine studies.
In addition, in studies comparing t-tau concentration between MCI and the control group, results
indicating diagnostic usability of this marker were achieved in only two out of 12 comparisons.

In all six studies using the IMR method and in five out of six studies performed with
ELISA determination, tau levels were significantly higher in AD/MCI patients. Simoa gave less
consistent results, i.e., in three out of eight cohorts the differences among groups did not reach the
statistical significance.

3.3. Amyloid Markers and Total Tau Protein Combinations

In database searches, there were four studies on t-tau/A 342 ratio as a dementia biomarker in serum.
The results are listed in Table 4. In three studies, the t-tau/A42 concentration ratio was higher in the
control group than in the AD group, but, in one of them, this difference was not statistically relevant.
The age gap between the AD groups and control groups could have influenced the obtained results
from this study [28]. In the Krishnan et al. study, the combination of both markers was characterized
by significantly higher diagnostic sensitivity in differentiation of AD from healthy subjects (90.3%,
AUC 0.991), than each separate marker (80.6%), but specificity for t-tau, AB42, and markers ratio
hovered around 67% [87]. Kim et al. acquired a higher t-tau to A 42 concentration ratio level in
the test group, using a new identification technique [66]. Assessment of t-tau/AB42 in serum was
also conducted by Park et al. Authors of this study did not provide a comparison among groups
(AD, MCI, HC), but they were searching for a correlation of acquired biomarkers ratio to existence or
non-existence of tau protein deposits by the use of PET. The researchers managed to show a relation
between biomarkers concentration ratio and occurrence of tauopathy within cingulate gyrus, temporal,
prefrontal, and orbitofrontal cortex [40].
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Table 4. T-tau/AB42 diagnostic usability studies.

17 of 26

Study N Groups (n) T-taw/AB42 (SD/CD r Method
. AD 3.42 (2.66) <0.05 (AD vs. VD)
K“;:}‘;‘;‘“S‘;‘ al, 495 AD (13-’10c)' ‘;5’ (35), VD576 (3.84)  <0.001 (ADvs. HC  ELISA
871 (40) HC 15.06 (10.64) and VD vs. HC)
Rani et al., AD 3.08 (2.35)
2017 [95] 90 AD (45), HC (45) HC 13.36 (4.42) <0.001 ELISA
Startin et al., AD 1023 (0.77-52) .
2019 [28] > AD@27), HC@7) 41059 (1.14-82.25) >0.05 Simoa
Kim et al AD median about 5.5
% 40 AD (20), HC (20)  HC median 2 (read <0.000001 CNT
2020 [66] .
from the figure)

SD, standard deviation; CI, confidence interval; AD, Alzheimer’s disease; MCI, mild cognitive impairments; HC,

control group.

Moreover, diagnostic usability of the t-tau/A p42 ratio identified by IMR method was assessed in
two other studies. The results obtained by Chiu et al. pointed to 80% sensitivity and 82% specificity of
the biomarker ratio in AD as compared with MCI, as well as 96% sensitivity and 97% specificity for the
cognitive impairments group (AD and MCI) as compared with healthy subjects. The authors did not
provide the p value for comparisons among groups [123]. In the Tsai et al. study, the difference between
a cognitively impaired group and a control group was statistically relevant (p < 0.05), but in the AD
and MCI groups the acquired values of the biomarker ratio overlapped (respectively 473.2 + 107.4 and

4183 + 80.3) [111].

3.4. YKL-40

The adopted search criteria were met by five studies that focused on diagnostic and prognostic
usability assessment of YKL-40 in MCI and dementia in serum of patients. Their results are listed in

Table 5.

Table 5. YKL-40 concentration in serum studies.

YKL-40 Concentration in
Study N Groups @  Gorum (SD or C) [ng/mL] P Method
Craig-Schapiroetal, . AD(CDRIand :DD((CCDD]{{A)é)?lg {11(?) 0031 ADCDR1vs HO) oo
2010 [45] CDRO0.5), HC HC (CDR 0), 625 (3.4) 046 (AD CDRO5 vs. AD)
AD: 376.86 (54.1) ,
Choietal,2011[124] 141 P “[’_1135 r(\g_c)[ @, MCL176.49 (25.69) 00%4(%3 ‘:‘ Sg])) ELISA
> HC: 96,91 (11.02) : Ve
15@MCland 10 LA aMCI 114.08 (30.02)
(HC) women of CA aMCI 93.39 (12.70) 0.033 (LA)
Grewal etal,, - white race (CA), AA aMCI 54.26 (10.12) 0.418 (CA) —_—
2016 [93] Afro-Americans LA HC 54.2 (8.37) 0.988 (AA)
(AA)and people of  CA HC 70.92 (15.96)
Latino origin (LA) AA HC 54.66 (14.42)
Surendranatan et al., DLB 64.150 (46.616) -
2018 [125] 35 DLB(19), HC (16) HC 43,084 (28.357) 0.115 ELISA
DLB: 167 (157)
CJD 78), AD (50), 1D 125 100
Villar-Piqueetal, .. DLB(34), FTD(17), IVIDD_' 140 (150, <0.001 (CJDvs. HO) ELISA
2019 [126] VD (22), ND (44), AT: 133 (130 remaining p > 0.05
HC (70) 133 (110)
ND: 95 (61)
HC: 84 (84)

SD, standard deviation; CI, confidence interval; AD, Alzheimer’s disease; MCI, mild cognitive impairments; HC,
control group; CDR, clinical dementia rating; CA, Caucasian race; AA, African American race; LA, Latino-American
race; aMCI, amnestic MCI subtype; VD, vascular dementia; CJD, Creutzfeld-Jakob disease; DLB, dementia with
Lewy bodies; FTD, frontotemporal dementia; ND, neurological diseases other than dementia.
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Briefly, the findings of these five studies were the following:

1. Craig-Schapiro et al. found a statistically relevant increase in YKL-40 concentration in serum
with disease progress which corresponded with results from CSF [45].

2. Choi et al. suggested that YKL-40 could be highly useful in the diagnostic of MCI progression
to mild AD. This was supported by the highest marker increase among these groups and the
correlation of acquired results with patient functioning, measured by the CDR scale at this stage
of disease progression diagnosis [127]. The results of this study do not clearly reinforce the
prognostic value of YKL-40 in serum, but they suggest its diagnostic usability in combination
with other markers (A 342, tau, and p-tau) [124].

3. Grewal et al. examined women with amnestic MCI subtype from various ethnicity groups.
Statistically significant concentration differences of YKL-40 among subgroups were identified only
in the Latin American group. In addition, other measured biomarkers showed the differences of
sensitivity among ethnic groups [93]. Amnestic type MCl is a state highly predisposing to AD,
contrary to non-amnestic types which are the bases for developing other dementias. The results
of prospective studies show that, every year, dementia is developed in 10-15% of patients with
MCI [128].

4.  Surendranathan et al. did not shown any statistically significant YKL-40 concentration differences
between patients with DLB and a control group [125].

5.  Villar-Pique et al. did not obtain any statistically relevant differences between AD patients and a
control group. The acquired results were significantly divergent across groups. Among the tested
groups, highly increased YKL-40 concentrations were observed in patients with CJD (p < 0.001)
and to a lesser degree in patients with LBD (p < 0.05). The authors hypothesized that the crucial
factor influencing the concentration of the marker in peripheral blood may be the damage level
of the blood-brain barrier in the course of primary disease [126].

4. Discussion

In dozens of studies, conducted to date, comparing the concentrations of AB40, AB42,
and AP42/AP40 in blood of dementia and MCI patients, the results have been incoherent.
This constitutes a fairly surprising observation regarding the crucial role of AR in AD pathogenesis and
proven diagnostic value of amyloid markers in CSE. The incoherence of the observed results suggest
that AP concentration in serum does not reflect its level in brain tissue and CSE It is equally probable
that not enough restrictive selection of a control group regarding comorbidities or imprecision of used
laboratorial methods could have had an influence on these results.

Tau protein is characterized by higher specificity than other markers. In common, typically for the
elderly somatic disorders, there was no increase in its concentration. The concentration of tau protein
increases mainly in tauopathies, from which many of them are rare diseases. Therefore, t-tau may
be the preferred marker in patients with somatic ailments. The most common tauopathy, other than
AD, is FTD. The t-tau concentration in serum is increased in both of these diseases, however it seems
that regarding specific FTD symptoms (behavioral problems preceding dementia and distinctive
aphasia) differentiation of these diseases may not be a major diagnostic problem. According to many
experts, tau protein hyperphosphorylation and its accumulation in the form of neurofiber tangles is
secondary to amyloidopathy. The results of studies have highlighted that the lack of an increase in
t-tau, in patients with MCI, could possibly be confirmation of this theory. T-tau may, thus, serve as
a marker of progression from MCI to AD. However, it seems useless in asymptomatic stages and
MCI diagnostics.

The past failure to identify a single, sensitive, and specific dementia serum marker implies
attempts using combinations of more than one biomarker. In several studies, conducted to date,
comparing values of t-tau and AP indicator, the acquired results were promising, and therefore this
seems to be a good reason for further studies.
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There are not many works on using YKL-40 in dementia diagnostics.  Studies by
Craig-Schapiro et al. [45], Choi et al. [124], and Grewal et al. [93] have given hope for its use in
diagnostics of early stage dementias (MCI and mild stage AD). Less promising results were acquired
by Villar-Pique et al. [126]. Due to the increase in this marker in many other diseases, there is an
assumption that its usage may be limited only to the patients without any somatic comorbidity.

Considering the results of amyloid markers separately for individual laboratory methods,
we noticed some differences. In the case of amyloid markers, on the one hand, almost all tests
performed with the IMR method gave consistent, statistically significant results, in contrast to the
determinations by ELISA or xMAP. On the other hand, the Simoa method, often used for the
determination of tau protein concentrations, in the analyzed works, gave much less consistent results
as compared with ELISA and IMR. Therefore, it seems that the laboratory method used may influence
the obtained results.
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Introduction: The diagnosis and treatment of dementia is one of the greatest challenges
in contemporary health care. The widespread use of dementia biomarkers would improve
the quality of life of patients and reduce the economic costs of the disease. The aim of
the study was to evaluate the usefulness of proteins related to the Alzheimer’s disease
pathogenesis —amyloid beta isoform (AB) and total tau protein (t-tau), as well as the quite
recently discovered marker YKL-40 in the most common types of dementia.

Methods: 60 dementia (AD—Alzheimer's disease, VaD—vascular dementia,
MxD—mixed dementia) and 20 cognitively normal subjects over 60 years old were
examined. Subjects with dementia of etiology different than AD or VaD and with
neoplastic or chronic inflammatory diseases were excluded. Concentrations of Ap40,
AB42, t-tau, and YKL-40 were measured in serum using ELISA kits on admission and
after 4 weeks of inpatient treatment. ANOVA and Tukey's test or Dunn’s test were
used to perform comparison tests between groups. Correlations were measured using
Pearson'’s coefficient. Biomarker diagnostic utility was assessed with ROC analysis.

Results: YKL-40 differentiates between cognitively normal and mild dementia patients
with 85% sensitivity and specificity and t-tau with 72% sensitivity and 70% specificity.
YKL-40 and t-tau concentrations correlate with each other and with the severity of
clinically observed cognitive decline.

Conclusions: YKL-40 is a sensitive and specific biomarker of early dementia and, to a
lesser extent, of dementia progression, however, many comorbidities may influence its
levels. In such conditions, less specific but still reliable t-tau may serve as an alternative
marker. Obtained results did not confirm the diagnostic utility of amyloid biomarkers.

Front. Psychiatry 12:725511. Key is: Alzheimer's d ia (AD), lar d ia (VaD), mixed d yloid beta, tau protein, YKL-40
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INTRODUCTION

Dementia is a group of diseases causing cognitive dysfunction
and disturbing functioning in everyday life (1). According to
World Health Organization, around 50 million people in the
world have dementia and every year there are nearly 10 million
new cases (2).

The most common cause of dementia is Alzheimer’s disease
(AD), found in 60-80% of dementia cases. AD is a primary
degenerative disease resulting from the accumulation of amyloid
beta (AB) plaques in the perineural spaces and fibrillary tangles
composed of tau protein inside neurons, leading to nerve cell
damage and death. In about half of AD patients, another
predominantly vascular cause of dementia coexists, which is
classified as mixed dementia (MxD). Vascular dementia (VaD)
is the second most common cause of dementia and it accounts
for 10% of total dementia cases, while in another 30% it is a
component of MxD (1).

The diagnosis of dementia is often made too late due
to the insufficient availability of specialistic healthcare and
lack of training of personnel (3). To date, the use of AD
biomarkers is limited by their high cost, low availability, and
invasiveness of the CSF collection procedure (3). A diagnostic
test based on a serum biomarker could be widely used, as blood
collection is cheaper, faster, less invasive, and more acceptable
for the patient (4). An ideal biomarker should give reliable and
reproducible results, be inexpensive and easy to use (5), and be
related to the neuropathology of the disease, and validated in
neuropathologically confirmed cases. It should also be detectable
in the early stages of dementia and not be affected by applied
treatment. It has been considered that an acceptable level of
sensitivity and specificity of the AD biomarker is >85% (4).
Biomarkers may also be used to assess the likelihood of preclinical
disease occurrence and further prognosis, differential diagnosis,
therapeutic response, or disease progression (4). In the process
of drug development, biomarkers could help in subject selection
and group assignment, as well as in the study drug evaluation (5).

Due to their key role in the pathogenesis of AD, amyloid
markers and tau protein are considered as potential biomarkers
of dementia in serum. AB1-42 is the major component of amyloid
plaques, negatively correlating with the burden of amyloid
deposits in the brain tissue, while AB1-40 is a more soluble,
less amyloidogenic form which may even protect against Ap
deposition (5). Amyloidopathy also occurs in VaD as cerebral
amyloid angiopathy (6). Some studies have yet confirmed the
correlation between blood AB1-42 and AB1-40 concentrations
and the presence of AD (7-9), while the results of other studies
contradicted this thesis (10-12). The concentrations of amyloid
markers in vascular dementia have been also investigated (13).

The second key element of AD pathogenesis is tauopathy (5).
Some studies have confirmed the increase of total tau protein
(t-tau) in the serum of AD (14-16) and FTD subjects (17). In
a study including a VaD group, the highest t-tau concentrations
were obtained in AD, an intermediate in VaD, and the lowest in
controls (13).

An inflammatory marker YKL-40 is also considered
as a potential biomarker of dementia (18), neoplastic

diseases, and chronic inflammation (19). The increase in
YKL-40 concentration in AD results from the activation
of proinflammatory cells due to cell death caused by the
accumulation of beta amyloid (20). Therefore far, the increase in
the concentration of this marker in AD has been confirmed in
two cross-sectional studies (21, 22).

MATERIALS AND METHODS

Participants

Subjects with dementia were recruited among patients of the
psychiatric hospital in Choroszcz, Poland. All subjects gave their
informed consent before participation in the study. The study
was conducted in accordance with the Declaration of Helsinki,
and the protocol was approved by the Ethics Committee of
Medical University of Biatystok (R-1-002/62/2016).

Examined subjects were hospitalized for psychiatric reasons.
Patients with more severe cognitive decline were hospitalized for
disorders associated with dementia (e.g., behavioral symptoms),
while those with mild dementia—for in-depth neurocognitive
diagnosis or for other mental disorders (e.g., anxiety disorders).
First, they were prescreened with Mini Mental State Examination
(MMSE) according to the PAR MMSE Clinical Guide Reorder
#R0O-4922. The cut-off MMSE score was set on 23 points. After
prescreening, 100 demented patients without inflammatory and
neoplastic comorbidities were included.

Subsequently, to exclude secondary dementia, all of them
underwent: brain computed tomography and blood tests:
morphology, sodium, potassium, chloride, total calcium,
urea, creatinine, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), C-reactive protein, thyroid stimulating
hormone, folic acid, and vitamin B12. In all subjects, laboratory
test results were either within the normal range or showed slight,
clinically insignificant deviations from the reference values
(Supplementary Table 1). Due to the possibility of a decrease
in cognitive functioning secondary to depression, the presence
of depression was excluded using the Geriatric Depression
Scale (GDS).

The diagnosis of dementia subtypes was established clinically
by experienced clinical psychologists and psychiatrists based on
the case history, observation, computed tomography (presence
or absence of vascular lesions in the central nervous system)
and a battery of neuropsychological tests selected individually
for each patient. The tests were matched to the individual level
of cognitive functioning and included tools such as ACE-R,
Verbal Fluency Test, Frontal Assessment Battery, Stroop test, Rey
Complex Figure Test, Rey Auditory Verbal Learning Test, Trail
Marking Test. Patients with clinical features of primary dementia
other than AD, such as Lewy body dementia or FT'D, were not
eligible for the study. The final diagnosis was made based on
ICD-10 research criteria [Table 1; (23)].

Of the 100 prescreened subjects, 60 patients with dementia
were finally qualified for biomarker determinations, including 20
with AD, 20 with VaD, and 20 with MxD with Alzheimer’s and
vascular features. The subjects chosen from prescreened group
had the lowest burden of comorbidities in order to minimize
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TABLE 1 | ICD-10 dementia research diagnostic criteria used in the study (23).

DEMENTIA

G1. Evidence of each of the following:

(1) A deciine in memory, which is most evident in the learning of new information, although in more severe cases, the recall of previously learned information may be
also affected. The impairment applies to both verbal and non-verbal matenal. The decline should be objectively verified by obtaining a refiable history from an
informant, supplemented, if possible, by neuropsychological tests or quantified cognitive assessments. For exampie, the individual has difficulty in registening, storing
and recalling elements in daily iving, such as where belongings have been put, social arrangements, or information recently imparted by family members.

(2) A deciine in other cognitive abilities characterized by deterioration in judgement and thinking, such as planning and organizing, and in the general processing of
information. Evidence for this should be obtained when possible from interviewing an informant, supplemented, if possible, by neuropsychological tests or quantified
objective assessments. Deterioration from a previously higher level of performance should be established. Activities are increasingly restricted and poorly sustained.

G2. Preserved awareness of the environment [i.e., absence of clouding of consciousness (as defined in FOS, criterion A)] during a penod of time long enough to

enable the unequivocal demonstration of G1.

G3 A decline in emotional control or motivation, or a change in social behavior, mandest as at least one of the following: (1) emotional labiity; (2) irmitabifty; (3) apathy;

(4) coarsening of social behavior.

GA4. For a confident clinical diagnosis, G1 should have been present for at least 6 months; if the period since the manifest onset is shorter, the diagnosis can only be

tentative.

AD (F00) VaD (F01)

MxD (F00.2)

A. The general criteria for dementia (G1 to G4) must
be met.

B. There is no evidence from the history, physical
examination, or special investigations for any other
possible cause of dementia (e.g., cerebrovascular
disease, Parkinson's disease, Huntington's disease,
normal pressure hydrocephalus), a systemic

the following:

G1. The general criteria for dementia (G1 to G4) must be met.
G2. Unequal distribution of deficits in higher cognitive functions, with some affected except from the absence
and others relatively spared. Thus memory may be quite markedly affected while
thinking, reasoning and information processing may show only mild decline. met.
G3. There is clinical evidence of focal brain damage, manifest as at least one of

A. Al of the AD criteria,

(1) unilateral spastic weakness of the limbs;
d tendon

disorder (e.g., hypothyroidism, vit. B12 or folic acid ~ (2) uni y ir

(4) pseudobulbar palsy.

(3) an extensor plantar response;

G4. There is evidence from the history, examination, or tests, of a significant

cerebrovascular disease, which may reasonably be judged to be etiologically
related to the dementia (e.g., a history of stroke; evidence of cerebral infarction).

the possible impact of these diseases and their treatment on the
study results. Assessment of the MMSE scale was performed
by the same investigator twice (at the beginning and after 4
weeks of treatment) in the study group. Raw MMSE results
were adjusted for age and education level of examined subjects
using the formula: adjusted MMSE = raw MMSE - (0.471
% [Education-12]) + (0.131 x [Age-70]) (24). The blood for
biomarker determination was collected twice—on admission and
after 4 weeks of inpatient treatment.

To assess the impact of dementia severity on biomarker
concentrations, we also divided the subjects with dementia into
two groups. Patients with an adjusted MMSE score >20 points
were qualified for the mild dementia group (MD) and those with
lower MMSE scores for the moderate to severe dementia group
(MSD). The MD group contained 17 subjects (4 AD, 7 VaD, and
6 MxD) and the MSD group-—43 subjects (16 AD, 13 VaD, 14
MxD). The demographic characteristics of the groups are shown
in Supplementary Table 2.

The control group was consisted of 20 cognitively normal
attenders of the Healthy Senior University at the Faculty of
Health Sciences of the Medical University of Bialystok. The
healthy volunteers had adjusted Mini Mental State Examination
(MMSE) test results within the normal range (27 points or more).
In the control group, the occurrence of chronic inflammatory and
neoplastic diseases was excluded using the medical history and a

panel of laboratory tests. As in the study groups, depression was
excluded using the GDS scale.
All participants were over 60 years of age.

Biomarker Determination

Blood was collected from the ulnar vein, centrifuged, and
then frozen at —80°C until the biomarker determination was
performed. In the study groups, blood was taken twice—
on admission and after 4 weeks of hospitalization, to assess
the possible impact of the treatment on the concentration of
biomarkers. The concentration of YKL-40, t-tau, AB1-40, and
AB1-42 in serum was determined by enzyme immunoassay
ELISA using ready-made diagnostic kits from USCN Life
Science, Wuhan, China. The manufacturer’s instructions were
followed. The absorbance of the samples was measured using an
Infinite M200 PRO Multimode Microplate Reader (Tecan). All
determinations were made in duplicate tests.

Statistical Analysis

Statistical analysis of the results was performed with GraphPad
Prism 7.0 for MacOS (GraphPad Software, La Jolla, USA). The
D’Agostino-Pearson test and the Shapiro-Wilk test were used
to assess the normality of the distribution, and the Leven test
to assess the homogeneity of variance. All data are presented
in graphs or tables as mean and standard deviation (SD).

Frontiers in Psychiatry | www.frontiersin.org

56

September 2021 | Volume 12 | Article 725511



Wilczyriska et al

Serum Biomarkers in Dementia

For comparisons between groups, ANOVA and Tukey’s test
were used, and in the absence of normal distribution—the
Kruskal-Wallis and Dunn’s test ANOVA. Multiplicity adjusted p-
value was also calculated. Correlations between biomarkers were
assessed using the Pearson correlation coefficient. Multivariate
analysis of the simultaneous impacts of many independent
variables on one quantitative dependent variable was made
by means of linear regression. Gender, age, and MMSE were
included as independent variables; 95% confidence intervals (CI)
were reported along with regression parameters. The diagnostic
usefulness analysis of biomarkers was assessed using Receiver
Operating Curve (ROC) analysis. The confidence intervals of
sensitivity and specificity were calculated using Wilson/Brown
method. The level of statistical significance was set at p < 0.05.

RESULTS

Demographics and Diagnostic Tests
The analysis of variance showed no statistically significant
differences in the age and education of the respondents between
the groups (Supplementary Table 1). The groups were consisted
of 60 women and 20 men (AD - 6; VaD - 4; MxD - 5; C - 5 men).
The results of basic examinations and studies aimed at
excluding secondary causes of dementia were within the normal
range. The only statistically significant differences between the
groups were observed in the concentrations of sodium, chloride,
MCYV, platelecrit, aspartate aminotransferase, and blood glucose
(Supplementary Table 1). All subjects of the study group had
brain CT scan. Only those without CNS vascular changes were
qualified to the AD group. None of the subjects had acute brain
hemorrhage or ischemia, tumors, or other lesions that might
indicate a cause of dementia other than AD or VaD. The GDS test
ruled out depression in all participants. The obtained GDS results
ranged 0-6 points. Assessment of the MMSE scale was performed
once in the control group and twice (at the beginning and after
4 weeks of treatment) in the study group. The obtained results
were comparable in all groups with dementia and statistically
significantly lower than in the control group. There were no
significant differences in the adjusted MMSE score before and
after 4 weeks of inpatient treatment (Figure 1).

Correlation of Biomarker Concentrations

With the Assessed Parameters

YKL-40 correlated with the concentrations of other markers (t-
tau and AB1-42/AB1-40), the severity of dementia as reflected by
the MMSE score, and the parameters of inflammation (C-reactive
protein and percentage of neutrophils). A negative correlation
with ALT activity was also observed.

T-tau correlated positively with YKL-40 and dementia severity
(negative correlation with the MMSE score). Among the
laboratory parameters, the correlation with the percentage of
neutrophils and the concentrations of sodium, calcium, and
creatinine achieved the level of statistical significance.

Correlations between the values of the Ap1-42/AB1-40
index and the concentrations of YKL-40 and AP1-40 were
also observed. There was no relationship between amyloid
markers and t-tau concentrations. The concentrations of

MMSE

30 4 ANOVAP <0001,

< '9:9: +°° @:@\&9\

FIGURE 1 | MMSE scores on admission and after 4 weeks of hospital
treatment. ****p vs. C <0.0001.

TABLE 2 | Statistically significant correlations found between MMSE,
inflammatory parameters and analyzed biomarkers.

Parameters R 95% CI P
YKL-40 0 and YKL-40 1 0.461 0.2342 10 0.6398 < 0.0001
YKL-40 0 and AB1-42/A31-400  0.288 0.03707 to 0.5052 0.026
YKL-40 0 and MMSE 0 -0614 -0.7507 to —0.4263 < 0.0001
YKL-40 1 and t-tau 1 0.36 0.1163 to 0.5622 0.005
YKL-40 1 and MMSE 1 -0.563 —0.71451t0-0.3601 < 0.0001
YKL-40 1 and CRP 029 -0.2512100.2566 0.025
YKL-40 1 and Neu 0.507 0.2861 to 0.6767 < 0.0001
t-tau 0 and MMSE 0 -0.287 ~—0.5041 to ~0.03550 0.026
t-tau 1 and MMSE 1 -0.287 -0.5041 to —0.03551 0.026
t-tau 1 and Neu 0.269 0.01127 to 0.4929 0.041
Ap1-40 0 and AB1-40 1 0.323 0.07473 t0 0.5328 0.012
Ap1-40 0 and AP1-40/AB1-420 -0.819 -0.8881t0-0.7131 < 0.0001
Ap1-40/AB1-42 1 and AB1-401  —0.778 —0.2503100.2575 < 0.0001
MMSE 0 and CRP -0407 ~-0.5992t0-0.1710 0.001
MMSE 0 and Neu —-0.674 —0.7937 to —0.5027 < 0.0001

MMSE, Mini Mental State Examination; CRF, C-reactive protein; Neu, neutrophils;
Leu, leucocytas; YKL-40 0, YKL-40 concentration on admission; YKL-40 1, YKL-40
concentration after 4 weeks of treatment; MMSE 0, MMSE on admission efc.

AB1-40 and AB1-42 also correlated with the concentration
of chloride and the values of some blood count parameters.
Statistically significant correlations between biomarkers, MMSE,
inflaimmatory parameters and obtained in statistical analysis
are summarized in Table 2. All other statistically significant
correlations were put in Supplementary Table 3.

Differences in Biomarker Concentrations

in Various Types of Dementia

Figure 2 shows the biomarker concentrations in controls and in
demented subjects on admission and after 4 weeks of treatment.
YKL-40 concentrations in all dementia types, both on admission
and after 4 weeks, were statistically significantly higher than in
the control group. The concentrations of other biomarkers were
higher only on admission. Significantly higher concentrations of
t-tau were observed in AD and MxD.
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FIGURE 2 | Biomarker concentrations in control and dementia patients on admission and after 4 weeks of treatment. Results are presented as mean, standard
dewiation (SD) and individual values. C, control group (n = 20); AD 0, patients with Alzheimer's dementia on admission (n = 20); VaD 0, patients with vascular dementia
on admission (7 = 20); MxD, patients with mixed dementia on admission (n = 20); AD 1, patients with Alzheimer's dementia after 4 weeks of treatment (n = 20); VaD
0, patients with vascular dementia after 4 weeks of treatment (» = 20); MxD, patients with mixed dementia after 4 weeks of treatment (n = 20). p < 0.05vs.C, "p <
0.005vs.C, "'p < 0.0001 vs. C, #p < 0.05vs. AD 0.

AP1-40 and AB1-42 were increased in AD and VaD, which The ROC analysis (Table 3) indicates a high sensitivity and
is not surprising considering that amyloidopathy occurs in  specificity (70-85%) of YKL-40 in the differentiation between
both dementia types. The AB1-42/AB1-40 ratio did not differ ~ dementia and the control group, however, it does not confirm
significantly between the groups. the utility of YKL-40 in differentiating dementias of various

Frontiers in Psychiatry | www.frontiersin.org 5 eptember 2021 | Volume 12 | Article

58



Wilczynska et al.

Serum Biomarkers in Dementia

TABLE 3 | ROC analysis of serum YKL-40 in different types of dementia.

AUC 95% CI P Cut-off Sensitivity% 95% CI Specificity% 95% CI
t-tau
Cvs.ADO 0.845 0.7188-0.9712 0.0002 >3384 75 53.13-88.81% 70 48.10-85.45%
Cvs.VaD0 0.7175 0.5561-0.8789 0.0186 >318.3 60 38.66-78.12% 55 34.21-74.18%
Cvs.MxD O 0.8825 0.7825-0.9825 <0.0001 >341.4 75 53.13-88.81% 70 48.10-85.45%
AD O vs. VaD 0 0.675 0.5060-0.8440 0.0583 <380.4 65 43.29-81.88% 65 43.29-81.88%
AD O vs. MxD 0 0.5975 0.4131-0.7819 0.2914 <304.4 55 34.21-74.18% 55 34.21-74.18%
VaD 0 vs. MxD 0 0.645 0.4675-0.8225 0.1167 >375.1 80 38.66-78.12% 60 38.66-78.12%
YKL-40
Cvs.ADO 0.8625 0.7510-0.9740 <0.0001 >106.3 85 63.96-94.76% 75 53.13-88.81%
Cvs.VaD0 0.8525 0.7352-0.9698 0.0001 >113.0 80 58.40-91.93% 80 58.40-91.93%
Cvs.MxDO 0.7975 0.6621-0.9329 0.0013 >103.9 70 48.10-85.45% 70 48.10-85.45%
ADOvs. VaD 0 0.5750 0.3926-0.7574 0.4171 >139.8 55 34.21-74.18% 50 29.93-70.07%
ADOvs. MxD 0 0.5775 0.3984-0.7566 0.4017 <130.7 50 29.93-70.07% 50 29.93-70.07%
VaD O vs. MxD O 0.6200 0.4436-0.7964 0.1941 <1379 55 34.21-74.18% 55 34.21-74.18%
TABLE 4 | ROC analysis of serum t-tau and YKL-40 compared between mild dementia (MD), moderate to severe dementia (MSD), and control group.
Comparison AUC 95% Cl P Cut-off Sensitivity% 95% Cl Specificity% 95% CI
t-tau
Cvs. MD 0.8488 0.7553-0.9423 <0.0001 >3414 72.09 57.31-83.25% 70 48.10-85.45%
Cvs. MSD 0.7294 0.5613-0.8975 0.0174 >3248 64.71 41.30-82.69% 65 43.20-81.88%
MD vs. MSD 0.6607 0.5114-0.8101 0.0539 <377.9 58.82 36.01-78.39% 58.14 43.33-71.62%
YKL-40
Cvs.MD 09128 0.8412-0.9843 <0.0001 >1158 86.05 72.74-93.44% 85 63.96-94.76%
Cvs. MSD 0.6471 0.4692-0.8249 0.1278 >90.60 52.94 30.96-73.83% 55 34.21-74.18%
MD vs. MSD 0.8263 0.7067-0.9458 <0.0001 <1233 76.47 52,74-90.44% 76.74 62.26-86.85%

etiologies. YKL-40 is the most diagnostic for AD (sensitivity 85%,
specificity 75%, AUC 0.8625) and VaD (sensitivity and specificity
more than 80%, AUC 0.8525), for MxD (sensitivity and specificity
~70% each, AUC 0.7975).

T-tau was diagnostic for AD and MxD with 75% sensitivity
and 70% specificity (AUC 0.845 and 0.8825, respectively), while
its diagnostic value in VaD turned out to be poor.

Changes in Biomarker Concentration Over
Time

The distribution of concentrations of individual biomarkers
determined at the beginning of hospitalization and after 4 weeks
of its duration is presented in Figure 2. AB1-42 concentrations
in patients with AD declined after 4 weeks of treatment. In
the remaining cases, the concentrations of biomarkers did not
change significantly over time.

Biomarkers in the Assessment of

Dementia Progression

All subjects, regardless of the etiology of dementia, were
divided into mild dementia (MD) and moderate to severe
dementia (MSD) groups, taking the MMSE score of 20 as
the cut-off point. The results of ROC analysis for individual
markers are summarized in Table4 (t-tau and YKL-40)
and Supplementary Table 4 (amyloid markers). The highest

sensitivity and specificity in differentiating between healthy
subjects and patients with mild dementia was obtained for YKL-
40 (sensitivity 86.05%, specificity 85%, AUC 0.9128) and slightly
lower for t-tau (72.09%, 70% and 0.8488, respectively). The
differences between the concentrations of amyloid markers were
also statistically significant, while their sensitivity and specificity
were lower than for YKL-40 and t-tau, and the AUC values were
below 0.8.

In the comparison between MD and MSD, only YKL-40
proved to be diagnostic for dementia progression. At the cut-
off point of 123.3 ng/ml, the sensitivity was 76.47%, specificity-
—76.74%, and the AUC was 0.8263. The sensitivity and specificity
in differentiating the stages of dementia for the remaining
biomarkers ranged from 50 to 60%, and the areas under the curve
were below 0.7.

AP 1-40 has shown the ability to differentiate between controls
and subjects with more severe dementia, however, its ROC
parameters do not show its utility in discrimination between
cognitively normal and subjects with mild dementia, as well as
between dementia stages (Table 4).

Multifactorial Regression on the Assessed

Biomarkers
The results of regression analysis are presented in Table 5 for
t-tau and YKL-40 and in Supplementary Table 5 for amyloid
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TABLE 5 | Muttifactorial regression of YKL-40 and t-tau.

Dependent variable Independent variable
Age Sex MMSE
YKL-40 EE 0.2469 9.532 -4.376
95%ClI —1.645102.139 —12.191031.25 —5.895 to —2.857
P-value 0.7948 0.3831 <0.0001
t-tau EE 1.229 —-48.13 -4.631
95%Cl —3.797 10 6.256 —105.8 10 9.569 —8.666 to —0.5963
P-value 0.6261 0.1003 0.0252

markers. We did not show the influence of age and gender on
the evaluated biomarkers.

Ykl-40 and t-tau, but not amyloid levels, were dependent on
dementia severity assessed with MMSE score.

DISCUSSION

Clinicians’ Expectations Regarding

Dementia Biomarkers

Undoubtedly, the significant value of our study is the fact that
the qualification of patients and diagnostic procedures were
conducted by a clinician treating patients during hospitalization
for several weeks, having extensive knowledge about the patient’s
medical history and staying in touch with their caregivers.
In everyday medical practice, the benefits of developing and
disseminating easy-to-use diagnostic tests have been recognized
many times.

Fifty two out of the 60 patients we studied were diagnosed
with dementia for the first time in their lives. Patients
with mild dementia were often hospitalized because of other
psychopathological symptoms (e.g., anxiety) and subjectively
regarded their cognitive functioning as normal. Memory
disorders were also sometimes unnoticed by caregivers or
considered as a physiological element of the aging process.
Dementia was also often not diagnosed and not treated by other
specialists taking care of the patient, for example, by primary
care doctors. As previously mentioned, this may result from both
limited access to health services (count and duration of visits)
and insufficient training in diagnosing dementia of the medical
staff (3). It also seems that, in the opinion of many physicians, the
diagnosis and treatment of dementia makes little sense due to the
low effectiveness of the applied therapies and the predicted short
survival time. A cheap and readily available screening test would
allow the early identification of patients with a high probability
of dementia requiring further specialistic diagnosis (3).

In addition to the direct benefits for patients of early detection
of dementia and accurate diagnosis of dementia, new biomarkers
could also facilitate clinical trials of novel medications. The
diagnostic difficulties described above may contribute to the
incorrect qualification of some patients for examination and
consequently obtaining unreliable results. It is also difficult to
properly quantify the severity of dementia in the investigated
subjects (5).

The biomarkers currently used in the diagnosis of dementia
are amyloid peptides and tau protein in the cerebrospinal fluid
or amyloid beta identified in the brain in vivo by PET. These
tests are expensive, available only in highly specialized centers.
Performing a lumbar puncture to collect CSF is associated with
the risk of complications (4). The development of diagnostic tests
with the use of biomarkers measurable in biological material that
can be collected in a simple and minimally invasive way (such as
blood) would significantly improve the effectiveness of diagnosis
and treatment of dementia.

YKL-40 as a Marker Identificating

Dementia and Determining Its Severity

Thus far, only a few studies of YKL-40 as a dementia biomarker
have been conducted (21, 22). The obtained results indicate its
potential diagnostic usefulness and encourage further research.
The activation of the inflammatory process due to damage to
nerve cells by neurodegeneration (AD) or ischemia (VaD) seems
to be responsible for the increase in YKL-40 concentrations in
dementia (20).

The obtained YKL-40 concentrations were statistically
significantly higher in all study groups compared to the control
group, and the high diagnostic value was confirmed by the ROC
analysis (AUC from 0.8 for MxD to 0.86 for AD). This indicates
the potential usefulness of this marker in screening for dementia.
We also observed a correlation of YKL-40 concentrations with
the level of cognitive functioning measured with the MMSE scale
and with t-tau concentrations, which confirms the cohesion of
the obtained results.

Sensitivity and specificity at the level of at least 85% suggests
that the diagnostic test can be used as a dementia biomarker
(4). These criteria were met for the differentiation of the control
group from mild dementia. Slightly lower (>76%), but still
satisfactory values of those parameters were also obtained when
trying to differentiate between mild and moderate to severe
dementia with the use of YKL-40 protein. Those results indicate
its higher sensitivity and specificity both in the early detection
and in monitoring the progression of dementia than amyloid
and t-tau.

The most serious limitation of the use of YKL-40 as a
biomarker seems to be its non-specificity. Its concentration
increases during many diseases, especially inflammatory diseases
(including neuroinflammatory processes) and neoplastic
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diseases, which are quite common comorbidities in the elderly
population (19, 20). Therefore, when using YKL-40 as a
diagnostic test, it would be necessary to obtain at least an
in-depth medical history regarding comorbidities to avoid
misinterpretation of the biomarker levels. It might also be useful
to determine the concentration of another non-specific marker
of the inflammatory response simultaneously. Such a marker
could be, for example, the C-reactive protein or the percentage
of neutrophils, which showed a positive correlation with the
concentration of YKL-40 in our study.

Due to the low serum concentrations (nanograms/milliliter),
the accuracy of the quantification of YKL-40 protein may be
highly dependent on the laboratory methods used. We decided to
determine the concentrations of YKL-40 using the ELISA method
due to its relatively low cost and the large number of experienced
laboratory diagnosticians.

T-Tau as an Alternative Dementia

Diagnostic Marker

The tau protein, despite its lower sensitivity and specificity,
may be an alternative marker to YKL-40 in the diagnosis of
early stages of dementia, especially for patients in whom the
concentration of YKL-40 is elevated for other reasons, such as
chronic inflammatory diseases. The tau protein is a marker that
is a characteristic of a group of diseases called tauopathies, most
of which are rare diseases or may be easily recognized by their
specific symptoms [e.g., Down syndrome; (25)]. It follows that
the risk of a falsely positive result due to a coexisting disease is
low for t-tau.

The t-tau protein concentrations were the highest in the AD
group, a slightly smaller increase was observed in MxD, and the
marker concentration in the VaD group did not differ from that
observed in the control group, which reflects the role of t-tau
in the etiology of individual types of dementia. The sensitivity
of 72.09% and the specificity of 70% in the diagnosis of early
dementia is lower than YKL-40, but still higher than that of
amyloid markers, and may be sufficient for t-tau use in brief
screening. The reliability of t-tau as a marker of dementia is
also supported by the correlation of its concentrations with the
results of the MMSE test and YKL-40. It might be surprising that
the diagnostic accuracy of t-tau, as well as YKL-40 was better in
differentiating between control and mild dementia than between
controls and MSD. This may be explained by the results of a study
by Llibre-Guerra et al. analyzing the longitudinal changes in AD
CSF biomarkers. In this study, the t-tau CSF levels in AD subjects
did not increase and p-tau-181 even decreased after the disease
onset. The observed biomarker trajectories were consistent with
the degree of brain atrophy observed in MRI. No further increase
of biomarkers in the later disease stages may be explained by
a lesser extent of cellular stress and inflammation and the less
number of neuronal tissue and neuronal substrates to produce
tau (26).

Due to the common morbidity in geriatric patients, it is
important to have a diagnostic test not significantly affected
by concomitant diseases. This suggests a possible diagnostic
usefulness of t-tau in patients with diagnosed or suspected

conditions that may cause an increase of YKL-40 concentration
in serum. However, the obtained results indicate the risk of a
fairly high percentage of false-positive and false-negative results
when using this biomarker. A solution might be to use a
combination of two or more biomarkers playing different roles in
the pathophysiology of dementia. The results of our study show
that t-tau may be a quite reliable marker of AD and MxD with
Alzheimer's features, but not necessarily for VaD.

Serum Amyloid Markers Cannot Be Used

as Dementia Markers

Serum amyloid biomarkers, especially AB1-42 and AB1-40 in
serum, were initially considered as potential markers of dementia
at the end of the last century (20). This resulted mostly from
a previously confirmed increase in the “amyloidogenic” Ap1-42
isoform at the expense of a decrease in the amount of more
soluble AB1-40 in the CSF (5). It was expected that similar
amyloid isoform concentration changes might be observed in
peripheral blood.

In serum, amyloid markers do not correlate with the presence
or severity of dementia as measured by the MMSE scale. It may
result from the limited and individually variable permeability of
amyloid peptides across the blood-brain barrier, as well as from
originating some portion of serum AB from tissues other than
the brain.

We also found no significant differences between the levels
of amyloid markers in different types of dementia. This seems
understandable due to the presence of amyloidopathy not only in
AD, but also in VaD (amyloid angiopathy) (6).

Biomarkers in the Differential Diagnosis of

Dementia

Dementia is a group of diseases of various etiologies,
pathophysiology, and prognosis. The effectiveness of the
used pharmacological treatment methods is also different
depending on the dementia subtype. On the other hand,
the pivotal clinical signs are largely common to all types of
dementia. Some additional symptoms are specific to particular
types of dementia, for example, impaired motor function may
indicate vascular dementia, hallucinations, and parkinsonism
speak for dementia with Lewy bodies, and aphasia as well as
personality changes make frontotemporal dementia plausible
(1). However, it is not possible to reliably establish the
etiology of dementia on the basis of clinical symptomatology
alone (3, 4). The changes observed in brain neuroimaging
also do not allow for a clear determination of the type of
dementia. For example, in a patient with numerous cerebral
vascular lesions, Alzheimer’s etiology of dementia cannot be
ruled out, firstly because of the possibility of coexistence of
both pathophysiological processes, and secondly because of
the possibility of vascular pathology secondary to amyloid
deposition in the blood vessels. Such a patient could be
unjustly disqualified from treatment with a preparation used
exclusively in Alzheimer’s dementia, losing the potential benefits
of pharmacotherapy.
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Our results do not indicate the usefulness of any of the
studied biomarkers in the differential diagnosis between different
types of dementia. The greatest differences were observed in
the case of t-tau, the concentration was statistically significantly
higher in the AD group, a slightly smaller increase was observed
in MxD, and the marker concentration in the VD group did
not differ from that observed in the control group, which
in a way reflects the role of t- tau in the etiology of those
types of dementia. Amyloid beta and YKL-40 are not dementia
specific markers, and the increase in their concentrations occurs
in many neurinflaimmatory processes of various etiologies.
These observations are consistent with the results of previous
studies, which found a quantitatively non-specific increase in
the concentration of amyloid and t-tau markers for the type of
dementia (18).

Biomarkers in Monitoring of Treatment

Response

The possibility of quantifying the severity of the disease using
a biomarker could facilitate the effectiveness assessment of the
applied pharmacotherapy, which is particularly important in
clinical trials (4). The clinical scales currently used for this
purpose may give unreliable results for reasons such as learning
questions and tasks repeated at each visit or mental and somatic
complaints (e.g., anxiety or concentration on pain). The results
may also be inconclusive due to sensory dysfunctions common
in old age, such as uncorrected or uncorrectable seeing and
hearing defects. The possibility of repeatable, minimally invasive
determination of the disease biomarker would also allow for a
more precise assessment of the effects of the therapy.

We found a statistically significant decline in the
concentration of AB1-42 in AD after 4 weeks of treatment.
These results are understandable considering the role of amyloid
a in dementia/aging/inflammation (5), but were difficult to
interpret in the context of the lack of changes in other marker’s
concentrations. We suspect that AB1-42 decline might have
occurred due to a general improvement of mental and/or general
health after treatment. The lack of improvement in cognitive
functioning as measured by the MMSE scale after 4 weeks seems
to support this thesis.

Study Limitations

Clinical diagnoses of dementia subtypes established on the basis
of an interview, observation, neuropsychological diagnosis, and
exclusion of the most common secondary causes of dementia
are uncertain to at some extent. Diagnostics based on the
examination of amyloid markers and/or tau protein in the
cerebrospinal fluid or the use of PET examination would be
much more reliable, but at the same time a costly method of
qualifying patients with AD. Moreover, for economic reasons, the
subjects underwent brain imaging using computed tomography,
instead of the more accurate and more recommended magnetic
resonance imaging.

The method of assessing the severity of dementia that we have
adopted may also have some limitations. We based it on the
MMSE test results adjusted for the age and education level of the
respondents. MMSE is a quick and easy test, and the availability

of its validated language version makes it possible to compare the
results of studies conducted on different populations in various
languages. On the other hand, its serious disadvantage is the fact
that it primarily assesses the efficiency of memory, and to a lesser
extent other cognitive functions, but does not take into account
other symptoms accompanying cognitive deficits. In practice, it
is often observed that patients with similar results of cognitive
tests may present diametrically different levels of functioning,
which makes it difficult to quantify the severity of dementia. The
refinement of methods to quantify dementia progression could
improve the quality of future research on this clinical syndrome.

As mentioned above, in our study there is a lack of validated
biomarkers (e.g., amyloid PET, CSE, and/or FDG-PET) to support
the diagnosis of different types of dementia and the lack of
a comparable neuropsychological evaluation to assess cognitive
impairment. However, the selection of neuropsychological
tests and the diagnosis of individual patients were based on
the profound clinical experience of a neuropsychologist who
evaluated all patients.

Another important limitation of our study is the sample size.
Due to the promising results we obtained, we believe that the
study is worth to be repeated on a larger group of respondents.

Future Directions

More research is needed to enable long-term follow-up in
dementia patients. We are convinced that long-term prospective
study on serum dementia biomarkers would bring valuable data
that might contribute to the development of dementia screening
and follow-up markers.

Finally, there is also a need to look for new biomarkers,
especially those that would contribute to a non-invasive diagnosis
of dementia. Especially promising are salivary redox parameters,
which with high sensitivity and specificity differentiate patients
with mild dementia from severe dementia as well as AD
from VaD and MxD (27, 28). Saliva can be a promising,
easily accessible, and non-expensive diagnostic material used in
patients with neuropsychiatric disorders (29, 30). There are also
some promising blood biomarkers some tau isoforms, such as p-
tau-217 (18). Nevertheless, further studies are required on a large
population of patients.

CONCLUSIONS

YKL-40 is a highly sensitive and specific marker that
differentiates healthy individuals from patients with Alzheimer’s,
vascular or mixed dementia. It is particularly sensitive and
specific in the diagnosis of dementia onset, and slightly less in
the assessment of progression to more advanced stages of the
disease. The possibilities of using YKL-40 as a biomarker are
limited by its non-specificity. T-tau shows a slightly lower but still
satisfactory sensitivity and specificity in differentiating between
mild AD, MxD, and the control group. T-tau may be a marker
particularly useful for the diagnosis of patients with coexisting
diseases associated with an increase of YKL-40 concentrations
in serum.
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Our study results do not indicate the diagnostic usefulness
of amyloid markers (AB1-40, AB1-42, and AB1-42/AB1-40). The
results do not indicate the usefulness of any of the examined
biomarkers in the differential diagnosis between dementias of
different etiologies. Decreased concentrations of AB1-42 in AD
after 4 weeks of inpatient treatment might be due to the improved
general and/or mental health while treatment/hospitalization.
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11. Streszczenie w jezyku polskim

Otepienia to grupa przewlektych, postepujgcych schorzen uposledzajgcych
funkcjonowanie cztowieka i generujgcych wysokie koszty ekonomiczne.
Na otepienie cierpi obecnie okoto 50 min oséb na sSwiecie, a w zwigzku
ze starzeniem sie populacji prognozuje sie dalszy wzrost liczby chorych. Wielu
chorych pozostaje nie zdiagnozowanych i nie leczonych, a konieczne
do postawienia rozpoznania badania sg czasochtonne, kosztowne i/lub
nie zawsze dostepne. Zastosowanie biomarkeréw pozwolitoby na wczesniejszg
interwencje w stosunku do 0sob z rozpoczynajgcym sie procesem otepiennym.

Celem pracy byto oznaczenie stezen biomarkeréw: amyloidu beta 1-40
(AB1-40), amyloidu beta 1-42 (AB1-42), ilorazu AB1-42/ AB1-40, biatka tau (t-tau)
i YKL-40 w surowicy chorych z otepieniem alzheimerowskim (AD),
naczyniopochodnym (VaD) i mieszanym (MxD) celem oceny:

- przydatnosci diagnostycznej badanych markeréw w diagnostyce otepienia,

- przydatnosci biomarkeréw w réznicowaniu otepien,

- korelacji stezen biomarkerow ze stopniem zaawansowania otepienia,

- zmian stezen markerow po 4 tygodniach hospitalizacji.

Do badania wstepnie zakwalifikowano 100 pacjentow Oddziatu Psychogeriatrii
bez choréb zapalnych, nowotworowych i autoimmunologicznych, ktére przyjeto
za kryteria wytgczenia. Wykonano u nich badanie neuroobrazowe, panel badan
laboratoryjnych, badanie neuropsychologiczne oraz badanie Geriatryczng Skalg
Depresji (GDS). Rozpoznanie i prawdopodobng etiologie otepienia ustalono
na podstawie kryteriow ICD10. Ostatecznie do badania zakwalifikowano 20 oséb
zAD, 20 z VaD i 20 z MxD. Przy przyjeciu oraz po czterech tygodniach
hospitalizacji pobrano krew do oznaczenia biomarkeréw oraz wykonano badanie
skalg Krétkg Skalg Oceny Stanu Psychicznego (MMSE). W celu wykluczenia
wptywu wieku i wyksztatcenia wyliczono skorygowang wartos¢ MMSE.
Pacjentow ze wszystkimi rodzajami otepienia podzielono réwniez na grupy
z otepieniem tagodnym (MD) oraz umiarkowanym do ciezkiego (MSD). Grupe
kontrolng stanowito 20 osob po 60. roku zycia bez otepienia.

Stezenia biomarkerdw w surowicy krwi oceniano metodg ELISA w podwadjnych
prébkach. Korelacje pomiedzy uzyskanymi danymi oceniano przy zastosowaniu
wspotczynnika korelacji Pearsona. Do poréwnan miedzy grupami uzyto ANOVA
i testu Tukey’a, a w przypadku braku rozktadu normalnego - testu Kruskala-
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Wallisa i ANOVA Dunna. Analize wptywu zmiennych niezaleznych na zmienng
zalezng przeprowadzono metodg regresiji liniowej. Uzytecznos¢ diagnostyczng
biomarkeréw oceniano przy uzyciu krzywej ROC. Za poziom istotnosci
statystycznej przyjeto p<0,05.

Stezenie YKL-40 korelowato ze stezeniami t-tau, AB1-42/AB1-40, nasileniem
otepienia mierzonym przy pomocy skali MMSE oraz biatka C-reaktywnego (CRP),
z kolei stezenie t-tau korelowato ze stezeniem YKL-40 i punktacja w MMSE.

Analiza ROC wykazata przydatnos¢ YKL-40 w diagnostyce AD, VaD i MxD
oraz przydatnos¢ t-tau w diagnostyce AD i MxD, lecz nie VaD.

Po 4 tygodniach hospitalizacji jedynie stezenie AB1-42 u chorych z AD istotnie
zmniejszytlo sie w stosunku do wartosci wyjsciowych po 4 tygodniach
hospitalizaciji.

Analiza ROC z podziatem na stopnie zaawansowania otepienia (MD oraz MSD)
wykazata wysokg przydatno$¢ YKL-40 i umiarkowang t-tau w réznicowaniu
miedzy osobami zdrowymi a pacjentami z MD. YKL-40 okazato sie tez przydatne
w roéznicowaniu miedzy MD a MSD.

Analiza regresji wykluczyta wptyw ptci i wieku na stezenia biomarkerdw,
potwierdzita natomiast wptyw ciezkosci otepienia (punktacji MMSE) na stezenia
YKL-40 i t-tau.

Na podstawie wynikow badania wyciggnieto nastepujgce wnioski:

. Stezenia YKL-40 korelowaty ze stezeniem innych markeréw, CRP i punktacjg
w skali MMSE. T-tau korelowato z YKL-40 i MMSE. Stezenia YKL-40 i t-tau byty

niezalezne od pfci i wieku.

. YKL-40 moze by¢ przydatny w diagnostyce wszystkich rodzajow otepien,

natomiast t-tau - w diagnostyce otepien z komponentg alzheimerowska.
. Nie wykazano przydatnosci zadnego z biomarkerow w réznicowaniu otepien.

. YKL-40 moze by¢ przydatny w wykrywaniu otepien wczesnych i monitorowaniu

progresji otepienia.

. T-tau moze by¢ przydatne w diagnostyce wczesnego otepienia, szczegdlnie gdy

zastosowanie YKL-40 bedzie ograniczone przez wspotchorobowos$c.

. Po czterech tygodniach hospitalizacji zaobserwowano istotny statystycznie
spadek stezen AB1-42, majgcy najprawdopodobniej charakter nieswoisty,

wtérny do poprawy ogolnego stanu zdrowia.
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12. Streszczenie w jezyku angielskim

Dementia is a group of chronic, progressive diseases that significantly impair
human functioning and generate high economic costs. Approximately 50 million
people worldwide currently suffer from dementia, and a further increase in the
number of patients due to the aging of the population is forecasted. Many patients
remain undiagnosed and untreated while the diagnostic tests are time-
consuming, costly, and / or not always available. The use of biomarkers would
enable earlier intervention for patients with the onset of dementia.

The aim of the study was to determine the concentration of biomarkers:
amyloid beta 1-40 (AB1-40), amyloid beta 1-42 (AB1-42), AB1-42/ AB1-40 ratio,
tau protein (t-tau) and YKL-40 in the serum of patients with Alzheimer's (AD),
vascular (VaD) and mixed dementia (MxD) to evaluate:

- the usefulness of the examined markers in the diagnosis of dementia,

- the usefulness of biomarkers in the differential diagnosis of dementia,

- the correlation of biomarker concentrations with the severity of dementia,

- the changes in marker levels after 4 weeks of hospitalization.

100 patients of the Department of Psychogeriatry without comorbid
inflammatory, neoplastic and autoimmune diseases, which were considered as
exclusion criteria, were initially qualified for the study. They underwent a
neuroimaging examination, a panel of laboratory tests, a neuropsychological
examination and a Geriatric Depression Scale (GDS) examination. The diagnosis
and probable etiology of dementia was established based on the ICD-10 criteria.
Ultimately, 20 patients with AD, 20 with VaD and 20 with MxD were qualified for
the study. The blood collection for biomarker testing and the Mini Mental State
Examination (MMSE) were performed on admission and after four weeks of
hospitalization. In order to exclude the influence of age and education, the
adjusted MMSE was calculated. Patients with all types of dementia were further
divided into two groups: mild (MD) and moderate to severe (MSD) dementia. 20
people aged over 60 without dementia were qualified for the control group.

Serum biomarker concentrations were determined by ELISA method in
duplicate tests. The correlations were assessed using the Pearson’s correlation
coefficient. ANOVA and Tukey's test, and in the absence of normal distribution -
Kruskal-Wallis and Dunn's ANOVA were used for comparisons between groups.

The analysis of the influence of independent variables on the dependent variable

67



was performed using the linear regression. The diagnostic utility of the
biomarkers was assessed using the ROC curve. The level of statistical
significance was set at p<0.05.

The concentration of YKL-40 correlated with t-tau, AB1-42/AB1-40 and
C-rective protein (CRP) concentrations, as well as with the severity of dementia
reflected by MMSE score, while t-tau correlated with YKL-40 and MMSE score.

The ROC analysis showed the usefulness of YKL-40 in the diagnosis of AD,
VaD and MxD, and the usefulness of t-tau in the diagnosis of AD and MxD, but
not VaD.

Only the concentration of AB1-42 in patients with AD significantly decreased
compared to the baseline values after 4 weeks of hospitalization.

The ROC analysis for groups divided by dementia stage (MD and MSD)
showed a high usefulness of YKL-40 and moderate usefulness of t-tau in
differentiating between healthy control and patients with MD. YKL-40 was also
proven useful in differentiating between MD and MSD.

The regression analysis excluded the influence of sex and age on the
biomarker levels, while confirmed the influence of the severity of dementia
measured as MMSE score on the levels of YKL-40 and t-tau.

Based on the results of the study, the following conclusions were drawn:

1. The concentration of YKL-40 correlated with other markers, CRP and the
MMSE score. T-tau correlated with YKL-40 and MMSE. YKL-40 and t-tau
concentrations were independent of sex and age.

2. YKL-40 may be useful in the diagnosis of all types of dementia, while t-tau -
in the diagnosis of dementias with Alzheimer's component.

3. None of the biomarkers have shown to be useful in differential diagnosis of
dementia.

4. YKL-40 may be useful in early detection and monitoring of dementia
progression.

5. T-tau may be useful in the diagnosis of early dementia, especially when the
use of YKL-40 is limited by comorbidities.

6. After four weeks of hospitalization, a statistically significant decrease in AB1-
42 concentrations in AD patients was observed, which was most likely non-

specific, secondary to general health improvement.
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13. Uchwata komisji bioetycznej

KOMISJA BIOETYCZNA
UNIWERSYTETU MEDYCZNEGO w BIALYMSTOKU
ul. Jana Kilifiskiego 1-
15-089 Bialystok
tel. (085) 748 54 07, fax. (085) 748 55 08

Biatystok, 25-02-2016
Uchwata nr: R=1-002/62/2016

Komisja Bioetyczna Uniwersytetu Medycznego w Bialymstoku, po
zapoznaniu si¢ z projektem badania zgodnie z zasadami GCP/ Guidelines
for Good Clinical Practice /- wyraza z god ¢ naprowadzenie tematu
badawczego: ,Badanie aktywnosci stresu oksydacyjnego, czynnikow
zapalnych, enzyméw lizosomalnych oraz procesow de/glikozylacji u
pacjentébw z objawami otepienia o typie alzheimerowskim i
naczyniowym” przez dr hab. Napoleona Waszkiewicza wraz z zespotem
badawczym z UMB.

Z-c Prze:z;inic@/‘Komisj' Bioetycznej UMB
dr n.[ f’;‘n. I(J;ys 246t Chrzanowski

Qo ek, Wovolivg Dilcagrdo o olombien segdu bad
ONIWERSYTEXMERYC

w Bialymstoku

KOMISJA BIOETYCZNA D'( ! 7

5-089 Biatystok, ul. Jana Kilinskiego 1
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15. Oswiadczenia o zgodzie na wykorzystanie publikacji w rozprawie

doktorskiegj

Bialystok, 09.02.2022

Karolina Wilczynska
doktorant w Klinice Psychiatrii
Uniwersytetu Medycznego w Bialymstoku

Oswiadczenie autora
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udzialu w przygotowaniu wyzej wymienionej publikacji.

2. Wilczyhska Karolina, Maciejezyk Mateusz, Zalewska Anna, Waszkiewicz Napoleon.

Serum amyloid biomarkers, tau protein and YKL-40 utility in detection, differential
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Frontiers in Psychiatry: 2021: 12, 11 pp., Article ID: 725511
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71



Bialystok, 09.02.2022
Prof. dr hab. n. med Napoleon Waszkiewicz
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Oswiadczenie wspolautora
Oswiadezam, iz moj udziat w przygotowaniu publikacji:
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42, tau protein. and YKL-40: a review.
Journal of Clinical Medicine: 2020: 9, 26 pp, Article ID 3452

wehodzacs] w skiad rozprawy doktorskiej lek. Karoliny Wilczynskiej polegat na pomocy
W przygotowaniu koncepcji pracy, metodyki, oraz nadzorze nad ostatecznym ksztaltem
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