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Tiumor Nekroz Faktoru Alfa Rs1800629
Polimorfizmi ve Preeklampsi Riski

Suat CAKINA'
1. Giris

Preeaklampsi (PE), anne ve perinatal mortalite ve morbiditenin 6nde gelen
nedenlerinden biri olmaya devam etmektedir. PE, eszamanli hipertansiyon ve
proteiniiri ile karakterize, bazen cesitli klinik 6zelliklere sahip ¢oklu organ
tutulumu ile ilerleyen, gebelige 6zgii bir hastaliktir. Erken donemdeki yetersiz
plasentasyon, Ozellikle erken baslangicli hastalikla iligkilidir. Asir1 sistemik
inflamatuar yanitin bir pargasi olarak endotel disfonksiyonuna yatkinlik yaratan
kardiyovaskiiler veya metabolik riskler, ge¢ baslangi¢li PE nin kékeninde baskin
olabilir. Sitokin tiimor nekroz faktorii (TNF) PEmin patogenezinde énemli bir
rol oynayabilir. Ayrica, PE hastalarinda plasental ekspresyonda degisiklik
gosterdigi tespit edilen genler arasinda TNF-alfa (TNF-o) bulunmustur. TNF-a,
ileri arastirma ve tedavi tasarimi i¢in 6zellikle umut verici bir hedeftir. PE riskiyle
iliskili TNF-a Tek Niikleotid Polimorfizim (SNP)’lerini arastirmak ve PE
gelisiminde TNF-a gen ekspresyonunun potansiyel roliinii belirlemek i¢in daha
once birkag genetik iliski calismas1 yapilmistir. Ozellikle, farkli vaka-kontrol
calismasinda TNF-a rs1800629 varyanti ile PE arasindaki iliski aragtirilmisgtir.
Bu calismanin amaci, TNF-a rs1800629 polimorfizmi ile PE riski arasindaki
iligkiyi arastirmaktir.

2. Preeklampsi

PE, gebeligin 20. haftasindan sonra klinik olarak ortaya c¢ikan karmagik bir
multisistem bozuklugudur. Uluslararas1 Gebelikte Hipertansiyon Caligma
Dernegi (ISSHP), preeklampsiyi, siklikla (ancak her zaman degil) proteiniiri (&r.
protein/kreatinin oran1 > 30 mg/mmol) ile birlikte goriilen yeni baglayan
hipertansiyon (sistolik kan basinci > 140 mmHg ve/veya diyastolik kan basinc1 >
90 mmHg) olarak tanimlamaktadir (Magee et al., 2022). Proteiniiri yoklugunda,
diger maternal semptomlar veya uteroplasental disfonksiyon tami igin
kullanilabilir. Bu durumlar arasinda norolojik anormallikler, pulmoner 6dem,
bobrek yetmezligi, karaciger fonksiyon bozuklugu, plasenta dekolman ve fetal
biiyiime kisitlilig1 sayilabilir. Eklampsi ve HELLP (hemoliz, yiiksek karaciger
enzimleri ve diisiik trombosit sayisi) sendromu, ayri1 hastaliklar degil,
preeklampsinin ciddi komplikasyonlar1 olarak kabul edilir. Giiniimiizde yaygin
olarak benimsenen bu genisletilmis tani kriterleri, preeklampsinin ¢esitli klinik
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belirtilerini yansitmaktadir. Bu belirti veya semptomlarin herhangi bir
kombinasyonunu gosteren hastalar, PE igin kapsaml testlerden gegirilmelidir
("Gestational Hypertension and Preeclampsia: ACOG Practice Bulletin, Number
222." 2020; "National Institute for Health and Care Excellence: Guidelines,"
2019).

PE, diinya ¢apinda anne ve perinatal Sliimlerin 6nde gelen nedenlerinden
biridir ve her yil 70.000'den fazla kadinin ve 500.000'den fazla yenidoganin
6limiine neden olmaktadir. Kiiresel olarak, gebeliklerin %4,6'sm1 etkiledigi
tahmin edilmektedir (Herndndez-Diaz, Toh, & Cnattingius, 2009). Insidansi
cografi bolgeler i¢inde ve arasinda biiyiik farkliliklar gostermektedir (Abalos,
Cuesta, Grosso, Chou, & Say, 2013). Epidemiyolojik ¢alismalar, PE oranlar1 ve
klinik sonuglarinda ik ve etnik koken farkliliklar1 oldugunu tutarl bir sekilde
bildirmektedir. Siyah ve Giiney Asyali kadinlar, beyaz kadinlara kiyasla PE
gelisme riski daha yiiksektir (Arechvo et al., 2022).

PE’ye neden olan cesitli genetik ve cevresel faktorler vardir. Genetik bir
bilesenin kanit1 olarak, 6nceki ¢alismalar PE hastas1 kadinlarin kizlar1 ve kiz
kardesleri arasinda PE’nin nispeten yaygin oldugunu ortaya koymustur. Ayrica,
baska bir calisma da farkli etnik gruplarin farkli PE prevalans oranlarina sahip
oldugunu ortaya koymustur. Bununla birlikte, altta yatan genetik faktorler
karmasgiktir ve hangi genlerin rol oynadigi veya belirli genetik varyantlarin PE’yi
nasil etkiledigi heniiz bilinmemektedir (Buurma et al., 2013; Steegers, von
Dadelszen, Duvekot, & Pijnenborg, 2010).

3. TNF-0 ve rs1800629 Polimorfizmi

TNF-a geni, PE gelisiminde bilimsel olarak ¢ok onemli bir rol oynar. PE
hastalarinda, TNF-a ayrica plasental ekspresyonu da degistirir. Ek olarak, endotel
aktivasyonu, maternal spiral arterin uygun olmayan yeniden sekillenmesinin bir
sonucu olarak plasental perfiizyonun azalmasiyla ortaya ¢ikar. TNF-o mRNA
ekspresyonu, PE hastalarinda belirgin sekilde artmaktadir. Ek olarak, PE
hastalarinda TNF1 alelinin artan sikligi, TNF-a’nin yiiksek ekspresyonu ile
baglantili olabilir. Ayrica, lenfositler, makrofajlar ve trofoblastlar, T-yardimci-1
hiicrelerinin bir sitokini olan TNF-a iiretir. Plasental invazyon, endotel yikimi ve
oksidatif stres gibi bazi1 TNF-a etkileri, PE gelisimne katkida bulunabilir. Bu
nedenle, bu inflamatuar faktorii engellemenin potansiyel bir terapotik yaklasim
olarak islev gorebilecegi One siiriilmiistir (Alijotas-Reig, Esteve-Valverde,
Ferrer-Oliveras, Llurba, & Gris, 2017; Chappell & Morgan, 2006; Chen et al.,
1996).

PE, genellikle gebeligin yirminci haftasindan sonra ortaya ¢ikan ve dogumdan
sonra dort ila alt1 hafta kadar devam eden, vaskiiler endotel disfonksiyonuna ve
arterlerin daralmasina neden olan bir klinik durumdur. Klinik tablo, patolojik
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O6demin mevcut olabilecegi veya olmayabilecegi hipertansiyon ile kendini
gosterir. Normal gebelik sirasinda, TNF-q, interlokin-6 ve interlokin-1 gibi belirli
proinflamatuar sitokinlerin dolastig1 kontrollii bir maternal sistemik inflamasyon
oldugu diistiniilmektedir. Bu sitokinlerin kaynagi, maternal periferik kan
l6kositleri ve trofoblast gibi goriinmektedir (McNell et al., 2024).

Sagliklt normal gebelik, kontrollii bir enflamatuar siirecle iligkilidir, ancak
PE'de asir1 plasental uyaranlara yanit olarak daha da kétiilesir (Chiarello et al.,
2020). Lenfositler gibi beyaz kan hiicreleri ve gebelik sirasinda bagisiklik sistemi
ile baglantili olanlar tarafindan ¢esitli sitokinlerin salindig1 gosterilmistir. PE'li
hamile kadinlarda bir¢ok sitokinin seviyelerinin yiikseldigi ve bunun bu
bozuklugun gelismesinin olasi nedeni olabilecegi bulunmustur. PE olan hamile
kadinlarda serumdaki TNF-o seviyeleri normal hamile kadinlara gore daha
yiiksektir. Serumdaki yiiksek TNF-o diizeyleri, aterosklerozun biiylimesine,
ilerlemesine ve komplikasyonlarina neden olur. Endotel nitrik oksit sentaz
(eNOS) sentezini etkiler ve bu da nitrik oksit (NO) {iretimine yol acarak endotel
fonksiyonunu bozar. TNF-a'nin fizyolojik indiiksiyonu savunmacidir, ancak
iiretimindeki artig vaskiiler endotel hiicrelerine dogrudan zarar verir ve bolgesel
kan akisini azaltir (Harmon et al., 2016). TNF-a'nin genomik konumu, insan
kromozomu 6p21.3'te, major histo-uyumluluk kompleksi (MHC) smuf III
bolgesindeki kiimenin yakiinda yer almaktadir. PE’ye neden olan enflamatuar
yanitta bir¢ok farkli mikrosatellit ve SNP 6nemlidir. TNF-a promotoriindeki tiim
SNP'ler arasinda, 308 G'den A'ya polimorfizm siklikla incelenmistir (Simmonds
et al., 2004).
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Sekil 1. Kromozom 6g21 basitlestirilmis diyagrami (Simmonds et al., 2004).

TNF-a G308A'daki polimorfizmi tanimlamak i¢in yapilan polimeraz zincir
reaksiyonu (PZR), promotdér bolgesindeki 50 mikrolitre nihai hacimli PZR
karisim, yaklasik 50 ng genomik DNA, her bir deoksiriboniikleotid (ANTP) igin



0,2 mM, 1x PZR tamponu (100 mM KCIl, 20 mM Tris-HCI [pH: 8.0], 0.1 mM
etilendiamintetraasetat (EDTA), 0.5 mM fenilmetansiilfonil floriir (PMSF), 1
mM ditihiotreitol (DTT), %50 gliserol), 1,9 mM MgSO4, 1 U Taq polimeraz ve
her bir primerden (Tablo 1.) 10 pmol icermektedir (Han et al., 2012).

Tablo 1. TNF-a (G308A) rs1800629 SNP'lerinin genotipini belirlemek i¢in kullanilan
primerler (Han et al., 2012)

Hedef Gen Primer dizisi (5'—3")

F: AGG CAA TAG GTT TTG AGG
TNF-0. (G308A) 151800629 GCC AT

R: TCC TCC CTG CTC CGA TTC CG

Karisimlar, termal dongiileyici ile PZR'a tabi tutulur. Bu genlerin PZR profili,
94°C'de 3 dakika siiren bir baslangi¢ eritme agamasindan, ardindan 94°C'de 50
saniye, 56°C'de 50 saniye ve 72°C'de 50 saniye siiren 35 dongiiden ve 72°C'de
10 dakika siiren bir son uzama asamasindan olusmustur. TNF-a (G308A) geninin
PZR fiirinleri %1 agaroz jel {izerinde kontrol edilir. 107 baz cifti (bp) PZR
iiriinleri Ncol ile kesilir (restriksiyon fragment analizi (RFLP)), bu da TNF-a
alelinin 78 ve 20 bp'lik iki fragmana bdliinmesine neden olurken, TNF-a AA
genotipi kesilmez. PZR firtinleri, etidyum bromiir ile boyanmis %4 agaroz jelinde
ultraviyole 1s1k altinda incelenir. PZR-RFLP'nin ayrmtilar1 Tablo 2'de
gosterilmektedir (Han et al., 2012).

Tablo 2. TNF-a (G308A) s 1800629 PZR-RFLP analizi (Han et al., 2012)

Genotip | Parca boyutu

AA AIG G/G
(b) - .
GG 87 + 20 150 }
- 107 bp
AG 107 + 8 + 19 £ Rbp
20
50
AA 107 (kesilmemis)




4. Sonuc¢

TNF-a geninin promotdr bolgesindeki -308 pozisyonundaki rs1800629
polimorfizminin  genotip dagilimlart ve alel frekanslart Tablo 3'te
gosterilmektedir (Shafiul Hossen, Abdul Aziz, Abdul Barek, & Safiqul Islam,
2024).

Tablo 3. TNF-a (-308) rs1800629 caligsmalari
Study ID Year  Country Ethnicity Genotyping Total Total Genotypes HWE NOS
Method cases controls Score
Cases Controls
AA AG GG AA AG GG
Canto-Cetina 2007 2007 Mexico Mixed PCR-RFLP 105 200 1 18 86 0 45 155 Y 7
Chen 1996 1996 UK Caucasian PCR-RFLP 14 12 1 4 9 3 7 2 Y 6
de Lima 2009 2009 Brazil Mixed PCR-SSP 88 97 3 16 69 2 24 71 Y 7
Freeman 2004 2004 Scotland Caucasian PCR-RFLP 106 21 0 44 62 0 78 133 Y 7
Haggerty 2005a 2005 UsA Black TaqMan 20 199 0 4 16 2 44 153 Y 7
Haggerty 2005b 2005 USA Caucasian TagMan 130 462 6 45 79 9 115 338 Y 8
Harmon 2014a 2014  USA Caucasian Sequencing 89 827 4 34 51 15 217 595 Y 7
Harmon 2014b 2014 USA Black Sequencing 70 463 o 11 59 13 103 347 ¥ 7
Kaiser 2004 2004 Australia Caucasian PCR-RFLP 122 100 4 44 74 4 29 67 Y 8
Khodadadi 2022 2022 Iran Asian TagMan 90 20 4 17 69 2 16 72 Y 7
Lévesque 2004 2004 Canada Mixed AS-PCR 175 306 4 44 127 8 62 236 Y 7
Lin 2023 2023 Taiwan Asian PCR-RFLP 74 119 4 10 60 1 50 68 Y 7
Livingston 2001 2001 USA Mixed PCR-RFLP 112 106 1 7 104 3 9 94 N 7
Mirahmadian 2008 2008  Iran Asian PCR-SSP 160 100 o 33 127 0 o 100 Y 7
Mohajertehran 2012 2012 Iran Asian PCR-RFLP 54 50 o 26 28 0 8 42 Y 7
Molvarec 2008 2008 Hungary Caucasian PCR-RFLP 140 144 5 24 111 4 33 107 Y 8
Pazarbasi 2007 2007 Turkey Caucasian PCR-RFLP 113 80 o 15 98 0 4 76 Y 7
Mora 2023 2023 Mexican Mixed TagMan 86 100 o 13 73 1 15 84 Y 8
Pinheiro 2015 2015 Brazil Mixed PCR-RFLP 116 107 0 28 88 0 30 77 Y 7
Puppala 2016 2015 India Asian PCR-SSP 100 100 2 40 58 4 21 75 Y 7
Radkov 2017 2017 Russia Caucasian TagMan 246 108 12 56 178 3 20 85 Y 8
Raguema 2022 2022 Tunisia North PCR-RFLP 300 300 33 147 120 32 127 M Y 8
Africa
Reshetnikov 2018 2018 Russian Caucasian RT-PCR 247 245 4 48 195 1 52 192 Y 8
Saarela 2005 2005 Finland Caucasian PCR-RFLP 133 115 4 32 97 0 21 94 Y 7
Sharaphetdinova 2015 Russia Caucasian TagMan 70 140 10 37 23 15 44 81 Y 8
2015
Stonek 2008 2008 Austria Caucasian PCR 107 107 2 31 74 4 26 77 Y 8
Tavakkol Afshari 2016 Iran Asian PCR-RFLP 153 150 0 73 80 0 24 126 Y 7
2016
Vural 2010 2010 Turkey Caucasian PCR-RFLP 101 95 5 15 81 3 15 77 Y 7
Zhou 2017 2017  China Asian Snapshot 156 286 1 16 139 4 47 235 Y 8
Ziauddin 2020 2020 Pakistan Asian PCR-RFLP 50 50 o 24 26 0 7 43 Y 7
Zhen 2007 2007 China Asian PCR-RFLP 37 o4 2 10 25 1 7 76 Y 7
Zubor 2014 2014 Slovak Republic Caucasian PCR 38 38 1 15 22 2 6 30 Y 7
Daher 2006a 2006 Brazil (Mulatto + Mixed TaqMan 94 97 17 77 26 71 Y 7
Black)
Daher 2006b 2006  Brazil Caucasian TagMan 56 92 9 47 27 65 Y 7
A G A G
Dizon-Townsen. 1998 UsA Mixed PCR-RFLP 131 41 39 223 72 70 NM 7
1998

Lin ve ark 2023 yilinda yaptiklar1 ¢calismada PE'li 74 kadin ve 119 normal
kontrolde TNF-a (-308) rs1800629 polimorfizmini arastirmiglardir. Calisma
sonucunda, ii¢ genotip (G/G, A/G, A/A) ve iki alel (A, G) gorilmiistiir.
Homozigotlarin (G/G) sikligi, PE'li kadinlarda %81,1 (74 kadindan 60'1) ve
normal kontrollerde %57,1 (119 kadindan 68') idi. Homozygotlarin (A/A)
sikligi, siddetli PE'li kadinlarda %35,4 (74 kadindan 4'ii) ve normal kontrollerde
%0,9 (119 kadindan 1'1) bulmuslardir (p < 0,001). G alellerinin alel siklig1, PE'li
kadinlarda %87,8 (148 alelden 130'u) ve normal kontrollerde %78,2 (238 alelden
186's1) iken A alellerinin alel sikligini, PE'li kadinlarda %12,2 (148 alelden 18')
ve normal kontrollerde %21,8 (238 alelden 52'si) belirlemislerdir (p = 0,016).
TNF-a geninin promotdr bolgesindeki -308 pozisyonundaki polimorfizmi igin,
hem genotip dagilimlar1 hem de alel frekanslari, normal kontroller ile PE'li
kadinlar arasinda istatistiksel olarak anlamli farkliliklar géstermislerdir (C.-W.
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Lin, C.-H. Chen, M.-H. Wu, F.-M. Chang, & L. Kang, 2023). Benzer sonuglar
daha 6nce Kafkas, Tiirk, Tunus ve Iran popiilasyonlarinda da bildirilmistir (Chen
et al., 1996; Daher, Sass, Oliveira, & Mattar, 2006; Mohajertehran, Afshari,
Rezaieyazdi, & Ghomian, 2012; Pazarbasi et al., 2007; Pinheiro et al., 2015;
Puppala et al., 2016; Saarela, Hiltunen, Helisalmi, Heinonen, & Laakso, 2005;
Ziauddin, Ahmad, Igbal, Khan, & Baig, 2020).

Pfab ve arkadaslar1 tarafindan TNF-a -308G/A genotipi belirlenen 1480
Kafkasyali {izerinde yapilan bir calismada, A alelinin iiclincii trimesterde
proteiniiri ile iliskili oldugu bulunmustur. Bununla birlikte, hamile kadinlarda
tiim trimesterler boyunca genotipler ile kan basici arasinda herhangi bir iligki
bulunmamistir (Pfab et al., 2005). Pazarbasi ve arkadaslari tarafindan eklampsi
olan 40 kadin ve PE olan 113 kadmi iceren baska bir c¢alismada, -308
pozisyonundaki A/A genotip sikligmin, normotansif kadinlara kiyasla hem
eklampsi olan kadinlarda hem de PE olan kadinlarda anlamli olarak daha yiiksek
oldugu gosterilmistir. Ayrica, -805 pozisyonundaki T/T genotipi, kontrol grubuna
kiyasla bu iki hasta grubunda daha az siklikta goriilmiistiir. Bununla birlikte, gen
polimorfizmleri, sitokin diizeyleri ve PE gelisimi arasindaki fonksiyonel iligkinin
hala arastirilmasi gerektigini One siirmiislerdir (Pazarbasi et al., 2007).
Mirahmadian ve ark. G-308A pozisyonundaki A alellerinin sikliginin, kontrol
grubuna kiyasla 160 PE hastas1 iranli kadinda anlamli olarak daha yiiksek
oldugunu bulmustur (10,62% vs. 0%). Ote yandan, -238 pozisyonunda, alel G,
kontrol grubuna kiyasla PE'li kadinlarda daha sik gortilmiistiir (%60,62'ye karsi
%350). TNF-a gen polimorfizmlerini ve bunlarin PE gelisimi ile iliskisini
inceleyen calismalarda elde edilen tutarsiz sonuglarin etnik heterojenlikten
kaynaklanabilecegini 6ne siirmiislerdir. Buna ragmen, gen polimorfizminin PE
gelisiminde 6nemli bir rol oynadigina inanmaktadirlar (Mirahmadian et al.,
2008). Benzer sekilde, Mohajertehran ve arkadaslarinin calismasi, alel A
sikliginin PE'li 54 kadin arasinda %24,1, normal hamile kadinlar arasinda ise
%8,0 oldugunu gostermistir. Genotip ¢calismasina gelince, homozigot G/G sikligt
PE grubunda %51,9 ve normal kontrol grubunda %84,0 idi. Homozygot A/A
siklig1 tespit edilmemistir (Mohajertehran, Tavakkol Afshari, Rezaieyazdi, &
Ghomian, 2012). Tavakkol Afshari ve arkadaslari, -238 ve -308 pozisyonlarim
incelemis ve 153 PE hastas1 kadin ile 150 saglikli hamile kadin arasinda A alel
sikliginin her iki pozisyonda da anlamli olarak daha yiiksek oldugunu
gdstermistir. Ik pozisyonda, PE hastalarinin %14,3"i homozigot genotipe (G/G)
sahipken, kontrol grubunda bu oran %62 idi. -308 pozisyonunda, etkilenen
kadinlarin %52,2'si homozigot genotipe (G/G) sahipken, kontrol grubunda bu
genotipe sahip olanlarin oran1 %84 idi (Tavakkol Afshari et al., 2016). Diger
sitokin genotipleri lizerine yapilan ¢aligmalar daha az tutarlidir ve PE'nin aracilik
edilmesinde TNF-a'min 6nemli rolinii vurgulamaktadir . Bir meta-analiz
calismasi, TNF-a-308G/A polimorfizminin PE'ye yatkin oldugunu ortaya
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koymustur. TNF-0-308G/A polimorfizminin A aleli, 6zellikle Kafkas ve Iranl
primiparalarda PE olasihigmi artirmaktadir. Sonuglar, TNF-0-308G/A gen
polimorfizminin siddetli PE’nin patogenezinde dnemli roller oynayabilecegini
gostermektedir (C. W. Lin, C. H. Chen, M. H. Wu, F. M. Chang, & L. Kang,
2023; Naderi et al., 2014; Shafiul Hossen et al., 2024).

Sonu¢ olarak bu derleme, farkli etnik gruplarda TNF-a rs1800629
polimorfizmi ile PE riski arasindaki baglantiy1 aragtirmistir. Genel olarak, TNF-
o geninin rs1800629 varyanti, PE riskinin artmasina katkida bulunmaktadir.
Ayrica, Asya ve Kafkasya popiilasyonlarinda PE riskinin artmasiyla da iliskilidir.
PE’de TNF-a geninin olasi roliinii anlamak igin bu gendeki diger SNP'lerin daha
fazla arastirilmasi gerekmektedir.
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Bakiar ve Kanser

Suat CAKINA'
1. Giris

Bakair, insan metabolizmasinda kritik rol oynayan esansiyel bir eser elementtir.
Hiicre iginde baslica islevi, redoks reaksiyonlarinda yer alan enzimlerin kofaktorii
olarak gorev yapmaktir. Sitokrom c oksidaz, lizil oksidaz, siiperoksit dismutaz
(SOD1) ve tirozinaz gibi enzimlerin aktiviteleri bakir varligina baglidir (Gaetke
& Chow, 2003). Bu enzimler araciligryla bakir enerji metabolizmasi, bag dokusu
sentezi, serbest radikallerin detoksifikasyonu ve ndronal fonksiyonlarin
diizenlenmesi gibi temel biyolojik siireglerde gorev alir (Blockhuys et al., 2017).

Son yillarda yapilan ¢aligmalar, bakirin yalnizca normal hiicresel metabolizma
icin degil, aym zamanda patolojik siireglerde de belirleyici rol oynadigim
gostermektedir. Ozellikle kanser biyolojisinde bakirin énemi giderek artan bir
sekilde vurgulanmaktadir. Kanser hiicrelerinde artmis bakir seviyeleri, oksidatif
stresin artis1, proliferasyonun hizlanmasi, metastaz ve anjiyogenez gibi
stireclerde bakirin etkisini ortaya koymustur (Gupte & Mumper, 2009; Turski &
Thiele, 2009).

Kanserin diinya ¢apinda 6nde gelen mortalite nedenlerinden biri oldugu goz
Oniine alindiginda, bakir metabolizmasinin tiimor gelisimi ve progresyonundaki
rolliniin anlagilmasi, yeni tani ve tedavi stratejilerinin gelistirilmesi agisindan
biiylik 6nem tagimaktadir (Sung et al., 2021). Bu derlemede bakirin kanser
biyolojisindeki yeri, kanser hastalarinda serum ve tiimor dokularindaki bakir
diizeyleri, bakirin anjiyogenezdeki rolii ve bakir selatorlerinin antikanser
potansiyeli giincel literatiir 151831nda ele alinmaktadir.

2. Bakir ve Kanser

Bakiar (Cu), tiim canli organizmalarin biyokimyasinda merkezi bir rol oynayan
temel bir eser elementtir. Viicutta bakir, oksitlenmis Cu (II) ve indirgenmis Cu
(I) olmak ftizere iki oksidasyon durumunda bulunur. Viicutta bakir, oksitlenmis
Cu (II) ve indirgenmis Cu (I) olmak {izere iki oksidasyon durumunda bulunur.
Bakirin benzersiz elektronik yapisi, normal biiyiime ve gelisme i¢in gerekli olan
temel biyolojik fonksiyonlar1 yerine getiren enzimlerin redoks reaksiyonlarinda
ko-faktdr gorevi gérmesini saglar. Bu enzimler arasinda sitokrom c oksidaz
(mitokondriyal elektron tagima zincirinde rol oynar), lizin oksidaz (elastin ve
kolajenin ¢apraz baglanmasinda rol oynar) ve siliperoksit dismutaz (reaktif

! Dog. Dr., Canakkale Onsekiz Mart Universitesi Saglik Hizmetleri Meslek Yiiksekokulu
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oksijen tiirlerinin (ROS) detoksifikasyonunda rol oynar) gibi enzimlerin redoks
reaksiyonlarinda ko-faktor olarak gérev yapmasini saglar (Harris & Gitlin, 1996;
Tapiero, Townsend, & Tew, 2003).

Saglikli yetigkinler i¢in Onerilen giinliik bakir alimi 0,9 mg/giindiir. Bakirin
insan viicuduna emilimi karmasik bir siirectir ve ¢esitli faktorlere ve besin
bilesenlerine baghdir. Bakir, biiyiik 6l¢iide amino asit tastyicilar1 aracilifiyla ince
bagirsakta emilir; bu tasiyicilar baslica metionin, histidin ve sistein igerir.
Bagirsakta emilen bakir, oncelikle serum albiiminine ve bir dereceye kadar
transkupreine bagli olarak karacigere taginir (Gaetke & Chow, 2003; Sandstead,
1982; Tapiero et al., 2003).

Hiicresel bakir alimi siirecinde, Cu (II) Cu (I) 'ye indirgenir ve bakir, yiiksek
afiniteli bakir tagiyicilar ailesine ait olan insan bakir tagiyicisi (hCtrl) gibi gesitli
transmembran tasiyicilar araciligiyla hiicreye girer. Bakirin hiicre i¢i taginmasi,
Cu (I)-Glutatyon kompleksi olarak glutatyon veya Atox 1, Cox 17 ve CCS gibi
bakir saperonlari olarak bilinen bir sinif kii¢iik sitozolik proteinlerin yardimiyla
gercgeklestirilir. Cu (I)-Glutatyon kompleksi, hiicre i¢i metal detoksifikasyonu
gbrevini yerine getiren bir protein ailesi olan metallotiyoneinlere (MT) bakir
tagimak i¢in bir ara¢ gorevi goriir. Buna karsilik, bakir saperonlar1 bakiri hiicre
icindeki belirli bolmelere tasir. Bakir esas olarak safra yoluyla atilir (%80)
(Turnlund, 1998; Wang & Guo, 2006).

Seruloplazmin, insan plazmasinda bulunan baglica bakir tasiyici proteindir ve
toplam plazma bakirmin %75'ini igerir. Alblimin ve transkupreinin ise kalan
plazma bakirini tagidigi bilinmektedir. Bu tasiyicilara baglanan bakirin daha az
sik1 baglandig1 ve degistirilebilir oldugu bildirilmistir. insan plazmasindaki
serbest bakir konsantrasyonunun ~10""* M oldugu bildirilmistir. Bakir1 biyolojik
olarak yararli kilan kimyasal 6zellikler, ayni1 zamanda toksik etkilere, yani bakirin
neden oldugu oksidatif strese de yol agabilir. Bakir homeostazini korumak igin
bakir taginimi ve metabolizmasinin karmasik mekanizmalari, iki kalitsal hastalik
olan Wilson hastaligt ve Menkes hastalig1 ile vurgulanmaktadir (Hellman &
Gitlin, 2002; Linder et al., 1998).

Fazla bakirin, hiicrelerde ROS olusumuna neden olan giiclii bir oksidan
oldugu bilinmektedir. Bakirin tiimoérlerin etiyolojisi ve biiyiimesindeki rolii, son
yirmi yildir kapsamli bir sekilde arastirilmistir. Bu aragtirmalar, tiimorlii
farelerde, sigcanlarda ve ayrica insanlarda bakir dagilimmin degistigine dair
raporlara dayanmaktadir. Ayrica, kanser hastalarinda serum ve tiimor bakir
diizeylerinin saglikli kisilere kiyasla onemli dlgiide yiikseldigi bildirilmistir.
Seruloplazmin diizeylerinin de lenfoma, meme kanseri ve gastrointestinal sistem
kanseri gibi gesitli kanser tiirlerinde yiikseldigi gosterilmistir. Seruloplazminin,

kanser hiicreleri tarafindan yeni kan damarlarinin gelisimi i¢in kullanilan endojen
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bir anjiyojenik uyarict oldugu da one siiriilmiistiir (Brewer, 2005; Goodman,
Brewer, & Merajver, 2004).

3. Kanser hastalarinin serum ve tiimor dokularindaki bakir diizeyleri

Literatlirdeki bir¢ok rapor, kanser hastalarinda hem serum hem de tiimor bakir
diizeylerinin 6nemli dl¢lide yiikseldigini gostermistir. Kanser hastalarinin serum
ve tiimor dokularinda saglikli deneklere kiyasla bildirilen bakir diizeylerine
iliskin kapsamli bir literatiir incelemesi, sirastyla Tablo 1 ve 2'de belgelenmistir
(Gupte & Mumper, 2009). Bu calismalarin biiyiik bir kismi, bakir, ¢inko, demir
ve selenyum olmak {izere dort Onemli elementin konsantrasyonlarinin
belirlenmesine odaklanmigtir. Caligsmalar, ¢inko, demir ve selenyum
konsantrasyonlarinin kanser hastalarinda énemli 6l¢iide daha diisiik olmasina
karsin, bakir konsantrasyonlarinin neredeyse her zaman yiikselmis veya onemli
Olciide yiikselmis (2-3 katina kadar) oldugunu gostermistir. Ayrica, Cu/Zn, Cu/Se
ve Cu/Fe oranlarinin, normal deneklere kiyasla malign hastalarda neredeyse her
zaman daha yiiksek oldugu da gosterilmistir. Bu c¢alismalarda element
konsantrasyonlarinin, atomik absorpsiyon spektroskopisi veya X-1sin1 floresansi
(XRF) gibi oldukca spesifik ve hassas element teknikleri ile belirlendigi
unutulmamalidir (Gaetke & Chow, 2003; Gupte & Mumper, 2009).

Ek olarak, kanser hastalarinda belgelenen bu yiiksek bakir seviyeleri (i)
meme, rahim agzi, yamurtalik, akciger, prostat, mide, retikiiloendotelyal sistem
ve l16semi dahil olmak {izere genis bir yelpazedeki tiimorlerde, (ii) farkli yas
gruplarindaki hastalarda (10-50 ve >50 yas), (iii) hem erkeklerde hem de
kadinlarda, (iv) farkli cografi bolgelerdeki (Asya, Avrupa ve Amerika) hastalarda
ve en carpici olam (v) kanser evresi ve/veya ilerlemesi ile iliskili olarak
bildirilmistir (Gupte & Mumper, 2009; Wang & Guo, 2006).

Tablo 1. Normal bireyler ve kanser hastalarinda serum bakir diizeyleri (Gupte &
Mumper, 2009)

Kanser Tiirii Kontrol Grubu Kanser Grubu (pg/dL + Ornek Saysi /
(ng/dL + SD) SD) Anlamhhk
Akut lenfositik 16semi 114 +29 328+ 74 21 (p<0.01)
Meme kanseri 115+20 131+20 35 (p<0.01)
Servikal kanser 92.9 129.3 19 (p<0.001)
Over kanseri 92.9 139.5 4 (p<0.001)
Non-Hodgkin lenfoma 120.4+23.3 Evre I: 1349+424 -

Evre II: 176.1 + 66.3
Evre I1I: 176.9 £37.5
Evre IV: 157.7 +£49.6

Meme kanseri 1224+ 15.8 Evre I: 222.7 +44.4 35
Evre II: 203.9 £ 31.3
Evre III: 238.1 £36.8
Toplam: 228.4 + 38.0

20



Akciger kanseri 100 +18.2 Evre I-1I: 125 +£20.2 65 (p <0.001)
Evre III: 150 +33.8
Prostat kanseri 84.1 +6.27 124+ 8.3 44 (p<0.01)
Retikiiloendotelyal Erkek: 115.8 £13.9  Erkek: 228.0 +52.4 70 (p <0.001)
sistem Kadmn: 1189+ 17.1 Kadm: 2254+ 61.8
Akciger kanseri 143.0+3.2 1882+ 14.8 20 (p<0.01)
Mide kanseri - 171.9+73 33 (p<0.01)
Kolon kanseri - 164.7+13.4 22 (p <0.05)
Kolorektal kanser 98.8+24.3 165 +33.9 30 (p<0.001)
Losemi 86.7+25.3 Akut: 132.8 £ 50.6 41/7/34/8 (p<
Akut lenfoid: 129.1 +49.8 0.01-0.05)
Akut non-lenfoid: 139.9 +
51.2
KML: 109.2 +45.4
Oral l6koplaki Erkek: 66.9 +22.0 Erkek: 89.6 +19.0 21/25(p<0.001)

Oral skuamoz hiicreli
karsinom

Kadn: 66.8 + 14.0

Erkek: 108.9 +17.0
Kadmn: 107.8 £ 12.0

22720 (p < 0.001)

Over kanseri (benign
dahil)

133 +17.0 (benign,
n=42)

Evre I: 160 + 17.0
Evre II: 190 + 6.0
Evre III: 179 £ 18.0
Evre IV: 210 +23.0

2/4/19/11 (p<
0.001)

Meme kanseri 96.5+ 7.3 (kontrol, 1252 +15.0 25 (p<0.01)
n=26)
103.8+8.3
(benign, n=43)

Meme kanseri 100.7 = 40.5 1728 +12.2 50 (p<0.01)

Tablo 2. Normal bireyler ve kanser hastalarinda doku bakir diizeyleri (Gupte &

Mumper, 2009)

Kanser Tiirii Normal Doku (ng/g =+ Kanserli Doku (ng/g + Ornek Saysi /

SD) SD) Anlamhhk
Meme kanseri Normal: 6.13 +4.32 Evre I: 11.08 +4.98 25

Benign: 6.51 +5.33 Evre II: 10.10 +5.61

Evre III: 17.18 +11.83

Meme kanseri 9.3+23 21.0+10.7 22 (p <0.0001)
Over kanseri 0.2-0.9 0.4-2.8 10
Kolorektal kanser 1.79 £ 0.57 2.78 £ 0.84 30 (p<0.001)
Meme kanseri 2.38 3.25 20
Meme kanseri 0.29 £ 0.29 ppm 0.89 + 0.56 ppm 40
Kalin bagirsak 1.53+0.35 1.90 £ 0.6 24 (p <0.05)
Mide 1.44 £0.38 2.09+0.52 7 (p <0.02)
Over 1.26 £0.45 2.16+£0.63 5 (p<0.01)
Meme 1.58 £0.62 1.91+£0.56 8
Bobrek 1.80 £0.42 1.61+£0.25 3
Mesane 1.54 2.80+0.3 2
Testis 1.48+£0.7 1.43 1
Hodgkin’s 1.42 +£0.44 3.18 1
Tiim vakalar 1.42+0.44 2.08 £0.76 53 (p<0.001)
Meme kanseri 1.47 ppm 5.12 ppm 15 (p<0.01)
Mide kanseri 1.1+04 1.7+0.1 18 (p <0.01)
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Over kanseri 1.95+0.64 2.17+0.64 40
Losemi 15 £+ 4 ng/10° hiicre 52 + 16 png/10° hiicre 12 (p<0.01)

4. Bakir ve anjiyogenez

“Anjiyogenez”, yeni kan damarlarinin gelisme siireci olarak tanimlanir.
“Timor biiyiimesi anjiyogeneze baghdir” kavrami, 1970-1980'lerde Judah
Folkman tarafindan ortaya atilmistir. Timor hiicreleri, tiimore oksijen ve besin
saglayan anjiyogenez olmadan capt 1-2 mm'den fazla biiyliyemez. Normal bir
hiicrede anjiyogenez, endojen uyaricilar ve inhibitdrler arasinda karmasik bir
etkilesim ve dengeyi igerir. Kanser hiicreleri, kendi anjiyojenik uyaricilarini
sentezlemek veya bunlar1 sentezlemek ic¢in endotel hiicrelerini ise almak igin
yontemler gelistirmistir. Kanser hiicreleri, kendi anjiyojenik uyaricilarm
sentezlemek veya bunlar sentezlemek icin endotel hiicrelerini devreye sokmak
icin yontemler gelistirmistir. Bu endojen anjiyogenez uyaricilari arasinda
Vaskiiler Endotel Biiyiime Faktorii (VEGF), Anjiyogenin, asik Fibroblast
Biiyiime Faktorii a (b-FGF), Tiimor Nekroz Faktorii a (TNF-a), Epidermal
Biiyiime Faktorii (EGF), Interlokin (IL) 1, 6 ve 8 gibi sitokinler, bakir gibi eser
elementler ve endojen anjiyogenez inhibitdrleri arasinda Interldkin 10 ve 12 gibi
sitokinler ve Anjiyotensin, Endostatin ve Anjiyopoietin-2 gibi modiilatorler
bulunur (Folkman & Klagsbrun, 1987).

Tiimor gelisiminde anjiyogenezin 6nemi ile ilgili kesiflere dayanarak, anti-
anjiyojenik tedavi kavrami biiyiik ilgi gérmiis ve birkag anti-anjiyojenik ajan
gelistirilmis olup su anda klinik denemelerde bulunmaktadir. Klinik denemelerde
bulunan anti-anjiyojenik ajanlar genellikle asagidaki kategorilerden birine aittir:
(i) proteaz inhibitdrleri, (ii) endotel hiicre proliferasyonu/migrasyon inhibitorleri,
(iii)) anjiyojenik faktorlerin antagonistleri, (iv) endotel hiicrelerine ozgi
integrin/hayatta kalma sinyal inhibitorleri, (v) bakir selatorleri ve (vi) spesifik
olmayan mekanizmaya sahip ajanlar. Anjiyojenik stimiilator VEGF'ye karsi
monoklonal bir antikor olan Bevacizumab, su anda kolorektal kanserlerin tedavisi
icin piyasada bulunmaktadir. Bevacizumab (anti-VEGF) gibi belirli bir
anjiyojenik stimiilatorii hedef alan anti-anjiyojenik ajanlar, Paclitaxel, 5-
Fluorouracil ve Doxorubicin gibi kemoterapétik ajanlarla birlikte kullanildiginda
(kolorektal gibi belirli tiimorlerde) iyilesmeler gdstermis olsa da, diger kanser
tiirlerinde, yani meme kanseri ve kii¢clik hiicreli dis1 akciger kanserinde
etkinlikleri azalmaktadir. Bu durum, yukarida agiklandigi gibi tiimdr hiicresine
bir dizi baska anjiyojenik faktoriin mevcut olmasindan veya bunlarin kendileri
tarafindan sentezlenmesinden ya da anjiyogenez igin endotel hiicrelerinin
devreye girmesinden kaynaklaniyor olabilir. Bu nedenle, basarili bir anti-
anjiyojenik tedavi ya birden fazla anjiyojenik faktorii ya da anjiyogenez igin
kritik 6neme sahip bir anjiyojenik faktorii hedef almali ya da bir dizi baska
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anjiyojenik faktorii spesifik olarak kontrol etmelidir (Gupte & Mumper, 2009;
Lowndes & Harris, 2004).

1980 yilinda, McAuslan ve Reilly, bir peptit “endotel uyaric1 biiylime
faktorii”nii izole etmek amaciyla, bakir tuzlarmin tiimor ekstraktinin en basit
anjiyojenik bileseni oldugunu ve endotel hiicrelerinin goclini uyardigini
belirttiler (Lowndes & Harris, 2004, 2005).

Bakar eksikligi olan diyetlerle beslenen tavsanlarin, serum bakir seviyelerinin
yar1 yariya azaldig1 ve tavsan kornea anjiyogenez modelinde anjiyojenik uyarici
Bakar eksikligi olan diyetlerle beslenen tavsanlarda serum bakir diizeylerinin yar1
yariya azaldig1 ve tavsan kornea anjiyogenez modelinde anjiyojenik uyaricidan
bagimsiz olarak anjiyojenik yanitin yetersiz kaldigi bildirilmistir. Bakir iyonlari,
in vitro olarak endotel hiicrelerinin hareketliligini uyarir. In vitro bakir tuzlarmin,
anjiyogenez ile iligkili bir matriks glikoproteini olan fibronektinin sentezini
indiikledigi gosterilmistir. Bakir seviyelerinin, yeni kan damarlarinin biiylimesini
veya gerilemesini lokal olarak diizenledigi bulunmustur. Bakirin, tavuk embriyo
koryoallantoik modellerinde anjiyogenezi uyardigi da gosterilmistir. Ayrica, IL-
1, 6 ve 8, b-FGF, TNF-a ve VEGF gibi yapisal olarak farkli ancak hayati dneme
sahip anjiyojenik sitokinlerin/biiylime faktdrlerinin ekspresyonu, bakirin
cekilmesinden sonra azalmaktadir. Bakirin tiimor biiylimesinde rol oynadigina
dair bir bagka kanit, saglikli deneklere kiyasla kanser hastalarinin serum ve
tiimorlerinde bakir diizeylerinin yiiksek olmasidir. Serum bakir diizeylerinin
tiimor yiikd, ilerlemesi, insidansi, gerilemesi ve niiksetmesi ile iliskili oldugu
gosterilmistir. Seruloplazmin ekspresyonunun da tiimdrlerde yiikseldigi
bildirilmistir. Seruloplazmin diizeylerinin, malign progresyon sirasinda 4-8 kat
artt1ig1 ve tiimor gerilemesi sonrasinda normal diizeylerine dondiigii bildirilmistir
(Gupte & Mumper, 2009; Hu, 1998; Raju, Alessandri, Ziche, & Gullino, 1982).

Ayrica, X-15m1 floresan mikroskobu (XFM) ile son zamanlarda, anjiyogenez
sirasinda hiicresel bakirin bilyiik dlgekli yeniden lokalizasyonu ve hiicre disi
translokasyonu ortaya cikarilmistir. Tiim bu bulgular, bakirin anjiyogenezde
merkezi bir rol oynadigimi ve bu nedenle, kenetleyiciler yardimiyla bakir
diizeylerinin kontrol edilmesinin anti-anjiyojenik aktiviteye yol agacagini
gostermektedir (Finney et al., 2007; Gupte & Mumper, 2009).

5. Sonuclar

Kanser hastalarinda normal deneklere kiyasla yiiksek bakir ve oksidatif stres
seviyelerinin varlig1 iyi bir sekilde belgelenmistir. Yiiksek bakir ve oksidatif stres
seviyeleri, ¢esitli malignitelerin belirgin 6zellikleridir, bu nedenle ¢esitli malign
durumlara uygulanabilir tedavi yaklasimlar1 saglar. Bu nedenle, potansiyel
kanser tedavi stratejilerinin gelistirilmesi i¢in bu farkliliklardan yararlanma firsati
bulunmaktadir. Bu nedenle, malignitelerde degisen bakir ve oksidatif stres
kosullarim1 hedef alan antikanser ajanlarin gelistirilmesine yonelik daha fazla
arastirma yapilmasi gerekmektedir.
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Emerging Biomarker Strategies for Early Detection
and Monitoring of Alzheimer’s Disease: Focus On

Ptau217, Ube2n, And the Cerebrospinal Fluid
Resilience Signature

Cagatay Han TURKSEVEN!

Introduction

Alzheimer's disease (AD) is a progressive neurodegenerative disorder and the
leading cause of dementia worldwide, affecting a significant portion of the elderly
population. The prevalence of AD was approximately 44 million globally in
2015, with projections indicating a potential doubling by 2050 due to aging
populations (Delrieu, 2022; Kumar et al., 2022; Mendiola-Precoma et al., 2016).
This increase is attributed to the rising number of individuals over 65, a
demographic particularly susceptible to AD, with prevalence rates increasing
from 3% to 32% between the ages of 65 and 85 (Rayathala et al., 2022). The
disease is characterized by specific pathological features and risk factors, which
are crucial for understanding its progression and potential interventions. In
response to these growing numbers and the limitations of current diagnostic
methods, significant research efforts have been directed toward developing
blood-based biomarkers as more accessible and cost-effective alternatives.
Despite the potential of these new methods, discrepancies between plasma
biomarkers and traditional diagnostic techniques like PET and CSF analysis
remain a concern, indicating that further validation is necessary (Rousset et al.,
2023). Thus, minimally invasive, scalable biomarkers for early detection and
monitoring are urgently needed. In recent years, phosphorylated tau at threonine
217 (pTau217) in plasma has emerged as a groundbreaking biomarker (Mundada
et al., 2023; Yang et al., 2024). In May 2025, the FDA cleared the Lumipulse G
pTau217/B-amyloid-42 plasma ratio assay, demonstrating 91.7% positive and
97.3% negative agreement with PET or CSF confirmation in a cohort of 499
cognitively impaired individuals (U.S. Food and Drug Administration, 2025).
Additionally, Spear Bio’s pTau217 blood test received a Breakthrough Device
designation from the FDA, leveraging novel SPEAR technology to detect
pTau2l7 at femtogram per milliliter sensitivity—offering high specificity in
distinguishing AD from other neurodegenerative disorders (Spear Bio, 2025;
McGovern, 2025). Beyond tau, ubiquitin-conjugating enzyme E2N (UBE2N) has
been identified as a promising novel biomarker (Feng et al., 2025). A 2025
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proteomic study using transcriptomic data and Tau’P301S mouse models
reported significantly reduced UBE2N expression in cortex and hippocampus
regions, with functional associations to synaptic vesicle cycling and T/B cell
receptor signaling pathways (Feng et al., 2025). These findings suggest that
UBE2N may reflect both synaptic and immune-related alterations in AD.

Moreover, proteomics analyses from Stanford’s Knight Initiative have
revealed a CSF-based “resilience signature”—a protein ratio between YWHAG
and NPTX2—that predicts the rate of cognitive decline independently of amyloid
and tau levels in over 3,300 subjects (Oh et al., 2024; 2025). This signature could
improve patient stratification and prognostication in clinical and research
settings.

This chapter reviews these cutting-edge biomarker modalities—plasma
pTau217, UBE2N, and CSF resilience markers—emphasizing their biological
basis, diagnostic accuracy, and potential to revolutionize early detection, patient
selection, and monitoring in AD. Integrating these tools aligns strongly with
precision medicine strategies and lays the foundation for transforming AD
diagnosis and intervention.

pTau217 Blood Test: A Breakthrough in Early Diagnosis

Alzheimer’s disease (AD) is pathologically characterized by extracellular
amyloid-p (AP) plaques and intracellular neurofibrillary tangles composed of
hyperphosphorylated tau protein (Jack et al., 2018). Tau is a microtubule-
associated protein that stabilizes neuronal axonal transport. In AD, tau undergoes
hyperphosphorylation, causing it to detach from microtubules and aggregate into
paired helical filaments, contributing to synaptic dysfunction and neuronal death
(Wang & Mandelkow, 2016). The pTau217 epitope, specifically associated with
amyloid deposition, becomes elevated early in the disease course, even before the
onset of cognitive symptoms (Palmqvist et al., 2020). Plasma pTau217 shows a
strong correlation with tau-PET imaging, particularly in amyloid-positive
patients with mild cognitive impairment (MCI) or dementia, with a correlation
coefficient of r = 0.61 (Mundada et al., 2023). Higher pTau217 levels are
associated with lower Mini-Mental State Examination (MMSE) scores,
indicating cognitive decline (Mundada et al., 2023). Elevated plasma pTau217
levels correlate with reduced synaptic density in the hippocampus, a critical area
affected in AD (Yang et al., 2024). This relationship suggests that pTau217 may
play a role in synaptic loss, a hallmark of AD pathology (Yang et al., 2024).
pTau217 is found in neurofibrillary tangles and correlates with amyloid-beta
plaque load in the brain, indicating its potential as a marker for AD-related
neurodegeneration (Aguillon et al., 2023; Wennstrom et al., 2022). The presence
of pTau217 in specific brain regions further supports its relevance in tracking
disease progression and pathology (Wennstrom et al., 2022). Postmortem and in
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vivo studies have demonstrated that plasma pTau217 levels strongly correlate
with tau PET and AP PET findings, outperforming other tau isoforms such as
pTaul81 in distinguishing AD from other neurodegenerative diseases (Thijssen
et al., 2021; Janelidze et al., 2020).

These findings suggest that pTau2l17 may represent a mechanistic link
between amyloid deposition and downstream tau pathology, serving as a reliable
biomarker of amyloid-induced tauopathy. Among the various phosphorylated tau
isoforms, tau phosphorylated at threonine 217 (pTau217) has emerged as one of
the most promising plasma biomarkers for the early diagnosis and staging of AD.

UBE2N: A Novel Candidate Biomarker Linked to Synaptic Function

UBE2N, or Ubiquitin-Conjugating Enzyme E2 N, has emerged as a promising
candidate biomarker linked to synaptic function, particularly in the context of
neurodegenerative diseases such as Huntington's disease (HD) and Alzheimer's
disease (AD). Research indicates that UBE2N plays a significant role in synaptic
health and the pathogenesis of these disorders, highlighting its potential for early
diagnosis and targeted therapies (Yin et al., 2015; Feng et al., 2025). UBE2N's
association with synaptic dysfunction positions it as a potential biomarker for
various neurodegenerative conditions, complementing other synaptic proteins
that have been studied for their diagnostic capabilities (Taddei et al., 2024). In
aged monkey brains, increased levels of UBE2N were associated with the
accumulation of mutant huntingtin, which contributes to synaptic dysfunction in
HD (Yin et al., 2015). Manipulating UBE2N levels demonstrated that its
overexpression exacerbates huntingtin aggregation, while its reduction mitigates
this effect, underscoring its importance in synaptic health (Yin et al., 2015). These
findings highlight UBE2N’s broader involvement in proteostasis and
neurodegeneration beyond Huntington’s disease, raising the question of whether
similar mechanisms are at play in Alzheimer’s disease. The enzyme's role in the
clearance of amyloid beta further emphasizes its relevance in AD pathology,
suggesting that targeting UBE2N could enhance therapeutic strategies (Zhang et
al., 2024). UBE2N (ubiquitin-conjugating enzyme E2N) has recently been
identified as a promising candidate biomarker for Alzheimer’s disease (AD),
based on comprehensive transcriptomic analyses and experimental validation. In
a 2025 study, Feng et al. utilized weighted gene co-expression network analysis
(WGCNA) and multiple machine learning algorithms to integrate gene
expression data from publicly available GEO datasets and confirmed that UBE2N
expression is significantly downregulated in both human and murine models of
AD. Specifically, in Tau"P301S transgenic mice-commonly used to model
tauopathy-UBE2N expression was markedly reduced in cortical and hippocampal
tissues when compared to wild-type controls, suggesting a direct link to
neurodegenerative progression. Parallel analyses using single-cell RNA-
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sequencing data from human cerebrospinal fluid and peripheral blood further
supported this finding, revealing decreased UBE2N expression particularly in
CD4+ T cells of AD patients, thus highlighting its relevance across both central
and peripheral immune compartments. Functional enrichment and pathway
analyses revealed that UBE2N is critically involved in synaptic vesicle cycling
and T-cell receptor signaling pathways-two processes that are profoundly
disrupted in AD. In the neuronal context, UBE2N contributes to vesicle-mediated
synaptic transmission and protein ubiquitination, both essential for maintaining
synaptic homeostasis. Its downregulation may compromise synaptic plasticity
and protein turnover, potentially accelerating cognitive decline. Simultaneously,
its role in immune signaling pathways indicates a broader regulatory function in
the neuroimmune axis. Taken together, the consistent downregulation of UBE2N
across multiple systems and model organisms not only underscores its diagnostic
potential but also suggests that targeting UBE2N pathways may offer a novel
therapeutic avenue for modifying disease progression in Alzheimer’s disease
(Feng et al., 2025). While UBE2N stands out as a promising biomarker of
synaptic dysfunction, the complexity of neurodegenerative diseases resists
reduction to a single molecular signature. Rather, it invites a layered narrative—
where proteins like neurogranin and B-synuclein do not merely coexist but co-
orchestrate distinct aspects of synaptic failure and cognitive decline (Bavaharini
et al., 2024; Mohaupt et al., 2022). A multidimensional approach that embraces
this intricate protein interplay may illuminate the hidden architecture of disease
progression and guide the next generation of diagnostic and therapeutic
strategies.

Cerebrospinal Fluid “Resilience Signature”: Beyond Amyloid and Tau

In the evolving landscape of Alzheimer’s disease (AD) research, the concept
of cognitive resilience has emerged as a critical paradigm-shifting focus from
solely tracking pathological hallmarks like amyloid-p and tau, to understanding
why some individuals maintain cognitive function despite such burdens. Recent
studies have revealed that resilience is not a product of a single mechanism, but
rather a complex, dynamic interplay of vascular, inflammatory, metabolic, and
synaptic factors that together shape the brain's capacity to withstand
neurodegeneration. Vascular biomarkers such as VEGF-A and VEGF-B, for
example, have been shown to attenuate the impact of tau pathology on cortical
atrophy, indicating a neuroprotective vascular role (Svenningsson et al., 2024).
In the immune domain, glial fibrillary acidic protein (GFAP) and interleukin-15
(IL-15) modulate cognitive outcomes in tau-positive but cognitively unimpaired
individuals, highlighting the regulatory role of neuroinflammation (Svenningsson
et al., 2024). Metabolic resilience, assessed via FDG-PET imaging, further
illustrates that individuals with preserved cerebral glucose metabolism exhibit
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greater cognitive stability despite amyloid positivity (Arenaza-Urquijo et al.,
2019). On a molecular level, synaptic proteins like VGF and somatostatin—found
enriched in resilient brains—underscore the vital role of synaptic repair and
neuropeptide signaling in sustaining cognitive function (Morgan & Carlyle,
2024).

Building upon this multifaceted understanding, the Cerebrospinal Fluid (CSF)
“Resilience Signature” proposed by Stanford’s Knight Initiative offers a
powerful, quantifiable tool for predicting cognitive decline. Specifically, the ratio
of YWHAG (14-3-3y) to NPTX2 in CSF was shown to outperform traditional
biomarkers—such as pTaul81:AB42, neurofilament light, and neurogranin-in
forecasting cognitive deterioration across diverse cohorts of over 3,300
individuals (Oh et al., 2025). What makes this signature particularly compelling
is its temporal sensitivity: an elevated YWHAG:NPTX2 ratio could be detected
up to two decades before the onset of clinical symptoms, even in individuals who
were amyloid-positive but cognitively normal (Oh et al., 2025). Functionally,
both YWHAG and NPTX2 are involved in synaptic stability and signal
transduction, suggesting that this biomarker reflects not just the presence of
pathology, but the functional integrity of neural circuits themselves (Oh et al.,
2025). Efforts are now underway to develop plasma-based analogs of this
signature, with the aim of enabling non-invasive, scalable screening tools for
early intervention and individualized treatment planning.

Ultimately, the resilience signature marks a transition from descriptive
pathology to predictive neuroscience. By integrating vascular, immune,
metabolic, and synaptic dimensions into a cohesive biomarker framework, it
becomes possible not only to identify individuals at greatest risk for cognitive
decline, but also to illuminate the protective mechanisms that could be
therapeutically harnessed. In embracing this multidimensional perspective, we
move closer to precision neurology-where prevention and intervention are
tailored not just to the presence of disease, but to the brain’s capacity to resist it.

Clinical Implications and Future Perspectives

The emergence of blood-based and CSF biomarkers, such as plasma pTau217
and the CSF YWHAG:NPTX2 resilience signature, heralds a transformative shift
in Alzheimer’s disease (AD) diagnostics. Recent large-scale studies involving
over 2,000 cognitively normal older adults have shown that elevated plasma
levels of pTau217, pTaul81, neurofilament light (NfL), and GFAP correlate
strongly with future dementia risk, demonstrating predictive AUC values
between ~71-83% and negative predictive values exceeding 90% (Grande et al.,
2025). When combined with established markers like NfL or GFAP, predictive
accuracy-and particularly positive predictive values-improve further, reinforcing
the value of biomarker panels for preclinical screening.
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This diagnostic shift is particularly relevant given the limitations of traditional
methods such as positron emission tomography (PET) and lumbar puncture for
CSF collection, which are either cost-prohibitive, invasive, or inaccessible in
many healthcare environments. In response to this need, the U.S. Food and Drug
Administration (FDA) recently approved the first blood test for Alzheimer’s
disease based on the plasma pTau217/B-amyloid 42 ratio, with clinical trials
reporting 91.7% sensitivity and 97.3% specificity compared to PET or CSF
benchmarks (U.S. Food and Drug Administration, 2025). The broad applicability
of such tests has been further confirmed in international cohorts, where plasma-
based amyloid detection reached over 94% accuracy in identifying AB-positive
individuals (Palmgqvist et al., 2020).

Beyond diagnosis, the utility of blood biomarkers aligns seamlessly with
therapeutic advances in AD, especially with the emergence of anti-amyloid
agents like lecanemab and donanemab. These monoclonal antibodies have shown
significant efficacy in reducing amyloid burden and slowing cognitive decline in
early-stage patients (van Dyck et al., 2023; Mintun et al., 2021). Importantly,
plasma pTau217 levels have been proposed as pharmacodynamic markers for
monitoring treatment response, offering a non-invasive means to assess
therapeutic efficacy in real time (Dyer et al., 2024). Accordingly, blood-based
biomarker screening may become instrumental in determining eligibility for
disease-modifying therapies, enabling stratified and timely intervention.

However, challenges remain before widespread clinical adoption. Assay
variability, lack of standardization across platforms, and population-specific
thresholds must be addressed through rigorous validation and regulatory
harmonization (Hampel et al., 2021). Moreover, while current data support high
negative predictive values, the lower positive predictive values of some plasma
tests suggest that confirmatory CSF or PET imaging may still be necessary in
ambiguous or borderline cases. Ethical considerations-such as incidental
findings, overdiagnosis in asymptomatic individuals, and equitable access-must
also be carefully navigated as biomarker-based screening becomes more
commonplace.

In sum, the convergence of diagnostic innovation and therapeutic precision is
redefining the clinical landscape of Alzheimer’s disease. The integration of
blood- and CSF-based biomarkers offers a scalable, non-invasive, and clinically
actionable pathway for earlier detection, individualized care, and optimized
treatment planning-moving the field toward a future where precision neurology
is not just a possibility, but a standard of care.
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Conclusions

As Alzheimer’s disease continues to impose a profound clinical and societal
burden, the urgency for sensitive, accessible, and disease-relevant biomarkers has
never been greater. This chapter has highlighted three emerging and
complementary biomarker strategies-plasma pTau217, UBE2N, and the
cerebrospinal fluid (CSF) resilience signature-that collectively redefine the
landscape of early detection and longitudinal monitoring in Alzheimer’s disease.
Each of these biomarkers captures distinct dimensions of the disease: pTau217
serves as a dynamic surrogate of amyloid-induced tauopathy, UBE2N reflects
synaptic and immune dysfunction at the intersection of neurodegeneration and
neuroinflammation, and the resilience  signature-particularly  the
YWHAG:NPTX2 ratio-shifts the focus toward protective mechanisms and
cognitive reserve.

What unites these approaches is not merely their individual diagnostic value,
but their potential to transform Alzheimer’s research and care through
integration. When implemented synergistically, these biomarkers may overcome
the limitations of current diagnostic models that rely heavily on late-stage
structural imaging or invasive CSF assays. The movement toward minimally
invasive, scalable blood-based tests-validated through rigorous clinical trials and
increasingly accepted by regulatory agencies-paves the way for earlier
intervention, improved patient stratification, and real-time therapeutic
monitoring, especially in the era of anti-amyloid therapies like lecanemab and
donanemab.

Yet, this progress also challenges us to think more holistically. Cognitive
resilience is not the absence of pathology but the presence of compensatory
systems-vascular,  synaptic, immunological-that buffer against
neurodegeneration. Embracing this complexity will require not only
technical refinement of biomarkers, but also conceptual shifts in how we
define, detect, and treat Alzheimer’s disease. In doing so, we may finally
begin to transition from reactive care to precision prevention-anchored not
just in pathology, but in the biology of resilience.

As these biomarker strategies evolve from bench to bedside, they
illuminate a future where Alzheimer's disease may not only be detected
early and treated effectively-but perhaps, one day, prevented altogether.

34



REFERENCES

Aguillon, D., Langella, S., Chen, Y., Sanchez, J. S., Su, Y., Vila-Castelar, C.,
Vasquez, D., Zetterberg, H., Hansson, O., Dage, J. L., Janelidze, S., Chen,
K., Fox-Fuller, J. T., Aduen, P., Martinez, J. E., Garcia, G., Baena, A.,
Guzman, C., Johnson, K. A., Sperling, R. A., ... Quiroz, Y. T. (2023). Plasma
p-tau217 predicts in vivo brain pathology and cognition in autosomal
dominant Alzheimer's disease. Alzheimer's & dementia : the journal of the
Alzheimer's Association, 19(6), 2585-2594.
https://doi.org/10.1002/alz.12906.

Arenaza-Urquijo, E. M., Przybelski, S. A., Lesnick, T. L., Graff-Radford, J.,
Machulda, M. M., Knopman, D. S., Schwarz, C. G., Lowe, V. J., Mielke, M.
M., Petersen, R. C., Jack, C. R., & Vemuri, P. (2019). The metabolic brain
signature of cognitive resilience in the 80+: beyond Alzheimer pathologies.
Brain: a journal of neurology, 142(4), 1134-1147.
https://doi.org/10.1093/brain/awz037.

Bavaharini, R., Somala, C. S., Saravanan, K. M., & Thirunavukarasou, A. (2024).
Neurogranin in Alzheimer’s Disease: Roles in synaptic function, pathology,
and potential as a diagnostic biomarker. AIMS Molecular Science, 11(4),
330-350. https://doi.org/10.3934/molsci.2024020.

Delrieu, J. (2022). Alzheimer’s disease. International Journal of Health Sciences
(IJHS), 1462—-1475. https://doi.org/10.53730/ijhs.v6ns8.10006.

Dyer, A. H., Dolphin, H., O'Connor, A., Morrison, L., Sedgwick, G., Young, C.,
Killeen, E., Gallagher, C., McFeely, A., Connolly, E., Davey, N., Claffey, P.,
Doyle, P., Lyons, S., Gaffney, C., Ennis, R., McHale, C., Joseph, J., Knight,
G., Kelly, E., O’Farrelly, C., Fallon, A., O’Dowd, S., Bourke, N. M.,
Kennelly, S. P. (2024). Performance of plasma p-tau217 for the detection of
amyloid-f  positivity in a memory clinic cohort wusing an
electrochemiluminescence immunoassay. Alzheimer's research & therapy,
16(1), 186. https://doi.org/10.1186/s13195-024-01555-z.

Feng, G., Zhong, M., Huang, H., Zhao, P., Zhang, X., Wang, T., Gao, H., & Xu, H.
(2025). Identification of UBE2N as a biomarker of Alzheimer's disease by
combining WGCNA with machine learning algorithms. Scientific reports,
15(1), 6479. https://doi.org/10.1038/s41598-025-90578-z.

Grande, G., Valletta, M., Rizzuto, D., Xia, X., Qiu, C., Orsini, N., Dale, M.,
Andersson, S., Fredolini, C., Winblad, B., Laukka, E. J., Fratiglioni, L., &
Vetrano, D. L. (2025). Blood-based biomarkers of Alzheimer's disease and
incident dementia in the community. Nature medicine, 31(6), 2027-2035.
https://doi.org/10.1038/s41591-025-03605-x.

35


https://doi.org/10.1002/alz.12906
https://doi.org/10.1093/brain/awz037
https://doi.org/10.3934/molsci.2024020
https://doi.org/10.53730/ijhs.v6ns8.10006
https://doi.org/10.1186/s13195-024-01555-z
https://doi.org/10.1038/s41598-025-90578-z
https://doi.org/10.1038/s41591-025-03605-x

Hampel, H., Toschi, N., Babiloni, C., Baldacci, F., Black, K. L., Bokde, A. L. W.,
Bun, R. S., Cacciola, F., Cavedo, E., Chiesa, P. A., Colliot, O., Coman, C.
M., Dubois, B., Duggento, A., Durrleman, S., Ferretti, M. T., George, N.,
Genthon, R., Habert, M. O., Herholz, K., Koronyo, Y., Koronyo-Hamaoui,
M., Lamari, F., Langevin, T., Lehéricy, S., Lorenceau, J., Neri, C., Nistico,
R., Nyasse-Messene, F., Ritchie, C., Rossi, S., Santarnecchi, E., Sporns, O.,
Verdooner, S. R., Vergallo, A., Villain, N., Younesi, E., Garaci, F., Lista, S.,
Alzheimer Precision Medicine Initiative (APMI) (2018). Revolution of
Alzheimer Precision Neurology. Passageway of Systems Biology and
Neurophysiology. Journal of Alzheimer's disease : JAD, 64(s1), S47-S105.
https://doi.org/10.3233/JAD-179932.

Jack, C. R., Bennett, D. A., Blennow, K., Carrillo, M. C., Dunn, B., Haeberlein, S. B.,

. & Silverberg, N. (2018). NIA-AA research framework: Toward a

biological definition of Alzheimer's disease. Alzheimer's & Dementia, 14(4),
535-562. https://doi.org/10.1016/j.jalz.2018.02.018.

Janelidze, S., Mattsson, N., Palmqvist, S., Smith, R., Beach, T. G., Serrano, G. E.,
Chai, X., Proctor, N. K., Eichenlaub, U., Zetterberg, H., Blennow, K.,
Reiman, E. M., Stomrud, E., Dage, J. L., & Hansson, O. (2020). Plasma P-
taul81 in Alzheimer's disease: relationship to other biomarkers, differential
diagnosis, neuropathology and longitudinal progression to Alzheimer's
dementia. Nature medicine, 26(3), 379-386. https://doi.org/10.1038/s41591-
020-0755-1.

Kumar, S., Hasan, M., Singhal, S., & Anupam, A. K. (2022). Alzheimer’s disease.
Pathy’s Principles and Practice of Geriatric Medicine, 794-807.
https://doi.org/10.1002/9781119484288.ch63.

Mendiola-Precoma, J., Berumen, L. C., Padilla, K., & Garcia-Alcocer, G. (2016).
Therapies for Prevention and Treatment of Alzheimer’s Disease. BioMed
Research International, 2016, 2589276.
https://doi.org/10.1155/2016/2589276.

McGovern, G. (2025, January 16). FDA grants Breakthrough Device designation to
pTau 217 blood test for Alzheimer disease detection. Pharmacy Times.
https://www.pharmacytimes.com/view/fda-grants-breakthrough-device-
designation-to-ptau-217-blood-test-for-alzheimer-disease-
detection?utm_source.

Mintun, M. A., Lo, A. C.,, Duggan Evans, C., Wessels, A. M., Ardayfio, P. A,
Andersen, S. W., Shcherbinin, S., Sparks, J., Sims, J. R., Brys, M.,
Apostolova, L. G., Salloway, S. P., & Skovronsky, D. M. (2021).
Donanemab in Early Alzheimer's Disease. The New England journal of
medicine, 384(18), 1691-1704. https://doi.org/10.1056/NEJMo0a2100708.

36


https://doi.org/10.3233/JAD-179932
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1038/s41591-020-0755-1
https://doi.org/10.1038/s41591-020-0755-1
https://doi.org/10.1002/9781119484288.ch63
https://doi.org/10.1155/2016/2589276
https://www.pharmacytimes.com/view/fda-grants-breakthrough-device-designation-to-ptau-217-blood-test-for-alzheimer-disease-detection?utm_source
https://www.pharmacytimes.com/view/fda-grants-breakthrough-device-designation-to-ptau-217-blood-test-for-alzheimer-disease-detection?utm_source
https://www.pharmacytimes.com/view/fda-grants-breakthrough-device-designation-to-ptau-217-blood-test-for-alzheimer-disease-detection?utm_source
https://doi.org/10.1056/NEJMoa2100708

Mohaupt, P., Pons, M.-L., Vialaret, J., Delaby, C., Hirtz, C., & Lehmann, S. (2022).
B-Synuclein as a candidate blood biomarker for synaptic degeneration in
Alzheimer’s disease. Alzheimer’s Research & Therapy, 14(1).
https://doi.org/10.1186/s13195-022-01125-1.

Morgan, G. R., & Carlyle, B. C. (2024). Interrogation of the human cortical peptidome
uncovers cell-type specific signatures of cognitive resilience against
Alzheimer's disease. Scientific reports, 14(1), 7161.
https://doi.org/10.1038/s41598-024-57104-z.

Mundada, N. S., Rojas, J. C., VandeVrede, L., Thijssen, E. H., Iaccarino, L., Okoye,
0. C,, Shankar, R., Soleimani-Meigooni, D. N., Lario Lago, A., Miller, B.
L., Teunissen, C. E., Heuer, H., Rosen, H., Dage, J. L., Jagust, W. J.,
Rabinovici, G. D., Boxer, A. L., & La Joie, R. (2023). Head-to-head
comparison between plasma p-tau217 and flortaucipir-PET in amyloid-
positive patients with cognitive impairment. Alzheimer’s Research &
Therapy, 15(1). https://doi.org/10.1186/s13195-023-01302-w.

Oh, H., Urey, D. Y., Karlsson, L., Zhu, Z., Shen, Y., Farinas, A., Timsina, J., Guldner,
I. H., Morshed, N., Yang, C., Western, D., Ali, M., Guén, Y. L., Trelle, A.
N., Herukka, S., Rauramaa, T., Hiltunen, M., Lipponen, A., Luikku, A.,
Poston, K. L., Mormino, E., Wagner, A. D., Wilson, E. N., Channappa, D.,
Leinonen, V., Stevens, B., Ehrenberg, A. J., Zetterberg, H., Bennett, D. A.,
Franzmeier, N., Hansson, O., Cruchaga, C., Wyss-Coray, T. (2024). Synapse
protein signatures in cerebrospinal fluid and plasma predict cognitive
maintenance versus decline in Alzheimers disease.
https://doi.org/10.1101/2024.07.22.604680.

Oh, H. S, Urey, D. Y., Karlsson, L., Zhu, Z., Shen, Y., Farinas, A., Timsina, J.,
Duggan, M. R., Chen, J., Guldner, I. H., Morshed, N., Yang, C., Western, D.,
Ali, M., Le Guen, Y., Trelle, A., Herukka, S. K., Rauramaa, T., Hiltunen, M.,
Lipponen, A., Luikku, A., Poston, K. L., Mormino, E., Wagner, A. D.,
Wilson, E. N., Channappa, D., Leinonen, V., Stevens, B., Ehrenberg, A. J.,
Gottesman, R. F., Coresh, J., Walker, K. A., Zetterberg, H., Bennett, D. A.,
Franzmeier, N., Hansson, O., Cruchaga, C., Wyss-Coray, T. (2025). A
cerebrospinal fluid synaptic protein biomarker for prediction of cognitive
resilience versus decline in Alzheimer's disease. Nature medicine, 31(5),
1592-1603. https://doi.org/10.1038/s41591-025-03565-2.

Palmgqvist, S., Janelidze, S., Quiroz, Y. T., Zetterberg, H., Lopera, F., Stomrud, E.,
Su, Y., Chen, Y., Serrano, G. E., Leuzy, A., Mattsson-Carlgren, N.,
Strandberg, O., Smith, R., Villegas, A., Sepulveda-Falla, D., Chai, X.,
Proctor, N. K., Beach, T. G., Blennow, K., Dage, J. L., Reiman, E. M.,
Hansson, O. (2020). Discriminative Accuracy of Plasma Phospho-tau217 for

37


https://doi.org/10.1186/s13195-022-01125-1
https://doi.org/10.1038/s41598-024-57104-z
https://doi.org/10.1186/s13195-023-01302-w
https://doi.org/10.1101/2024.07.22.604680
https://doi.org/10.1038/s41591-025-03565-2

Alzheimer Disease vs Other Neurodegenerative Disorders. JAMA, 324(8),
772-781. https://doi.org/10.1001/jama.2020.12134.

Rayathala, J., C, K. K., & P, V. (2022). Review on Alzheimer’s disease: past, present
and future. Journal of Innovations in Applied Pharmaceutical Science
(JIAPS), 7(1), 28-31. https://doi.org/10.37022/jiaps.v7il.274.

Rousset, R. Z., Verberk, I. M. W., van Harten, A. C., van der Flier, W. M., Lemstra,
A. W., Pijnenburg, Y. A. L., den Braber, A., & Teunissen, C. E. (2023).
Plasma biomarkers as a diagnostic tool for amyloid status: factors affecting
the frequency of false positive and false negative results. 19.
https://doi.org/10.1002/alz.078815.

Svenningsson, A. L., Bocancea, D. 1., Stomrud, E., van Loenhoud, A., Barkhof, F.,
Mattsson-Carlgren, N., Palmqvist, S., Hansson, O., & Ossenkoppele, R.
(2024). Biological mechanisms of resilience to tau pathology in Alzheimer's
disease. Alzheimer's research & therapy, 16(1), 221.
https://doi.org/10.1186/s13195-024-01591-9.

Taddei, R. N., Kivisdkk, P., de Geus, M. B., Klein, C. J., Zetterberg, H., Gémez-Isla,
T., & Arnold, S. E. (2024). Plasma synapse proteins discriminate between
AD, DLB, and FTD dementias and closely predict memory dysfunction.
Alzheimers & Dementia, 20(S8). https://doi.org/10.1002/alz.094710.

Thijssen, E. H., La Joie, R., Strom, A., Fonseca, C., laccarino, L., Wolf, A., Spina, S.,
Allen, 1. E., Cobigo, Y., Heuer, H., VandeVrede, L., Proctor, N. K., Lago, A.
L., Baker, S., Sivasankaran, R., Kieloch, A., Kinhikar, A., Yu, L., Valentin,
M. A., Jeromin, A., Zetterberg, H., Hansson, O., Mattsson-Carlgren, N.,
Graham, D., Blennow, K., Kramer, J. H., Grinberg, L. T., Seeley, W. W.,
Rosen, H., Boeve, B. F., Miller, B. L., Teunissen, C. E., Rabinovici, G. D.,
Rojas, J. C., Dage, J. L., Boxer, A. L. Advancing Research and Treatment
for Frontotemporal Lobar Degeneration investigators (2021). Plasma
phosphorylated tau 217 and phosphorylated tau 181 as biomarkers in
Alzheimer's disease and frontotemporal lobar degeneration: a retrospective
diagnostic performance study. The Lancet. Neurology, 20(9), 739-752.
https://doi.org/10.1016/S1474-4422(21)00214-3.

U.S. Food and Drug Administration. (2025). FDA clears first blood test used in
diagnosing Alzheimer’s disease. https://www.fda.gov/news-events/press-
announcements/fda-clears-first-blood-test-used-diagnosing-alzheimers-
disease.

van Dyck, C. H., Swanson, C. J., Aisen, P., Bateman, R. J., Chen, C., Gee, M.,
Kanekiyo, M., Li, D., Reyderman, L., Cohen, S., Froelich, L., Katayama, S.,
Sabbagh, M., Vellas, B., Watson, D., Dhadda, S., Irizarry, M., Kramer, L.
D., & Iwatsubo, T. (2023). Lecanemab in Early Alzheimer's Disease. The

38


https://doi.org/10.1001/jama.2020.12134
https://doi.org/10.37022/jiaps.v7i1.274
https://doi.org/10.1002/alz.078815
https://doi.org/10.1186/s13195-024-01591-9
https://doi.org/10.1002/alz.094710
https://doi.org/10.1016/S1474-4422(21)00214-3
https://www.fda.gov/news-events/press-announcements/fda-clears-first-blood-test-used-diagnosing-alzheimers-disease
https://www.fda.gov/news-events/press-announcements/fda-clears-first-blood-test-used-diagnosing-alzheimers-disease
https://www.fda.gov/news-events/press-announcements/fda-clears-first-blood-test-used-diagnosing-alzheimers-disease

New England journal of medicine, 388(1), 9-21.
https://doi.org/10.1056/NEJMo0a2212948.

Wang, Y., & Mandelkow, E. (2016). Tau in physiology and pathology. Nature
Reviews Neuroscience, 17, 22-35. https://doi.org/10.1038/nrn.2015.1.

Wennstrom, M., Janelidze, S., Nilsson, K. P. R., Netherlands Brain Bank, Serrano, G.
E., Beach, T. G., Dage, J. L., & Hansson, O. (2022). Cellular localization of
p-tau217 in brain and its association with p-tau217 plasma levels. Acta
neuropathologica communications, 10(1), 3. https://doi.org/10.1186/s40478-
021-01307-2.

Wing Fan T, Kim WH, Thomas C, Jiang W, Tan J, Xuan F. (2025). Poster: Increased
sensitivity and differentiation of pTau 217 and Neurofilament light using
SPEAR technology. SpearBio. Accessed January 13, 2025.
https://spear.bio/resource/a-scalable-solution-for-precisely-measuring-low-
abundant-neurobiomarkers-from-micro-sampling/.

Yang, K. L., DiFilippo, A. H., Ma, Y., Wilson, R. E., Thor, Y., Pasquesi, M., Barnhart,
T. E., Engle, J. W., Betthauser, T. J., Ashton, N. J., Johnson, S. C., Christian,
B., Zetterberg, H., & Bendlin, B. B. (2024). Plasma pTau217, gender, and
synaptic density. Alzheimers & Dementia, 20(S2).
https://doi.org/10.1002/alz.091468.

Yin, P., Tu, Z., Yin, A., Zhao, T., Yan, S., Guo, X., Chang, R., Zhang, L., Hong, Y.,
Huang, X., Zhou, J., Wang, Y., Li, S., & Li, X. J. (2015). Aged monkey
brains reveal the role of ubiquitin-conjugating enzyme UBE2N in the

synaptosomal accumulation of mutant huntingtin. Human molecular
genetics, 24(5), 1350—-1362. https://doi.org/10.1093/hmg/ddu544.

Zhang, C., Jia, Q., Zhu, L., Hou, J., Wang, X., Li, D., Zhang, J., Zhang, Y., Yang, S.,
Tu, Z., Yan, X. X., Yang, W., Li, S., Li, X. J., & Yin, P. (2024). Suppressing
UBE2N ameliorates Alzheimer's disease pathology through the clearance of
amyloid beta. Alzheimer's & dementia : the journal of the Alzheimer's
Association, 20(9), 6287-6304. https://doi.org/10.1002/alz.14122.

39


https://doi.org/10.1056/NEJMoa2212948
https://doi.org/10.1038/nrn.2015.1
https://doi.org/10.1186/s40478-021-01307-2
https://doi.org/10.1186/s40478-021-01307-2
https://spear.bio/resource/a-scalable-solution-for-precisely-measuring-low-abundant-neurobiomarkers-from-micro-sampling/
https://spear.bio/resource/a-scalable-solution-for-precisely-measuring-low-abundant-neurobiomarkers-from-micro-sampling/
https://doi.org/10.1002/alz.091468
https://doi.org/10.1093/hmg/ddu544
https://doi.org/10.1002/alz.14122



