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Abstract

Background: Genetic variations have emerged as crucial players in the etiology of
Alzheimer’s disease (AD), and they serve for a better understanding of the disease
mechanisms; yet the specific roles of these genetic variants remain uncertain. Animal
models with reminiscent disease pathology could uncover previously uncharacterized
roles of these genes. Therefore, we generated zebrafish models for AD variants to
analyze the in depth molecular and biological functions of these variants.

Method: Using CRISPR/Cas9, we generated a knockout model for abca?7, orthologous
to human ABCA7. We performed single cell transcriptomics and analyzed the altered
genes and molecular pathways in zebrafish. We leveraged data from multiethnic
AD cohorts at Mayo Clinic and Columbia University, to perform genetic association
studies, co-expression analyses, in silico interaction mapping, family based variant
segregation analyses and epigenetic association studies, and the functional and
histological studies in zebrafish.

Result: The abca7* zebrafish reduced astroglial proliferation, synaptic integrity, and
microglial response after AB42 toxicity. We found that the abca7 loss-of-function
(LOF) reduced neuropeptide Y (npy) expression as well as Brain-derived neurotrophic
factor (bdnf) and Nerve growth factor receptor (ngfr). Human brain analysis showed
reduced NPY in AD, regulatory interaction between NPY and BDNF, genetic variants
in NPY associated with AD, and segregation of variants in ABCA7, BDNF and NGFR
in families. ABCA7 variants altered the epigenetic codes in NPY, BDNF, and NGFR
promoter regions. Human results paralleled with zebrafish findings to indicate an
evolutionarily conserved disease mechanism through ABCA7-NPY signalling axis. NPY
administration to zebrafish rescued the phenotypes in abca7 knockout, suggesting a
true biological relevance.

Conclusion: Our results demonstrate a previously unknown link between ABCA7 and
NPY in regulation of synaptic integrity and neurogenesis in AD. We propose that
ABCA7-dependent NPY is a resilience factor in vertebrate brains, and this reserve

mechanism is impaired in AD.

ASURIIT SUOWIWO)) dANEAI)) d[qear[dde oY) Aq PIUIAOT 21 SIINIE Y() 125N JO SN 10J ATRIQIT AUIUQ KJ[IAN UO (SUOTIPUOI-PUB-SULIDY/WOO" KA[1M " KIRIQIAUT[UO//:5dNY) SUONIPUOD) PUE SULIDY, A1 238 “[SZ0Z/10/ST] U0 A1e1qr aur[uQ K31 “SIPOINAN I WNNUSZ SAYISINOQ Aq €£Z680°ZIB/Z001"01/10p/wod" K[ KIeIqr[aur[uosfeuinof-ze//:sdny woiy papeoumod ‘1S ‘$70T ‘6LTSTSST



) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

y.wiley.q

y.wiley.com/doi/10.1002/alz.089273 by Deutsches Zentrum Fiir Neurodeg, Wiley Online Library on [15/01/2025]. See the Terms and Conditions (https:

journal

from

15525279, 2024, S1, D

aseasIp sJswisyz)y ul paieduwn si pue Aubajul ondeuAs suieyurew Buijeubis AdN jJuspuadap-,vogy

sisjowold H4ON
uoissaldxa y4oN pue abejs suoinau ;
yeelg Jaybiy Lym sejeinosse ulJINGg Jo co%mmaxm O uo wmwm\ozﬂmwm:mwﬂm f )
AdN pue 2708V peonpay ou} seleNbal AdN ISYE SUBLEA /DGy
abe)s yeeu sosAjeue
ypm =w_uu_oOMm< uoljoelajul }IBNBY9IN JLOwW a18usbidy
e : vV Ul eonpal
2100s By ynm uisloud pue YNYW 4NAd pue AdN *
av ym ww___rm%v__ K_Owur_mmmh 5s AV O} pajul uoissaidxe-00 -« SUIRIQ UBLINy WepowS

.wcosmcc_miqze_; .
S B O S PR e eion e e - u mowmmaxgmzom ESEZ

o W/ <

% E

sasAjeue yiomjou solwojdiiosues) pue
sal|lwey ul uonebaibag uolssaidxa-09 auan Ansiwayosolsiyounuwiwj
. : : . suewn
. An_<_>_mom gSi ‘a1ulj) oAep ‘INQY “ueg uleig H
YIOA M3N 'AVOT-VIN 'VDI43) SHoYyod Jluyjaiinwi abJe| judiajjip '
Ul S3IPNJS UOIJRIDOSSE 9SEASIP pue UoljdeIajul 031|Is ul ‘uone|nbal '
onjouabida ‘uonebaibas ‘uoissaidxa-00 ‘UOIIBIDOSSE  D1}BUDL) .‘

@
@ -~ e ® <
v4
ek Sl
L & .
zrdv Zeaoqe
AdN + OM Zeoqe OM Zeaqe adA} pjim
ysijeiqez

sjuswiiadxa anasal pue salpn}s jeuol}ound
sojwojdiosuely ||99 9)buls ‘Juswieal) piojAwy
Zeaqe a)3|ap 0} Bunipa auab gsed/ydSIND

T s

NOILVIOOSSY S.H3INITHZTV JHL 40 TVNYNOr IHL

et | BNUSWI([G) S IOWIRYZ[Y SISAINIDOHLV ANV 3DN3IDS DISvE




