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Summary:

Despite	significant	efforts	over	the	last	decade,	there	is	still	substantial	‘missing	heritability’	for	late-onset	Alzheimer’s	disease	(LOAD).	As	synapse	loss	is	an	early
event	in	LOAD,	we	hypothesized	that	synapse-encoding	genes	will	be	enriched	for	LOAD	risk-modifying	loci	that	could	account	for	this	missing	heritability.	To	test
this	hypothesis,	we	first	characterized	the	synaptic	proteome	by	combining	data	from	proteomic	studies	of	synaptic	fractions	isolated	from	mouse,	rat	and	human	brain
tissue	with	gene	ontologies	from	public	databases.	The	resulting	synaptic	proteome	comprised	537	proteins	with	a	known	synaptic	function	and	that	are	expressed	at	the
synapse	(Lleó	et	al	2019).	To	construct	the	“synaptic	PRS”	model,	we	extracted	summary	statistics	from	the	International	Genetics	of	Alzheimer's	Project	genome-wide
association	meta-analysis	of	74,046	patients	for	the	2,993	single	nucleotide	polymorphisms	(SNPs)	that	reside	within	the	537	synapse-encoding	genes.	Synaptic	PRS
using	these	SNPs	were	calculated	using	PRSice-2	software	(Choi	and	O'Reilly,	2019,	Euesden,	et	al.,	2015)	as	previously	described	(Chaudhury,	et	al.,	2019,	Lawingco
et	 al.,	 2020).	An	 unbiased	 threshold	 for	 p-values	 in	 the	 genome-wide	 meta-analysis	 was	 used	 to	 prioritize	 SNPs	 that	 gave	 the	 best	 fitting	 PRS	 model	 (highest
Nagelkerke	r2	value)	and	the	β-statistic	was	used	to	generate	weighting	estimates	for	each	SNP.	The	optimal	model	("synaptic	PRS")	was	tested	in	2	independent	data
sets	 of	 controls	 and	 pathologically	 confirmed	 LOAD.	 The	mean	 Synaptic	 PRS	 was	 2.3-fold	 higher	 in	 LOAD	 compared	 to	 controls	 (p<0.0001)	 with	 a	 predictive
accuracy	of	72%	in	the	target	dataset	(n=439)	and	73%	in	the	validation	dataset	(n=136),	a	5-6%	improvement	compared	to	the	current	best	known	LOAD	risk	factor,
APOE	(p<0.00001)	and	a	3%	improvement	compared	to	an	unrestricted	model.	The	synaptic	model	comprises	8	variants	from	4	previously	identified	(BIN1,	PTK2B,
PICALM,	APOE)	and	2	novel	(DLG2,	MINK1)	LOAD	loci	involved	in	glutamate	signaling	(p	=	0.01)	or	APP	catabolism	or	tau	binding	(p	=	0.005).	As	the	simplest
PRS	model	with	good	predictive	accuracy	to	predict	LOAD,	the	synaptic	PRS	could	be	used	to	identify	individuals	at	risk	of	LOAD	before	symptom	onset.	These	data
are	published	in	Lawingco	et	al	2020.	In	the	proposed	project,	 the	candidate	will	generate	the	synaptic	PRS	for	360	clinically	diagnosed	AD	patients	from	the	SPIN
cohort	(Alcolea	et	al	2019	Alzheimers	Dement	(N	Y))	using	PRSice-2	software,	implemented	in	R,	and	will	perform	a	multimodal	study	to	determine	the	association	of
the	synaptic	PRS	with	baseline	and	 longitudinal	change	 in	cognitive	performance,	brain	atrophy	 (structural	magnetic	 resonance	 imaging),	brain	glucose	metabolism
(Positron	Emission	Tomography)	as	well	as	cerebrospinal	fluid	markers	of	LOAD	pathology	(Aβ1-42,	AB42:40,	t-tau,	p-tau)	and	axonal	(NF-L)	and	synapse	(VAMP-
2)	 degeneration	 in	 the	 same	 individuals.	Using	R,	 the	 candidate	will	 assess	whether	 the	 predictive	 capacity	 of	 the	 synaptic	 PRS	 can	 be	 improved	 by	 inclusion	 of
SNP*SNP	 statistical	 interaction	 terms	 into	 the	 model.	 The	 candidate	 will	 use	 the	 same	 methodology	 to	 generate	 and	 compare	 synaptic	 PRS	 models	 for	 other
neurodegenerative	diseases	such	as	frontotemporal	lobar	degeneration	related	syndromes	and	Lewy	body	dementias.	Finally,	there	is	scope	for	the	candidate	to	integrate
the	PRS	with	proteomic	data	from	cerebrospinal	fluid	and	synaptic	fractions	to	further	elucidate	the	functional	basis	of	the	PRS	variants.
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Expected	skills::

Basic	R	programming	skills,	conceptual	understanding	of	genome-wide	association	studies	and	polygenic	risk	scores,	regression	modelling	(glm,	nlme,	rlr),	correlative
analyses	and	basic	statistics.	Prior	knowledge	of	Alzheimer’s	disease	genetics/biology	would	be	highly	valued.
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