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Pathological	hallmark’s	of	Alzheimer’s	disease:	
founda5on	of	modelling	the	disease	

Pathology	
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AD	progression	&	biomarkers;	which	temporal	
condi5ons	would	ideal	models	reflect?	

Sasaguri	et	al,	2017,	EMBO	journal	



AD	progression	&	biomarkers;	which	temporal	
condi5ons	would	ideal	models	reflect?	

Selkoe	&	Hardy,	2016,	EMBO	journal	



The	amyloid	cascade	hypothesis	

Selkoe	&	Hardy,	2016,	EMBO	journal	



Processing	of	Aβ	

Fraering,	2007,	Curr.	genomics	

Selkoe	&	Hardy,	2016,	EMBO	journal	



Aggrega5on	of	Aβ	

Götz	&	I\ner,	2008,	Nat	Rev	Neurosci	



Aggrega5on	of	tau	

Götz	&	I\ner,	2008,	Nat	Rev	Neurosci	



Model	organism	yeast:	studying	molecular	
mechanisms	of	protein	folding	

General	facts	of	yeast	
• Saccharomyces	cerevisiae	is	a	type	of	yeast,	a	
single-celled	organism.		

• It	is	one	of	the	simplest	eukaryo5c	organisms.	

• Complete	genome	sequence	of	S.	cerevisiae	
Published	already	in	1996;	12,157,105	base	
pairs,	6,692	genes.	

• Used	to	study	the	connec5ons	between	genes	
and	proteins,	and	their	func5ons	

Benefits	of	yeast	

• Yeast	cells	share	many	basic	
biological	proper5es	with	human	cells.	
	
• Gene5c	manipula5on	in	yeast	is	easy	
and	cheap		

• At	least	20	per	cent	of	human	genes	
known	to	have	a	role	in	disease	have	
counterparts	in	yeast.	This	suggests	
that	such	diseases	result	from	the	
disrup5on	of	very	basic	cellular	
processes.		

• Thousands	of	drugs	can	be	tested	on	
yeast	cells	containing	mutated	human	
genes	to	see	if	the	drugs	can	restore	
normal	func5on.	



Studying	tau	in	yeast:	molecular	mechanisms	of	
protein	folding	

Vanderbroek	et	al,	2005,	Biochemistry	



Model	organism	C.	elegans	

*Small,	huge	brood	sizes.		
*can	be	safely	used	in	the	laboratory.		
*easily	and	cheaply	cul5vated.	
*Rapid	life	cycle,	3	days	at	20°C,	Life	span:	2-3	weeks.	
*Sequenced	genome,	~19,000	genes.	
*Complete	cell	lineages	with	constant	cell	posiGon	and	cell	number,	so	it	is	possible	to	
know	which	cell	is	derived	from	which.			
*Starved	worms	can	be	kept	for	months,	and	recovered	quickly	
*Can	be	frozen	at	–80°C	for	long-term	storage.	
*Powerful	forward	gene5c	(EMS	mutagenesis),	reverse	gene5c	(RNAi)	and	molecular	tools.	
*Transparent	cuGcle	makes	it	very	easy	to	do	live	imaging.	
*Easy	to	make	transgenic	animals	by	injecGng	DNA	or	dsRNA	into	syncyGal	gonads.		



Taking	advantage	C.	elegans	to	study	
neurodegenera5on	

Li	&	Le,	2013,	Experimental	Neurology	



Studying	Alzheimer’s	disease		
in	flies:	D.	melanogaster	

Prüßing	et	al,2013,	Molecular	
Neurodegenera5on		



Screens	for	modifiers	of	toxicity	induced	by	
expression	of	AD-linked	genes	in	D.	melanogaster	

Prüßing	et	al,2013,	Molecular	Neurodegenera5on		



Gene	expression	techniques	in	D.	melanogaster	to	
study	AD-linked	genes		

Prüßing	et	al,2013,	Molecular	Neurodegenera5on		

rough eye phenotypes (REP) used as 
readout for modifier screens.	



Model	zebrafish	

Key	facts	
• The	use	of	zebrafish	(Danio	rerio)	as	a	model	organism	
began	in	the	1960s.	

• The	zebrafish	is	a	tropical	fish	na5ve	to	southeast	Asia.	

• The	zebrafish	is	about	2.5	cm	to	4	cm	long.	

• In	its	larval	stages	it	is	transparent		

• Important	model	eg	for	muscular	dystrophy,	cancers.	

• The	complete	genome	sequence	of	the	zebrafish	was	
published	in	2013,	1,505,581,940	base	pairs	in	length,	
26,247	protein-coding	gene.	

Benefits	of	the	zebrafish	
• small	and	robust,	cheaper	to	maintain	than	rodents,	weekly	
hundreds	of	offspring	

• Break	of	daylight	triggers	ma5ng	in	zebrafish	(many	other	
fish	only	lay	eggs	in	the	dark).	

• grow	fast,	developing	as	much	in	a	day	as	a	human	embryo	
develops	in	one	month.	

• Zebrafish	embryos	are	nearly	transparent.	

• 	Embryos	develop	outside	the	mother’s	body:		good	early	
development	model.	

• share	70	per	cent	of	genes	with	humans.	

• 84	%	of	human	disease	genes	have	zebrafish	counterpart.	
		
• As	a	vertebrate,	the	zebrafish	has	the	same	major	organs	
and	5ssues	as	humans.	Muscle,	blood,	kidney	and	eyes	
share	many	features	with	human	systems.	

• unique	ability	to	repair	heart	muscle.	
• 		
• muta5ons	in	more	than	14,000	genes	created	



Modelling	AD	in	zebrafish:	AD-related	gene	
muta5ons	and	pathways	

Newman	et	al,2014,	Fron5ers	in	Gene5cs	



Modelling	AD	in	these	model	organims:	useful	to	
study	gene	muta5ons	and	pathways,	but	what	

about	other	factors?	



Common	neuropsychological	assessment	tasks	
seen	clinically		

Webster	et	al,	2014,	Fron5ers	in	gene5cs	

Neuropsychological testing îs the only measure that provides information about a 
patient’s current cognitive status and remains the most reliable means to clinically 

diagnose probable AD	



Which	model	to	study	clinical	aspects	



Progression	of	cogni5ve	deficits	in	human	
pa5ents	and	mouse	models	

Webster	et	al,	2014,	Fron5ers	in	gene5cs	

Measureable	
construct	

Exemplary	behavioral	
paradigms	

Spa5al	working	
memory	

Morris	water	maze,	
Barnes	maze	

Associa5ve	learning	
tasks	

Fear	condi5oning,	
passive	avoidance	

Reference	
memory	/	
alterna5on	tasks	

Y-maze	

Recogni5on	
memory	

Novel	object	
recogni5on	

Short-term	and	
long-term	memory	

Passive	avoidance	

Measuring	cogni5ve	deficits	in	
rodents	



Some	behavioral	tests	to	test	cogni5on	in	mice	

Spa5al	reference	
memory	

Spa5al	working	
memory	

Short-term	working	
memory	

Recogni5on	memory	



Current,	commonly	used	APP	mouse	models	

Sasaguri	et	al,	2017,	EMBO	journal	



Single	transgenic	APP	mouse	models	

APP	
Games	et	al,	1995,	Nature	



Single	transgenic	APP	mouse	models	–	
behavioral	phenotypes	

Webster	et	al,	2014,	Fron5ers	in	gene5cs	
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Conclusions:	Single	transgenic	APP	mouse	
models	

	
Muta5ons	in	APP	or	one	of	the	presenilins	are	sufficient	to	
cause	the	complete	AD	phenotype	of	progressive	cogni5ve	
impairment,	plaques,	tangles	and	neuron	loss	in	the	human	
brain	à	when	expressed	in	mouse	brain,	human	transgenes	
with	these	same	muta5ons	replicate	some,	but	not	all,	aspects	
of	AD.	
	
APP	transgenic	mice	develop	memory	loss	and	plaques,	with	
no	NFTs	and	li\le	or	no	neuron	loss.	Although	APP	transgenic	
mice	fail	to	replicate	the	full	human	disease,	they	appear	to	
faithfully	simulate	the	pre-demen5a	phase	of	AD	
Presenilin	variants	produce	no	neuropathology,	but	poten5ate	
plaque	deposi5on	in	APP	transgenic	mice.		

Short-term	working	
memory	
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Limita5ons	of	single	transgenic	APP	mouse	
models	

	



Double	transgenic	AD	mouse	models	–		



Double	transgenic	AD	mouse	models	–	
behavioral	phenotypes	

Webster	et	al,	2014,	Fron5ers	in	gene5cs	



3xTg-AD	model;	generaGon	of	the	mice	

Oddo	et	al,	2003,	Neuron	

Southern	blot	

Western	blot	



3xTg-AD	model;	characteriza5on	

Oddo	et	al,	2003,	Neuron	



3xTg-AD	model;	ABeta	pathology	precedes	tau	
pathology		

Oddo	et	al,	2003,	Neuron	

neocortex	 hippocampus	 hippocampus	
ABeta	 tau	

9	months	

9	months	

6	months	

12	months	

6	months	

12	months	

m
ag
ni
fic
a5

on
	



3xTg-AD	model;	characterizaGon	
O
dd

o	
et
	a
l,	
20
03
,	N

eu
ro
n	

ABeta	 Tau	

Tau	
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Behavioral	paradigms	to	study	AD	–	
learning	&	memory	

Webster	et	al,	2014,	Fron5ers	in	gene5cs	
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AD-like,	cogni5ve	and	non	cogni5ve	symtoms		
assessed	in	behavioral	paradigms	

Measureable	construct	 Exemplary	behavioral	paradigms	

Anxiety	disturbances	 Elevated	plus	maze,	open	field	test,	light-dark	
test,	marble	burying	

Depressive	symptoms	 Forced	swim	test,	sweet-preference	test		

Aggressive	behaviors	 Resident	intruder	test	

Locomo5on	deficits,	circadian	ac5vity	 Home	cage	ac5vity,	rotarod-test,	catwalk	test	



Triple	transgenic	model;	behavioral	characteriza5on,	
circadian	rhythm	(7.5-11	months)	

Sterniczuk	et	al,	2010,	Brain	Research	
Neurons	in	suprachiasma5c	nucleus	



3xTg-AD	model;	behavioral	characteriza5on	–	
anxiety,	motor,	learning	(7.5-11	months)	

Sterniczuk	et	al,	2010,	Brain	Research	



3xTg-AD	model;	behavioral	characteriza5on	–	
anxiety	(7.5-11	months)	

Sterniczuk	et	al,	2010,	Brain	Research	
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Impaired	working	memory	in	the	triple	KO	(6.5	
months):	Y-maze	

Stover	et	al,	2015,	Behavioral	Brain	Research	

Spontaneous	alterna5on	behavior	



Triple	transgenic	model;	behavioral	
characteriza5on	(7.5-11	months)	

Sterniczuk	et	al,	2010,	Brain	Research	

Mean	latency	to	escape	
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Example:	Morris	water	maze	

Plaworm	visible	 Spa5al	tes5ng:	Plaworm	submerged	

Hartman	et	al,	2005,	J	Neuroscience	
JOVE	video	
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Example:	Fear	condi5oning	

AcquisiGon	 Context	test	 ExGncGon	

Day	1	 Day	2	 Day	3	

12	x	3	x	

Cue	test	

Associa5on	learning	
Context	memory	
(more	hippocampus-
dependent)	

Associa5on	(“un”-)learning	

Cue	memory	(more	
amygdala-dependent)	
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Example:	Fear	condi5oning	–	acquisi5on	
(classical,	or	Pavlovian	condi5oning)	
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Example	for	other	learning	tests:	Self	
administra5on	paradigms	
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Example:	forced	swim	test	
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Example:	resident	intruder	test	–measuring	
aggressive	behavior	



LimitaGons	of	rodent	models	

Drummond	&	Wisniewski,	2017,	Acta	Neuropathol	



LimitaGons	of	rodent	models	
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Conclusions	

•  Many	different	rodent	models	available	à	incomplete	models	by	
themselves	

	
•  Dis5nct	symptoms	can	be	studied	in	great	detail	in	appropriate	

rodent	models	

•  Selec5on	of	the	appropriate	model	is	key	

•  Clinically	relevant	behavioural	deficits	can	be	studied	in	a	wide	
variety	of	validated	behavioural	tests	

•  Valida5on	with	human	disease	is	necessary		



Resources	on	rodent	models	for	
neurodegenera5ve	disorders	

http://www.alzforum.org/res/com/ 
 
https://www.jax.org/research-and-faculty/tools/alzheimers-
disease-center/alzheimers-mouse-model-repository   


