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Abstract
Objective:	Alzheimer’s	disease	(AD)	is	the	most	common	form	of	dementia	charac‐
terized by memory loss at disease onset. The gene mutations in the amyloid precur‐
sor	 protein	 (APP),	 presenilin	 1	 (PSEN1),	 and	 presenilin	 2	 (PSEN2)	 are	 the	 frequent	
causes	of	AD.	However,	the	clinical	and	genetic	features	of	AD	overlap	with	other	
neurodegenerative diseases. The present study aimed to identify the clinical and ge‐
netic	characteristics	in	a	Han	Chinese	AD	cohort.
Methods: Detailed clinical assessment was applied to all the patients. We screened 
amyloid	precursor	protein	(APP),	PSEN1,	PSEN2,	and	microtubule‐associated	protein	
tau	(MAPT)	genes	were	assessed	in	83	sporadic	AD	patients	by	Sanger	sequencing.	A	
total	of	25	probands	from	families	with	AD	were	subjected	to	next‐generation	se‐
quencing	on	53	dementia‐associated	genes	to	capture	the	target	region,	and	Sanger	
sequencing	was	used	to	detect	the	variants	in	the	DNA	sequence.
Results: PSEN1	p.L226R	was	found	in	an	early‐onset	AD	(EOAD)	family	characterized	
by	 language	 impairment	 at	 disease	 onset,	 a	 novel	 probably	 pathogenetic	 variant	
(p.D534H)	was	identified	in	a	frontal‐temporal	dementia	gene,	TANK‐binding	kinase	
1	(TBK1)	with	a	typical	AD	phenotype	in	a	late‐onset	AD	(LOAD)	family,	and	a	PSEN2 
p.H169N mutation and two benign MAPT	(p.Q230R	and	p.V48L)	mutations	were	de‐
tected	in	three	EOAD	patients.
Conclusions:	Thus,	five	variants	were	identified	in	a	Han	Chinese	cohort.	In	the	pre‐
sent	study,	a	novel,	probably	damaging	FTLD	gene	TBK1 variant	with	a	typical	AD	
phenotype	was	detected.	Also,	the	phenotypic	characteristics	of PSEN1	p.L226R,	a	
PSEN2 pathogenic	mutation,	and	two	 likely	benign	MAPT variants were described. 
Hence,	screening	for	mutations	in	other	dementia	genes	could	be	further	explored	in	
clinically	diagnosed	AD	patients.
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1  | INTRODUC TION

Dementia is a progressive neurodegenerative syndrome character‐
ized	 by	 cognitive,	 behavioral,	 and	 neuropsychiatric	 changes	 that	
impair	social	function	and	activities	of	daily	living	(ADLs;	Landeiro	
et	al.,	2018).	Alzheimer’s	disease	(AD)	is	the	most	common	cause	of	
dementia,	and	the	pathological	hallmarks	include	the	presence	of	
amyloid	beta	(Aβ)	peptides	and	neurofibrillary	tangles	(Bagyinszky,	
Park,	et	al.,	2016;	Yagi	et	al.,	2014),	which	account	for	60%–80%	
of	all	the	dementia	cases	(Che	et	al.,	2018).	According	to	the	age	of	
disease	onset,	the	AD	is	classified	into	two	types:	early‐onset	and	
late‐onset	 (Giri,	 Zhang,	&	 Lu,	 2016).	 The	 early‐onset	AD	 (EOAD)	
refers	to	the	age	of	disease	onset	<65	years,	encompassing	about	
4%–6%	of	 all	 the	AD	 cases	 (Mendez,	 2017).	On	 the	 other	 hand,	
late‐onset	 AD	 (LOAD),	 which	 is	 the	 most	 common	 form,	 occurs	
in	 individuals	>65	years	of	age	 (Sutovsky	et	al.,	2018).	Generally,	
AD	is	considered	to	be	a	polygenic	disease	resulting	from	complex	
interactions between environmental factors and several genes 
(Che	et	al.,	2018).	Reportedly,	the	three	common	causative	genes	
associated	with	AD	 include	 the	 amyloid	 precursor	 protein	 (APP),	
presenilin	1	 (PSEN1),	and	presenilin	2	 (PSEN2)	genes	 (Sutovsky	et	
al.,	2018).	However,	some	rare	frontotemporal	lobar	degeneration	
(FTLD)	mutations	in	genes	such	as	progranulin	(GRN),	C9orf72,	and	
microtubule‐associated	 protein	 tau	 (MAPT)	 have	 also	 been	 de‐
scribed	 in	clinical	AD	cohorts	or	families	with	AD	clinical	pheno‐
types	(Piccoli	et	al.,	2016).

Furthermore,	 the	 clinical	 features	 of	 AD	 are	 similar	 to	 that	 of	
other	 neurodegenerative	 diseases,	 such	 as	 FTLD	 and	 Parkinson’s	
disease	(PD),	which	might	easily	 lead	to	misdiagnosis	(Piccoli	et	al.,	
2016).	In	the	present	study,	due	to	the	clinical	and	genetic	diversity	
of	AD	patients,	we	screened	PSEN1,	PSEN2,	MAPT,	and	APP genes 
in	83	sporadic	AD	patients,	while	53	dementia‐related	genes	which	
were	screened	based	on	previous	studies	(He	et	al.,	2017;	Hooli	et	
al.,	2014;	Pottier	et	al.,	2016;	Vardarajan	et	al.,	2015)	and	databases	
such	 as	 OMIM	 (http://www.omim.org/),	 Orphanet	 (http://www.
orpha.net/consor/cgi‐bin/index.php?lng=EN),	 and	 HGMD	 (http://
www.hgmd.cf.ac.uk/ac/index.php)	in	25	AD	patients	with	a	demen‐
tia	 family	 history.	 Consequently,	 two	 known	 mutations,	 a	 PSEN1 
p.L226R	(chr14:73659480)	mutation	in	an	EOAD	family	and	a	PSEN2 
p.H169N	 (chr1:227075798)	 in	 a	 LOAD	 family,	 a	 novel	 FTLD	 gene	
TANK‐binding	 kinase	 1	 (TBK1)	 p.D534H	 (chr12:64889341)	 variant	
with	 typical	 AD	 phenotype	 in	 a	 LOAD	 family,	 and	 two	 probably	
benign MAPT variants	 p.Q230R	 and	 p.V48L	 (chr17:44060859	 and	
chr17:44049233)	 in	 two	sporadic	EOAD	patients,	and	some	other	
insignificant	variants	were	identified	(online	Supporting	Information	
Table	S2).

2  | MATERIAL S AND METHODS

2.1 | Subjects

The	 study	 cohort	 consisted	 of	 108	 AD	 patients	 (83	 sporadic	 AD	
patients	and	25	probands	from	families	with	AD).	All	patients	were	

enrolled	 from	 the	 Department	 of	 Neurology	 of	 People’s	 Hospital	
of	Zhengzhou	University,	evaluated,	and	clinically	diagnosed	as	AD	
according	 to	 the	 criteria	 of	 the	National	 Institute	 of	 Neurological	
and	Communicative	Disorders	and	Stroke‐Alzheimer’s	Disease	and	
Related	 Disorders	 Association	 (NINCDS‐ADRDA;	McKhann	 et	 al.,	
1984).	The	AD	pedigree	was	defined	as	having	at	least	one	first‐	or	
second‐degree	 relative	 affected	with	 dementia.	 In	 addition,	 blood	
samples	were	collected	from	eight	family	members	of	patient	1	(III‐1,	
III‐2,	III‐3,	III‐4,	III‐5,	III‐6,	III‐7,	and	III‐8)	and	five	family	members	of	
patient	4	(II‐1,	II‐2,	II‐3,	III‐1,	and	III‐2).	A	total	of	100	unrelated	nor‐
mal subjects were also recruited. The study protocol was approved 
by	the	Institutional	Review	Board	of	People’s	Hospital	of	Zhengzhou	
University.

2.2 | Clinical and imaging assessment of patients

The	medical	and	family	history	was	obtained	from	the	patient’s	car‐
egivers or relatives. The patients underwent magnetic resonance 
imaging	(MRI),	magnetic	resonance	angiography	(MRA)	and/or	18F‐
fludeoxyglucose	positron	emission	tomography	(18F‐FDG‐PET),	and	
computed	tomographic	angiography	(CTA).	The	neuropsychological	
assessment	such	as	clinical	dementia	rating	(CDR),	mini‐mental	state	
examination	(MMSE),	and	ADL	was	applied.	All	patients	underwent	
laboratory	evaluations	such	as	blood	cell	count,	the	levels	of	thyroid	
hormone,	erythrocyte	sedimentation	rate,	C‐reactive	protein,	 folic	
acid,	and	vitamin	B12.

2.3 | Mutation screening and analysis

Blood	samples	from	all	patients	and	100	unrelated	normal	subjects	
were	 collected	 in	 5	ml	 EDTA	 anticoagulant	 tubes	 after	 informed	
consent	was	obtained	from	each	participant.	Genomic	DNA	was	ex‐
tracted from peripheral blood leukocytes using standard procedures. 
The	coding	exons,	splice	sites,	and	the	adjacent	intron	sequences	were	
analyzed	for	four	genes	(PSEN1,	PSEN2,	APP,	and	MAPT)	in	sporadic	
patients.	Subsequently,	 these	coding	exons,	splice	sites,	 the	 imme‐
diately	adjacent	intron	sequences,	and	high‐throughput	sequencing	
data were analyzed in 53 genes associated with dementia in patients 
with	a	family	history	in	order	to	identify	the	target	region	(Supporting	
Information	Table	S1).	Briefly,	point	mutations	and	 insertions/dele‐
tions	were	 designed	 for	 target	 genes	 encompassing	 all	 exons	 and	
the	splicing	sites	immediately	adjacent	to	the	intron	sequences.	The	
mutations	 in	 the	 target	 genes	 were	 screened	 by	 next‐generation	
sequencing	(NGS)	(Illumina	HiSeq	2500,	USA)	with	≥200‐fold	aver‐
age	high‐throughput	sequencing	depth;	subsequently,	the	mutations	
were	analyzed	by	bioinformatics.	Sanger	sequencing	was	used	to	de‐
tect	the	DNA	sequence	variants	in	the	patients.	The	100	unrelated	
normal subjects were screened only for MAPT and TBK1 genes. The 
target	site	primers	were	designed	based	on	the	target	gene	mutation,	
and	 PCR	 amplification	 was	 performed	 using	 MultiGene	 OptiMax	
(Labnet,	USA)	under	the	following	conditions:	94°C	for	30	s,	55°C	for	
30	s,	and	72°C	for	1	min.	Then,	the	PCR	products	of	the	proband	and	
three	other	 family	members	were	purified	 and	directly	 sequenced	
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on	 an	ABI3100	 automated	 sequencer	 (Applied	 Biosystems,	 Foster	
City,	CA,	USA).	The	sequencing	reads	and	lists	were	compared	using	
Chromas	software	and	NCBI	blast.	The	single	nucleotide	polymor‐
phisms	were	 determined	 using	 the	HGMD	 (http://www.hgmd.org;	
RRID:SCR_001888),	NCBI	dbSNP137	(http://www.ncbi.nlm.nih.gov/
SNP/,	 RRID:SCR_002338),	 Molgen	 (http://www.molgen.ua.ac.be/
ADmuattions/,	 RRID:SCR_005700),	 HapMap	 (http://www.hapmap.
org/index.html.en,	RRID:SCR_002846),	1,000	human	genome	data	
set	(http://www.1000genomes.org/,	RRID:SCR_006828),	and	ExAC	
Browser	 Beta	 (http://exac.broadinstitute.org/,	 RRID:SCR_004068).	
The pathogenicity of the novel single nucleotide mutation was pre‐
dicted	 using	 PolyPhen‐2	 (http://genetics.bwh.harvard.edu/pph2/,	
RRID:SCR_016630)	and	SIFT	(http://sift.jcvi.org/,	RRID:SCR_012813)	
along with the conservation score.

3  | RESULTS

3.1 | Gene analysis

A	total	of	108	AD	patients,	including	83	sporadic	AD	patients	and	
25	probands	from	families	with	AD,	were	 included	 in	 this	study.	
Interestingly,	five	heterozygous	mutations	were	identified	in	four	
genes	 (Table	 1),	 of	 which,	 two	were	 known	 variants.	 One	 gene	
variant was PSEN1	(c.677T>G	p.L226R)	mutation	in	an	EOAD	fam‐
ily	(Figure	1a,b)	with	nine	family	members	carrying	the	rare	vari‐
ant,	while	six	members	(II‐2,	III‐1,	III‐2,	III‐4,	III‐6,	and	III‐7)	carried	
the	 variant	 (Figure	 1a).	 The	 other	 variant	was	PSEN2 (c.505C>A	
p.H169N)	 mutation	 in	 patient	 2,	 with	 a	 LOAD	 family	 history	
(Figure	1c,d).

Moreover,	 three	 novel	 heterozygous	missense	mutations	were	
detected in this study. The novel TBK1	(c.1600G>C	p.D534H)	vari‐
ation	in	a	LOAD	family	(Figure	1e,f)	was	not	reported	in	The	Human	
Genetics	Mutation	Database	(HGMD),	Molgen	database,	and	previ‐
ous	literature.	In	addition,	the	mutation	was	not	a	single	nucleotide	
polymorphism.	The	mutational	analysis	using	SIFT	and	Polyphen‐2	
predicted tolerated with a score of 0.121 and probably damaging 
with	 a	 score	 of	 0.999,	 respectively.	 Two	MAPT	 variants	 c.142C>G	
p.V48L	 and	 c.689A>G	 p.Q230R	 were	 detected	 in	 two	 sporadic	
cases. The other five family members of the MAPT	p.V48L	proband	
also harbored the rare variant of MAPT	p.V48,	while	the	II‐1,	III‐1,	and	
III‐2	members	 also	 carried	 the	mutation	 (Figure	 1g).	 Strikingly,	 no	
missense variation was found in the 100 unrelated normal controls 
screened for the three novel mutations.

3.2 | Clinical features

The PSEN1	p.L226R	mutation	was	identified	in	patient	1,	a	66‐year‐
old	man,	who	presented	progressive	discontinuous	speech	and	stut‐
tering	 at	 the	 age	 of	 60	years.	 About	 after	 3	years,	 his	 personality	
changed and was characterized by irritability. The condition dete‐
riorated	 progressively	 accompanied	 by	 memory	 loss,	 stereotyped	
behavior,	 repeated	 questioning,	 paranoid	 thoughts,	 restlessness,	
violent	 behavior,	 forgetting	 names,	 prosopagnosia,	 and	 emotional	TA
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F I G U R E  1   (a)	The	family	tree	of	the	PSEN1	p.L226R	mutation	pedigree.	The	arrow	indicates	the	proband	(II‐2);	(b)	DNA	sequencing	
chromatograph	of	exon	7	of	the	PSEN1	gene	(abnormal	and	normal),	PSEN1	gene	with	a	heterozygous	mutation:	C.677T>G	p.L226R.	(c)	The	
family	tree	of	the	PSEN2	p.H169N	mutation	pedigree.	The	arrow	indicates	the	proband	(II‐5);	(d)	DNA	sequencing	chromatograph	of	exon	
4	of	the	PSEN2	gene	(abnormal	and	normal),	PSEN2	gene	with	a	heterozygous	mutation:	c.505C>A	p.H169N.	(e)	The	family	tree	of	the	
TBK1	p.D534H	mutation	pedigree.	The	arrow	indicates	the	proband	(III‐2);	(f)	DNA	sequencing	chromatograph	of	exon	14	of	the	TBK1	gene	
(abnormal	and	normal),	TBK1	gene	with	a	heterozygous	mutation:	c.1600G>C	p.D534H.	(g)	The	family	tree	of	the	MAPT	p.V48L	mutation.	
The	arrow	indicates	the	proband	(II‐4);	(h)	DNA	sequencing	chromatograph	of	exon	3	of	the	MAPT	gene	(abnormal	and	normal),	MAPT gene 
with	a	heterozygous	mutation:	c.142C>G	p.V48L.	Square:	male;	circle:	female;	black	symbol:	affected	family	member;	blackspot:	carrier.	The	
arrow indicates the mutation
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vulnerability.	Five	members	were	affected	in	this	family	(Figure	1a),	
whose clinical features were similar to that of patient 1.

PSEN2	 p.H169N	was	 detected	 in	 patient	 2,	 a	 63‐year‐old	man	
with memory loss for 2 years and personality changes characterized 
by	mild	laziness,	dependence	on	others,	excessive	sleep,	and	short	
temper	for	1	year.	His	brother	had	irritability,	bad	temper,	memory	
loss,	 prosopagnosia	 since	 67	years	 of	 age,	 and	 died	 at	 the	 age	 of	
72	years.	 The	 patient’s	mother	 died	 of	 tuberculosis	 at	 57	years	 of	
age,	and	his	father	died	at	the	age	of	102	years	without	dementia.	
The	family	tree	is	illustrated	in	Figure	1c.

Patient	3	 (TBK1	 p.D534H)	was	 a	70‐year‐old	woman	 suffering	
with memory loss and disorientation for about 2 years. Her father 
had	 unclassified	 dementia	 at	 70	years	 of	 age	 and	 died	 in	 his	 80s,	
while	her	uncles	died	young	(Figure	1e).

3.3 | Imaging features

Summarized	in	Table	1.

3.4 | Neuropsychological assessment

Summarized	in	Table	1.

3.5 | Auxiliary examinations

Intriguingly,	 no	 abnormalities	 were	 detected	 in	 laboratory	 exami‐
nations	 including	 blood	 cell	 count,	 thyroid	 hormone,	 erythrocyte	
sedimentation	rate,	C‐reactive	protein,	folic	acid,	and	vitamin	B12	in	
either of the patients.

4  | DISCUSSION

Clinical	and	genetic	crosstalk	exists	between	AD	and	other	neurode‐
generative	diseases,	such	as	FTLD	and	PD	(Piccoli	et	al.,	2016);	for	
example,	AD	with	 FTLD‐like	 phenotype	 (Zekanowski	 et	 al.,	 2006)	
and	AD	accompanied	by	myoclonus,	 seizures,	 and	 spastic	 parapa‐
resis	during	the	disease	(Shea	et	al.,	2016).	The	mutations	in	FTLD	
genes,	GRN,	C9ORF72,	and	MAPT,	have	been	described	in	clinical	AD	
cohorts	or	 in	pedigrees	with	clinical	phenotypes	of	AD	 (Brouwers	
et	al.,	2007;	Cacace	et	al.,	2013;	Rademakers	et	al.,	2003).	Thus,	we	
screened all the dementia genes in our cohort with a dementia fam‐
ily	history	and	identified	two	known	pathological	mutations	(PSEN1 
p.L226R,	PSEN2	p.H169N),	one	novel	heterozygous	missense	muta‐
tion	in	the	FTLD	gene	with	AD	phenotype	(TBK1	p.D534H),	and	two	
likely benign MAPT	(p.Q230R,	p.V48L)	variants	in	a	Han	Chinese	AD	
cohort.

The PSEN1	 p.L226R	 is	 localized	 in	 transmembrane	 domain	 5	
exon	7	of	PSEN1 protein and corresponds to a conserved amino acid 
residue in PSEN2 (p.L232).	 In	 the	 current	 study,	 the	PSEN1 family 
demonstrated the clinical manifestation of language disability and 
altered	personality	at	 the	beginning	of	 the	disease,	which	differed	
from	the	clinical	manifestation	of	the	initial	memory	loss	in	the	AD.	

In	addition,	the	PSEN1 p.L226R	mutation	(Coleman,	Kurlan,	Crook,	
Werner,	&	Hardy,	2004)	exhibited	 the	clinical	phenotype	 the	pro‐
band,	which	was	uncertain	due	 to	 congenital	 retardation	and	per‐
sonal	 bad	 habits.	 Thus,	 the	PSEN1	 p.L226R	 variant	 family	 in	 thus	
study enriched the clinical manifestations of the PSEN1	 p.L226R	
variant	 worldwide.	 Moreover,	 PSEN1	 p.L226R	 encoded	 by	 codon	
226	has	been	reported	four	 times	previously	 (Bagyinszky,	Park,	et	
al.,	2016;	Bagyinszky,	Youn,	An,	&	Kim,	2016;	Coleman	et	al.,	2004;	
Gomez‐Tortosa	et	al.,	2010;	Zekanowski	et	al.,	2006),	while	p.L226F	
has	 been	 reported	 three	 times.	 The	 other	 three	 p.L226F	 families	
showed	 an	 early‐onset	 (33–37	years),	 AD	 or	 FTD‐like	 symptoms,	
and	biopsy‐proved	AD	 (Bagyinszky,	Park,	 et	 al.,	 2016;	Bagyinszky,	
Youn,	 et	 al.,	 2016).	 As	 compared	 to	 the	 reported	 L226F	 families,	
the	 p.L226R	 family	 in	 the	 current	 study	 had	 a	 later	 age	 of	 onset	
and	similar	language	impairment	as	the	first	symptom;	however,	no	
Parkinsonism‐like syndrome was observed during the disease. These 
similar	symptoms	might	be	attributed	to	the	L226F	and	L226R	mu‐
tations that are amino acid substitutions resulting in substantial 
changes on the surface of the transmembrane domain of PSEN1 
(Zekanowski	et	al.,	2006).	The	clinical	differences	could	be	ascribed	
to	different	 ethnicities	 and	environmental	 factors.	However,	 com‐
pared to the other PSEN1	variants	in	Han	Chinese	families	(Deng	et	
al.,	 2014;	Dong	 et	 al.,	 2017;	 Jiang	 et	 al.,	 2015;	 Zhan	 et	 al.,	 2017),	
the cohort in this study was characterized by language disability and 
personality change converse to the initial memory loss.

PSEN2 is a relatively rare mutation associated with dementia due 
to	the	late	age	of	onset	(Xia	et	al.,	2015);	while	the	mean	age	of	onset	
could	be	53.7	±	7.8	years	(Jayadev	et	al.,	2010),	some	may	be	as	late	
as	the	70s	(Xia	et	al.,	2015).	The	PSEN2 p.H169N is localized in the 
highly	conserved	domain	in	the	protein,	and	the	homologous	amino	
acid residue PSEN1	 p.H175	 has	 been	 reported	 previously.	 In	 the	
present	study,	the PSEN2 p.H169N family showed the age of onset 
at	61	and	68	years,	which	was	consistent	with	that	described	in	the	
literature.	In	addition	to	patient	2,	PSEN2 p.H169N was detected in 
three	patients	(Shi	et	al.,	2015),	including	two	with	AD	and	one	with	
FTD.	Strikingly,	the	three	patients	were	Chinese,	which	might	be	as‐
cribed to the large dementia population in China.

We found two rare MAPT	(p.Q230R	in	exon	6	and	p.V48L	in	exon	
3)	variations,	which	might	be	benign	polymorphisms.	As	described	
previously,	MAPT	gene	consists	of	16	exons	and	expresses	six	 iso‐
forms	in	the	human	brain	by	alternative	mRNA	splicing	of	exons	2,	
3,	4A,	6,	8,	and	10	(Goedert	&	Spillantini,	2011;	Park,	Ahn,	&	Gallo,	
2016),	of	which	exons	6	and	8	are	not	expressed	in	any	major	brain	
isoforms	(Rademakers,	Cruts,	&	Broeckhoven,	2004).	 Interestingly,	
the	exon	3	is	spliced	only	when	exon	2	is	present	(Park	et	al.,	2016;	
Sergeant,	Delacourte,	&	Buee,	2005);	however,	 the	exons	3	and	2	
isoforms	are	expressed	minimally	(Park	et	al.,	2016).	 In	the	current	
study,	 the	p.V48	 rare	variant	of	MAPT was	detected	 in	 the	 family,	
and	the	patient’s	brother	harboring	the	same	mutation	is	currently	
62	years	old,	with	normal	cognition,	thereby	suggesting	that	p.V48L	
is putatively benign.

TBK1 is a multifunctional kinase involved in the regulation of var‐
ious	cellular	pathways,	including	immune	response,	inflammation,	
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autophagy,	 cell	 proliferation,	 and	 insulin	 signaling	 (Freischmidt,	
Muller,	Ludolph,	Weishaupt,	&	Andersen,	2017).	The	loss	of	func‐
tion of TBK1 variants or functional deficits of TBK1 missense mu‐
tations	cause	a	dominant	form	of	ALS,	FTD,	ALS‐FTD	(Freischmidt	
et	al.,	2015),	and	other	rare	phenotypes	such	as	corticobasal	syn‐
drome	 (CBS;	 van	 der	 Zee	 et	 al.,	 2017)	 and	AD	 (Verheijen	 et	 al.,	
2018).	The	patient	carrying	TBK1 p.D534H	experienced	memory	
loss	and	disorientation,	which	was	in	line	with	the	diagnosis	of	AD.	
Thus,	screening	for	mutations	in	TBK1 might be advisable in clini‐
cally	diagnosed	AD	patients	(Van	Mossevelde	et	al.,	2016).	In	this	
study,	 the	TBK1 p.D534H	 carrier	 is	 a	 LOAD	patient	with	 a	 late‐
onset	dementia	family	history,	indicating	the	pathogenicity	of	the	
TBK1 p.D534H	variant.	However,	75%	of	TBK1 mutation carriers 
developed	 the	disease	after	 the	age	of	62	years,	while	 some	 re‐
mained	unaffected	at	the	age	of	>80	years	(Van	Mossevelde	et	al.,	
2016).	Moreover,	 in	 silico	 analysis	 predicted	probably	damaging,	
which also supported that TBK1 p.D534H	was	pathogenic;	how‐
ever,	the	underlying	mechanism	is	yet	to	be	investigated.

Nevertheless,	the	present	study	had	several	limitations.	First,	the	
PSEN2 and TBK1 mutations were not confirmed cosegregations in 
the	families.	Second,	the	study	failed	to	demonstrate	any	changes	in	
the biomarker in cerebrospinal fluid and during autopsy verification.

In	summary,	we	identified	five	variants	in	a	Han	Chinese	cohort.	
A	novel,	probably	damaging	FTLD	gene	TBK1 variant with a typical 
AD	phenotype	was	detected.	Also,	the	phenotypic	characteristics	of	
PSEN1	p.L226R,	which	was	not	reported	previously,	a	PSEN2 patho‐
genic	mutation,	and	two	likely	benign	MAPT variants were described. 
Hence,	 screening	 for	mutations	 in	other	dementia	genes	might	be	
advisable	in	clinically	diagnosed	AD	patients.
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