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1  |  INTRODUC TION

Cerebral small vessel disease (CSVD) refers to lesions of the cere-
bral arterioles, venules, and capillaries caused by various causes.1 
Clinical manifestations of this type of disease are cognitive decline, 
abnormal gait, decreased executive function, mental symptoms, 

etc.2 CSVD can be divided into sporadic and hereditary. Sporadic 
CSVD is mainly related to age, hypertension, diabetes, smoking, and 
other risk factors.3 Hereditary CSVD accounts for approximately 5% 
of all cerebrovascular diseases caused by gene mutations, including 
cerebral autosomal dominant arteriopathy with subcortical infarcts 
and leukoencephalopathy (CADASIL), cerebral autosomal recessive 
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Abstract
Background: HTRA1 gene mutations are related to the pathogenesis of cerebral au-
tosomal recessive arteriopathy with subcortical infarcts and leukoencephalopathy 
(CARASIL). However, heterozygous HTRA1 mutations at specific sites can also lead 
to rare autosomal dominant cerebral artery disease (CADASIL- like disease). To date, 
28 heterozygous mutations in the HTRA1 gene have been reported to be related to 
CADASIL- like diseases. Only one case of this disease was caused by a heterozygous 
mutation of c.497G>T in exon 2 of the HTRA1 gene.
Methods: In this case, we report on an Asian family with CADASIL- like disease caused 
by a heterozygous mutation of c.497G>T in exon 2 of the HTRA1 gene. The clinical 
and imaging characteristics of the proband were summarized, and gene mutations 
were verified by whole- exome sequencing (WES) and direct Sanger sequencing.
Results: The result of the gene sequencing showed a heterozygous missense mutation 
at the c.497G>T locus of the HTRA1 gene in the proband of one sick family member, 
resulting in a change in amino acid (p.arg166leu).
Conclusion: This is the first reported pathogenic mutation at the c.497G>T locus of 
the HTRA1 gene in an Asian population. It provides an important theoretical basis for 
the specific gene- based diagnosis and treatment of CADASIL- like diseases.
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arteriopathy with subcortical infarcts and leukoencephalopathy 
(CARASIL),	 Fabry	 disease,	 retinal	 vasculopathy	 with	 cerebral	 leu-
koencephalopathy (RVCL), COL4A1- related diseases, etc.4 Among 
the known pathogenic genes of CSVD, the HTRA1 gene is related to 
the pathogenesis of CARASIL. However, heterozygous HTRA1 mu-
tations at specific sites can also lead to rare autosomal dominant 
cerebral artery disease (CADASIL- like disease).5

The HTRA1 gene is located on the long arm of chromosome 
10 and consists of nine exons. This gene encodes the synthesis of 
HTRA serine protease. The encoded protein contains four func-
tional domains and participates in various pathological processes, 
including arthritis, cancer, cerebrovascular disease, and neurode-
generative diseases.6 To date, 45 HTRA1 gene mutations related 
to CSVD have been reported, including 23 types of CADASIL- like 
diseases caused by heterozygous HTRA1	 mutations.	 Five	 other	
types of heterozygous HTRA1 mutations were found to be associ-
ated with CARASIL and CADASIL- like disease.7 There was only one 
case of CADASIL- like disease caused by c.497G>T heterozygous 
mutation in exon 2 of the HTRA1 gene which has been reported 
to date.5

Herein, we report a case of an Asian family with CADASIL- like 
disease caused by a c.497G>T heterozygous mutation in exon 2 of 
the HTRA1 gene. We analyzed the clinical features, imaging features, 
and gene sequencing results of the proband and drew the disease 
pedigree map to provide a clinical basis for the diagnosis of this 
disease.

2  |  MATERIAL S AND METHODS

2.1  |  Patient and families

We present a patient with CADASIL- like disease, who was admitted 
to	 the	Department	of	Neurology,	First	Affiliated	Hospital	of	Dalian	
Medical University, China. Peripheral blood samples from the proband 
(II-	1	 in	 Figure	 1d)	 and	 one	 sick	 family	 member	 (II-	3	 in	 Figure	 1d)	
were collected for investigation. Other immediate relatives of the 
proband refused the gene detection. The study was approved by the 
Ethics	Committee	of	 the	First	Affiliated	Hospital	of	Dalian	Medical	
University and was conducted following the recommendations of the 
Declaration of Helsinki. Written informed consent was obtained from 
all	patients.	The	disease	pedigree	map	is	shown	in	Figure	1d.

2.2  |  Mutation analysis

Whole-	exome	sequencing	(WES)	was	performed	on	DNA	extracted	from	
peripheral	blood	samples.	After	fragmenting	the	genomic	DNA,	ligating	
the	paired-	end	adaptors,	amplifying	the	DNA,	and	purifying	the	amplified	
products, all human exons and the 50 bp regions of their adjacent introns 
were	captured	using	the	xGen	Exome	Research	Panel	(Integrated	DNA	
Technologies).	The	DNA	library	was	constructed	following	amplification,	
purification, and capture and then sequenced on a HiSeq sequencing 
platform	(Illumina).	We	used	NextGENe	v2.3.4	and	the	laboratory's	own	

F I G U R E  1 Brain	magnetic	resonance	
examination and genotype results of 
the	proband	(II-	1).	(A)	and	(B):	Severe	
diffuse leukoencephalopathy in deep 
white matter; (C): Cerebral blood flow 
decreased in deep white matter; (D) 
Disease pedigree map; (E): Sequence 
chromatograms of the heterozygous 
mutation HTRA1 c.497G>T. Square, male; 
circle, female; full black filled symbol, 
clinically and magnetic resonance imaging 
(MRI)- proven affected individuals; empty 
symbol, clinically healthy relatives; plus 
sign, mutation carriers
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scripts to obtain the annotation information, including the conserved nu-
cleotide bases and amino acids, predictions of the biological functions, 
and frequency of the normal populations (1000 Genomes Project, Exome 
Aggregation Consortium (ExAC), database of single nucleotide polymor-
phisms	(dbSNP),	and	locus-	specific	databases),	as	well	as	data	from	the	
Human Genome Mutation Database, ClinVar, and Online Mendelian 
Inheritance in Man. Polymerase chain reaction (PCR) amplification and 
direct Sanger sequencing were used to verify the suspicious gene muta-
tion sites detected by WES. The amplified PCR products of the HTRA1 
gene were visualized on a 2% agarose gel. To discover harmful mutations, 
BLAST	(https://blast.ncbi.nlm.nih.gov/)	was	used	to	align	the	sequence	
data with the HTRA1	reference	DNA	sequence.8,9

3  |  C A SE DESCRIPTION

3.1  |  Disease history

The proband was a 59- year- old Chinese Han male with intellectual de-
cline, unstable walking, poor urinary control for 6 months, and acute 
onset weakness of the right lower limb for 1 month. During the course 
of the disease, symptoms, such as headache, trichomadesis, nausea, 
vomiting, unclear speech, blurred vision, dysdipsia and dysphagia, 
limb twitching, dysuria, or unconsciousness, were not present.

3.2  |  Past history and family history

The proband had a history of cerebral infarction for 2 years. There 
was no history of hypertension, diabetes, coronary heart disease, or 
smoking. The father had a history of multiple cerebral infarction and 
dementia and died in stroke 15 years ago. The 55- year- old brother of 
the proband also had cerebral infarction for 1 year. Head magnetic 
resonance (MR) at onset showed multiple demyelinating changes in 
cerebral white matter.

3.3  |  Physical examination of the nervous system

The proband was conscious, fluent, and hypomnetic. The cranial 
nerves were normal. The muscle strength of the left upper limb and 
both lower limbs and the muscle strength of the right upper limb were 
scored 4 and 5, respectively. However, the bilateral point- to- point 
test was not accurate. The upper and lower limb tendons showed 
overactivity.	The	Babinski	and	Chaddock	signs	were	bilateral	positive.

3.4  |  Additional examinations

Head magnetic resonance (MR) showed the following results: (1) multi-
ple lacunar cerebral infarction and demyelination of white matter in the 
bilateral semioval center, bilateral paraventricular and bilateral basal 
ganglia,	left	thalamus,	and	right	cerebellar	hemisphere	(Figure	1a);	(2)	

multiple microbleeds in the bilateral cerebral hemispheres, basal gan-
glia,	thalamus,	brainstem,	and	cerebellum	(Figure	1b);	and	(3)	decreased	
perfusion	in	the	right	hemisphere	(Figure	1c).

3.5  |  Genetic analysis

Genomic	 DNA	 was	 extracted	 from	 peripheral	 blood	 samples	 of	
the proband. Spectrophotometric analysis was used to measure 
the	 concentration	 and	 purity	 of	DNA	 samples.10,11 One heterozy-
gous missense variation, c.497G>T, was identified in exon 2 of the 
HTRA1 gene by WES. The WES of his sick brother with symptoms 
revealed the same heterozygous variant c.497G>T (p. Arg166Leu) 
in the HTRA1 gene. The quality control data for the WES are listed 
in Table 1. To further verify the results of the gene test, PCR am-
plification and direct Sanger sequencing were used to detect the 
variant in exon 2 of the HTRA1 gene. The sequences of primers 
used	were	as	follows:	F-	5′-	CTTACCTGGGTGGGCACTC-	3′	and	R-	5′-	
TGTTCTAAGGGAGACACACTTATC-	3′.	We	verified	a	definite	gene	
mutation of c.497G>T in exon 2 of HTRA1	(Figure	1e).

4  |  DISCUSSION

The HTRA1 gene mutations often lead to the pathogenesis of 
CARASIL. Most parents of patients have a history of close relative 
marriage. It is a non- hypertensive cerebrovascular disease that occurs 
in youth. Clinically, it is characterized by progressive nervous system 
damage, including early- onset recurrent stroke, subcortical dementia, 
affective disorders, gait disorder, and extraneural characteristics, in-
cluding hair loss and spondylosis.12 However, heterozygous mutations 
in the HTRA1 gene also can lead to rare CADASIL- like disease, which 
is an autosomal dominant disease. Studies found that compared with 
typical CARASIL, patients with CADASIL- like disease had a later onset 
age, a higher proportion of vascular risk factors, a lighter and rela-
tively slow clinical progress, and a lower incidence of extraneurologi-
cal symptoms, such as early- onset spondylosis and hair loss.7,13 Due 
to the late- onset and the high proportion of vascular risk factors, the 
family history of this disease is often ignored. Therefore, for patients 
with CSVD with unknown etiology, the HTRA1 gene screening and 
head magnetic resonance imaging (MRI) imaging should be considered 
to determine whether it has a clear family history. The head MRI of the 
patient with CADASIL- like disease has typical characteristics of CSVD, 
such as white matter lesions, subcortical multiple lacunar infarcts, and 
intracranial microbleeds.3 CADASIL- like disease is mainly character-
ized by intimal thickening, adventitia fibrosis, degeneration and loss of 
smooth muscle cells, and stratification and division of the inner elastic 
layer of small vessels in the central nervous system. However, there 
are no osmiophilic particles on the surface of the vascular smooth 
muscle under an electron microscope. Therefore, a skin biopsy can 
provide a basis for differentiation from typical CADASIL.14 With the 
development of WES technology, gene detection has played an impor-
tant role in clinical diagnosis, treatment, and scientific research.

https://blast.ncbi.nlm.nih.gov/
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In this study, a heterozygous mutation caused by c.497G>T in an 
Asian family was reported. The clinical features of the proband were 
similar to those of the same mutation reported in a previous study, 
such as history of stroke and cognitive impairment.5 Similar severe 
diffuse leukoencephalopathy in the deep white matter can be seen 
on MRI examination. We also observed a significant decrease in ce-
rebral blood flow in white matter lesions.

To date, the pathogenesis of this disease is not fully understood, 
and there are no special treatment methods. This study focuses mainly 
on symptomatic support treatment. At the same time, it provides ge-
netic counseling for patients to guide them in avoiding relevant risk 
factors. It is also recommended to further carry out relevant evalua-
tion and gene screening for the families of patients with a confirmed 
diagnosis of CSVD caused by genetic variation.6 With the increasing 
basic and clinical research on the pathogenesis of this disease and 
an in- depth understanding of the pathophysiological mechanism, it 
is necessary to find potential therapeutic targets and provide more 
theoretical support for its clinical diagnosis and treatment.

5  |  CONCLUSION

Our findings of a heterozygous c.497G>T mutation in this Asian family 
provide novel evidence for the HTRA1 mutation in CADASIL- like dis-
ease. This finding will improve genetic counseling for both relatives of 
CARASIL patients and carriers of HTRA1 variants with sporadic CSVD.
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TA B L E  1 Quality	control	data	of	whole-	exome	sequencing

Total

Raw_data (Mb) 2407.42

Clean_data (Mb) 2232.11

Aligned (%) 99.88

Initial bases on target 1929086

Base	covered	on	target 1925806

Coverage of target region 99.80%

Total effective yield (Mb) 1736.66

Effective sequence on target (Mb) 850.98

Fraction	of	effective	bases	on	target 49.00%

Average sequencing depth on target 441.13

Fraction	of	target	covered	with	at	least	4× 99.40%

Fraction	of	target	covered	with	at	least	10× 98.70%

Fraction	of	target	covered	with	at	least	20× 97.60%

Duplication rate (%) 21.25
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