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【 CASE REPORT 】

Heterozygous Cysteine-sparing NOTCH3 Variant
p.Val237Met in a Japanese Patient with Suspected Cerebral

Autosomal Dominant Arteriopathy with
Subcortical Infarcts and Leukoencephalopathy
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Abstract:
A 64-year-old Japanese man with recurrent cerebral ischemic events and cognitive impairment was sus-

pected of having cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy

(CADASIL) because of a family history and brain magnetic resonance imaging findings of cerebral white

matter hyperintensities. The cysteine-sparing variation p.Val237Met was identified in NOTCH3. An intensive

skin biopsy showed negative results (no granular osmiophilic material or positive NOTCH3 immunostaining),

suggesting that the patient’s definite diagnosis and pathogenicity of p.Val237Met were uncertain. We addi-

tionally reviewed previous reports of two Japanese families with p.Val237Met.
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Introduction

Cerebral autosomal dominant arteriopathy with subcortical

infarcts and leukoencephalopathy (CADASIL), clinically

characterized by migraine, recurrent ischemic events, mood

disturbance, apathy, and cognitive impairment, is the most

common form of hereditary small-vessel disease caused by

mutations in the NOTCH3 gene (1, 2). CADASIL can be

definitively diagnosed by genetic testing. Thus far, more

than 200 mutations localized to the domain of the 34 epider-

mal growth factor repeats (EGFrs) encoded by exons 2-24 in

NOTCH3 have been reported (3, 4). The typical pathogenic

mutations are heterozygous missense ones altering the num-

ber of cysteine amino acids in a certain EGFr (1).

If a cysteine-sparing missense variant of unknown signifi-

cance is identified, the diagnosis of CADASIL can be con-

firmed by detecting granular osmiophilic material (GOM) or

positive NOTCH3 immunostaining in skin biopsy speci-

men (5). GOM, the pathological marker of CADASIL, is an

abnormal protein aggregation containing the NOTCH3 extra-

cellular domain (N3ECD), localizing around the basement

membrane of vascular smooth muscle cells (6). We recently

identified a cysteine-sparing NOTCH3 variant, p.Val237Met,

in a patient with suspected CADASIL. Thus far, two groups

have reported Japanese patients with this mutation. However,

their interpretations of its pathogenicity were contradictory,

with one concluding it to be pathogenic (7, 8) while the

other concluded that it does not have certain pathogenic-

ity (9).

In this study, we evaluated the pathogenicity of NOTCH3
p.Val237Met based on the findings in our present patient
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Figure.　Brain MRI and electron micrograph of a dermal artery. Brain fluid-attenuated inversion-
recovery imaging shows multiple hyperintense lesions in the bilateral subcortical white matter, basal 
ganglia, and thalami. Despite small nonspecific signal changes in the external capsules, no abnormal 
signal changes are detected in the subcortical white matter of the temporal poles (A, B, C). Suscepti-
bility-weighted imaging shows many micro bleeds, mainly in the basal ganglia (D, E). Granular os-
miophilic material (GOM) deposition is not detected around the basement membrane of the vascular 
smooth muscle cells of small arterioles (Bar=2 μm) (F).
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and those from the two previous reports.

Case Report

A 64-year-old Japanese man who experienced two epi-

sodes of lacunar infarction at 59 and 62 years old and an

episode of transient ischemic attack of weakness in the left

leg at 64 years old was admitted to our hospital. The patient

experienced difficulty moving his right leg and was adminis-

tered cilostazol (200 mg/day) for cerebral infarction. He had

no vascular risk factors other than smoking and had no his-

tory of migraine. His brother and sister had suffered from

stroke; however, little medical information was available re-

garding his deceased parents.

On admission, his blood pressure was 140/92 mmHg, and

his pulse was regular. A neurological examination showed

right hemiplegia, and his score on the Mini-Mental State

Examination (10 of a total of 30: disorientation, memory

disturbance, and executive function impairment were notice-

able) indicated cognitive impairment. His laboratory parame-

ters, including blood counts, lipid profile, and blood glucose

level, were within normal ranges. All of the following

coagulation-related test results were also within normal

ranges: protein S, protein C, anti-DNA antibodies, lupus an-

ticoagulant, anti-cardiolipin β2-glycoprotein I complex anti-

bodies, and anti-cardiolipin antibodies.

Stenoses and plaques in the internal carotid artery were

not observed on carotid ultrasound, and echocardiography

revealed normal wall motion without thromboses. No ar-

rhythmias were detected on the 24-hour Holter electrocar-

diogram. However, diffusion-weighted brain magnetic reso-

nance imaging (MRI) demonstrated a hyperintense area in

the left basal ganglia, indicating the presence of an acute in-

farct. Additionally, fluid-attenuated inversion recovery

(FLAIR) imaging showed bilateral multiple hyperintense le-

sions in the subcortical white matter, basal ganglia, thalami,

and brainstem. Slight nonspecific FLAIR signal changes

were detected in the external capsules, whereas no abnormal

changes were detected in the subcortical white matter of the

temporal poles (Figure). Susceptibility-weighted imaging

showed multiple microbleeds in the bilateral basal ganglia,

subcortical white matter, and brainstem; however, no abnor-
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Table.　Carrier Frequencies of NOTCH3 c.709G>A (p.Val237Met) in General Populations of Different Eth-
nicities.

East Asian South Asian
European 

(Non-Finnish)
Finnish Latino

Ashkenazi 

Jewish
African

Number of individuals 9,973 15,307 64,265 12,559 17,711 5,163 12,471

Number of carriers 

(frequency)

47 

(0.47%)

1 

(0.0065%)

2 

(0.0031%)

2 

(0.016%)

2 

(0.011%)

0 

(0%)

0 

(0%)

Values were downloaded on July 29, 2020 from gnomAD (https://gnomad.broadinstitute.org). All carriers were heterozygous.

malities were observed on MR angiography. These abnor-

malities and brain atrophy gradually progressed over the

next five years.

We suspected a diagnosis of hereditary cerebral small ves-

sel disease from the patient’s clinical course, family history,

and detection of severe small-vessel diseases on brain MRI.

The cause of cognitive impairment appeared to be vascular.

We ruled out the possibility of Alzheimer’s disease, idi-

opathic normal pressure hydrocephalus, and chronic sub-

dural hematoma based on the MRI features. In addition, his

blood tests showed a normal thyroid function, ammonia lev-

els, and drug resistance; thus, they were also ruled out.

Genetic testing was performed after receiving written in-

formed consent, and approval for the genetic study was ob-

tained from the University Ethical Committee. CADASIL

was first suspected, as it is the most common hereditary

small-vessel disease. Sanger sequencing of whole exons 1-

33 of NOTCH3 identified the heterozygous cysteine-sparing

variation c.709G>A (p.Val237Met in EGFr 6) in exon 5 of

the NOTCH3 gene.

Because the pathogenicity of p.Val237Met had not yet

been established, we next performed a skin biopsy. Im-

munoreactivity for the NOTCH3 extracellular domain was

not detected in the vessels of the skin specimens (data not

shown). Electron microscopy did not detect GOM in the

small arterioles in the deep dermis, which is where this ma-

terial preferentially localizes (Figure).

Discussion

Based on the negative findings of the skin biopsy (no

GOM or NOTCH3 immunostaining), the patient’s definite

diagnosis and pathogenicity of p.Val237Met remain uncer-

tain.

The diagnostic test is limited by the sensitivity of the skin

biopsy. Although the specificity of GOM is 100%, its sensi-

tivity has ranged between 44.4% and 100% in previous re-

ports (10). The successful detection of GOM depends on the

number of vessels included in the sample as well as techni-

cal factors. Light microscopic observation of NOTCH3 im-

munostaining has the advantage of evaluating a broad area,

including multiple vessels. The sensitivity and specificity of

NOTCH3 immunostaining are reported to be 90.2-85.4%

and 95.2-100%, respectively (11). To overcome these techni-

cal issues, an analysis of the skin biopsy specimen was per-

formed by the expert (A.U.) in this study group who spe-

cializes in the pathological diagnosis of CADASIL (12, 13).

Another limitation is the lack of research on other causa-

tive genes of hereditary cerebral small vessel diseases. We

next focused on high-temperature requirement A serine pep-
tidase 1 (HTRA1), a gene that plays a causative role in cere-

bral autosomal recessive arteriopathy with subcortical in-

farcts and leukoencephalopathy (CARASIL) (14). Heterozy-

gous mutations in HTRA1 have occasionally been identified

among NOTCH3-negative patients with cerebral small-vessel

disease, establishing the concept of cerebral small-vessel dis-

ease (CSVD) with a heterozygous HTRA1 mutation (15, 16).

Genetic testing of HTRA1 in our patient revealed a negative

result. Further diagnostic approaches with this patient should

involve analyses of other causative genes of hereditary

CSVDs, including COL4A1, COL4A2, TREX1, GLA, and

CTSA (5), as well as CSVD-associated genes, including

ACE and MTHFR (17).

The p.Val237Met variant was previously reported in two

Japanese families. The first family was reported by Adachi

et al. The two affected siblings developed gait disturbance in

their sixth decade of life, and one of them had dementia and

headache. The MRI findings included periventricular hyper-

intensities and multiple small infarctions in the subcortical

white matter and basal ganglia (7). They were diagnosed

with CADASIL because GOM was detected in the skin bi-

opsy obtained from one of the patients. However, a typical

cysteine-related mutation could not be completely excluded,

as the regions they analyzed were limited to NOTCH3 exons

3-4, 11, and 19 as well as the neighboring regions (8).

The second patient with p.Val237Met was identified by

Kunii et al. through a genetic analysis of 60 adult patients

with leukoencephalopathy by next-generation sequencing of

all exons of 55 genes, including NOTCH3, associated with

leukoencephalopathy (9). The reported patient was a 34-

year-old man without any family history of stroke. He had

no symptoms except for a history of headache from 31

years old. They noted that the MRI findings were atypical

for CADASIL and concluded that the pathogenicity of p.Val

237Met was uncertain, mainly due to the relatively high car-

rier frequency in their in-house database consisting of

exome data obtained from 575 Japanese individuals (3/575,

0.52%) (9).

The p.Val237Met carrier frequency in the controls de-

scribed by Kunii et al. is comparable to that in East Asian

populations (47/9,973; 0.47%) reported in the Genome Ag-

gregation Database (gnomAD, https://gnomad.broadinstitute.
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org), a large-scale genome variation database from exome

and genome sequencing data of the general population. The

p.Val237Met carrier frequency in other ethnic populations is

extremely rare or absent, suggesting that p.Val237Met may

be a rare polymorphism accumulating in East Asians (Ta-

ble).

The pathogenicity of p.Val237Met remains unclear, as we

did not note GOM or NOTCH3 immunostaining on a skin

biopsy in our patient with p.Val237Met. Our results will

contribute to the accurate assessment of p.Val237Met in the

genetic testing of CADASIL and aid in the performance of a

comprehensive genomic analysis. Cumulative evidence from

further analyses is needed to validate our findings.
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