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ABSTRACT: Cerebral autosomal dominant arteriopathy with subcortical infarcts and
leukoencephalopathy (CADASIL) is a hereditary disease of small cerebral arteries. This case series
aims to describe the mutations in NOTCH3 and their phenotypes in Malaysia. We included patients
who were genetically confirmed to have CADASIL, diagnosed at the University of Malaya Medical
Centre, Malaysia. Family members who fulfilled clinical or imaging criteria, and patients from two
previous published Malaysian families were also included. Six families (eleven cases) were included
in this series. Genetic testing revealed NOTCH3 mutations in c.328C>T (p.Arg110Cys, R110C),
c.553T>G (p.Cys185Gly, C185G), c.1630C>T (p.Arg544Cys, R544C) and c.160C>T (p.Arg54Cys, R54C).
Two out of four Chinese families had R544C mutation in exon 11, with a later age of onset, absence
of migraine and lack of anterior temporal pole involvement on MRI. One family with mixed Indian
and Chinese ancestry had a mutation in exon 3 with R110C and another Indian family exon 4 with
C185G mutation. This case series highlights the genotypic and phenotypic variability of CADASIL in
a multi-ethnic country. The finding of p.Arg544Cys mutation among the older Chinese families,
similar to those reported in Jeju Island and Taiwan, suggest the need to screen the older Chinese
stroke patients with typical MRI changes.
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1.0 INTRODUCTION
Cerebral autosomal dominant arteriopathy with
subcortical infarcts and leukoencephalopathy (CADASIL)
is a hereditary disease of small cerebral arteries that has
been recognised as an important cause of stroke in the
younger age group. Clinically, CADASIL is characterised
by transient ischaemic attacks (TIA) or ischaemic stroke,
migraine with aura, neuropsychiatric symptoms such as
depression or bipolar disorder, as well as dementia.
Typical
neuroimaging
features
include
T2hyperintensities in the periventricular white matter,
anterior temporal pole, external capsule, basal ganglia,
and brainstem [1]. Mutations in the NOTCH3 (notch
receptor 3) gene on chromosome 19p13.2 are
responsible for the clinical features in CADASIL, and up
to date, more than 270 different NOTCH3 mutations
have been identified in CADASIL patients [2].
The number of CADASIL cases reported in Asia is
increasing [2-8] with better recognition of the condition
and improved access to genetic testing. Few studies
have compared the mutation profiles between Asians
and Caucasians. Liu et al. [6] found that the mutational
spectrum of NOTCH3 in northern China in all confirmed
CADASIL patients was mostly in exon 4 and exon 3,
similar to Caucasians. However, other studies such as
those in eastern and southern China, Taiwan and Korea
showed a different result, with the majority being
mutations in exon 11 [2-4]. The neuroimaging features
in these studies were also different, with a lower
percentage (20-45.8%) of anterior temporal pole
involvement and a higher prevalence of intracranial
haemorrhage [3,4,7]
Previous reported genetically confirmed cases from
Malaysia include a Rungus family [8] and a Chinese
Malaysian family who resides in Singapore [5]. In
concordance with the multiethnic diversity of the
country, this case series highlights the variations in

genotypes and phenotypes among various ethnic
groups in Malaysia.
2.0 METHODS
Ethics approval was obtained from the ethics
committee at the University Malaya Medical Centre
(UMMC). All subjects were Malaysian adults who
presented to UMMC and fulfilled our screening criteria
as shown in Table 1. The subjects must have at least one
of the following: 1) stroke-like episodes with permanent
neurological signs, 2) migraine, 3) major mood disorder
or subcortical dementia. White matter changes in the
brain MRI without cortical infarcts is also a requirement,
and there should be no vascular risk factors etiologically
related to the deficits. We excluded patients who had
severe hypertension or complicated heart/ vascular
disease, those with severe intracranial stenosis on
magnetic resonance angiography (MRA)/ transcranial
Doppler (TCD) and those with normal brain magnetic
resonance imaging (MRI) at age > 35 years old. Vascular
risk factors included severe hypertension or diabetes
mellitus. Severe hypertension is defined as
hypertension with target organ damage, including left
ventricular hypertrophy, heart failure, coronary artery
disease, peripheral vascular disease, proteinuria,
glomerular filtration rate (GFR) < 60ml/min/1.73m 2,
papilloedema or haemorrhage and exudates on retinal
examination. Complicated heart/vascular disease
includes infective endocarditis, congenital heart
disease, septal defect, severe heart failure, left
ventricular clot, aortic dissection or carotid artery
stenosis > 70%.
A total of six patients who fulfilled the criteria above
were identified at Neurology Unit, University of Malaya
Medical Centre from 2011 until 2017. Out of the six who
underwent genetic testing, four were tested positive for
CADASIL NOTCH3 mutation. Family members who had
features of either a young-onset TIA or ischaemic
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stroke, migraine with aura, neuropsychiatric symptoms
such as depression or bipolar disorder, or dementia,
were also included.

Table 1. Screening criteria for CADASIL in this study
Inclusion criteria
1) At least one of the following • Stroke like episodes with permanent neurological
signs;
• Migraine;
• Major mood disorder;
• Subcortical dementia.
2) No vascular risk factors etiologically related to the
deficits
3) Abnormal MRI imaging of the white matter without
cortical infarcts
4) Any age of onset.

Exclusion criteria
1) Severe hypertension or complicated heart or vascular
disease
2) Severe intracranial stenosis on MRA or TCD
3) Normal MRI imaging at age > 35.

A detailed clinical assessment of the proband and their
family members was performed, especially for the
presence of stroke, migraine, cognitive dysfunction and
psychiatric disorder, using semi-structured interview
and structured questionnaires (Supplement Form 1). In
addition, new presentations that were not described
before were explored. A detailed pedigree was plotted.
Cases from the same family were denoted with the
same number (such as 3 and 3.1 annotated the proband
and her family member respectively). Investigations to
exclude other causes of stroke such as
electrocardiogram, echocardiography, lipid profile and
diabetes screening were also performed.
To have a more complete profile of a Malaysian case
series, two previously reported Malaysian families were
included in the analysis, consisting of a Rungus family
reported by Lim et al. [8] and a Malaysian Chinese family
by Wilder-Smith et al. [5].

2.1 Neuroimaging study
The cases underwent MRI of the brain using a 1.5T
machine. The MRI sequences utilised were Axial T2W,
T1W, fluid attenuation inversion recovery (FLAIR) and
MRA. The lesions seen on MRI were quantified using
Scheltens scoring system [9].
2.2 Blood samples collection, DNA extraction and
mutations screening
About 3 ml of peripheral blood was collected from each
proband. Genomic DNA was extracted using the
QIAamp DNA Blood Midi kit (Qiagen, Hilden, Germany)
according to the manufacturer's instructions. Twentythree exons of NOTCH3 of the proband were amplified
by PCR using Q5 hot start high-fidelity DNA polymerase
(NEB, Ipswich, MA, USA) or Phusion Flash high-fidelity
PCR master mix (Finnzymes, Thermo Scientific,
Lafayette, CA, USA). The PCR products were purified,
followed by DNA sequencing. The sequencing results
were
compared
with
NOTCH3
RefSeqGene
(NM_000435.3). Only those with pathogenic mutations
in the coding regions of NOTCH3 were included.
Mutations leading to the gain or the loss of a cysteine
residue in one of the 34 epidermal growth factor-like
repeat (EGFr) domains of the NOTCH3 protein (amino
acid residues 40-1373) are likely to be pathogenic [10] .
3.0 RESULTS
The demographic and clinical features of the cases are
shown in Table 2. Four out of five cases with pure
Chinese ethnicity (cases 1, 2, 6, 6.2) were found to have
an older age at diagnosis (ranging from 60 to 69 years)
and did not have any symptoms of migraine. They were
screened for CADASIL due to the presence of stroke and
excessive white matter MRI changes without
significant vascular risk factors. Two cases had seizures
(case 1 and 3), a rare but previously reported symptom
in CADASIL. We were also able to uncover some atypical
clinical features, including the presence of retinitis
pigmentosa in case 3 and a presentation of cerebellar
stroke in case 6. The family pedigrees for cases with a
positive family history are shown in Figure 1. All cases
demonstrated the positive family history, except case 2.
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Table 2. Demographics, clinical features and genotypes of the CADASIL cases
Study

Our study

Case
Age (onset)
Gender
Ethnicity

1
68
Male
Chinese

2
60
Female
Chinese

3
30
Female
Mixed Chinese
and Indian

Family
history*

Father and
brother - C

Nil

Hypertension
Diabetes
Dyslipidaemia
Smoking
Initial
symptom

Yes
No
No
No
Retrograde
amnesia,
Stroke
Seizure

No
No
No
No
Stroke

Grandmother,
Uncle, Aunty,
Mother, 2nd
brother - C
Eldest brother B
No
No
Yes
No
Migraine with
aura

Other
manifestations

Lim et al. (2015)

Nil

Encephalopathy,
Retinitis
pigmentosa,
Stroke, Seizures
c.328C>T

3.1
20’s
Male
Mixed
Chinese
and Indian

4
26
Male
Indian

5
42
Male
Rungus

Grandparents,
Parents, Uncle,
2 cousins - C

Brother - A
Sister - A
(asymptomatic
at 45)
Brother - C
Mother - C
No
No
Yes
No
Migraine with
aura

No
No
No
No
Migraine
with aura

No
No
Yes
No
Stroke

Stroke,
Cognitive
impairment

Migraine,
Encephalopathy

Nil

5.1
38
Male
Rungus

Wilder-Smith et al. (2004)
5.2
Asymptomatic
Female
Rungus

6
69
Female
Chinese

6.1
45
Female
Chinese

6.2
60
Male
Chinese

Brother - B
Niece - A
Father, 3
brothers,
2 sisters - C
No
No
No
No
Stroke

No
No
No
No
Nil

Yes
No
Yes
No
Stroke
(cerebellar)

No
No
No
No
Stroke

No
No
No
Yes
Stroke

Gelastic
dementia

Nil

Nil

Cognitive
impairment

Dementia

Coding
c.1630C>T
c.1630C>T
NA
c.553T>G
c.160C>T
c.160C>T c.160C>T
c.328C>T
c.328C>T
sequence
change
Amino acid
R544C
R544C
R110C
NA
C185G
R54C
R54C
R54C
R110C
R110C
change
Exon
11
11
3
NA
4
2
2
2
3
3
Skin biopsy#
NA
NA
NA
NA
NA
GOM+
NA
NA
GOM+
GOM+
* A - Genetic/ biopsy; B - Clinical + MRI changes; C - Clinical (stroke/ TIA/ dementia/ psychiatric features); # GOM - granular osmophilic material; NA - Not available

NEUROSCIENCE RESEARCH NOTES | 2019 | VOLUME 2 | ISSUE 3 | PAGE 4

c.328C>T

R110C
3
NA

Table 3. Scheltens scores of the CADASIL cases
Case
Periventricular hyperintensities 1 (PVH 0-6)
Capsular occipital
Capsular frontal
Bands lateral ventricle
White matter hyperintensities 2 (WMH 0-24)
Frontal
Parietal
Temporal
Occipital
Basal ganglia hyperintensities 2 (BG 0-30)
Caudate
Putamen
Globus pallidus (GP)
Thalamus
Internal capsule
Infratentorial foci of hyperintensity 2 (ITF 0-24)
Cerebellum
Midbrain
Pons
Medulla
Total
Other findings 3
Projection fibers (Internal capsule posterior limb)
Temporal white matter
Anterior to posterior margin of amygdala
Posterior to posterior margin of amygdala
External capsule
Atrophy 4

1

2

3

3.1

4

5

5.1

5.2

2
2
2

1
2
1

2
1
1

2
2
1

2
1
2

2
2
2

2
2
2

1
1
1

6
6
0
6

6
6
0
0

6
1
3
1

6
6
3
5

6
6
3
6

6
6
6
0

6
6
6
6

4
4
0
0

3
1
0
0
1

1
2
1
2
1

0
3
0
0
3

0
0
3
1
2

1
1
2
1
3

3
3
0
0
3

0
0
0
4
3

0
0
0
0
3

0
0
1
0
30

0
0
1
1
25

0
0
0
0
21

0
0
0
0
31

0
0
0
0
34

0
0
0
0
33

3
3
3
3
50

0
0
4
0
17

0

1

1

1

2

1

2

0

1
0
1
1

0
1
2
1

2
0
1
0

1
1
2
0

1
0
3
1

3
1
3
1

3
1
3
2

0
0
0
0

1

0 = absent; 1 = 0 to 5 mm; 2 = > 5 mm

2

0 = absent; 1 = up to five lesions of <3mm diameter; 2 = six or more lesions of <3mm; 3 = up to five lesions 4 to 10 mm in

diameter; 4 = six or more lesions of 4 to 10mm; 5 = one or more lesions 10mm in size; and 6 = confluent hyperintensity
3

0 = absent, 1 = <5 lesions, 2 = 5-10 lesions, 3 = >10 lesions

4

0 = absent, 1 = mild, 2 = moderate, 3 = severe (sulcal, cerebellar folia prominence, enlargement of ventricles, brainstem size)

3.1 Neuroimaging findings
Figure 2 shows the axial MRI features for cases 1, 3 and
4 with the involvement of basal ganglia, anterior

asymptomatic case (5.2). Cases 1, 2, 5.1 and 5.2 showed
white matter changes of the infratentorial structures,
namely brainstem and cerebellum. Cases 1, 2 and 5.2

temporal pole and periventricular regions, respectively.
Scheltens scoring of the MRI brain for all cases are
shown in Table 3. The scoring for some family members
and the cases reported by Wilder-Smith et al. [5] were
not included as there were either no MRI brain or no
access to the MRI images. All the available cases
demonstrated T2-lesions in the periventricular and
white matter regions of the frontal and parietal lobes,
with the involvement of the internal capsule. All cases
showed external capsule involvement except an

showed no involvement of the temporal pole. All the
subjects demonstrated normal MR angiographic
findings with no evidence of intracranial vascular
stenosis seen. Cerebral atrophy was more prominent in
the subjects with the higher Scheltens score. Case 1, 3
and 4 showed no blooming artefacts on gradient echo
(GRE) or susceptibility weighted imaging (SWI)
sequences. These sequences were not available in other
cases.
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Figure 1. Pedigrees for the families affected by CADASIL (cases 3-6). Square and circle denote male and female, respectively.
Solid square and circle denote affected male and female, respectively. Vertical band denotes asymptomatic mutation carrier.
The proband for each family is denoted with an arrow. A strikethrough denotes a deceased member.
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Figure 2. (A) Axial T2W MRI brain of case 1 demonstrates hyperintensities in caudate nucleus, lentiform nucleus. (B) Axial FLAIR
sequence of case 3 demonstrates anterior temporal pole involvement. (C) Axial T2W MRI brain of case 4 demonstrates
confluent deep white matter and periventricular lesions.

3.2 NOTCH3 mutations
We sequenced exons 2 to 24 of NOTCH3 of the proband.
Exons 2-24 encode 34 EGFr domains of NOTCH3 [11].
Three different cysteine-altering missense mutations
were identified from Case 1 - 4 (Figure 3). In our series,
two Chinese patients had a heterozygous mutation in
exon 11 with c.1630C>T (p.Arg544Cys, R544C). One
family with mixed Indian and Chinese ancestry had a
heterozygous mutation in exon 3 with c.328C>T
(p.Arg110Cys, R110C). Another Indian family was
detected to have a heterozygous mutation in exon 4
with c.553T>G (p.Cys185Gly, C185G).
4.0 DISCUSSION
This series included four different mutations in exon 2,
3, 4 and 11 of the NOTCH3 gene from 3 different ethnic
groups with diverse phenotypic variations including the
age of onset and presenting symptoms. Some studies
reported a weak genotype-phenotype correlation for
CADASIL, even within the same pedigree [12,13]. Other
modulating factors, such as hypertension and smoking
have been shown to influence disease severity [12].
Despite the diverse phenotypic variations, a few
mutations have been associated with certain unique
phenotypes. Opherk et al. [14] demonstrated that the
C117F mutation was associated with earlier mortality
and C174Y mutation with a lower age of stroke onset.

The R153C mutation was significantly associated with
the presence of microbleeds [15]. A worse profile of
white matter lesions has been noted in the C440G
mutation [16]. Another mutation that has been
associated with its own unique phenotype is R544C.
Other than the older age of onset, R544C mutation is
associated with a higher incidence of intracranial
haemorrhage, rarer occurrence of migraine, a higher
percentage of cognitive dysfunction and lower
frequency of anterior temporal pole involvement
[3,4,7]. These features can also be seen in our cases with
R544C mutation where both cases showed later age of
onset and no migraine. The MRI for these two patients
also showed a lack of anterior temporal pole
involvement.
The R544C mutation is highly prevalent in the CADASIL
cohorts reported in Taiwan (70.5%) [4] and Jeju Island
of Korea (75-90.3%) [3,17]. It also accounts for a small
proportion of CADASIL patients in mainland Korea
(27.6%) [18] and China (2.3-15.5%) [2,6,19]. Chen et al.
[2] reported that the patients carrying R544C mutation
in Taiwan and Fujian (China) might be descendants from
a common ancestor. The high incidence of R544C in the
island of Jeju is also postulated to be due to the founder
effect.
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Figure 3. Mutation analysis of the NOTCH3 gene by direct DNA sequencing. Partial sequencing chromatograms
(forward and reverse strand) revealed the heterozygous missense mutation in Case 1-4.
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The family tree for Case 3, who is of mixed Chinese and
Indian ancestry shows that the origin of the mutation is
likely from the maternal Chinese side of the family. Out
of the four Chinese families in this series, a high
proportion (50%) of them had R544C mutation. There
seemed to be a suggestion of a link between the
Malaysian Chinese and the population of Han Chinese in
Taiwan, Fujian and the Koreans in Jeju Island, though
this remains a postulate as the number of patients in
this series is low. Interestingly, both our R544C patients
are of Hakka dialect while the majority of Han Chinese
in Taiwan/ Fujian are of Hokkien dialect. Cross marriage
between various Chinese dialect groups is common in
Southeast Asian countries, including Malaysia, which
may explain the finding.

patients’ difficulties in providing detailed information
on their family history. Due to the retrospective nature
of the study, specific MRI sequences were not obtained
and resulted in an incomplete analysis.
5.0 CONCLUSION
This case series highlights the various genotype and
phenotype spectrum in our multiethnic country. A more
extensive study, including more positive cases, is
needed to further map out the different CADASIL
genotypes in Malaysia.
Supplementary Materials: The questionnaire used for
obtaining clinical data from the proband and family members
is

available

online

at

https://doi.org/10.31117/neuroscirn.v2i3.35.
There are also two families with South Asian ancestry
included in our series, with mutations in R110C (exon 3,
case 3) and C185G (exon 4, case 4), of which both
mutations had been previously reported in European
populations [14,20]. To the best of our knowledge, 22
cases (a family of 17 members and five other individual
cases) of CADASIL have been reported in individuals
with South Asian ancestry (Indian and Sri Lankan) so far.
Out of those, only eight were genetically confirmed. The
mutations found included R141C mutation (exon 4) in
six cases from two families, C260G (exon 5) and C144S
(exon 4) in one case each [21-26]. The relatively lower
number of genetically confirmed cases reported from
the South Asian region could be due to underrecognition of the condition and the difficulty in access
to genetic screening.
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