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INTRODUCTION

Cerebral autosomal-dominant arteriopathy with subcorti-
cal infarcts and leukoencephalopathy (CADASIL) is an inher-
ited cerebral small vessel disease caused by mutations in the 
NOTCH3 gene.1 NOTCH3 gene encodes a cell surface recep-
tor on smooth muscle cell (SMC) and pericyte.1 The mutant 
Notch3 accumulated in pericyte and SMC causes non-amy-
loid, non-artherosclerotic angiopathy.2 The main clinical man-
ifestations are recurrent stroke, cognitive decline, chronic 

headache, mood disturbances, and seizure.3 
NOTCH3 R544C mutation accounts for the majority of 

CADASIL subjects in Jeju and Taiwan.4,5 Of all the reported 
mutation, most mutations are located in exon 3 and 4.6 How-
ever, in subjects of Jeju and Taiwan, the R544C mutation is lo-
cated in exon 11.4,5 A recent Taiwanese study suggested that 
R544C mutation has later age at symptom onset and higher 
frequency of cognitive dysfunction.5 However, genotype-phe-
notype correlation in CADASIL remains unclear.7 Thus, we 
sought to elucidate the unique phenotypic feature of NOTCH3 
R544C mutation.

METHODS 

We studied 86 consecutive subjects with CADASIL be-
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tween April 2012 and January 2014 at the Department of Neu-
rology, Jeju National University Hospital. Asymptomatic as well 
as symptomatic subjects were included in the study. Symptom-
atic subjects had been diagnosed with CADASIL before the 
study, based on CADASIL symptoms (ischemia or hemor-
rhagic episode, cognitive impairment, chronic headache, and 
seizure). Asymptomatic subjects had at least one symptomatic 
family member. The diagnosis was confirmed by genetic test-
ing or skin biopsy in all subjects. Of 86 CADASIL subjects, 8 
subjects were excluded because they had been diagnosed by 
skin biopsy alone. We further excluded two subjects with an 
R578C mutation, two subjects with an R75P mutation, and 
one subject with C452A mutation. After these exclusions, 73 
subjects from 60 unrelated families remained. All the subjects 
underwent detailed clinical evaluation, neuropsychological 
tests and brain MRI. 

The vascular risk factors were recorded, including hyperten-
sion, diabetes mellitus, and hypercholesterolemia. Hyperten-
sion was defined as blood pressure >140/90 mm Hg on differ-
ent occasions or use of an antihypertensive agent. Diabetes 
mellitus was defined as fasting glucose level ≥126 mg/dL or 

PP2 test level ≥200 mg/dL or use of anti-diabetes medication. 
Hypercholesterolemia was defined as total serum cholesterol 
level >240 mg/dL. This study was approved by the Institu-
tional Review Board of Jeju National University Hospital and 
informed consent was obtained from patients. 

We assessed clinical features including transient ischemic at-
tack (TIA), cerebral infarction, intracranial hemorrhage, head-
ache, dementia, seizure, psychiatric disorder and Parkinson-
ism. Dementia was diagnosed according to the Diagnostic and 
Statistical Manual of Mental Disorder fourth edition (DSM-
IV). The cognitive examination includes the following tests: 
the Korean version of the Consortium to Establish a Registry 
for Alzheimer’s Disease Clinical Assessment Battery,8 Digit 
Span Forward Test, Digit Span Backward Test and Stroop tests. 
All scans were acquired on a 3T MRI scanner (Achieva, Phil-
ips Healthcare, Best, the Netherlands) by using a 32-channel 
array head coil (Fig. 1). 

RESULTS

Demographic findings of the CADASIL subjects with R544C 

Fig. 1. Axial MR images in the subjects with R544C mutation. A and D: 3D-T1 weighted image showing multiple lacunes in the basal gan-
glia and corona radiate. B and E: Fluid-attenuated inversion recovery image showing confluent hyperintensity of external capsule. C and F: 
Susceptibility Weighted Image showing multiple cerebral microbleeds in the thalamus and corona radiate. Arrow indicates lacunes. Arrow-
head points to cerebral microbleeds.
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mutation were presented in Table 1. Of the 73 subjects in-
cluded in this study, 40 (55%) were men. The mean age of the 
subjects was 62.2±12.2 (range 34–86 years). Hypertension 
was present in 40 patients (55%); diabetes mellitus, in 10 pa-
tients (14%); hypercholesterolemia, in 21 patients (29%); and 
ever-smoking, in 26 patients (36%). 

Clinical features of the CADASIL subjects with R544C mu-
tation were presented in Table 2. At initial sign, 59 subjects 
(81%) were symptomatic and 14 subjects (19%) were asymp-
tomatic. Cerebral infarction was the most frequent manifes-
tation (n=26, 36%), followed by headache (n=12, 16%), cog-
nitive impairment (n=8, 11%), intracerebral hemorrhage (n= 
7, 10%), TIA (n=5, 7%), and seizure (n=1, 1%). Thirty-eight 
(53%) had experienced ischemic or hemorrhagic episodes 
(stroke or TIA). The mean age of the subjects at the onset of 
ischemic or hemorrhagic episodes was 56.7±10.3 (range 38–
77 years). The mean age of the subjects at the onset of cogni-
tive impairment was 66.3±10.0 (range 45–75 years). The mean 
age of the asymptomatic subjects was 48.3±10.4 (range 34–
77 years). Two asymptomatic subjects had developed symp-
toms at the time of investigation. One subject developed la-

cunar infarction, and the other cognitive impairment during 
waiting period between the registration and the actual as-
sessment.

At the time of investigation, 61 subjects (84%) were symp-
tomatic and 12 subjects (16%) were asymptomatic. Cerebral 
infarction was the most frequent manifestation (n=27, 37%), 
followed by cognitive impairment (n=23, 32%), headache 
(n=13, 18%), psychiatric symptom (n=12, 16%), intracerebral 
hemorrhage (n=9, 12%), TIA (n=5, 7%), and seizure (n=1, 
1%). Forty (55%) had experienced ischemic or hemorrhagic 
episodes (stroke or TIA). The mean age of the subjects with 
ischemic or hemorrhagic episodes was 64.9±10.9 (range 41–
86 years). Based on DSM-IV criteria, a diagnosis of major de-
pressive disorder was made in 13 subjects, and a diagnosis of 
dementia in 12 subjects. The mean age of the subjects with de-
mentia was 75.6±6.5 (range 62–86 years). According to their 
clinical dementia rating (CDR) scores, 12 subjects were clas-
sified into mild (CDR1; n=9), moderate (CDR2; n=1) and se-
vere (CDR3; n=2) dementia patients. Two CDR3 patients 
were unable to walk unassisted. 

Comparison of clinical features between the CADASIL 
patients with R544C mutation in Jeju and those in Taiwan was 
presented in Table 3.

Table 1. Demographic data of 73 CADASIL subjects with R544C 
mutation

Age, y (SD) 62.2±12.2
Male, female 40, 33
Education, y (SD) 9.6±5.6
Hypertension 40 (55)
Diabetes mellitus 10 (14)
Hypercholesterolemia 21 (29)
Ischemic heart disease 4 (6)
Atrial fibrillation 3 (4)
Antiplatelet use 45 (62)
Anticoagulant use 1 (1)
Ever-smoking 26 (36)

Data are mean±SD or n (%) values.
CADASIL: cerebral autosomal dominant arteriopathy with subcortical 
infarcts and leukoencephalopathy, SD: standard deviation.

Table 2. Clinical features of 73 CADASIL subjects with R544C mutation

Clinical manifestation Initial sign (%) Mean age at onset (range), yr All sign (%)
Transient ischemic attack 5 (7) 57.2±4.3 (54–64) 5 (7)
Cerebral infarction 26 (36) 58.0±11.2 (38–77) 27 (37)
Intracerebral hemorrhage 7 (10) 51.7±11.2 (40–61) 9 (12)
Headache 12 (16) 52.2±10.6 (30–70) 13 (18)
Cognitive impairment 8 (11) 66.3±10.0 (45–75) 23 (32)
Seizure 1 (1) 43 1 (1)
Parkinsonism 0 NA 0
Psychiatric symptom 0 NA 12 (16)
Asymptomatic 14 (19) 48.3±10.4 (34–77) 12 (16)

CADASIL: cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy.

Table 3. Comparison between CADASIL subjects with R544C 
mutation in Jeju and those Taiwan

Jeju (n=73) Taiwan (n=79)
Age at onset, y (SD) 62.2±12.2 56.9±12.0
Stroke/TIA 55% 73%
ICH by history or image 11% 18%
Cognitive impairment 32% 48%
Psychiatric symptoms 16% 15%
Data are mean±SD or % values. For comparison purpose using a Tai-
wanese CADASIL study.5
CADASIL: cerebral autosomal dominant arteriopathy with subcortical 
infarcts and leukoencephalopathy, ICH: intracerebral hemorrhage, 
SD: standard deviation, TIA: transient ischemic attack.
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DISCUSSION

This study described the phenotypic characteristics of 73 
CADASIL patients with R544C mutation in Jeju Island. Al-
though Caucasian CADASIL studies have shown no relation-
ship between genotype and phenotype, Jejus’ CADASIL sub-
jects with R544C mutation showed several features. The clinical 
features of our cohort were similar to those in Taiwan and 
our data supported the hypothesis that R544C mutation has 
relatively late onset disease.

The R544C mutation in exon 11 were initially demonstrated 
in the Dutch CADASIL series.9 However, R544C mutation 
has not been reported in Europe since the first Dutch study in 
1999. It was not found in the large case series of CADASIL in 
French and German patients (n=411),10 UK patients (n= 
200),7 Finnish patients (n=60),11 or Italian patients (n=229).12 
Moreover, according to recent reports, R544C mutation is 
rarely reported in East Asia. Of 52 Chinese mainland subjects 
with CADASIL, only 2 subjects had R544C mutation.13 It was 
not found in the Japanese CADASIL series (n=70).14 Therefore, 
R544C mutation has been mainly reported in Jeju and Tai-
wan.4,5 These results suggest that founder effect of R544C 
mutation may exist between the two islands. Unlike many 
developed countries, Korea does not have a referral center for 
CADASIL. Thus, it is impossible to differentiate between Kore-
an mainlands’ CADASIL patients and Jejus’ CADASIL patients.

We found that our subjects had later age at symptom onset. 
Of 73 CADASIL subjects with R544C mutation of mean age 
62.2±12.2, only two subjects (3%) were unable to walk without 
assistance. However, most Caucasian patients cannot walk at 
around 60 years, and are bed-ridden at around 65 years.10 In 
a Taiwan series of 79 CADASIL patients with R544C muta-
tion, their age at symptom onset was later by 9.1 years, as com-
pared to patients with other NOTCH3 mutation.5 In contrast, 
one Korean mainland study found no differences between 7 
CADASIL patients with R544C mutation and 6 CADASIL 
patients with R75P in clinical and MRI features.15 However, 
the number of patients in this analysis (n=13) was too small to 
draw conclusions. The conclusion that 73 Jeju CADASIL sub-
jects with R544C mutation had later age at symptom onset, 
as compared to Caucasian CADASIL patients remains valid.

We also found that the most common age of onset of chron-
ic headache was in the 50s in our cases. Only one patient, who 
was classified as migraine without aura, had developed chron-
ic headache before the 40s. In contrast, Caucasian CADASIL 
studies have shown that migraine with aura is usually the 
first symptom of CADASIL with a mean age of 26 years in 
women, and 36 years in men.16,17 20–40% of Caucasian CADA-
SIL subjects are known to have migraine with aura.6 Howev-

er, our previous study showed that CADASIL subjects with 
R544C mutation showed no migraine with aura.18 

Our data demonstrated that the second most common fea-
ture was cognitive impairment. Of 23 subjects with cognitive 
impairment, 12 subjects (16%) had dementia, and the mean 
age at assessment was 75.6 years (standard deviation: 6.5). 
Only 3 out of 12 patients with dementia had moderate to se-
vere dementia. In contrast, Caucasian CADASIL studies 
showed that dementia starts between 50 and 60 years.3,19 

Limitation of this study is that we focus on the clinical pre-
sentation of the patients with R544C mutation without imag-
ing data. Moreover, the vascular risk factors may modulate 
clinical features in CADASIL.20 Further prospective studies 
with a uniform imaging protocol are needed to elucidate the 
clinical features of CADASIL patients with R544C mutation. 

In conclusion, we reported the phenotypic feature of CA-
DASIL patients with R544C mutation in Jeju to add up the 
evidence of later symptom onset in the NOTCH3 R544C mu-
tation.
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