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Background: Cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy
(CADASIL) is a hereditary vascular disease caused by mutations in NOTCH3, that are primarily localized in
exons 4, 3, and 11. The Arg332Cys mutation in exon 6 has been rarely reported in patients with CADASIL.
Methods: A case study and the results of a comprehensive systemic search of the PubMed database, using
the keywords “CADASIL”, “Arg332Cys”, “R332C”, and “exon 6”, are reported. The results obtained,
combined with the data obtained from the largest published case series on CADASIL, the clinical and
imaging characteristics of patients with the Arg332Cys mutation, were compared and analyzed.

Results: A 48-year-old woman with a rare Arg332Cys mutation in exon 6 of NOTCH3, who presented
with rapidly developing dementia and recurrent ischemic stroke, was investigated herein. Magnetic
resonance imaging (MRI) revealed abnormal signals in the cerebral white matter, bilateral thalamus,
internal and external capsules, basal ganglia, corpus callosum, and brainstem. Literature review identified an
additional 21 individuals, comprising 11 Europeans and 10 Asians, with the Arg332Cys mutation; of these
identified individuals, clinical data was available for 2 Italian and 9 Asian patients. Analysis of the clinical
characteristics of the 11 patients and the patient we reported showed that their mean age at disease onset was
37.82+9.36 years, much earlier than 57.0+9.36 years reported in literature. The most frequent manifestations
were transient ischemic stroke or stroke (83.3%), followed by cognitive impairment (58.3 %), psychiatric
symptoms (50%), and migraine (33.3%). Among the 10 Asian patients with available imaging data, the
characteristic high signals for the external capsule and brainstem accounted for 90% and 71.43% respectively,
and anterior temporal high signal took proportion of 60% (higher than 34.5% reported for Asian patients in
literature). None of the 6 patients with available gradient echo imaging data had cerebral microbleeding.
Conclusions: CADASIL patients with the Arg332Cys mutation in exon 6 have been reported in Europe
and Asia. The majority of patients had early disease onset. Diffuse high signals involving the external capsule,

brainstem, and bilateral temporal pole are the main neuroimaging characteristics.
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Introduction

Cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy (CADASIL) is a
dominant, single-gene, hereditary cerebrovascular disease,
characterized by premature migraine (20-30%), recurrent
subcortical ischemic stroke (60-80%), subcortical dementia,
and affective disturbance (30%) (1,2). Noticeably, a few
patients present with cerebral microbleeding, epileptic
seizure, Parkinson’s syndrome, alopecia, or osphyalgia. On
brain magnetic resonance imaging (MRI), patients with
CADASIL typically show bilateral symmetric diffused
leukoaraiosis accompanied by multiple lacunar infarcts
in the subcortical and periventricular white matter,
bilateral basal ganglia, and external capsule. T2/FLAIR
hyperintensity in the temporal pole (O’Sullivan’s sign) (3),
external capsule, and corpus callosum is the characteristic
manifestation of CADASIL. Currently, genetic testing
is considered to be the “gold standard” for diagnosing
CADASIL. Mutations in exons 2-24 of the NOTCH3 gene
on chromosome 19 have been identified as the cause behind
the pathogenesis of CADASIL (4). To date, more than 200
different mutations have been reported in the NOTCH3
gene. Interestingly, these mutations tend to cluster in exons
4,3, and 11 (5).

In 2001, Oliveri and coworkers (6) first detected the
Arg332Cys mutation in exon 6 of two patients with
CADASIL in an Italian family, who mainly presented with
recurrent ischemic episodes. However, to our knowledge,
the Arg332Cys mutation in exon 6 has been rarely reported
in patients with CADASIL. In this study, we report a patient
with CADASIL carrying the Arg332Cys mutation. We also
performed a comprehensive literature review and sought
to summarize the clinical manifestations and neuroimaging
characteristics of patients with this disease.

Methods
Case report

A 48-year-old woman presented with rapidly progressive
dementia and urinary incontinence within 6 months. She
had a history of recurrent episodes of ischemic stroke
for 5 years, albeit without regular traditional vascular
risk factors, including hypertension, diabetes, smoking,
alcoholic, hyperhomocysteinemia, and heart disease.
Neurological examination revealed diffuse brisk deep
tendon reflexes and positive Babinski sign on both sides
of the body. The performance on Mini-mental State
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Examination was severely impaired, with a score of 3/30,
and the results of laboratory tests were unremarkable. The
results of 24-h Holter monitoring, carotid ultrasound,
and echocardiography were normal. Brain MRI revealed
high-intensity signals in the cerebral white matter,
bilateral thalamus, internal and external capsules, basal
ganglia, corpus callosum, and brainstem on FLAIR (Figure
1A4,B,C,D). No obvious abnormalities were detected in
the temporal pole (Figure 1E) or on magnetic resonance
angiography (Figure 1F). The symptoms and results of brain
MRI indicated the possible diagnosis of CADASIL. The
patient underwent a genetic test for the NOTCH3 gene, and
a nucleotide variation of ¢.994G>A was identified (Figure
24) in exon 6 that caused a missense mutation (Arg332Cys).
The same mutation (Figure 2B) was detected in her healthy
21-year-old daughter.

Literature review

Articles on multicenter retrospective studies and case
reports in PubMed (http://www.ncbi.nlm.nih.gov/
pubmed) were searched using the keywords “CADASIL”,
“Arg332Cys”, “R332C”, and “exon 6”. All the articles and
important references thus retrieved were studied in depth,
and the relevant information was extracted and summarized.
We obtained 9 articles that reported the presence of the
Arg332Cys mutation in 11 European patients and 10
Asian patients (6-14). Of the 11 European patients, 9 were
excluded due to the lack of clinical and imaging data, and
2 Italian patients and 9 Asian patients were considered
for our study. We selected the largest published case
series on the clinical manifestations of 536 patients from
Europe, America, and Asia (15) with complete clinical and
imaging data, for comparing and analyzing the clinical and
neuroimaging features of CADASIL patients carrying the
Arg332Cys mutation in exon 6.

Results

Overall, the Arg332Cys mutation is present in a low
proportion of the reported CADASIL cases. In 48 British
families with CADASIL, the pathogenic mutations in exon 6
was present in only 6% of the cases (7). Razvi and coworkers (8)
reported that 69.1% of the mutations in NOTCH3 in 39
Dutch families with CADASIL were harbored in exons
3 or 4, while only 5.1% of the mutations were in exon 6.
Another study (9) on 120 German patients with CADASIL,
who showed positive results in genetic testing, reported
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Figure 1 Brain magnetic resonance FLAIR images of the patient showed diffuse hyperintensity lesions in the cerebral white matter, basal

ganglia, corpus callosum, bilateral thalamus, and brainstem and characteristically in the external and internal capsule (A,B,C,D). FLAIR

hyperintensity in the temporal pole (O’Sullivan’s sign) was not obvious (E). No obvious abnormality was detected in the brain MRA (F).
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Figure 2 Sequence analysis of the NOTCH3 gene of the patient indicates a nucleotide variation ¢.994G>A in codon 332 of exon 6 (A). The

same mutation (B) was also present in her daughter.

that exons 4, 3, and 11 were the most frequent mutation
sites, harboring 67.5% of the total number of mutations,
while only 2.5% of the mutations were present in exon 6.
In 2005, Tang (10) reported the first Asian mutation of
Arg332Cys in a Taiwanese family. A subsequent study (11)
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on 21 Taiwanese patients with CADASIL demonstrated
that the pathogenic mutations were primarily mapped to
exon 11 (47.6%) and exon 4 (19%), while the Arg332Cys
mutation in exon 6 was observed in only 1 patient. Recently,
a multicenter retrospective study involving 214 Chinese
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Table 1 The demographic and clinical manifestations of CADASIL patients with Arg332Cys mutation in exon 6

Region Year Age/sex Agzeatt Migraine TIA/stroke irgggi?::\;i t Z}S/z:;tlz;:g ICH Risk factors
Italy 2001 42/M 37 + + + NA _ NA _ _

32/M 30 + + _ NA + NA _ _
Taiwan, China 2005 48/M 45 _ + + 18 + _ _ HT, DM, smoking

52/M 51 _ + _ 29 + _ _ HT, DM, smoking

50/F _ _ _ _ 30 _ _ _ HT, HCHOL

46/F 44 _ + + 17 + _ _ _

2009 34/F 23 _ + + NA + NA _ _

Japan 2011 50/M 40 _ + - 26 _ _ _ DM

46/M 35 _ + _ NA _ NA + Smoking
Korean 2014 -/F 43 + _ + NA _ NA _ _

-/M 35 + _ + NA _ NA _ _
Mainland, China 2019 48/F 43 + + 3

TIA, transient ischemic attack; WMH, white matter hyperintensity; CMB, cerebral microbleeding; ICH, intracranial hemorrhage; +, with the
symptom; —, without the symptom; NA, not available; HT, hypertension; DM, diabetes mellitus; HCHOL, hypercholesteremia.

patients with CADASIL demonstrated that the same
mutation was present in only 2.38% of the patients (14).
"To date, the Arg332Cys missense mutation in exon 6 of the
NOTCH3 gene has not been included in Exon Aggregation
Consortium and Human Genetic Variation Database.

The demographic and clinical features of the 12
CADASIL patients, selected from our report and literature
search, carrying the Arg332Cys mutation in exon 6 of
NOTCHS3, are enlisted in Table 1. The patients comprised
7 men and 5 women, of which 10 were from Asia. The
average age at initial symptom onset was 37.82+9.36 years
(ranging from 23 to 51 years), which was earlier than
57.0+9.36 years reported in the study by Pescini (15).
Of the patients, 16.7% had only one of the four cardinal
symptoms of CADASIL, including migraine, transient
ischemic attack (TIA)/stroke, cognitive impairment, or
psychiatric symptoms, while the majority of the patients
presented with two or more symptoms. The most frequent
manifestations were TIA or stroke (83.3%), followed by
cognitive impairment (58.3%) and psychiatric symptoms
(50%, including depression, mania, and behavioral
changes), similar to the results of the study by Pescini (15),
where patients suffered TIA or stroke accounted for 72%
and cognitive impairment accounted for 43%. Migraine
accounted for a third of the total 12 patients and was
observed in 20% of the 10 Asian patients considered herein
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(Tables 1,2). The prevalence of migraine in European
patients was 60.9%, compared to only 8.5% in Asian
patients, as reported in literature (15) (Zable 2). In this study,
detailed neuroimaging data of the 2 Italian patients (6)
were unavailable. The remaining 10 patients were from
Asia, and the findings of neuroimaging are enlisted in
Table 3. All the patients exhibited diffuse white matter
hyperintensities on FLAIR. Characteristic high anterior
temporal signal was observed in 6 patients (60%, exceeding
the 34.5% reported in the study by Pescini (15) on Asian
patients). The external capsule and brainstem high signals
were observed for 9 (90%) and 5 (71.43%) patients,
respectively. Cerebral microbleeding was not observed in
the 6 Asian patients with available gradient echo imaging
data. Only 1 patient developed intracranial hemorrhage.
The morbidity of intracranial hemorrhage in patients with
Arg332Cys mutation (8.3%) was lower than that 25%)
reported in a previous study (16).

Discussion

In this study, we report a 48-year-old woman with a rare
Arg332Cys mutation in exon 6 of the NOTCH3 gene, who
presented with rapidly developing dementia and recurrent
ischemic stroke. Based on a comprehensive literature review,
we further summarized the clinical and imaging features of

Ann Transl Med 2020;8(1):10 | http://dx.doi.org/10.21037/atm.2019.11.87



Annals of Translational Medicine, Vol 8, No 1 January 2020

Page 5 of 7

Table 2 Summary of clinical and neuroimaging features of Asian patients with Arg332Cys mutation, the general Asian and European patients

respectively

Features Arg332Cys in Asian References in Asian References in European
Migraine (%) 20 8.5; Pescini et al. 60.9; Pescini et al.
Age at onset (years) 37.82+9.36 NA 57.0+12.3; Pescini et al.
Anterior temporal WMH (%) 60 34.5; Pescini et al. 86; Pescini et al.
External capsule WMH (%) 90 94.5; Pescini et al. 71; Pescini et al.
Brainstem WMH (%) 71.43 NA NA

CMB (%) 0 55; Zhu et al. NA

ICH (%) 10 25; Zhu et al. NA

Arg332Cys in Asian, Asian CADASIL patients with Arg332Cys mutation in our study; NA, not available; WMH, white matter hyperintensity;

CMB, cerebral microbleeding; ICH, intracranial hemorrhage.

Table 3 Neuroimaging features of Asian CADASIL patients with Arg332Cys mutation in exon 6

Region Year Age/sex Ageatonset Anteriortemporal WMH External capsule WMH Brainstem WMH CMB ICH
Taiwan, China 2005 48/M 45 - + + - -
52/M 51 + + + - -
50/F - + + + - -
46/F 44 - + + - -
Taiwan, China 2009 34/F 23 + - NA NA -
Japan 2011 50/M 40 + + - - -
46/M 35 + + - NA +
Korea 2014 -/F 43 + + NA NA -
-/M 35 - + NA NA -
Mainland, China 2019 48/F 43 - + + - -

WMH, white matter hyperintensity; CMB, cerebral microbleeding; ICH, intracranial hemorrhage; F, female; M, male; +, with the

manifestation; —, without the manifestation; NA, not available.

CADASIL patients carrying the Arg332Cys mutation.

The clinical presentations of patients with the
Arg332Cys mutation are similar to the classical symptoms
of CADASIL, with the exception of a few variations. First,
the age of onset of CADASIL in the patients with the
Arg332Cys mutation is 20 years earlier than that of the
patients without the Arg332Cys mutation, on an average.
Secondly, several studies have demonstrated that the
incidence of migraine in Asian patients is much lower (5%)
than that in European patients (43%) (17). However, 20%
of Asian patients with the Arg332Cys mutation have been
reported to suffer from migraines. Thirdly, intracranial
hemorrhage and cerebral microbleeding are relatively
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uncommon in European patients with CADASIL, but
their incidences have been reported to be higher in Asian
patients, with the incidences in European and Asian
patients being 25% and 55%, respectively. In our study,
cerebral microbleeding was not observed in the 6 patients
with available neuroimaging data. Only 1 patient with
hypertension suffered intracranial hemorrhage (7able 1).
Fourth, studies (15) on general CADASIL patients without
the Arg332Cys mutation have reported that the prevalence
of high signals of the bilateral temporal pole is lower in
Asian patients (34.5%) than in European patients (86%).
The incidence of high signals of the bilateral temporal
pole in the 10 Asian patients considered in our study was
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higher, being 60% (Table 2). Additionally, 71.43% of the
patients with the Arg332Cys mutation exhibited brainstem
hyperintensity on FLAIR (7able 2), which is also a common
feature in the Asian CADASIL patients without the
Arg332Cys mutation (18). Nearly all the patients with the
Arg332Cys mutation possessed severe white matter lesions
as revealed by MRI, with multiple lacunar cerebral infarcts
involving the bilateral basal ganglia and external capsule.

Conclusions

CADASIL patients carrying the Arg332Cys mutation in
exon 6 have been reported from Europe and Asia, with
the majority of patients having early disease onset. Diffuse
high signals involving the external capsule, brainstem,
and bilateral temporal pole are the main neuroimaging
characteristics.
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