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Abstract

Most previously reported mutations in cerebral autosomal dominant arteriopathy with subcortical infarcts
and leukoencephalopathy (CADASIL) result in an odd number of cysteine residues within the epidermal
growth factor (EGF)-like repeats in Notch3. We report here R75P mutation in two Japanese CADASIL fami-
lies not directly involving cysteine residues located within the first EGF-like repeats. Probands in both fami-
lies had repeated episodes of stroke, depression, dementia as well as T2 high-intensity lesions in the basal
ganglia and periventricular white matter, but fewer white matter lesions in the temporal pole on MRI. These

families provide new insights into the diagnosis and pathomechanisms of CADASIL.
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Introduction

Cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy (CADASIL) is a familial
adult-onset progressive vascular disorder characterized by re-
current ischemic attacks leading to vascular dementia (1).
Joutel et al identified the defective gene in CADASIL as
Notch3, which consists of 33 exons encoding a protein of
2321 amino acids, including 34 epidermal growth factor
(EGF)-like repeats in the extracellular amino-terminal region
(2). CADASIL is caused by single missense mutations (2-5),
small in-frame deletions (6, 7), or splice site mutations (8)
in the Notch3 gene. Most previously reported mutations
have resulted in an odd number of cysteine residues within
the first five EGF-like repeats (4, 9). Each missense muta-
tion is predicted to replace the wild-type amino acid with a
cysteine residue or to replace one of the six highly con-
served cysteine residues with another amino acid in the

EGF-like repeats. These mutations are thought to change the
conformation of EGF-like repeats due to altered covalent
bonding between cysteine residues (9).

Brain magnetic resonance imaging (MRI) shows diffuse
white matter abnormalities and small subcortical cystic le-
sions suggestive of infarcts in CADASIL patients (10-14).
These lesions are predominantly located in the centrum
semiovale, thalamus, basal ganglia and pons. Several reports
have focused on temporopolar white matter lesions as a di-
agnosis marker for CADASIL, which allows the condition
to be distinguished from other cerebrovascular diseases,
such as Binswanger disease (12-15). Therefore, a clinician
may suspect CADASIL in hereditary young stroke patients
with these specific MRI findings. Here, we report two inter-
esting Japanese CADASIL families exhibiting Notch3 muta-
tion R75P that does not directly involve cysteine residues,
and fewer white matter lesions in the temporal pole on MRI.
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Figure 1.

Pedigree of two families with the R75P mutation.
Arrows indicate the proband in each family. Black-filled sym-
bols indicate those with clinical symptoms of CADASIL.

Case Family A (Fig. 1A)

The proband of Family A was a 52-year-old woman (AIl-
1). She was diagnosed as having depression after accouche-
ment and received medication. At 50 years of age, she en-
tered the hospital due to reduced activities of daily life and
MRI revealed multiple cerebral infarctions. She entered hos-
pital again for pneumonia at 51 years of age, and she be-
came bedridden. At 52 years of age, she entered hospital for
generalized convulsions and consulted the neurological de-
partment. Her father had suffered from repeated episodes of
cerebral infarction and died at age 52 years. Neurological
examination showed akinetic mutism, pseudobalbar palsy,
and tetraplegia. EEG showed spike waves in the whole cere-
brum. MRI revealed mild frontal and temporal lobe atrophy,
multiple cerebral infarctions at the bilateral basal ganglia,
and diffuse white matter lesions, which did not extend to the
temporal pole (Fig. 2A-C).

A 49-year-old woman in Family A (AII-2) noticed shoul-
der stiffness and headaches beginning at age 40 years. She
also experienced periods of tinnitus and vertigo. She visited
a neurosurgeon because she sustained a head injury at age
49 years. Brain MRI revealed multiple infarctions at the bi-
lateral basal ganglia and corona radiate (Fig. 2D-F). White
matter high intensity was also noted on T2 and FLAIR
(fluid attenuated inversion recovery) imaging, but it did not
extend to the temporal pole. Neurological findings revealed
no paralysis, but deep tendon reflex increased bilaterally and
Babinski signs were bilaterally positive. MMSE and Hamil-
ton scale were normal.

A 44-year-old woman in Family A (AIl-4) visited a neu-
rosurgeon with head injury, and brain atrophy was noted.
She had experienced headache since age 39 years, and had
experienced vertigo and dizziness since age 41 years. MRI
revealed multiple infarctions in the right basal ganglia and
corona radiata (Fig. 2G-I). Neurological findings revealed no

abnormalities. MMSE and Hamilton’s scale were normal.

Case Family B (Fig. 1B)

A 64-year-old woman in Family B (BII-3) visited a
nearby hospital due to right thalamic hemorrhage in 1996.
Hypertension and diabetes mellitus were noted. Her MRI re-
vealed multiple, old cerebral infarctions (Fig. 3A-C). Re-
peated cerebral infarctions were seen over a 7-year period.
She became bedridden and could not eat meals. Generalized
tonic seizure occasionally occurred and she was transferred
to hospital. Her parents and elderly brother (II-1) suffered
from dementia. Her elderly brother (BII-2) and sister (BII-4)
suffered from cerebral hemorrhage and infarctions, and her
sister died of pneumonia at age 70 years.

Neurological examination showed akinetic mutism, pseu-
dobalbar palsy, tetraplegia and contraction of the four ex-
tremities. Electroencephalography revealed paroxymal spikes
and waves, predominantly in the left hemisphere. MRI in
2003 (Fig. 3D-F) revealed diffuse cerebral atrophy, multiple
cerebral infarction at the midbrain, bilateral basal ganglia,
corona radiata and diffuse white matter lesions, but these
did not spread to the temporal pole. Ultrastructural analysis
of the skin revealed granular osmophilic materials (GOM)
within the basal lamina in the artery (Fig. 4). Ultimately, she
developed pneumonia and died at 73 years of age.

Mutation Analysis

Genomic DNA was extracted from peripheral blood lym-
phocytes using a DNA extraction kit (Quiagen) after in-
formed consent was obtained. All exons and the promoter
region of the Notch3 gene (16) were directly sequenced us-
ing an ABI Prism 377 (Applied Biosystems, Foster City,
CA). Mutations were confirmed by PCR, followed by re-
striction fragment length polymorphism (RFLP) assay, and
were compared with 100 healthy Japanese controls.

The proband (AIl-1) of Family A possessed a 302 G>C
missense mutation of the Notch3 mRNA, which resulted in
an arginine to proline amino acid change at codon 75. While
this mutation was also seen in her sisters, who had abnor-
malities on MRI (AII-2 and 4), the mutation was not seen in
her healthy brother, who had no abnormalities on MRI (AII-
3). This mutation results in the loss of an Aci 1 recognition
site in exon 3. RFLP analysis revealed this mutation in the
three sisters, but not in the brother. The same mutation was
seen in the proband of Family B (BII-3), but not in her
daughter (BIII-7), who had no abnormalities on MRI. This
mutation was not seen on PCR-RFLP analysis in 100 Japa-
nese controls (data not shown). The silent heterozygous 381
C>T mutation, which results in the loss of the Aci 1 recog-
nition site, was seen in both Family A (AIl-1) and Family B
(BII-3). This polymorphism was also seen in 32% of healthy
Japanese controls (16).
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Figure 2. T2-weighted images from Family A. Multiple lacunae and white matter lesions were ob-

served in each patient, but no lesions were detected in the temporal pole. A-C are from the pro-
band (AIl-1), D-F are from AII-2 and G-I are from AII-4.

Discussion

R75P mutation is a rare mutation of Notch3 previously
only reported in 4 unrelated Korean families (17). Most pre-
vious mutations in CADASIL patients were related a gain or
loss of cysteine residues within an EGF-like repeat domain.
An odd number of cysteine residues within an EGF-like re-
peat domain is thought to induce abnormal folding or
dimerization, and aberrant interactions with other proteins.
However, the R75P mutation does not directly involve the
cysteine residues within the extracellular domain of the
Notch3 as well as Italian case (7). We confirmed cosegrega-
tion of R75P mutation with development of CADASIL and
found no causative mutations in other exons of the Notch3.
In addition, we observed GOMs in the basal lamina of the
skin vascular wall in Family B; GOMs in extracerebral ar-
teries, including skin arterioles, are a specific hallmark of

CADASIL (18). This suggests that CADASIL is caused by
the substitution of non-cysteine residues in Notch3.

The 3D structure of the first EGF-like repeat in the Notch
3 protein is predicted to be a two stranded beta-sheet fol-
lowed by double (Fig. 5) (6). The six cysteines form three
disulfide bonds and the double hairpin is fixed by the 5th
and 6th cysteines. Substitution of the 6th cysteine in the first
EGF repeat with tryptophan at codon 76 is reported to be
the cause of CADASIL (19). In the 3-dimendional studies of
B-hairpin and antiparallel B-sheet structure formed by water
soluble peptides, proline residues contributed to stabilize -
hairpin because proline fits well into the topography of [3-
turn (20). In addition, the presence of proline residues com-
bined with disulfide bonds can lead to different conforma-
tional isoforms of both the proline and the cysteine bonds
(21, 22). The mutation of bovine pancreatic trypsion inhibi-
tor at the 13th proline replaced by isoleucine adjacent disul-
fide bridge showed conformational change and enzyme in-
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Figure 3. MR images from the proband in Family B. Multiple lacunae and white matter lesions
were observed, but no lesions were detected in the temporal pole. A-C are T1-weighted images at
64 years of age, and D-F are T2-weighted images at 71 years of age.

KT B

Figure 4. A. Electron micrograph of the skin vessel revealed granular osmiophilic materials
(GOM) (*) within the irregular basement membrane of vascular smooth muscle cell. The arrows in-
dicate the basement membrane. B. Higher magnification demonstrated GOM and presence of pino-

cytic vacuoles in the smooth muscle cell cytoplasm. The bar = 410 nm in A and 200 nm in B.

hibitory activity (23). Dichgans et al (6) predicted that the
cysteine at codon 76 would be related to fixation of the
double hairpin in the EGF-like repeat of the Notch3
(Fig. 5). These previous data about the cysteine bond and
proline residues support the possibility of conformational
change in the EGF-like repeat by the substitution of basic
arginine for the proline at codon 75.

Interestingly, the R75P mutation has only been reported
in the Korean and Japanese populations, although most mu-
tations related to cysteine residues in CADASIL have been
reported worldwide. CADASIL patients on the western coast
of Finland carry the same R133C mutation, and a founder
effect is suspected, as similar haplotypes are linked to the

mutation in all 18 pedigrees (24). These reports suggest that
a founder effect related to the R75P mutation might exist in
far-eastern Asian families. On the other hand, a founder ef-
fect for other mutations in Notch3 is unlikely, as no similar
hapotypes are seen in unrelated European CADASIL pa-
tients with the same missense mutations (9, 25). Therefore,
haplotype analysis is required in order to confirm a founder
effect in R75P families.

We have focused on these families for the clinical diagno-
sis of CADASIL because fewer white matter lesions were
seen in the temporal pole on MRI. O’Sullivan et al (15) dis-
cussed the significance of temporopolar lesions as a diagno-
sis marker for CADASIL, and Auer et al confirmed that

2070



Inter Med 47: 2067-2072, 2008 DOI: 10.2169/internalmedicine.47.1391

75 76

Figure 5. Three-dimensional model of the predicted main
chain trace of the first Notch3 EGF-like repeat domain [modi-
fied from Dichgans et al (6)]. The Codon 75 and 76 residues
are indicated by arrows.

temporopolar lesions were specific to CADASIL in Europe

(13). Tomimoto et al also reported that temporopolar lesions
are diagnostic markers distinguishing CADASIL from
Binswanger disease in Japanese patients, even at early stages
(14). Thus, possible CADASIL patients are routinely se-
lected for these MRI features. However, Kim et al reported
less frequent white matter lesions in the anterior temporal
lobe in Korean families with the R75P mutation which was
true as well in the present cases (17). These cases suggested
that a neurologist should pay attention to the familiar stroke
patients with leukoencephalopathy in the far-eastern Asian
family as a candidate for CADASIL even if MRI reveals no
white matter lesion in the temporal pole. In conclusion, the
R75P mutation may provide new insight into the pathogene-
sis of CADASIL, particularly with regard to the role of tem-
poropolar lesions.
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