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Abstract This study elucidates the genotypic and phe-
notypic spectrum and histopathological findings related to
cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy (CADASIL) in Japan.
For this single-center retrospective observational study, we
enrolled 215 patients who were clinically suspected of
having CADASIL and were examined at Kumamoto
University from 1997 to 2014, and we diagnosed CADA-
SIL in 70 patients. We found 19 different NOTCH3 mu-
tations in the patients, with the NOTCH3 Argl33Cys
mutation being found most frequently. We also found the
Arg75Pro mutation, a cysteine-sparing NOTCH3 mutation.
CADASIL patients with this Arg75Pro mutation were
frequently found throughout Japan, and fewer patients with
the Arg75Pro mutation showed MRI hyperintensity in the
anterior temporal pole compared with patients with other
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NOTCH3 mutations. Significantly more CADASIL patients
with the NOTCH3 Argl133Cys mutation had hyperintensity
in the external capsule compared with CADASIL patients
with the other mutations not including the NOTCH3
Arg75Pro mutation. We also showed postmortem patho-
logical findings of the first Japanese CADASIL case with
the NOTCH3 Argl33Cys mutation, and histopathological
findings of fresh frozen skin biopsy specimens of CADA-
SIL patients. In conclusions, the spectrum of NOTCH3
mutations in Japanese CADASIL patients may be partially
explained by founder effects. Genotype—phenotype corre-
lations may exist in CADASIL, which should be consid-
ered so as to make an accurate diagnosis of CADASIL in
each population. Fresh frozen skin biopsy specimens may
aid detection of Notch3 deposits on vascular walls for an
improved diagnosis of CADASIL.
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Introduction

Cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy (CADASIL) is the most
common type of inherited cerebral small vessel disease [1].
Mutations in the NOTCH3 gene cause deposition in small
arteries of granular osmiophilic material (GOM), which is
thought to be derived from the extracellular domain of
Notch3, and result in progressive degeneration of vascular
smooth muscle cells [2—4]. Clinically, CADASIL is asso-
ciated with migraine, recurrent transient ischemic attacks
(TIAs), relapsing stroke, mood disorders, and cognitive
decline, which leads eventually to dementia [1, 4-6]. To
date, more than 200 mutations of the NOTCH3 gene have
been reported, but genotype—phenotype correlations in
CADASIL remain poorly understood [1, 4].

CADASIL occurs in many populations throughout the
world, and the clinicopathological features and the spec-
trum of NOTCH3 mutations reportedly vary among dif-
ferent populations [1, 4-8]. In Japan, where people with a
relatively uniform genetic background live in an isolated
island country, a number of CADASIL kindreds were re-
ported with different NOTCH3 gene mutations [9-13].
However, in these Japanese CADASIL patients, the spec-
trum of NOTCH3 mutations and the clinicopathological
features, which are quite important for the diagnosis of
CADASIL, have not as yet been clarified.

In this single-center retrospective observational study
which was the first large case series of CADASIL in Japan,
we reported data from the first Japanese CADASIL case to
present cases. We showed the spectrum of NOTCH3 mu-
tations, genotype—phenotype correlations, and histopatho-
logical findings in Japanese CADASIL patients.

Methods
Patients

For this single-center retrospective observational study, we
enrolled 215 patients who were clinically suspected of
having CADASIL and were examined at Kumamoto
University from April 1997 to March 2014. Seventy pa-
tients were diagnosed as having CADASIL either by skin
biopsy or by genetic testing and were evaluated further
(Supplementary Fig. 1).

Definition of clinical features and MRI findings
Clinical and MRI data were available for 51 of 70

CADASIL patients [27 men and 24 women, with a mean
age of 50.3 years (SD 10.7)]. Migraine was defined

according to the International Headache Society [14]. TIA
and stroke were defined according to current criteria of the
National Institute of Neurological Disorders and Stroke
(NINDS 1I). Cognitive disorders and psychiatric disorders
were defined on the basis of a previous report [15]. We
analyzed MRI findings at diagnosis. Severe periventricular
hyperintensities (PVHs) were defined as diffuse white
matter hyperintensities, corresponding to Fazekas grade 3
[16]. External capsular lesions were defined as demon-
strating category 5 or 6 external capsular hyperintensities
(the Scheltens scale 5 or 6, corresponding to the presence
of at least one lesion of at least 11 mm) [17]. Anterior
temporal pole hyperintensities were defined as hyperin-
tensities with a Scheltens score 5 or 6 in temporal white
matter, which were confined to the anterior part of the
temporal lobe [17].

NOTCH3 gene analysis

We performed PCR amplification followed by direct DNA
sequencing with the use of ABI BigDye Terminator
reagents (Applied Biosystems, Foster City, California,
USA) on the 3130 Genetic Analyzer (Applied Biosystems).
We utilized specific primers to evaluate the sequences of
exons 3,4,5,6,7,8, 11, 12, 17, and 18 of the NOTCH3
gene, in which 136 of 178 (76 %) CADASIL-causing
mutations were reported in the Human Gene Mutation
Database (HGMD) (http://www.hgmd.cf.ac.uk/ac/index.
php) (Supplementary Table 1) [18], using the following
primers: exon 3 forward: ATCTTTGTGTCTGGGGCCAT;
exon 3 reverse: ACCAGGACAGGGTGAGTTTA; exon 4
forward: GTGGTGTCTGCCAGAGTTCAGT; exon 4 re-
verse: ATTGAGACATCGGTGTCCTGGA; exons 5-6
forward: GAGCCCTACTCAGGAGAGTCA; exons 5-6
reverse: TCAGACTTCTTATTTGCCCTCA; exons 7-8
forward: GTACTCCAGCTTGGGCAACA; exons 7-8 re-
verse: CCCACTTACACCCCATTCTG; exons 11-12 for-
ward: ATTGGTCCGAGGCCTCACT; exons 11-12
reverse: CGTTGGACAAGAGTCTGCAA; exons 17-18
forward: TCCTGAATTCTTCTCAATCCAA; and exons
17-18 reverse: GACTTGGCTTCTCCCTCCTA.

Histopathological staining

For immunohistochemistry, we used 10-pum frozen tissue
specimens. Endogenous peroxidase activity was eliminated
by treatment with 0.5 % periodic acid solution for 10 min.
Sections were incubated in blocking buffer (1 % bovine
serum albumin and 5 % rabbit serum in phosphate-buffered
saline). A monoclonal antibody against the extracellular
domain of Notch3, clone 1G5 (Abnova, Taipei, Taiwan),
diluted 1:100 in blocking buffer, served as the primary
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antibody. A horseradish peroxidase-conjugated rabbit anti-
mouse IgG antibody, diluted 1:100 in blocking buffer, was
used as the secondary antibody. Reactivity was visualized
with the DAB Liquid System (DAKO, Glostrup, Den-
mark), as described by the manufacturer. Sections were
counterstained with Victoria Blue. For parallel control
sections, primary antibody was replaced with a control
antibody, a monoclonal mouse antibody against Amyloid A
(clone mcl, DAKO, Glostrup, Denmark), which is ex-
pressed predominantly by the liver in response to inflam-
matory stimuli (Supplementary Fig. 2).

The right side of the formalin-fixed autopsied brain of
CADASIL patients with the Arg133Cys mutation was cut
into horizontal sections and stained with Kliiver-Barrera
and Holzer stains. To observe the internal elastic lamina of
vascular walls, we utilized Victoria Blue-hematoxylin and
eosin staining.

Electron microscopy

Tissue specimens were fixed first in 4 % paraformaldehyde
and 1 % glutaraldehyde solution and then in 1 % OsOy,
after which they were embedded in Epon according to a
previous study [19]. Ultrathin sections were stained with
4 % uranyl acetate and lead citrate and were examined by
means of a transmission electron microscope (H-7500;
Hitachi, Tokyo, Japan).

Statistical analysis

Data were evaluated via ¢ test or Fisher’s exact test. All
analyses were performed with JMP version 5.1 (SAS In-
stitute Japan, Tokyo, Japan). We regarded p values less
than 0.05 as statistically significant.

Ethics

The Human Ethics Review Committee of Kumamoto
University approved the study protocol. All patients or
their family members provided signed consent forms.

Results

Diagnosis of CADASIL and the spectrum
of NOTCH3 mutations in Japanese CADASIL
patients

We examined 215 patients who were clinically suspected
of having CADASIL at Kumamoto University from April
1, 1997 to March 31, 2014. We diagnosed CADASIL in 70
patients, with the diagnosis being confirmed by either skin
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biopsy or genetic testing (Supplementary Fig. 1). Our ge-
netic analyses were focused on several exons which re-
portedly contained 136 of 178 (76 %) CADASIL-causing
NOTCH3 mutations, based on data reported in HGMD
(Supplementary Table 1) [18]. We found 19 different
NOTCH3 mutations in these patients (Fig. 1). Thirteen
patients had mutations in exon 3; 43 patients, exon 4; 3
patients, exon 6; and 3 patients, exon 8. Three different
NOTCH3 mutations—Arg133Cys (23 %), Arg75Pro, an
unusual cysteine-sparing NOTCH3 mutation (13 %), and
Argl82Cys (13 %)—were found frequently in Japan: 10 of
14 (71 %) CADASIL patients with the Arg133Cys muta-
tion were originally from Kyushu, the southwest island of
Japan (Fig. 1). In contrast, the other mutations occurred
throughout Japan. Based on two kinds of in silico analyses,
polymorphism phenotyping-2 (PolyPhen-2) (http://genet
ics.bwh.harvard.edu/pph2/index.shtml) [20] and Align
GVGD (http://agvgd.iarc.fr/agvgd_input.php) [21], those
amino acid substitutions were predicted to cause adverse
effects on the structure and function of the Notch3 protein
(Supplementary Table 2).

Different clinical and MRI findings in CADASIL
patients with the Arg75Pro mutation
and in CADASIL patients with other mutations

In Japanese CADASIL patients, TIA or brain infarction
was the most frequent finding, and the onset of migraine
occurred at a younger age than that of other symptoms
(Table 1).

We compared clinical and MRI findings in CADASIL
patients with the Arg75Pro mutation, an unusual cysteine-
sparing NOTCH3 mutation, with those in CADASIL pa-
tients with other mutations (Table 2). The ages at onset
and at diagnosis in CADASIL patients with the Arg75Pro
mutation tended to be higher than those in CADASIL
patients with other mutations, although the differences
were not statistically significant. A significant difference
between CADASIL patients with the Arg75Pro mutation
and those with other mutations was found for hyperin-
tensity in the anterior temporal pole; however, CADASIL
patients with the Arg75Pro mutation were not significantly
different from CADASIL patients with other mutations
with regard to other MRI findings and clinical symptoms
(Fig. 2; Table 2). In this study, we found hyperintensity in
the anterior temporal pole in 36 of 51 (71 %) CADASIL
patients. CADASIL patients without hyperintensity in the
anterior temporal pole had a significant association with
the genotype Arg75Pro, while the hyperintensity in the
anterior temporal pole was not significantly associated
with age, gender, and clinical symptoms (Supplementary
Table 3).
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Argl41Cys (1) Arg90Cys (1) Cys185Tyr 2) Exon 6 <o Arg332Cys 3
Arg182Cys (1) Cys123Tyr (1) Argl33Cys (1) Frequency: 5%
Argd49Cys (2) Arg182Cys (1) Exon 8 Argd27Cys 1
Notch3 deposits positive (6) Cys222Ser (1) Frequency: 5% Arg449CyS 2

Fig. 1 a Geographic distribution of CADASIL cases according to NOTCH3 mutations in Japan. b The spectrum of NOTCH3 mutations found in
Japanese CADASIL patients. CADASIL cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy

Table 1 Clinical symptoms of

51 Japanese CADASIL patients Clinical symptom

Frequency, n (%)

Age at onset (years) Sex (males/females)

at diagnosis Migraine 17 (33)
TIA or brain infarction 35 (69)
Psychiatric disturbance 10 (20)

16 (31)

Dementia

35.6 £ 12.7 10/7 ns®
48.5 + 10.1 22/13 ns (p = 0.07)*
47.0 £ 2.6 8/8 ns®
57.8 £ 4.7 6/4 ns®

CADASIL cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy,
TIA transient ischemic attack, ns not significant

? Gender difference analyzed by Fisher’s exact test. Numbers in between brackets indicate %

Different clinical and MRI findings in CADASIL
patients with the NOTCH3 Arg133Cys mutation
and in CADASIL patients with other mutations
not including the NOTCH3 Arg75Pro mutation

As shown in Table 3, CADASIL patients with the
NOTCH3 Argl133Cys mutation, who were often found in
the Kyushu area of Japan (Fig. 1), showed clinical symp-
toms similar to those of CADASIL patients with other
mutations not including the Arg75Pro mutation. Although
the frequency of three MRI findings—PVH, hyperintensity
in the anterior temporal pole, and multiple WMIs—did not
differ in these two groups of patients, significantly more
CADASIL patients with the NOTCH3 Argl33Cys muta-
tion had hyperintensity in the external capsule compared
with CADASIL patients with the other mutations not in-
cluding the NOTCH3 Arg75Pro mutation (Table 3). In this

study, we found hyperintensity in the external capsule in 33
of 44 (75 %) CADASIL patients not including the patients
having the Arg75Pro mutation. CADASIL patients with
hyperintensity in the external capsule had a significant
association with the genotype Argl33Cys and clinical
symptoms of TIA or brain infarction (Supplementary
Table 4).

Postmortem findings in the first Japanese CADASIL
patient with the NOTCH3 Argl133Cys mutation

In this study, we also provide MRI and postmortem find-
ings for the first Japanese CADASIL patient with the
NOTCH3 Argl33Cys mutation (Fig. 3a—i). At age
44 years, his intelligence and physical movement were
impaired. He developed dementia at age 51 years. He had
severe pseudobulbar palsy, bilateral spastic paresis,
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Table 2 Differences in clinical and MRI findings in CADASIL patients with the Arg75Pro mutation and in CADASIL patients with other
mutations

Characteristic or finding CADASIL patients with the CADASIL patients with p value
Arg75Pro mutation (n = 7) other mutations (n = 44)
Age at onset (years) 53.6 £ 6.9 442 + 12.0 0.053*
Age at diagnosis (years) 574 £ 6.9 49.1 + 10.7 0.055%*
Males/females, n 3/4 24/20 ns**
Clinical symptom, n (%)
Migraine 3 (43) 14 (32) ng**
TIA or brain infarction 5(71) 30 (68) ng**
Psychiatric disturbance 1(14) 9 (20) ns**
Dementia 4 (57) 12 (27) ns**
MRI finding, n (%)
PVH 7 (100) 43 (98) ns**
Hyperintensity in the anterior temporal pole 2(29) 34 (77) <0.05%*
Hyperintensity in the external capsule 6 (86) 33 (75) ns**
Multiple WMIs 2 (29) 25 (57) ng**

CADASIL cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy, n number, ns not significant, PVH
periventricular hyperintensity, TIA transient ischemic attack, WMIs white matter injuries

* t test

*#* Fisher’s exact test. Numbers in between brackets indicate %

Fig. 2 Characteristic MRI findings in CADASIL. a—d FLAIR images capsule. ¢, d, g, h Arrows indicate PVH. Arrowheads indicate
for a 63-year-old man with the NOTCH3 Argl41Cys mutation. e— multiple WMIs. CADASIL cerebral autosomal dominant arteriopathy
h FLAIR images for a 57-year-old woman with the NOTCH3 with subcortical infarcts and leukoencephalopathy, PVH periven-
Arg75Pro mutation. a Arrows indicate hyperintensities in the anterior tricular hyperintensity, WMIs white matter injuries

temporal pole. b, f Arrows indicate hyperintensities in the external
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Table 3 Differences in clinical and MRI findings in CADASIL patients with the Arg133Cys mutation and in CADASIL patients with other

mutations not including the Arg75Pro mutation

Characteristic or finding CADASIL patients with the CADASIL patients with p value
Arg133Cys mutation (n = 13) other mutations not including
the Arg75Pro mutation (n = 31)
Age at onset (years) 458 £10.2 435 £ 12.8 ns*
Age at diagnosis (years) 50.2 £ 8.0 47.7 £ 11.8 ns*
Males/females, n 6/7 18/13 ns**
Clinical symptom, n (%)
Migraine 4 (31) 10 (32) ns**
TIA or brain infarction 11 (85) 19 (61) ns**
Psychiatric disturbance 4 (31) 5 (16) ns**
Dementia 5 (38) 7 (23) ng**
MRI finding, n (%)
PVH 13 (100) 30 97) ns**
Hyperintensity in the anterior temporal pole 11 (85) 23 (74) ns**
Hyperintensity in the external capsule 13 (100) 20 (65) <0.05%*
Multiple WMIs 9 (69) 16 (52) ns**

CADASIL cerebral autosomal dominant arteriopathy with subcortical infarcts and leukoencephalopathy, n number, ns not significant, PVH
periventricular hyperintensity, T/A transient ischemic attack, WMIs white matter injuries

* t test

*#* Fisher’s exact test. Numbers in between brackets indicate %

recurrent generalized convulsions, and akinetic mutism at
age 53 years. Genetic testing revealed that he had the
NOTCH3 Arg133Cys mutation. His symptoms worsened in
a stepwise progression, and he died at age 62 years. Post-
mortem analyses revealed microbleeds, multiple WMIs,
myelin loss, gliosis, structural changes in the cerebral
vessel walls, microaneurysms, enlarged extracellular
spaces, and Notch3 and GOM deposits on the walls of the
small arteries of the brain (Fig. 3c—i).

Highly sensitive detection, in fresh frozen skin biopsy
specimens, of granular deposits of the extracellular domain
of Notch3 on vascular walls in CADASIL patients.

GOM and Notch3 deposition on vascular walls is a
hallmark of CADASIL. In this study, we investigated de-
position of the extracellular domain of Notch3 on the walls
of the skin’s small blood vessels in 57 patients who were
clinically suspected of having CADASIL. We found
granular Notch3 deposits in fresh frozen skin biopsy spe-
cimens from all 16 CADASIL patients (10 patients with
NOTCH3 mutations in exon 3 or 4, and 6 patients with rare
NOTCH3 mutations in exon 6 or 8) (Supplementary Fig. 1,
Fig. 3j, k). We also clearly found Notch3 deposits and
GOM on the walls of the skin’s blood vessels in CADASIL
patients with a cysteine-sparing NOTCH3 mutation,
Arg75Pro (Fig. 3k, 1). In addition, we detected Notch3
deposits on the walls of the skin’s blood vessels in 8 pa-
tients who did not have NOTCH3 mutations in exons ex-
amined by limited genetic analyses of the NOTCH3 gene
(Supplementary Fig. 1). To confirm specificity of the

immunohistochemistry using an antibody against the ex-
tracellular domain of Notch3, we used a control primary
antibody and negative control sections (Supplementary
Fig. 2).

Discussion

In this study, the first large case series of CADASIL in
Japan, we reported data from our referral center ex-
periment, from the first Japanese CADASIL case to present
cases. Although our genetic analyses were limited to sev-
eral exons which reportedly contained the mutation hot
spot of NOTCH3 in CADASIL, NOTCH3 mutations in our
CADASIL patients were most frequently detected in exon
4 followed by exon 3, findings that are consistent with
those for most other populations [1, 6, 22, 23]. CADASIL
patients with the Arg133Cys mutation, the mutation most
frequently found at our referral center, were usually from
the Kyushu district of Japan, which suggests a founder
effect of the mutation. Mykkinen et al. [24] reported that
this Argl133Cys mutation was also most frequently detected
in Finnish CADASIL families and observed a similar
haplotype linked to the NOTCH3 Argl33Cys mutation in
all of the Finnish pedigrees, which suggests a single
common ancestor.

A cysteine-sparing NOTCH3 mutation, Arg75Pro, was
also frequently found throughout Japan. Although whether
patients with several cysteine-sparing NOTCH3 mutations
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Fig. 3 Histopathological findings in CADASIL. a-i MRI and
postmortem findings of the first Japanese CADASIL patient with
the NOTCH3 Argl133Cys mutation. j-1 Histopathological findings in
the walls of the skin’s blood vessels in CADASIL patients. a,
b FLAIR images of the patient with an advanced stage of CADASIL
at the age of 62. ¢ T2* image showing microbleeds in the autopsied
brain section. d Macroscopic image of the autopsied brain section.
e Myelin loss in the autopsied brain section as shown by the Kliiver-
Barrera stain. f Gliosis in the autopsied brain section as shown by the
Holzer stain. g Structural changes in cerebral vessel walls in the
globus pallidus as shown by Victoria Blue-hematoxylin and eosin
staining. h Granular deposits of the extracellular domain of Notch3 in
cerebral vessel walls as detected in fresh frozen specimens via
immunohistochemical staining using an anti-extracellular domain of
Notch3 antibody (clone 1GS5) counterstained with hematoxylin.

develop CADASIL remains to be clarified [1, 10, 13, 25—
29], we clearly showed patients with this Arg75Pro muta-
tion had deposits of the extracellular domain of Notch3 on
vascular walls, which indicates that those patients are de-
veloping CADASIL. The Arg75Pro mutation was reported
in Korean and Japanese CADASIL patients but was not

@ Springer

i Electron microscopic images of meningeal blood vessel walls of
the brain. Arrowheads indicate GOM and GOM clusters. j, k Granular
deposits of the extracellular domain of Notch3 on the walls of the
skin’s blood vessels in fresh frozen biopsy specimens from two
CADASIL patients (j, a 62-year-old man with the NOTCH3
Argl133Cys mutation, and k, a 51-year-old man with the NOTCH3
Arg75Pro mutation), as detected by immunohistochemical staining
using the anti-extracellular domain of Notch3 antibody (clone 1G5)
counterstained with Victoria Blue. 1 Electron microscopic image of
the walls of the skin’s blood vessels from a 51-year-old CADASIL
patient with the NOTCH3 Arg75Pro mutation. Arrowheads indicate
GOM and GOM clusters. CADASIL cerebral autosomal dominant
arteriopathy with subcortical infarcts and leukoencephalopathy, GOM
granular osmiophilic material

found in Chinese and Caucasian patients [13, 23]. These
results suggest that another founder effect of this mutation
may exist in Far East Asia.

As one interesting result, we observed genotype—phe-
notype correlations in Japanese CADASIL patients,
although genotype—phenotype correlations were reportedly
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unclear in Caucasian CADASIL patients [1, 4, 6].
CADASIL patients with the NOTCH3 Arg75Pro mutation
had relatively late-onset disease and showed less hyperin-
tensity in MRI studies of the anterior temporal pole. This
genotype-related MRI feature is consistent with previous
case series studies of Korean and Japanese CADASIL pa-
tients with the NOTCH3 Arg75Pro mutation [13, 23].
Although most NOTCH3 mutations causing CADASIL
were reportedly associated with the gain or loss of a cys-
teine residue, which led to an odd number of cysteine
residues [1], the Arg75Pro mutation does not change the
number of cysteine residues. The Arg75Pro substitution is
thought to affect the position of just the next cysteine
residue at position 76, which may induce the disease-
causing conformational change in Notch3 [13]. The milder
phenotypes of CADASIL patients with the Arg75Pro mu-
tation suggest that a conformational change in Notch3 in-
duced by the Arg75Pro mutation may be smaller than that
induced by other substitutions that lead to an odd number
of cysteine residues in Notch3. To clarify detailed
clinicopathological features of CADASIL patients with the
Arg75Pro mutation, we need further investigation with a
large number of patients.

Also, more CADASIL patients with the Argl33Cys
mutation had hyperintensity in the external capsule than
did CADASIL patients with the other mutations not in-
cluding the Arg75Pro mutation. Although the mechanisms
of these genotype—phenotype correlations in Japanese
CADASIL patients remain to be fully understood, geno-
type—phenotype correlations should be considered so as to
make an accurate diagnosis of CADASIL in each popula-
tion. In addition, we should take into account that those
MR alterations in CADASIL may progress over time.

Limitation of this study is that our genetic analyses for
NOTCH3 were incomprehensive. Our genetic analyses
were focused on several exons which reportedly contained
the mutation hot spot of NOTCH3 in CADASIL. Based on
the list of CADASIL-causing NOTCH3 mutations (Sup-
plementary Table 1), 42 of 178 (24 %) mutations could be
missed by our limited genetic analyses. We cannot exclude
completely the possibility of sampling bias.

In this study, we used fresh frozen skin biopsy speci-
mens for improved detection of granular deposits of the
extracellular domain of Notch3 on vessel walls by im-
munohistochemical staining. These deposits are thought to
be a diagnostic hallmark of CADASIL, as are GOM de-
posits [1, 4, 30, 31]. Although the few studies of CADASIL
patients that utilized immunohistochemical staining of
Notch3 demonstrated higher sensitivity of that technique
compared with electron microscopic examination of GOM,
ranging from 45 to 90 % [23, 32, 33], Lesnik Oberstein
et al. [31] reported almost 10 % false-negative results for
the immunohistochemical staining of Notch3 with

formalin-fixed, paraffin-embedded skin biopsy specimens.
In the present study, we observed clear granular deposits of
Notch3 on the walls of the skin’s blood vessels in all 16
CADASIL patients with confirmed NOTCH3 mutations.
Fresh frozen skin biopsy specimens may thus be better
suited than formalin-fixed, paraffin-embedded specimens
for detecting deposition of the extracellular domain of
Notch3 on vessel walls. To elucidate the actual sensitivity
and specificity of this method, prospective studies should
be performed in CADASIL and non-CADASIL patients
who have confirmed genetic mutations of NOTCH3 and
GOM deposits as determined via electron microscopy.

In conclusion, we reported data from our referral center
experience in Japan, from the first Japanese CADASIL
case to present cases. The spectrum of NOTCH3 mutations
in Japanese CADASIL patients may be partially explained
by founder effects. Genotype—phenotype correlations may
exist in CADASIL, which should be considered so as to
make an accurate diagnosis of CADASIL in each popula-
tion. Fresh frozen skin biopsy specimens may aid detection
of Notch3 deposits on vascular walls for an improved di-
agnosis of CADASIL.
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