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Case Report
Neoplastic lesions in CADASIL syndrome: report of an
autopsied Japanese case
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Abstract: Cerebral autosomal dominant arteriopathy with subcortical infarcts and leucoencephalopathy (CADASIL)
is one of the most common heritable causes of stroke and dementia in adults. The gene involved in the pathogen-
esis of CADASIL is Notch3; in which mutations affect the number of cysteine residues in its extracellular domain,
causing its accumulation in small arteries and arterioles of the affected individuals. Besides the usual neurological
and vascular findings that have been well-documented in CADASIL patients, this paper additionally reports mul-
tiple neoplastic lesions that were observed in an autopsy case of CADASIL patient; that could be related to Notch3
mutation. The patient was a 62 years old male, presented with a past history of neurological manifestations, in-
cluding gait disturbance and frequent convulsive attacks. He was diagnosed as CADASIL syndrome with Notch3
Arg133Cys mutation. He eventually developed hemiplegia and died of systemic convulsions. Autopsy examination
revealed- besides the vascular and neurological lesions characteristic of CADASIL- multiple neoplastic lesions in
the body; carcinoid tumorlet and diffuse idiopathic pulmonary neuro-endocrine cell hyperplasia (DIPNECH) in the
lungs, renal cell carcinoma (RCC), prostatic adenocarcinoma (ADC) and adenomatoid tumor of the epididymis. This
report describes a spectrum of neoplastic lesions that were found in a case of CADASIL patient that could be related
to Notch3 gene mutations.

Keywords: Cerebral autosomal recessive arteriopathy with subcortical infarcts and leukoencephalopathy, autopsy
case, neoplastic lesions

Introduction

CADASIL is the acronym for cerebral autosomal
dominant arteriopathy with subcortical infarcts
and leukoencephalopathy. It is an autosomal
dominant arteriopathy of small arteries and
arterioles of the brain and other organs that
affects middle aged adults [1, 2]. Clinical mani-
festations include recurrent cerebral ischemic
episodes, progressive cognitive deficit, mi-
graine with aura, dementia, and psychiatric
symptoms [3, 4]. It is associated with muta-
tions in the Notch3 gene on chromosome 19
[1]. This gene encodes a single-pass trans-
membrane receptor with an extracellular
domain (ECD) containing 34 epidermal growth
factor repeats (EGFR); each includes six cyste-
ine residues, a single transmembrane domain,
and an intracellular domain [5]. In an adult
brain, Notch3 is expressed by vascular smooth

muscle cells (VSMCs), especially in small cali-
ber arteries, and by pericytes, to maintain the
normal vascular structure [6]. Moreover, Notch3
signaling functions in endothelium-pericyte
interactions to maintain the microcirculatory
networks, disruption of which may result in
microcirculatory dysfunction [7]. In CADASIL
syndrome, mutations occur within Notch3
exons 2-24, which encode the 34 EGFR, result-
ing in removing or inserting cysteine residues,
leading to conformational changes and accu-
mulation of Notch3 ECD in the cytoplasmic
membrane of VSMCs [6, 8, 9]. Over 95% of
mutations are missense mutations; others are
small in-frame deletions or splice-site muta-
tions [10, 11].

Genetic testing is the gold standard for the
diagnosis of CADASIL. It is based on screening
the 23 exons of Notch3 that encode the 34



Neoplastic lesions in CADASIL syndrome

Table 1. Antibodies for immunohistochemistry. References, lot and

working dilutions of antibodies are indicated

hyper-intensities. Eight years
later, MR angiogram showed

Primary Working multiple artgrial stenosis,
antibodies Reference Lot dilution and the patient developed
CD56 Leica, Wetzlar, Germany  NCL-CD56-504  1:100 hgm!p'?g'a- Bhy thﬁ t'!mle of
CGA Dako, Glostrup, Denmark, A0430 1:100 admission, the emlpggla
) progressed and the patient

SYP Leica NCL-SYNAP-299 1:50 .
developed systemic convul-
Notch3 Epitomics, Burlingame, CA, US ab60087 1:200 sions and died. A systemic
CK7 Dako OV-TL 12/30 1:50 examination was

CGA, chromogranin A; SYP, synaptophysin; CK, cytokeratin.

EGFR, in search for a mutation leading to an
odd number of cysteine residues [12]. In addi-
tion, skin biopsy could be examined by electron
microscopy for detection of glomerular osmio-
philic material (GOM)- which is thought to be
derived from the ECD of Notch3- in the VSMCs
of arterioles, or by immunohistochemistry (IHC)
for detection of the deposited Notch3 ECD [13-
15]. In addition, magnetic resonance imaging
(MRI) is considered the most relevant tool for
monitoring the cerebral pathology in CADASIL
[16].

CADASIL syndrome is distributed worldwide
and the spectrum of Notch3 mutations as well
as the clinical features and the pathological
neurological and vascular lesions have been
studied and widely reported [10, 17-21], includ-
ing among Japanese patients [15, 22-29].
However, to our knowledge there has been no
report of describing neoplastic lesions in
CADASIL patients. We report herein multiple
neoplastic lesions that were observed in an
autopsied case with CADASIL syndrome.

Case report
Clinical presentation

A 62-year-old-man was admitted for hemiplegia
and systemic spastic convulsions. Detailed
patient’s past history and results of investiga-
tion were previously reported by Ueda et al.
[15] and by Uyama et al. [23] (patient 1). In
brief, the symptoms started at the age of 38,
when he developed ophthalmoplegia, and
after 10 years, he developed systemic spastic
convulsions. One year later, he developed gait
disturbance and frequent convulsive attacks.
At the age of 52, he was diagnosed as CADASIL
syndrome; with Notch3 Arg133Cys mutation.
MRI examination showed diffuse white matter
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autopsy
done with permission of the
family of the deceased.

Materials and methods

Autopsy specimens were fixed in 10% formalin
and embedded in paraffin. Serial sections, 5
um thick, were processed for hematoxylin and
eosin (H&E) staining. Immunohistochemical
(IHC) staining was carried out with the streptav-
idin-biotin method. List of primary antibodies
used are listed in Table 1. This was followed by
sequential 60 min incubations with secondary
antibodies (EnVision+System-HRP Labeled
Polymer, Dako, Glostrup, Denmark) and visual-
ization with the Liquid DAB+Substrate
Chromogen System (Dako). All slides are lightly
counterstained with hematoxylin for 30s prior
to dehydration and mounting.

Results
Pathological findings

Postmortem examination revealed several neo-
plastic lesions in body. In the upper lobe of the
left lung, a well circumscribed nodule; 0.5 x 0.3
cm; with grey white cut section, was observed
(Figure 1A). Histologically, observed by H&E
staining, the mass consisted of sheets of spin-
dle and round cells, with uniform nuclei, salt
and pepper chromatin and eosinophilic cyto-
plasm, situated within mucosa of bronchiolar
gland (Figure 1B). By IHC staining, the neuro-
endocrine (NE) nature of cells was confirmed,
by positive cytoplasmic staining for CD56, chro-
mogranin A (CGA) and synaptophysin (SYP)
(Figure 1C and 1D respectively). In addition,
weak cytoplasmic reactivity for Notch3 was
observed in the cells (Figure 1E). The diagnosis
of carcinoid tumorlet was established. In addi-
tion, we observed scattered foci of NE cells pro-
liferation, within bronchial and bronchiolar epi-
thelium, which were diagnosed as diffuse idio-
pathic pulmonary neuro-endocrine cell hyper-
plasia (DIPNECH) (Figure 1F).
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Figure 1. Gross, histological and immunohistochemical (IHC) features of lung neoplasms. A. A well-defined nodule,
0.5 x 0.3 cm in size, with grey white cut section (Arrow). The rest of lung cut section shows no remarkable gross
changes. B. Representative hematoxylin and eosin (H&E) staining photo for lung nodule. Sheets of spindle and
round cells, with uniform nuclei, salt and pepper chromatin and eosinophilic cytoplasm, situated within mucosa of
bronchiolar gland (4 x). C and D. Tumor cells show strong cytoplasmic positivity for neuroendocrine markers; chro-
mogranin A and synaptophysin (4 x). E. Tumor cells show cytoplasmic reactivity for Notch3 (10 x). F. Proliferation of
NE cells within the terminal bronchiolar epithelia (Arrows) (20 x).

Figure 2. Gross, histological and IHC features of renal neoplasms. A. A well-defined cortical mass, 1 x 0.5 cm, with
grey white cut section (Arrow). The rest of kidney cut section showed congestion. With H&E staining, the mass was
formed from papillary and tubular proliferation of epithelial cells; with eosinophilic cytoplasm and mild atypical
nuclei and indistinct nucleoli (10 x). B. Another cortical mass, 1.7 x 1.2 cm, was seen with hemorrhagic ulcerated
cut surface. With H&E staining, the mass was formed from alveolar nests of cells with uniform nuclei and clear
cytoplasm, interspersed by delicate vascular network (10 x).

In right kidney, a well-circumscribed cortical was observed. By H&E staining, the mass con-
mass, 1 x 0.5 cm, with grey white cut section sisted of cystic, papillary and tubular prolifera-
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Figure 3. Gross and histological features of genital neoplasms. A. H&E staining photo for sections from prostate
revealed a circumscribed proliferation of variable sized irregular acini, lined by a single layer of columnar epithelial
cells with eosinophilic cytoplasm and atypical nuclei (20 x). B. A well-circumscribed firm grey white nodule (Arrow),
1.2 x 1 cm, was seen attached to the lower end of the right bisected testicle. With H&E staining, the nodule was
composed of tubular and cystic structures, lined with flat uniform epithelial cells, in fibrous stroma (4 x).

tion of epithelial cells; with eosinophilic cyto-
plasm and mild atypical nuclei and indistinct
nucleoli (Figure 2A). Papillae were lined with
single layer of cells, of low-grade nuclear fea-
tures and scant cytoplasm. The cells showed
positive staining for CK7. In addition, weak cyto-
plasmic reactivity for Notch3 was observed.
The diagnosis of papillary renal cell_carcinoma
(RCC); type I, nuclear fuhrman grade 2 was
established. In addition, another cortical mass
in left kidney, 1.7 x 1.2 cm, was seen, with
hemorrhagic and cystic cut surface. The mass
consisted of alveolar nests and sheets of clear
cells interspersed by delicate vascular network.
The cells had uniform nuclei with indistinct
nucleoli (Figure 2B). The mass was diagnosed
as RCC; clear cell type, nuclear fuhrman grade
2.

Although no detected gross findings were
observed in the prostate, yet sections from it
stained with H&E staining showed a well cir-
cumscribed focus of proliferated crowded acini
with variation in size and shape and irregular
contours (Figure 3A). Acini were lined by a sin-
gle layer of cuboidal or columnar epithelial cells
with eosinophilic cytoplasm and enlarged pleo-
morphic nuclei (Figure 3B). The diagnosis of
prostatic adenocarcinoma (ADC), acinar type,
Gleason score 6 (3+3) was established.

On sectioning the right testis, a well-circum-
scribed firm grey white nodule, 1.2 x 1 cm was
seen, at the lower end of the testis. The nodule
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was composed of round and oval tubular and
cystic structures, lined with flat and cuboidal
epithelial cells with round to oval nuclei and
eosinophilic cytoplasm, and embedded in
fibrous stroma (Figure 3B). The nodule was
diagnosed as adenomatoid tumor of the
epididymis.

In addition to the previously reported neo-
plasms, other pathological findings were
observed: multiple infarcts in cerebral hemi-
spheres, thick-walled cerebral blood vessels
with dilated perivascular spaces, atherosclero-
sis of the aorta and coronaries, old myocardial
infarction in the sub-endocardial region of the
left ventricular posterior wall with hypertrophy
of the left ventricle, mild renal sclerosis, mild
acute tubular necrosis, and congestion of the
lungs, liver and spleen.

Discussion

CADASIL is a hereditary vasculopathy affecting
small arteries and arterioles of the brain and
other tissues, in young and middle-aged adults
[2]. Clinically, CADASIL is characterized by five
main symptoms: migraine with aura, subcorti-
cal ischemic events, mood disturbances, apa-
thy, and cognitive impairment [10]. The disease
develops due to mutations in Notch3 gene,
resulting in aberrant cysteine residues interac-
tion on Notch3 ECD protein, and thus its depo-
sition in vascular wall in the affected vessels
[1]. Notch3 mutations of CADASIL patients are
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most frequently detected in exons 3 and 4 [10,
12]. Diagnosis of CADASIL is based mainly on
genetic detection of Notch3 mutations and
microscopic and ultra-structural examination of
peripheral skin and/or muscle biopsies for
detection of characteristic vascular changes
[13, 14]. The clinical manifestations and inves-
tigation results of the present case has been
previously reported as a Japanese case of
CADASIL syndrome with Argl33Cys mutation of
Notch3 [15, 23]. The present report describes
the results of autopsy examination of that case.
Several studies in patients with CADASIL have
documented the characteristic pathological
vascular and neurological changes [22, 30-32],
and thus the present report focused mainly on
the multiple neoplastic lesions that were
observed during autopsy examination. Based
on the hypothesis that the gain of function for
the mutant Notch3 protein is likely the mecha-
nism for the CADASIL mutations [10, 33], thus
it was not surprising to find multiple neoplastic
lesions in the present case, which could be
related to Notch3 activation. In the lungs, carci-
noid tumorlet and foci of NE cell proliferation
were seen. In the kidneys, RCC; both clear cell
and papillary types were observed. In addition,
prostatic adenocarcinoma and epididymis ade-
nomatoid tumor were detected. All of the
observed neoplastic lesions-except for adeno-
matoid tumor- have been previously reported
with association of Notch3 signaling pathway
[34-38], which could possibly explain their con-
comitant appearance in such case of CADASIL
syndrome. In addition, in another autopsied
case of CADASIL syndrome, with Arg449Cys
Notch3 mutation, we observed pancreatic
intraepithelial neoplasia (PanIN-2) (data not
shown). Although we couldn’t detect other neo-
plastic lesions in that second case, yet the
observed PanIN lesion further support the
association between pre/neoplastic lesions in
CADASIL with Notch3 activation, which has
been previously linked to pancreatic neoplasms
as well [39, 40]. More studies are needed to
elucidate the differences in Notch3 mutations
and their effect in CADASIL syndrome.
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