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Abstract

We report the case of an 84-year-old male patient afflicted by cerebral autosomal dominant arteriopathy with subcor-
tical infarcts and leukoencephalopathy (CADASIL) showing minimal symptoms of disease. The patient was diagnosed
on the basis of ultrastructural and genetic examinations. Ultrastructurally, a typical vascular pathology was found.
However, in abnormal capillary vessel walls no granular osmiophilic material (GOM) was found. In the arteriole there
were only a few GOM deposits that revealed various structures, of which only some resembled typical round GOM.
The arteriolar walls showed severe damage, including fragmentation, degeneration and loss of vascular smooth mus-
cle cells (VSMCs) with numerous deposits of elastin, mucosubstances, different granular debris, as well as collagen
fibres in the basement membrane. Lysosomal inclusions with fingerprint morphology, atypical for CADASIL, were
located in some of the VSMCs. Very old age at the onset of the disease may suggest that morphological changes in
blood vessels, described in this report, may be due to both the disease and the patient’s age. To our best knowledge
it is the first description of pathology of blood vessels and GOM morphology in a CADASIL patient diagnosed at an
advanced age.
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Introduction diagnosed in a person beyond the age of 20 and even

Cerebral autosomal dominant arteriopathy with sub-
cortical infarcts and leukoencephalopathy (CADASIL)
is hereditary systemic vascular disease caused by
mutations in the NOTCH3 gene. Clinically CADASIL is
characterized by migraine, recurrent ischaemic events,
dementia, depression and less commonly epileptic sei-
zures [7]. These symptoms usually occur in the fourth
or fifth decade of life. However, a few cases of CADASIL

in a 3-year-old child [1,5,10-12] or in the elderly [15,19]
have been described.

Degeneration and loss of vascular smooth muscle
cells (VSMCs) or pericytes, thickening of basement
membrane and the presence of granular osmiophilic
material (GOM) deposits are typical vascular chang-
es in CADASIL [8,22]. Granular osmiophilic material
deposits, a specific diagnostic feature of CADASIL,
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along with the genetic analysis of the NOTCH3 gene,
permit the diagnosis of this disease.

The youngest patient in whom GOM deposits
were found was 19 years old [13]. A single and inac-
curate case report, describing vascular pathology in
a patient with the onset of CADASIL symptoms at
a very late age, has been published, but the data on
the presence and morphology of GOM deposits are
incomplete because the diagnosis was made on the
basis of genetic testing only [19].

In this report we present an ultrastructural exam-
ination of vascular changes with particular regard to
GOM deposits in the skin and skeletal muscle biop-
sies in an 84-year-old patient with minimal symp-
toms of CADASIL.

Case report

An 84-year-old patient was admitted to the
Department of Neurology, because his son at the
age of 58 was diagnosed with CADASIL (described
elsewhere) [17] previously under the care of the
Outpatient Clinic of Neurology. The patient has suf-
fered from hypertension for many years. At the age
of 67 he had a heart attack, and at the age of 79
the first epileptic seizures occurred. At that time he
had a computed tomography (CT) scan of the brain,
which showed multiple ischaemic lesions and leuko-
araiosis in both hemispheres, as well as moderate

Fig. 1. Axial T2 weighted MR image shows hyper-
intense signal of bilateral external capsules and
periventricular white matter.
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atrophy of the brain and cerebellum. Treatment with
anti-epileptics drugs was started after admission.
Epileptic seizures recurred sporadically. His family
history revealed that his mother died at the age of
62 due to heart disease; she was also under psy-
chiatric care probably due to depression. His father’s
medical history was not known. The patient has no
siblings. His granddaughter suffered from epilepsy
and migraine headaches; she did not decide to be
tested for CADASIL

On neurological examination only small asym-
metry of the face was revealed. Neuropsychologi-
cal evaluation showed normal cognitive function.
A magnetic resonance imaging (MRI) scan of the
brain revealed widespread lesions in the bilateral
periventricular and subcortical white matter, exter-
nal capsules and significant brain atrophy (Fig. 1).
By sequencing of exon 12 of the NOTCH3 gene, the
same mutation that was detected previously in the
patient’s son was identified. To date, the patient
remains stable and is independent in activities of
daily living.

Material and methods

The samples of skin and muscle biopsy were
fixed in 2.5% glutaraldehyde and post-fixed in 2%
osmium tetroxide. After dehydration, tissue samples
were embedded in epoxy resin. Semithin sections
stained with toluidine blue were examined in the
light microscope to select blood vessels. Ultrathin
sections were counterstained with uranyl acetate
and lead citrate and examined with a transmission
electron microscope (Opton DPS 109).

Results

The capillaries in the skin and muscle biopsies
were characterized by very thickened basement
membrane and degenerated mural cells, pericytes
in particular, but they did not contain any GOM
deposits (Fig. 2A). In the extreme state only clusters
of thickened basement membrane with debris of
degenerated mural cells were noted (Fig. 2B).

In the muscle and skin biopsies only a few arte-
rioles were found. They revealed typical features of
CADASIL vessels, as well as damage to endothelial
cells, degeneration and loss of VSMC thickening
of the basement membrane, but only a few GOM
deposits varied in electron density. Endothelial cells
were often irregular in shape with clear vacuoles
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Fig. 2. Degenerative changes in capillary vessels. A) Thickened basement membrane (BM), thin endothelial
cells (Ec) and disappearing pericytes (P). Orig. magn. x 4400. B) Cluster of thickened basement membrane
(BM) with debris of disappearing mural cells (arrows). Orig. magn. x 4400.

of different sizes, dense mitochondria and some- Granular osmiophilic material deposits were
times numerous microfilaments in the cytoplasm. located in the indentation of VSMCs (Fig. 4). The
They formed characteristic thin sharp projections  majority of them were round or oval and composed
towards/in the direction of VSMCs. Some of these  of typical electron-dense granules (Fig. 5A), but other
cells were arranged perpendicularly to the lumen of  deposits demonstrated a lower electron density of
the vessel (Fig. 3). granules and irregular shape (Fig. 5B) or blurred gran-

BM - ,
Fig. 3. Arteriolar wall. Endothelial cells (Ec) with Fig. 4. Granular osmiophilic material deposits
vacuoles (V). Vascular smooth muscle cells (arrows) in vascular smooth muscle cell (VSMQ)
(VSMC) with different size and shape and mis- infolding. Nucleus (N), swollen mitochondrium (M),
shapen nuclei (N). Basement membrane (BM) basement membrane (BM), collagen (C). Orig.
with clusters of collagen (C), elastin (E). Lumen (L). magn. x 7000.

Orig. magn. x 7000.
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Fig. 5. Different morphology of GOM deposits (arrows) in arteriolar walls. A) GOM (arrow) with typical gran-
ular structure and electron density. Basement membrane (BM), vascular smooth muscle cell (VSMC). Orig.
magn. x 12 000. B) GOM (arrow) with different electron density and bizarre shape. Orig. magn. x 12 000.
C) GOM (arrow) with blurred structure and density similar to basement membrane (BM). Collagen (C). Orig.
magn. x 12 000. D) GOM-like with heterogeneous structure: granular (arrow) and filamentous (arrowhead).
Collagen (C). Orig. magn. x 12 000.

ular structure (GOM-like). However, their shape and
location resembled GOM (Fig. 5C). GOM or “GOM-
like” deposits comprising two different parts, gran-
ular or filamentous, sometimes difficult to identify,
were also present (Fig. 5D). In the same arteriole, the
ultrastructural picture of VSMCs was widely different.
The majority of VSMCs were irregular in shape,
shrunken, and fragmented, with a small diameter;
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however, large cells were also visible (Fig. 6). They
were loosely arranged and separated from neighbour-
ing cells by basement membrane (Fig. 3, 6). In their
cytoplasm different numbers of organelles including
vacuoles of various size, clusters of glycogen, lipofus-
cin granules and mitochondria were visible (Fig. 6, 7A).
Individual VSMCs in the same arteriole revealed dif-
ferent numbers of mitochondria.
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Fig. 6. Degenerative changes in arteriolar wall. Different size and shape of vascular smooth muscle cells
(VSMC) with lipofuscin (LF), prominent dense bodies (arrows), vacuole (V) and dense or swollen mitochon-
dria (M). In irregular thickened basement membrane deposits of elastin (E), collagen (C) and mucosubstanc-

es (MS) are visible. Orig. magn. x 4400.

The mitochondria were often swollen and group-
ed in clusters or very numerous mitochondria filled
the whole cell (Fig. 7B). Numerous VSMCs exhibit-
ed misshapen nuclei and well-marked dense bodies
(Fig. 7C, 7D).

In some VSMCs, abundant, large deposits, demon-
strating fingerprint profiles, were visible. The major-
ity of these deposits showed mixed complexes of
fingerprint and curvilinear profiles together with
lipofuscin (Fig. 8A). In the cytoplasm of VSMCs with
deposits, only a few organelles, mainly clusters of
mitochondria, were present (Fig. 8A, 8B).

The wall of arterioles was markedly damaged. In
the thickened basement membrane numerous col-
lagen fibres, a large amount of elastin, “pigtails” of
mucosubstances and clumps of non-specific granu-
lar debris were noted (Fig. 6, 7C, 7D). Hyaline mate-
rial was also visible in some parts of arteriolar walls
(Fig. 70).

Discussion

The 84-year-old patient did not show typical
clinical features of CADASIL. A detailed description
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of clinical condition of the patient is presented in
our earlier paper [3 in press]. The patient was test-
ed for CADASIL because his son had previously been
diagnosed with this disease on the basis of ultra-
structural and genetic examination [17]. Genetic
testing of both father and son showed the same
mutation in exon 12 of the NOTCH3 gene; however,
the picture of vascular pathology was different. In
the CADASIL patient presented in this paper, all the
capillaries were negative for GOM deposits although
their basement membrane was thickened and mural
cells were degenerating and disappearing. In the ex-
treme state only the looped basement membrane
with remnants of cells was visible. The capillaries of
his son revealed GOM deposits occasionally, but in
his arterioles very numerous typical GOM deposits
were visible [17]. In contrast, in the present CADASIL
patient, GOM deposits were observed only in arterio-
lar walls, but they were rare and sometimes difficult
to identify because they were less osmiophilic and
granular.

This is consistent with the observation made by
Brulin et al. [2] that in some elderly CADASIL patients
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A/ wHje

Fig. 7. Different degenerative changes of vascular smooth muscle cells (VSMC) and basement membrane
(BM). A) VSMC with numerous vacuoles (V) or swollen mitochondria (M) and glycogen (G). Nucleus (N), colla-
gen (C). Orig. magn. x 12 000. B) VSMC filled with numerous mitochondria (M) with different morphology or
with prominent dense bodies (arrows). Basement membrane (BM). Orig. magn. x 7000. C) VSMC with mis-
shapen nucleus (N), vacuole (V). Between VSMC, hyaline (H), elastin (E) and mucosubstances (MS) deposits
are visible. Orig. magn. x 4400. D) Single deposits of extracellular calcium (arrowheads) in the degenerated
basement membrane (BM), collagen (C), mucosubstances (MS) and numerous debris of different morpholo-
gy (asterisk). Prominent dense bodies (arrows) at surface of VSMC. Orig. magn. x 12 000.
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Fig. 8. A) Mixed fingerprint and curvilinear profiles (arrows) located in vascular smooth muscle cells (VSMC).
Nucleus (N), mitochondria (M). Orig. magn. x 12 000. B) Higher magnified fingerprint and curvilinear pro-
files (arrows). In the inset higher magnification of fingerprint deposits. Orig. magn. x 20 000.

GOM become rare and difficult to identify. They also
demonstrated that the highest numbers of GOM
deposits per vessel and per patient were found in
CADASIL patients at the age around 50 years. In
elderly patients (65-75 years) the mean number of
GOM deposits per vessel and per patient decreased.
Similarly, a small amount of GOM was present in
a 19-year-old patient [13]. It is known that GOM
deposits are composed of 10-15 nm granules, but
their morphological picture varies, including size,
shape and electron density [14,18,22,26], which may
suggest that they undergo changes. Based on our
observations together with morphometric analysis
of the age-related mean number of GOM deposits
per skin vessel [2] and early reports [22,26], it can
be suggested that GOM deposits disappear, which
could lead to the decreased number of GOM depos-
its in elderly patients. On the other hand, vessels in
a human fetus with a Notch3 mutation did not con-
tain GOM deposits, and morphology of VSMCs, as
well as other vascular wall structures, was normal,
which suggests that the vessel wall abnormalities
are initiated and progressed in the course of the first
two decades of life [16]. In a 19-year-old CADASIL
patient, only a small amount of GOM deposits was
visible [13].

Although a small number of GOM deposits was
found in our patient, electron microscopy revealed
severe and common changes in arterioles, including
VSMCs, endothelial cells and basement membrane.
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Endothelial cells in our material exhibited changes
similar to those previously described in CADASIL
patients [2,23].

The pathology of VSMCs varied greatly. They
showed differences in size, shape and degenera-
tive changes, including their loss. The degeneration
and loss of VSMCs is a typical feature of CADASIL
arterioles [2,21,25]. In the oldest patients (aged
55-65 years), VSMCs were totally destroyed [21]. In
our patient, in general, VSMCs contained only a few
organelles, but some differences were observed
between cells.

Some of the VSMCs were filled by numerous and
closely packed mitochondria with abnormal ultra-
structure while others contained only a few mito-
chondria or clusters of distended mitochondria. It has
been previously demonstrated that the mean num-
ber of abnormal mitochondria was higher in VSMCs
in CADASIL as compared to control cells, which might
have an effect on vital cellular functions important
for CADASIL pathology [27]. The ultrastructural pic-
ture of the degenerating VSMCs demonstrates dif-
ferent numbers and morphology of mitochondria;
therefore, it may be assumed that the mechanisms
of the degeneration process may also differ in
these cells. The presence of lysosomal inclusions in
VSMCs with fingerprint profiles was a very interest-
ing observation. Some of them revealed mixed mor-
phology. Those inclusions are observed in neuronal
ceroid lipofuscinosis, but they were also found in
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skeletal muscles in “fingerprint body myopathy” [9].
The interpretation of their presence in VSMCs of our
patient is difficult, especially since they seem to be
non-specific.

Electron microscopy analysis of an arteriolar wall
revealed the presence of collagen fibres, elastin, hya-
line, mucosubstances and different granular debris in
basement membrane probably derived from massive
degeneration of VSMCs. These findings have been
described both in CADASIL pathology and the aging
process [2,6,13,20]. In irregularly thickened suben-
dothelial space, large aggregates mainly of elastin
were observed. In CADASIL patients, increased pro-
duction of elastin [4], as well as fibrous and hyaline
thickening of the vessel walls, was observed [6,24].
On the other hand, hyaline is observed in different
processes, such as aging and hypertension [20], and
it is not specific for CADASIL pathology such as col-
lagen fibres usually visible in the form of clusters
scattered throughout the basement membrane of
our patient.

It is important that our patient was diagnosed
at the age above 80. It should also be remembered
that vascular pathology probably results from typ-
ical CADASIL and age-related pathologies. The pa-
tient diagnosed with CADASIL at an advanced age
showed minimal symptoms, in contrast to his son
[17], as well as a different picture of vascular pathol-
ogy and in particular the number and morphology of
GOM deposits. This indicates that a clinical pheno-
type, such as vascular pathology, may be different
despite the same mutation. The reason remains an
open question.
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