
Summary. Cerebral autosomal dominant arteriopathy
with subcortical infarcts and leukoencephalopathy
(CADASIL) is a disorder of the cerebral small blood
vessels caused by a mutation in the NOTCH3 gene,
which encodes a large transmembrane receptor
NOTCH3. It is associated with systemic arteriopathy
involving small arteries, besides the brain, in skin,
spleen, liver, muscle, aorta and in the kidney. The key
pathological finding is the accumulation of granular
osmiophilic material (GOM) on degenerating vascular
smooth muscle cells. In the kidney GOMs have been
described only in a very limited number of CADASIL
patients.

We describe a genetically confirmed CADASIL
patient with mild renal dysfunction and GOMs in the
interlobular and juxtaglomerular arteries and, for the first
time, also within the glomerulus, whose nephrology
conditions remained stable, whereas the neurological
manifestations markedly worsened over a six-year
follow-up period. The reasons for this discrepancy are
probably related to differences in the structure and
function of brain and kidney blood vessels.
Key words: CADASIL, Kidney, Skin, Light
microscopy, Transmission electron microscopy

Introduction

Cerebral autosomal dominant arteriopathy with
subcortical infarcts and leukoencephalopathy
(CADASIL) is a genetic disorder caused by mutations in
the NOTCH3 gene which maps to chromosome 19
(Tournier-Lasserve et al., 1993). The gene encodes a
transmembrane receptor NOTCH3 (Joutel et al., 1996)
consisting of a large extracellular domain, a
transmembrane domain, and an intracellular domain.
Virtually all pathogenic mutations lead to an odd number
of cystein residues in one of the 34 epidermal growth
factor (EGF) like repeats in the extracellular domain of
NOTCH3. The most common clinical manifestations of
CADASIL include recurrent transient ischemic attacks
(TIAs), strokes, cognitive defects, epilepsy, migraine and
psychiatric symptoms (Chabriat et al., 1995). On
neuropathological examination the brains of CADASIL
patients show diffuse loss of myelin in the hemispheric
white matter and multiple small lacunar infarcts in the
white and deep gray matter, as well as in the brain stem.
Histologically, there is thickening of the wall of
arterioles in the white matter and degeneration and loss
of vascular smooth muscle cells (VSMCs). Electron
microscopy shows deposits of granular osmiophilic
material (GOM) in indentations of the VSMCs or in the
extracellular space in close vicinity to VSMCs
(Baudrimont et al., 1993; Ruchoux et al., 1995; Miao et
al., 2004). GOMs have been identified in skin and
muscle biopsies from CADASIL patients (Ruchoux et
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al., 1994; Ruchoux and Maurage, 1998). Even if the
sensitivity of detecting GOMs in skin biopsies of
patients varies greatly from report to report, recently
their demonstration by electron microscopy in skin
biopsies has been proposed as a highly reliable and
practical method to screen for or even specifically
diagnose CADASIL (Tikka et al., 2009). In the kidney
GOMs have been described only in a very limited
number of CADASIL patients, some of them with
clinical symptoms of renal involvement (Ruchoux et al.,
1995; Bergmann et al., 1996; Kusaba et al., 2007;
Guerrot et al., 2008).

We describe a genetically confirmed CADASIL
patient with mild renal dysfunction and GOMs in the
interlobular and juxtaglomerular arteries and, for the first
time, also within the glomerulus, whose nephrology
conditions remained stable, whereas the neurological
manifestations markedly worsened over a six-year
follow-up period.
Materials and methods

Clinical characteristics of the patient

The patient was a 45-year-old man whose neurologic
disease manifested with dysarthria, instability in gait and
standing position and slightly decreased vibratory sense
in the lower limbs. Neuropsychological evaluation
revealed multiple cognitive deficits, particularly on tests
for attention, executive functions and anterograde long-
term memory. The overall cognitive impairment was
rated 3 on Global Deterioration Scale (GDS) (Reisberg
et al., 1982). Magnetic Resonance (MR) showed
bilateral diffuse white matter T2-hyperintensities and
small bilateral T1-hypointense focal lesions in the
centrum semiovale and mesencephalon. On a semi-
quantitative rating scale (Scheltens et al., 1993), the total
index of severity of hyperintensities (IHI) was 32.

The patient had mild hypertension (systolic values at
rest over repeated measurements in different days: 140-
155 mmHg; diastolic values: 90-95 mmHg; 24-h
measurement not performed), intermittent microscopic
hematuria, moderate proteinuria (0.95 g/day) and mild
chronic kidney disease stage 2, according to the Kidney
Disease Outcomes Quality Initiative-Chronic Kidney
Disease (KDOQI CKD) classification (estimated
glomerular filtration: 88 mL/min/1,73m2). The patient
was then prescribed antihypertensive therapy (sartan)
upon hospital discharge, according to current practice
guidelines (Cifkova et al., 2003). 

CADASIL was suspected and the patient underwent
a skin biopsy and genetic analysis. Consent to a kidney
biopsy was denied. The skin sample was processed for
light microscopy (LM) and for transmission electron
microscopy (TEM).

Six years after the first observation, the neurologic
examination showed wide-based gait, postural instability
with retropulsion, hypomimia, dysarthria, mild
dysphagia, cogwheel rigidity at wrist, mild fatiguing at

finger-tapping and hand prono-supination, bilateral
hyperreflexia with Babinski sign and decreased vibratory
sense in the lower limbs. Although the patient was still
autonomous in his daily personal and social activities
(no clinical dementia), the neuropsychological
evaluation revealed marked impairments of attention,
executive functions and anterograde memory (GDS
score: 4).

MR image scan showed multiple, bilateral,
widespread T2-hyperintense and T1-hypointense lesions,
and lacunar infarcts in basal ganglia, thalamus, corpus
callosum, brainstem and the cerebellum (IHI score: 48).

The patient was still under the same antihypertensive
treatment prescribed at the first visit and blood pressure
values during the intervening period were reportedly
normal. While he was in the hospital, blood pressure
values at rest were within normal range over repeated
measurements (systolic blood pressure: 120-125 mmHg;
diastolic blood pressure: 80-84 mmHg). Laboratory tests
showed persistent mild proteinuria (0.77 g/day) and
values of estimated glomerular filtration (86
mL/min/1,73 m2) similar to those observed six years
before (chronic kidney disease stage 2, according to
KDOQI CKD classification).

This time the patient gave his consent to a renal
biopsy. The sample was processed for LM,
immunofluorescence (IF) and TEM according to
standard protocols.
DNA extraction and NOTCH3 genetic analysis

Following informed consent, genomic DNA was
isolated from peripheral blood leukocytes with the
MagNA Pure LC DNA isolation kit by an automated
nucleic acid extractor (MagNA Pure Extractor, Roche).
Genetic analysis of the NOTCH3 gene was performed
according to a previously described protocol (Cappelli et
al., 2009).
Light microscopy, immunofluorescence and transmission
electron microscopy

Tissues for LM were fixed in 10% buffered
formalin, processed according to standard protocols and
embedded in paraffin. Three-µm-thick sections were
stained with haematoxylin and eosin (H&E). Renal
tissue routine immunofluorescence was performed on 4-
µm-thick cryostat sections using polyclonal FITC-
conjugated antibodies to IgG, IgM, IgA, C3, and
fibrinogen (Dako Corp., Carpinteria, CA, USA). Tissues
for TEM observation were fixed in 2% glutaraldeyde/2%
paraformaldehyde in 0.1 M phosphate buffer for 3 hours
at 4°C, postfixed in 1% osmium tetroxide in the same
buffer solution, dehydrated in graded alcohols, and
embedded in an Epon-Araldite mixture. Semithin
sections (2 µm) were obtained with a MICROM HM 355
microtome (ZEISS, Oberkochen, Germany) and stained
with toluidine blue. Thin sections were obtained with an
MTX ultramicrotome (RMC, Tucson, AZ, USA), stained
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with lead citrate and examined with a CM10
transmission electron microscope (Philips, Eindhoven,
The Netherlands). 
Results

The skin biopsy obtained from the patient at the
beginning of the study was analyzed by LM (data not
shown) and by TEM which showed numerous GOMs
(Fig. 1), thus confirming the clinical hypothesis. Genetic
examination revealed a R1006C CADASIL mutation in
the exon 19 NOTCH3 gene. The same mutation was
detected in the patient’s mother, who suffered from
recurrent strokes, mood changes and progressive
cognitive deterioration, and in one of the patient’s
uncles, who had recurrent strokes and progressive
cognitive decline (Ragno et al., 2006); neither of the
patient’s relatives had clinical evidence of renal

involvement.
LM of the renal biopsy collected six years after the

first observation showed periglomerular fibrosis and
decreased size in one out of the 5 glomeruli analyzed.
The remaining 4 glomeruli had a slight increase of both
the mesangial matrix and mesangial cells (Fig. 2a).
Other pathological aspects included mild and focal
interstitial fibrosis and homogeneous thickening of the
wall of the small arteries (Fig. 2b). Immunofluorescence
for IgA, IgG, IgM, fibrinogen and C3 was negative (data
not shown). TEM showed a light increase of the
mesangial matrix and significant foot process
effacement. No glomerular immune deposits were found.
In addition, frequent GOMs were identified in the
interlobular and juxtaglomerular arteries. They were
located in indentations of the VSMCs or in the
extracellular space in close vicinity to VSMCs (Fig. 3).
VSMCs showed mild degenerative aspects, such as some
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Fig. 1. Transmission electron
microscopy of skin. GOM
(boxed area) is identif ied
around the vascular smooth
muscle cell of a dermal
arteriole. Inset: enlargement of
the boxed area. Scale bars:
0.5 µm; inset, 0.1 µm.
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Fig. 2. Light microscopy of kidney. a. In the glomerulus, a mild increase in mesangial matrix (PAS stain) is shown. b. A small artery is characterized by
homogeneous thickening of the wall (arrow) (PAS stain). Scale bars: a, 80 µm; b, 40 µm.

Fig. 3. Transmission electron
microscopy of kidney. A
vascular smooth muscle cell of
a juxtaglomerular arteriole
close to the glomerulus shows
numerous GOMs (arrow).
Inset: enlargement of boxed
area showing a GOM deposit
in a deep indentation on a
smooth cell. Two smaller
GOMs are free in the basal
membrane of the cell. Note the
pinocytotic vesicles of the cell
membrane around the larger
GOM. Scale bars: 0.5 µm;
inset, 0.25 µm.



intracytoplasmic vacuoles, and debris in the internal
elastic lamina and between smooth muscle cells were
found. Very rare osmiophilic structures were also found
in infoldings of the cell membrane of mesangial cells.
They were smaller than GOMs seen in renal artery walls
but had the same granular pattern and were often
surrounded by an electron-lucent halo (Fig. 4). This halo
separated them from the mesangial matrix and was also
present in GOMs in the arteries (unpublished data).
Discussion

We described a genetically confirmed CADASIL
patient with a mild and non progressive chronic kidney
disease. The kidney biopsy showed a mild increase of
the mesangial area associated with foot process
effacement. GOMs were found in the interlobular and
juxtaglomerular arteries and also within the glomeruli.

The deposits were not associated with severe
degeneration or loss of VSMCs.

Renal involvement in CADASIL patients has been
very rarely described. To the best of our knowledge there
are only four previous reports (Ruchoux et al., 1995;
Bergmann et al., 1996; Kusaba et al., 2007; Guerrot et
al., 2008) of GOM deposition and partial to complete
VSMC loss in renal arterioles. Ruchoux et al. (1995)
observed in the first autopsy case of a 54-year-old
woman a moderate nephroangiosclerosis with some
sclerotic glomeruli (one out of ten) and stenosis of both
afferent and efferent arterioles. The interlobular arteries
were greatly affected and sometimes stenosed.
Eosinophilic hyalinosis with thickening of the vessel
walls were observed in small arteries by Bergmann et al.
(1996). These last authors evidenced also that the
VSMCs were moderately depleted and sometimes
consisted of pyknotic nuclei surrounded by a clear halo.
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Fig. 4. Transmission electron
microscopy of kidney. GOM
(boxed area) is shown in the
mesangial area of a
glomerulus. Note the close
association with the mesangial
cell (MC). Inset: enlargement
of the boxed area. The GOM
is surrounded by an electron-
lucent halo (asterisks). Scale
bar: 0.4 µm; inset, 100 nm.



More recently, Kusaba et al. (2007) described a patient
presenting focal segmental mesangial proliferation in
association with IgA nephropathy. Intimal thickening
and degeneration and loss of the medial VSMCs were
observed in the interlobular arteries. These authors
suggested that the decreased kidney function in this
patient was caused mainly by IgA nephropathy and
possibly aggravated by vascular abnormalities caused by
the NOTCH3 mutation. In another CADASIL patient
Guerrot et al. (2008) observed severe fibrous
endarteritis, spreading from the thickened intima to the
VSMC layer in the interlobular arteries. Mild interstitial
fibrosis was associated.

Our case shows LM similarities with that presented
by Kusaba et al. (2007) but IgA deposition was not
observed either by immunofluorescence or TEM. Our
case is also notable for the lack of significant
degeneration of VSMCs that has been observed in the
majority of the previous reports. It is also noteworthy
that, in our case, GOMs were identified in the glomeruli.
In previous studies GOMs were described in the
arterioles close to a glomerulus (Ruchoux et al., 1995;
Bergmann et al., 1996; Kusaba et al., 2007; Guerrot et
al., 2008) and in the extraglomerular mesangial area
(Kusaba et al., 2007) but not in the glomerulus. The
morphology of the deposits, granular (Ruchoux et al.,
1995) and not homogeneously electron-dense as in
immune complexes deposits, and their location in
infoldings of the mesangial cells are, in our opinion,
sufficiently characteristic for GOMs. The glomerular
immunofluorescence was completely negative, thus
giving support to the idea that deposits are, in fact,
GOMs.

Ultrastructural detection of possible GOMs also in
the renal glomeruli is in agreement with previous data
obtained using an antibody specific for the NOTCH3
(Kusaba et al., 2007; Guerrot et al., 2008). Also, in our
case, glomerular GOMs were rather rare and evident
only in the mesangium. Mesangial cell is considered a
type of specialized smooth muscle cell (D’Agati et al.,
2005). It is well-known that in CADASIL all
microcirculation is compromised, including capillaries
and veins (Mayer et al., 1999; Rafalowska et al., 2004;
Wang et al., 2011), even though GOMs are most often
detected in medium size or small arteries. Generally
GOMs observed in the capillaries are rare and almost
always associated with pericytes. Since renal glomerulus
is constituted of capillary loops, even if they lack
pericytes, GOMs are tightly associated with mesangial
cells located in the pericytic position. Therefore, for
these reasons we believe that the rare deposits observed
in the glomeruli are GOMs. 

CADASIL is caused by dominant mutation in the
NOTCH3 gene and emerges as the most common
causative diagnosis of hereditary ischemic small vessel
diseases (Joutel et al., 1996; Dichgans, 2007). The
NOTCH3 gene is composed of 33 exons and encodes a
300 kDa transmembrane protein with a receptor and cell
signal transduction function (Alberts and Tournier-

Lasserve, 2005). NOTCH3 receptor comprises a large
extracellular domain containing 34 epidermal growth
factor-like repeats (EGFRs), a single transmembrane
domain, and an intracellular domain. Most mutations
result in a gain or loss of cysteine residues within a
given EGFR (Joutel et al., 1997; Peters et al., 2005).
CADASIL patients exhibit an abnormal vascular
accumulation of the extracellular domain of NOTCH3.
Joutel et al. (2000, 2001) showed that the extracellular
domain of NOTCH3 accumulates at the cytoplasmic
membrane of VSMCs and brain pericytes in close
vicinity to, but not within, the GOM. Other researchers,
using immunoelectron microscopy, showed that
NOTCH3 ectodomains are abundantly and evenly
distributed within the GOM, suggesting that they are a
major component of GOM (Ishiko et al., 2006).
Meticulous analysis of the vasculature in mice
completely lacking NOTCH3 revealed a critical role for
NOTCH3 in the structural and functional integrity of
small arteries (Joutel, 2011).

Our findings confirm that CADASIL is a systemic
vascular disease and may represent a cause of renal
damage. Renal and brain lesions in CADASIL likely
share a common pathogenetic mechanism. NOTCH3 has
recently been reported as an important receptor
controlling cerebral autoregulation (Domenga et al.,
2004; Belin de Chantemèle et al., 2008). More recently,
Boulos et al. (2011) have demonstrated that NOTCH3 is
also a very important regulator of the renal myogenic
response and of the renal vascular tone. Genetic deletion
of the NOTCH3 receptor profoundly alters the acute
renal vascular response to vasoactive agents. In addition,
NOTCH3 -/- mice display a severe cardiac and renal
phenotype during hypertension. However, chronic
kidney disease is quite rare in CADASIL patients and
renal involvement is far less severe than brain
involvement. This last observation is confirmed by the
relatively long follow-up in our patient, which showed
progression of neurological and neuropsychological
symptoms and MR lesions, while kidney involvement
was mild and remained stable. The reasons for this
discrepancy are probably related to differences in the
structure and function of brain and kidney blood vessels.
Further studies are needed to better comprehend the
pathogenetic mechanism and establish significant
correlations between morphologic findings and
functional impairment. 
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