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Abstract Here we present the first neuropathological
study of a case of autosomal dominant brain calcinosis
in a family followed through five generations. The 71-
year-old female who came to autopsy had unusually
severe and extensive bilateral brain calcifications. The
process appeared to start with deposition of minute
calcium-positive spheroids of less than 1 lm in diameter
in capillaries that otherwise appeared normal. These
could be observed extending to areas distant from the
main pathology. In more advanced stages, larger
spheroids completely covered some capillaries while
sparing others. In heavily affected regions, ghost capil-
laries were observed where only calcium spheroids re-
mained after endothelial cells and basement membranes
had disappeared. Vessels of all sizes were affected, and
large accretions were observed in the basal ganglia,
thalamus and cerebellum. Combined scanning electron
microscopy and X-ray spectrometry of these large
deposits revealed a dominant presence of calcium and
phosphorous, plus carbon and oxygen indicative of or-
ganic material, and small amounts of sodium, potas-
sium, sulfur, and magnesium. Reactive astrocytes and
reactive microglia accumulated around the calcified
deposits, indicating a mild ongoing inflammatory pro-
cess. The results suggest that severe vascular impairment

and mild inflammation contribute to the slow but inex-
orable progression of hereditary brain calcinosis.
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Introduction

Fahr originally described a condition which later be-
came known as idiopathic basal ganglia calcification
(IBGC) [11]. The Fahr’s triad, or Fahr’s syndrome, in-
cluded bilateral calcification of the basal ganglia, neu-
ropsychiatric manifestations and hypoparathyroidism.
It is now evident that brain calcification typically ex-
tends far beyond the basal ganglia. Accordingly, we
prefer the term idiopathic brain calcinosis (IBC) rather
than IBGC to describe the syndrome. Other terms that
have been used include striato-pallido-dentate calcifica-
tions (SPDC), bilateral striopallidodentate calcinosis
(BSPDC), and cerebrovascular ferrocalcinosis (recently
reviewed in [3]).

Calcification of the brain may occur in several path-
ological conditions, including a variety of infectious,
metabolic, and genetic syndromes, or even following
radiotherapy [15, 19]. The etiology and pathophysiology
of most forms of IBC are unknown. The occurrence of
hypoparathyroidism or the absence of parathyroid
glands in IBC is well known [4, 8, 15], but IBC cases
without parathyroid disturbances are more frequent.

IBC may be sporadic or familial. The familial form is
frequently autosomal dominant [3, 25], but IBC with
recessive inheritance also occurs. A genetic locus
(IBGC1) on chromosome 14q has been demonstrated in
one autosomal dominant family [13], but the absence of
such a linkage in five other affected families indicates
genetic heterogeneity [7, 29].

Here we describe the first neuropathological confir-
mation of one member of a family with autosomal dom-
inant IBC where the 14q IBGC locus [7] has been ruled
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out. The family has been followed for five generations [23].
The unusually extensive brain calcification enabled a de-
tailed analysis of the vascular network and the accom-
panying pathological deposits to be carried out.

Clinical history

This 71 year old female (III/9 in [23]) had dysarthria and
involuntarymovementsof the lips, jaw, tongue,andmouth
commencing at age 10. At age 18, she developed athetoid
movementsof therightarm,and10 years later involuntary
movements of the left leg followed by those of the right
limbs. By age 50, she had a marked dysarthria and an in-
creased tone inall four limbs, especially in thewrists.There
was dystonic posturing of both hands. Psychometric test-
ing at that time revealed an IQ of 78 on theWAIS [23]. An
initial CT scan, performed at age 52, showed bilateral
symmetriccalcificationsinthebasalganglia,thalamus,and
cerebellum and in the subcortical white matter of the
occipital, temporal, parietal and frontal lobes. Calcifica-
tions were also observed in the frontal and parietal cortex
[23].AsecondCTscan,performedatage67,showedsimilar
findingswithout evidenceofprogression (Fig. 1).Calcium
and copper metabolism was normal, as were the serum
levels of calcium, phosphate, and iron.

During her final 20 years she developed generalized
dystonia with predominant involvement of the upper half
of the body. She had severe dysarthria, dysphagia and
periods of depression. In her last physical examination
5 months prior to death, her physician reported that she
was mentally intact. There were no pyramidal signs. Her
pupils were equal and reactive to light, and accommoda-
tion and external ocular movements were intact. The pa-
tient experienced repeated falls during her last 7 months.
Terminally, she had several transient ischemic attacks and
episodes of aspiration pneumonia secondary to progres-
sive dysphagia. She died from a radiologically confirmed
aspiration pneumonia. Three affected sons of the patient
are still alive (pedigrees IV 24, 26, 28; [23]).

Neuropathological investigation

The autopsy, which was restricted to brain, was per-
formed following a postmortem delay of 8 h. One hemi-
sphere of the brainwas directly fixed in 10%formalin, and
the other dissected in the fresh state with some parts being
frozen andothers fixed in buffered 4%paraformaldehyde.
Blocks were taken from both hemispheres from the mid-
dle frontal, frontobasal, middle temporal, primarymotor,
parietal and occipital cortices; hippocampus; insula; basal
ganglia; thalamus; mesencephalon; pons; medulla
oblongata; cervical spinal cord; cerebellum and choroid
plexus. The formaldehyde-fixed blocks were embedded in
paraffin by standard techniques. Sections, 3–5 lm thick,
were then cut for detailed analysis. From the parafor-
maldehyde-fixed blocks, 30- to 100-lm-thick sections
were cut on a freezing microtome. These were mostly
stained as free-floating sections. Sections from all blocks
were subjected to routine cresyl violet and hematoxylin
and eosin analysis.

The antibodies used for imunohistochemistry are
shown in Table 1 along with the dilutions employed. For
detection of antibody binding, the avidin-biotin-peroxi-
dase technique was employed, using a final reaction
solution containing 3, 3’-diaminobezidine (DAB, Sigma,
D5637) alone to produce a brown reaction product, or
combined with 0.6% nickel ammonium sulfate to pro-
duce a dark-purple reaction product as previously de-
scribed in detail [1]. Assessment for Alzheimer-type
pathology was performed as described previously [27].

Analysis of vascular involvement using Gallyas
technique and immunohistochemistry

To analyze the involvement of capillaries in calcified
areas, 100-lm-thick paraformaldehyde-fixed sections
were stained with the Gallyas silver technique for cap-
illaries [12]. To detect endothelial cells and basement

Fig. 1 Extensive bilateral,
symmetric calcifications in the
brain as revealed by CT scan.
A Extensive calcifications in the
basal ganglia and in the frontal
white matter. B Massive
bilateral cerebellar calcification
in the area of the nucleus
dentatus
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membranes, 30-lm-thick sections were immunostained
for Factor VIII and collagen type IV, respectively.

Immunohistochemical analysis of inflammation

To analyze whether chronic inflammation accompanies
calcification, sections from all brain areas were immu-
nostained with HLA-DR and glial fibrillary acidic pro-
tein (GFAP) antibodies to detect reactive microglia and
astrocytes, respectively. As markers of ongoing inflam-
mation, antibodies to intercellular adhesion molecule-1
(ICAM-1, CD54) and its ligand the lymphocyte func-
tion-associated antigen 1 (LFA-1, CD11a) were em-
ployed.

Analysis of the blood-brain barrier

The permeability of the blood-brain barrier was assessed
by immunostaining 3-lm-thick paraffin sections from
selected regions of the cerebral hemispheres and stria-
tum with an antibody to fibrinogen, a 340,000 molecular
weight plasma protein. For immunostaining 3-amino-9-
ethylcarbazole (AEC) was used as chromogen producing
a red end product and the sections were counterstained
with hematoxylin.

Analysis of the calcification using scanning electron
microscopy equipped with energy-dispersive X-ray
spectrometer

A calcified mass of roughly 1-cm diameter was detached
from the cerebellar white matter along with a somewhat
smaller sample from a non-calcified area of the occipital
cortex. The samples were dried on a hot plate at 40�C for
2 days and were then analyzed by scanning electron
microscopy (SEM) at 20 Pa pressure. The energy-dis-
persive X-ray spectrometer (EDX) detected the X-rays
given off by the sample when exposed to a 20-kV elec-

tron beam. Images were taken with a backscattered
detector. To remove any organic material, a second
SEM-EDX analysis of the cerebellar sample was per-
formed following NaOH treatment. A 50-mg sample of
the calcified tissue was incubated in 500 ll 2 N NaOH
for 30 min at room temperature, then boiled for 5 min.
Following centrifugation at 10,000 rpm for 15 min, the
pellet was dried overnight in a vacuum desiccator and
then analyzed with SEM-EDX.

Primary brain endothelial and astrocytic culture

Brain microvessel endothelial cells and astrocytes were
isolated and cultured as previously described [9, 16].
Confluent cultures of endothelial cells and astrocytes
were stained with the von Kossa technique for the
demonstration of calcium.

Results

Neuropathological findings

The large cerebral arteries did not show atherosclerosis,
there was no cortical atrophy and only a moderate
dilatation of the lateral ventricles was seen. In coronal
slices, extensive whitish-yellow granular lesions were
observed in the basal ganglia, thalamus and in the
central white matter of cerebellum. Solid calculi with
irregular surfaces were observed in these latter two
areas. Their size varied from a few millimeters to more
than one centimeter in diameter. Similar, but finely
granular calcifications were observed in the deep white
matter of the frontal, temporal and parietal lobes. In
several cortical areas at the depths of some sulci, linear,
brownish discolorations were observed. Similar discol-
oration was also seen in the tegmentum of the brain-
stem. The substantia nigra and locus ceruleus appeared
normal.

Table 1 Antibodies used in immunohistochemistry

Antigen Antibody Source Type Dilution

b Amyloid M 0872 Clone 6F/3D DakoCytomation, Carpinteria, CA Mouse IgG 1:1,000
cowGFA -GFAP Z 0334 ‘‘ Rabbit IgG 1:5,000
Tau, C-243–441 A0024 ‘‘ Rabbit IgG 1:1,000
Ubiquitin Z 0458 ‘‘ Rabbit IgG 1:1,000
LFA-1a (CD11a) MHM24 (7) ‘‘ Mouse IgG 1:1,000
LCA M 0701 ‘‘ Mouse IgG 1:1,000
Fibrinogen A0080 ‘‘ Rabbit IgG 1:500
Factor VIII A 0082 ‘‘ Rabbit IgG 1:1,000
HLA-DR CR3/43 M 0775 ‘‘ Mouse IgG 1:2,000
MBP, MCA 868 Clone 22 Serotec, Oxford, UK Rabbit IgG 1:1,000
a-Synuclein Clonelb509 Zymed Lab, San Francisco, CA Mouse IgG1 1:1,000
a-Synuclein VP-A106 Vector Labs, Burlingame, CA Mouse IgG 1:1,000
Anti-neurofilament 010020 Bio-Science, Emmenbruecke, Switzerland Mouse ascites 1:1,000
Collagen IV 1340–01 Southern Biotech Assoc., Birmingham, AL Goat IgG 1:1,000
ICAM-1, C2969 8.4A6, D2 Sigma-Aldrich, St. Louis, MO Mouse, IgG, 1:1,000
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Microscopic examination confirmed the presence of
extensive brain calcifications (Fig. 2A–F). The deposits
showed a black reaction for calcium by the von Kossa
technique (Fig. 2B). The calcifications were in the form
of spherical, oval, or elongated cylindrical structures of
varying size. They occurred along blood vessels but the
larger deposits were apparently free in the neuropil
(Fig. 2D). Diffuse, severe calcifications were present in

the deep white matter of the frontal, parietal and tem-
poral lobes (Fig. 2A). The pallidum and large parts of
the putamen showed extensive calcifications. In the
thalamus and cerebellum there were large solid concre-
tions (Fig. 2C, D). Calcifications confined to the cere-
bral cortex were present in the frontal, parietal and
occipital areas. The distribution of the cortical calcifi-
cations was pseudolaminar, affecting the deep cortical
layers, and mostly localized to sulcal depths. The pri-
mary visual cortex was particularly affected. In the
brainstem, the calcifications were more extensive in the
tegmentum of the medulla.

Calcifications of arteries and veins (Fig. 2E) were
observed in addition to capillaries (Fig. 2F). Some large
arteries and veins showed complete calcification of their
walls, while in other arteries the calcification was re-
stricted to the media. In heavily calcified areas the
majority of blood vessels were covered by numerous
small calcium spheroids (Fig. 2F).

In calcified gray matter areas, a high number of
surviving neurons was seen (Fig. 2G–I). On sections
double-stained with von Kossa and cresyl violet, von
Kossa-positive intracytoplasmic granules were observed
in some neurons and astrocytes (Fig. 2H, I).

Some b amyloid deposits in all cortical areas and in
the walls of some leptomeningeal and cortical vessels

Fig. 2 Calcifications of the brain and brain blood vessels.
A Extensive calcification in the deep temporal white matter. Cresyl
violet. B Calcification in the basal ganglia. The von Kossa silver
impregnation technique shows the calcium component (black) of
the pathological deposits. C HE staining showing severe calcifica-
tion in the thalamus. D HE staining showing laminar calcification
occupying the granular layer of the cerebellum. E HE staining of a
section of the basal ganglia. Large (asterisk), medium-sized
(arrowhead) and small (arrows) vessels all show calcification. F The
Gallyas silver technique for visualization of cerebral blood vessels
showing large calcifications of varying size and shape in the deep
white matter of the temporal cortex related to calcified blood
vessels (arrows). G Cresyl violet staining of the basal ganglia. Note
the good preservation of nerve cells (arrows) around calcium
deposits. H von Kossa-positive dark intracytoplasmic granules in
the cytoplasm of a neuron (asterisk) and in a glial cell (arrow).
Double staining with von Kossa and cresyl violet. I Calcified area
of the occipital cortex. High-power magnification of von Kossa-
positive intracytoplasmic granules in a neuron (HE hematoxylin
and eosin). Bars A (also for B) 120 lm; C 600 lm; D, E 500 lm;
F 150 lm; G 80 lm; H 30 lm; I 20 lm
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and a moderate number of neurofibrillary tangles were
seen in the entorhinal cortex, and rarely in the insular
cortex and substantia nigra.

Analysis of vascular involvement using Gallyas
technique and immunohistochemistry

Use of the Gallyas silver impregnation technique for
cerebral vessels [12] enabled us to analyze in detail
some aspects of the vascular pathology. With short
times of silver impregnation, only calcified structures
were stained in areas of cortical involvement. These
were composed of innumerable 3- to 10-lm-diameter
spheroids arranged in an ordered way, tracing capil-
lary pathways (Fig. 3A, C). With longer impregnation

times, when both the calcifications and the capillary
network were stained (Fig. 3B, D), it became evident
that segments of calcified and spared capillaries were
alternated in a random distribution (Fig. 3D). Thin
1- to 2-lm filaments connecting calcified capillaries
were frequently present in these areas (Fig. 3E, F). At
high magnification, minute calcified spheres were seen
attached to the surface of vessel walls (Fig. 3G, H). In
addition to the typical 3- to 10-lm spherules covering
capillaries, some smaller than 1 lm were also seen
(Fig. 3H). Some large cortical blood vessels showed
irregularity of their wall (Fig. 3I), were tortuous
(Fig. 3J), and sometimes formed loops (Fig. 3K).
Peculiar, focalized, fusiform dilatations were frequently
observed at the branching areas of blood vessels
(Fig. 3L).

Fig. 3 Calcifications of
occipital cortex blood vessels as
shown by the Gallyas silver
technique. A Weak staining
impregnates only the calcified
deposits, which occur in deeper
layers. B Stronger silver
impregnation reveals the
complete capillary network in
all cortical layers. The calcium
deposits alone (A, C) highlight
an irregular pattern along
capillaries. They have a
pseudolaminar distribution in
deep cortical layers and are
preferentially located in sulcal
depths. At higher magnification
(C), the rows of individual fine
spherules of calcium deposits
are clearly visible. On sections
where both the calcium deposits
and capillaries are stained
(D), it is clearly seen that the
calcification of the capillary
network is partial. E, F Thin
filaments connecting calcified
capillaries (arrows).
G Individual calcium spherules
attached to the outer surface of
a capillary. H In addition to
large calcium spheroids, small
(even less than 1 lm) are also
present. I–L Irregular (I) and
tortuous (J) cortical vessels,
sometimes forming loops
(K, arrow) in the cerebral
cortex of the insula. Focal,
fusiform dilatations (L) at
branching sites of blood vessels.
Temporal cortex. Bars A (also
for B) 1 mm; C (also for D–F)
30 lm; G alsofor H) 12 lm; I
(also for J, K) 60 lm; L 50 lm
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In severely involved capillaries, there was no visible
immunostaining for Factor VIII (Fig. 4A) or collagen
type IV (Fig. 4B) along the calcium tracks, suggesting
that the endothelial cells had died and the basement
membrane absorbed. In spared cortical areas, however,
normal capillaries demonstrated typical immunostaining
for Factor VIII (Fig. 4C) and collagen type IV
(Fig. 4D). Thin collagen type IV-positive filaments in
the absence of endothelial cells were also frequently seen
in calcified areas (Fig. 4E), suggesting that endothelial
cells disappear before the collagen type IV basement
membrane. In some severely calcified blood vessels, the
distribution of collagen type IV was thickened and
irregular, sometimes covering calcified spheres on the
outer surface of the vessel wall (Fig. 4F). Despite the

normal appearance of some capillaries when immuno-
stained with collagen type IV (Fig. 4G), at high magni-
fication they displayed many minute (1 lm or less)
calcium deposits (Fig. 4H) indicative of very early stages
of calcification.

Immunohistochemical detection of chronic
inflammation

Reactive astrocytes immunopositive for ICAM-1 and
GFAP (Fig. 4I–L) and reactive microglia immunoposi-
tive for HLA-DR and LFA-1 (Fig. 4M, N) were ob-
served around severe brain calcifications. Astrocytes in
subcortical areas demonstrated typical reactive mor-
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phology with numerous radial processes (Fig. 4I).
However, in areas of calcification, atypical reactive as-
trocytes with few cell processes had accumulations of
fine intracytoplasmic whitish-yellow granules, suggestive
of calcium deposits (Fig. 4J–L). In the same affected
areas, LFA-1 (CD11a), which is the counter receptor of
ICAM-1, was overexpressed in clumps of reactive mi-
croglial cells closely associated with pathological cal-
cium deposits (Fig. 4M, N). Slightly increased numbers
of LFA-1-positive and leukocyte common antigen
(LCA)-positive round cells, morphologically compatible
with lymphocytes, were also present in these areas
(Fig. 4O).

Analysis of the blood-brain barrier

In the spared gray and white matter, fibrinogen was de-
tected only within the lumen of normal blood vessels
(Fig. 5A). In areas of calcification, the perivascular tissue
stained diffusely positive for fibrinogen (Fig. 5B). In a
small number of microvessels, fibrinogen-positive, small
globular bodies were deposited in and around the wall of
the involved vessels (Fig. 5C). In areas of fibrinogen
leakage, the bodies and processes of reactive astrocytes
showed intense staining for fibrinogen (Figs. 5B, D).
Within the surrounding intact tissue, occasional spared
vessels were associated with perivascular diffusion of
fibrinogen (Fig. 5E). Perivascular cells and scattered
microglial cells in areas of calcification showed strong
expression of class II MHC molecules (Fig. 5F).

SEM equipped with EDX spectrometry

The results of the SEM-EDX analysis of a large cere-
bellar calcium deposit are illustrated in Fig. 6. The SEM

revealed that the pathological deposits consisted of
bright and dark areas. X-ray spectrometry showed that
the composition of bright and dark areas was qualita-
tively similar, demonstrating a major presence of cal-
cium, phosphorus, carbon and oxygen, plus detectable
amounts of sodium, sulphur, potassium, and magne-
sium. However, the bright areas showed high concen-
trations of calcium and phosphorus, indicative of
calcium phosphate, and the dark areas high concentra-
tions of carbon and oxygen, suggesting the incorpora-
tion of organic material. Following NaOH treatment,
the dark areas disappeared and the remaining material
was enriched in calcium and phosphorous comparable
to the untreated bright areas. There was no difference in
the composition between the calcified material of the
cerebellar white matter and that of the occipital cortex.

Primary brain endothelial and astrocytic culture

Primary cultures of endothelial cells exhibited a normal
growth pattern and formed typical contact-inhibiting
monolayers. There was no evidence of abnormal cyto-
plasmic or extracellular deposition of calcium after
12 days in culture in endothelial cells and after 3 weeks
in culture in astrocytes.

Discussion

The main neuropathological finding of this 71-year-old
mother of three affected sons consisted of an unusually
severe and extensive calcification of highly selective
areas of the brain. The distribution closely followed the
pattern described in Fahr’s disease [11]. In our case, the
dorsomedial nucleus of the thalamus was also strongly
affected. The clinical observations of diffuse, generalized
dystonia combined with progressive pseudobulbar palsy
and dysphagia is in good correlation with the observed
calcifications of the basal ganglia, thalamus and brain-
stem tegmentum. The combined use of SEM and EDX
showed that the main components of the bright areas of
calcification consisted of calcium phosphate, with oxy-
gen, carbon, potassium, sodium, magnesium, and sulfur
also being identified. Iron levels were below the detec-
tion limit of 0.2% by weight. A few reports, using laser
spectrographic analysis of some IBC cases, have dem-
onstrated the presence of aluminum and iron in addition
to the elements identified in our case [10, 20, 21, 30]. This
may relate to the sensitivity of the technique being used.
In agreement with previous IBC reports [30], no differ-
ence in the elementary composition was found between
different calcified areas.

The use of the Gallyas silver technique [12] showed
that the calcification of blood vessels was partial. On
Gallyas-silver impregnated as well as collagen type IV-
immunoreactive capillaries, mature calcified spheres
were detected budding from, and attached to, the outer
surface of vessel walls, while tiny, perhaps immature

Fig. 4 A–H Involvement of the walls of calcified vessels in the
occipital cortex. A, B Calcified capillaries show negative reactivity
to Factor VIII (A) and collagen type IV (B) (arrows). Compare the
decreased immunoreactivity of these calcified capillaries with those
analyzed in a spared cortical area (C Factor VIII; D collagen type
IV). E Thin, collagen type IV positive filaments (arrows) connecting
calcified capillaries. F An irregular pattern of collagen type IV is
visible, sometimes covering calcium spheroids (arrow). G At the
periphery of cortical calcifications, on apparently spared capillaries
immunostained for collagen type IV, at high magnification
innumerable minute calcium deposits are present along the
capillary (H). I–O Presence of chronic inflammation. I ICAM-1-
positive reactive astrocyes in the subcortical area of the temporal
cortex with radially arranged long processes. J ICAM-1-positive
reactive astrocytes with an unusual appearance in the vicinity of
calcium deposits in the basal ganglia. They show intracytoplasmic
whitish-yellow granules. K Higher magnification of the asterisk
area in J. L Reactive astrocyte, showing similar morphology in the
same area as J and K, immunostained with GFAP. M, N Clumps
of reactive microglia (arrows) overexpressing LFA-1, closely
surrounding calcium deposits in the basal ganglia. O Increased
numbers of reactive microglia accompanied by LFA-1-positive
round cells (arrows) compatible with activated T cells. Bars A (also
for B–E, G) 30 lm;H 10 lm; F 30 lm; I (also for J) 80 lm; K (also
for L) 30 lm; M (also for O) 100 lm; N 50 lm

b
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spheres, were detected on apparently spared capillaries
at the periphery and even at a considerable distance
around calcified areas. The decrease or absence of Fac-
tor VIII and collagen type IV in some calcified capillary
tracks indicates that the calcification process eventually
causes degeneration, leading to ghost capillaries. The
presence of collagen type IV-positive and Factor VIII-
negative filaments indicates that the demise commences
with death of endothelial cells with ground substance
remaining, although both eventually disappear. Previous
SPECT studies have shown bilaterally reduced cerebral
perfusion in calcified basal ganglia; indicating a direct
relationship between this vascular disturbance and dys-
tonic symptoms [32]. The neuronal loss we observed in
gray matter areas with extensive calcification is also
consistent with these observations.

In the vicinity of calcified areas, astrocytes with pe-
culiar morphology showed intracytoplasmic accumula-
tions of a fine whitish-yellow granular material. The
granules, which were sometimes van Kossa positive,

may represent internalized calcified material. Previous
ultrastructural studies showed that in IBC calcified
material can be internalized by macrophages and as-
trocytes [14].

Analysis of the blood-brain barrier showed that
extravasation and perivascular deposition of fibrinogen
was focally associated with areas of calcification, indi-
cating increased permeability of the abnormal vessels
similarly to the focal blood-brain barrier abnormalities
reported in long-standing lesions in multiple sclerosis
[22]. The occasional presence of fibrinogen-positive
globules in association with calcified microvessels sug-
gests that plasma proteins that pass through the dis-
rupted blood-brain barrier may sequester in these areas
and form the nidus for mineral deposition. The positive
staining of perivascular astrocytes indicates uptake of
extravasated fibrinogen, which is similar to that ob-
served following experimental disruption of the blood-
brain barrier [5, 18].

Fig. 5 Increased permeability
of the blood-brain barrier in
calcified brain areas. For the
immunohistochemical analysis,
AEC was used as the
chromogen producing a red
positive immunoreaction. The
immunostained sections were
counterstained with
hematoxylin. A–F
Immunoperoxidase staining for
fibrinogen. A Fibrinogen is
present only in the lumen of
normal cortical microvessels. B
Diffuse staining of the
extravascular tissue is present in
areas of vascular calcification in
the striatum. C Intensely
positive globular bodies (e.g.
arrow) are deposited in and
around the vascular wall of a
calcified microvessel. B, D
Reactive astrocytes in areas of
blood-brain barrier breakdown
show strong cytoplasmic
staining indicating fibrinogen
uptake. E Fibrinogen
extravasation around blood
vessel adjacent to calcified area
in the striatum. F Perivascular
cells (arrowheads) and scattered
microglia (arrows) are CR3/43
positive. Bars 50 lm
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It was proposed that a slowly progressive metabolic
or inflammatory process, which subsequently causes
calcification, may be responsible for the neurological
deficit observed in IBC [2]. The role of chronic inflam-
mation in several other neurodegenerative disorders is
clearly established [26]. In the brain of our patient,
reactive astrocytes overexpressed ICAM-1 and reactive
microglia overexpressed LFA-1 around calcified depos-
its. The presence of these inflammatory molecules and a
slightly increased number of LFA-1-positive activated T
cells in the affected areas are indicative of an ongoing
inflammatory process. The mild degree of inflammation

is in harmony with the very slow progression of the
disease.

The etiology of IBC remains unknown. It is not
clear whether the calcification is secondary to a gen-
eralized metabolic disorder associated with the disrup-
tion of the blood-brain barrier, or is due to a primary
disorder of the central nervous system [13]. The ab-
sence of abnormal calcium deposition by primary
endothelial cells and astrocytes in vitro suggests that
the primary defect in calcium metabolism may not re-
side in the blood-brain barrier endothelium or in as-
trocytes.

Fig. 6 EDX of a large calcium
deposit. A The calcified mass
consisted of bright (black
asterisk) and dark areas (white
asterisk). The bar (row of dots at
the right bottom) corresponds to
50 lm. B, C EDX spectra
obtained by analysis of these
bright (B) and dark (C) areas of
the calcified material. Peak
locations identify the elements,
and the area under the peaks
define their concentration in the
tissue, expressed in weight
percent (wt %). The brighter
areas showed a high calcium
and phosphorus concentration
indicating that the major
component is calcium
phosphate. The oxygen and
carbon concentration and the
low calcium and phosphorus
content suggest that it
corresponds to organic material
in the calcified deposit (EDX X-
ray spectrometry analysis)
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IBC is frequently associated with various neurode-
generative disorders. A considerable number of IBC
cases associated with a slowly progressive atypical
presenile dementia, characterized by fronto-temporal
atrophy and diffuse neurofibrillary tangle formation, has
been reported [17, 28, 31]. In our patient there was no
history of dementia and we did not observe diffuse
neurofibrillary tangle formation. Parkinsonian symp-
toms frequently occur in IBGC, but pathological chan-
ges in the substantia nigra vary [25]. In our case the
substantia nigra did not show Lewy bodies, and there
were only minor changes consisting of a few extraneu-
ronal pigment deposits and rare neurofibrillary tangles.

a-Synuclein-immunopositive glial and neuronal
cytoplasmic inclusions were described in a case of
familial IBC, suggesting that familial IBGC may be a
new a-synuclein disorder [25], which was also absent in
our patient.

The similarity in clinical manifestations of a case of
radiologically diagnosed IBC to corticobasal degenera-
tion was recently reported [33]. The histological analysis
excluded corticobasal degeneration in our case. Taken
together, these observations suggest that heterogeneity
exists not only of the genetic origin, but also of the
pathological manifestations of IBC. Further genetic and
neuropathological investigations of familial IBC are
important as the neuropathological analysis of a repre-
sentative number of IBC cases may answer the question
of whether neurofibrillary tangle formation, Lewy bod-
ies or a-synucleinopathy are age-related associations of
IBC, or whether they are associated components of
different phenotypes of sporadic or familial IBC. They
may help to highlight possible links between the genetic,
the clinical, and the pathological manifestations of this
peculiar neurodegenerative disorder. The present results
show that severe vascular involvement and inflamma-
tory processes may both contribute to the slow pro-
gression of the disease.
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