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ABSTRACT

Introduction. Primary familial brain calcification (PFBC) is a neurodegenerative disease characterised by bilateral calcification in
the brain, especially in the basal ganglia, leading to neurological and neuropsychiatric manifestations. White matter hyperintens-
ities (WMH) have been described in patients with PFBC and pathogenic variants in the gene for platelet-derived growth factor beta
polypeptide (PDGFB), suggesting a manifest cerebrovascular process. We present below the cases of two PFBC families with PDGFB
variants and stroke or transient ischaemic attack (TIA) episodes. We examine the possible correlation between PFBC and vascular
events as stroke/TIA, and evaluate whether signs for vascular disease in this condition are systemic or limited to the cerebral vessels.

Material and methods. Two Swedish families with novel truncating PDGFB variants, p.GIn140* and p.Arg191%, are described
clinically and radiologically. Subcutaneous capillary vessels in affected and unaffected family members were examined by light
and electron microscopy.

Results. All mutation carriers showed WMH and bilateral brain calcifications. The clinical presentations differed, with movement
disorder symptoms dominating in family A, and psychiatric symptoms in family B. However, affected members of both families
had stroke, TIA, and/or asymptomatic intracerebral ischaemic lesions. Only one of the patients had classical vascular risk factors.
Skin microvasculature was normal.

Conclusions. Patients with these PDGFB variants develop microvascular changes in the brain, but not the skin. PDGFB-related
small vessel disease can manifest radiologically as cerebral haemorrhage or ischaemia, and may explain TIA or stroke in patients
without other vascular risk factors.

Keywords: stroke, TIA, idiopathic basal ganglia calcification-5, Mendelian inheritance in man number 615483, cerebral small
vessel disease, microbleeds, genetic diseases

(Neurol Neurochir Pol 2024; 58 (1): 94-105)

Introduction causes of primary familial brain calcification (PFBC), also

known as Fahr’s disease/syndrome or idiopathic basal ganglia

Pathogenic variants in the PDGFB gene, encoding for calcification. PFBC is characterised by abnormal peri-micro-
platelet-derived growth factor B, are one of several known vascular calcium deposition in the brain [1-4]. The typical
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radiological findings are bilateral calcifications in the basal
ganglia, and sometimes also in the thalamus, cerebellum,
subcortical white matter, or other brain regions, in computed
tomography (CT) images [4]. Currently, pathogenic variants
in SLC20A2, PDGFRB, PDGFB, XPR1, MYORG, JAM2, and
CMPK2 are known to be genetic causes of PFBC [5]. White
matter hyperintensities, presumably of vascular origin, have
previously been described in PFBC patients with SLC20A2 [6],
PDGFRB [7] and PDGFB [8-10] variants, and have been
explained by the impairment of pericyte recruitment during
angiogenesis leading to vascular dysfunction [8, 11]. One
previous study has reported alterations in the architecture
of extracerebral blood vessels of one patient with PFBC and
a pathogenic PDGEFB variant [8].

A limited number of patients with PFBC have been reported
to have ischaemic or haemorrhagic stroke, transient ischaemic
attacks (TIA), and/or intracerebral aneurysms [12-18]. However,
these are not considered typical or common clinical events in
PFBC. The typical manifestations of PFBC are usually progressive
symptoms such as parkinsonism, cerebellar symptoms, cognitive
impairment, seizures, migraine, and psychiatric disorders [19].

Clinical rationale for the study

Our study aimed to investigate the clinical significance
of white matter changes seen in patients with PFBC caused
by PDGFB variants and to describe two families with novel
truncating PDGFB variants.

Material and methods

Patient group and clinical data

Two unrelated index patients (one from family A and one
from family B) with clinically manifest PFBC caused by prob-
ably pathogenic variants in the PDGFB gene, were identified
at the Department of Neurology, Skane University Hospital in
Lund, Sweden. Additional aetiologies for secondary intracranial
calcification, including conditions such as hypercalcaemia and
hyperparathyroidism, were excluded. The patients, as well as
their symptomatic and asymptomatic family members, were in-
vited to participate in this study. Five affected and two unaffected
family members were examined using CT and brain magnetic
resonance imaging (MRI), laboratory tests, skin biopsies and
genetic analysis (Fig. 1). Clinical records and radiological ex-
aminations from two deceased family members were reviewed.
We followed family A for eight years and family B for four years.
We documented: a) known disease manifestations of PFBC; b)
the presence or absence of classical vascular risk factors (i.e.
diabetes mellitus, hypertension, heart disease, smoking, hyper-
lipidemia); c) TIA/stroke episodes; d) other radiological signs
of cerebrovascular disease i.e. ischaemic lesions or intracerebral
bleeding; and e) any relevant comorbidities or treatments. The
occurrence of stereotypies in the index patient (individual III:1)
of family A has previously been described [20].

Genetic analyses

Blood samples of the index patients and their available
family members were collected and sent to commercial diag-
nostic laboratories (BGI in Denmark, Centogene in Germany,
and BluePrint Genetics in Finland) for genetic testing. Whole
exome (WES) or whole genome sequencing (WGS, Illumina)
was performed for the index patients, followed by targeted
investigation of all known genes related to PFBC.

This revealed two novel variants in the PDGFB gene
(NM_002608.4): c.418C>T, p.(GIln140*) in family A and
¢.571C>T p.(Argl91*) in family B. These variants are pre-
dicted to introduce a translation termination (stop) codon
at amino acid residues 140 respectively 191 and are absent
in gnomAD v2.1 (https://gnomad.broadinstitute.org/).
Other truncating PDGFB variants had previously been de-
scribed as causes of PFBC [9, 21-25], and for this reason both
novel variants have been classified as likely to be pathogenic
according to the American College of Medical Genetics [26].
The sequenced data was also filtered by using a stroke gene
panel for all genes reported to potentially cause monogenic
stroke, including stroke related to cerebral small vessel disease
[27, 28]. Sanger sequencing was used to examine affected and
unaffected relatives.

Pathology

In order to detect possible extracerebral involvement, skin
biopsies of 3 mm diameter were obtained from the upper arm
of three variant carriers and of one non-carrier from family
A. The vascular and microvascular structure of the skin was
investigated. From each person, 7-8 sections of skin containing
subcutaneous capillary vessels were stained by haematoxylin
and eosin and examined using light microscopy and electron
microscopy by a pathologist (E.E). The images were reviewed
by a dermatologist with specific expertise in interpreting
electron microscopy images of the skin (I.B.).

Neuroradiology

Available brain CT scans and MRI data of affected and
unaffected family members were analysed in order to assess
the presence of basal ganglia calcifications, white matter hyper-
intensities, and other vascular alterations including ischaemic
lesions, cerebral haemorrhages, and aneurysms. Mutation
carriers without available brain images underwent a CT scan
and a brain MRI. All radiological images were collectively
reviewed in collaboration with a neuroradiologist (J.W.). The
calcium deposition load on CT scans was quantified using the
Total Calcification Score [29] to better compare CT scans of
different subjects at different ages.

Review of published cases
We have systematically reviewed all published cases of
PFBC caused by pathogenic variants in the PDGFB gene
(idiopathic basal ganglia calcification-5, Mendelian inher-
itance in man number 615483). A PubMed literature search
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Figure 1. Family pedigrees. Standard symbols are used in pedigree drawings. Round symbols denote females and squares males. MUT —

mutation carrier; WT — wild type

was performed for relevant articles, using the following
search terms: idiopathic basal ganglia calcification; Fahr’s
Disease; PDGEB mutations; and white matter hyperintensities.
Information on the presence and anatomical location of the
brain calcifications, the presence of white matter hyperinten-
sities, and the reported clinical manifestations, was extracted.

Results

Clinical findings

Family A: Four family members were examined clinically,
and clinical records were reviewed from a fifth (Fig. 1).

The index patient (III:1) experienced challenges in in-
itiating gait and changing direction at the age of 64 years,
which demonstrated improvement upon the administration
of levodopa treatment (200 mg daily). Mild cervical dystonia
was noted on neurological examination. Two years later, he de-
veloped troublesome motor and vocal stereotypies [20] which

partly improved with a small dose of clonazepam. Cognitive
testing revealed memory problems and mild cognitive decline
when he reached the age of 66. During the eight-year follow
up he did not develop any stroke or TIA.

His son (IV:1), when examined at age 45, did not report
any clinical complaints; however, a subtle postural tremor was
identified during neurological clinical examination conducted
as part of our study. He remained clinically unaffected eight
years later, despite carrying the same variant in the PDGFB
gene as his father.

The index patient’s mother (I1:3), also carrier of the same
PDGEB variant, had an episode of sudden weakness in the
right half of her face and her right arm, and head drop, at age
57. When examined by a neurologist two hours after onset,
these symptoms had improved but mild weakness was docu-
mented in her right upper extremity. Over subsequent years,
she reported that she had experienced repeated episodes,
each lasting for a few minutes, of sensory disturbances or
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process, or of malignancies that could otherwise account
for her late-onset seizures. Additionally, she had expe-
rienced a single ischaemic stroke episode characterised
by expressive aphasia. Her clinical neurological exami-
nation was otherwise normal. No previous psychiatric
symptoms, movement disorders or other neurological
deficits were described by her relatives, or mentioned in
her medical records.

Family member III: 2 does not carry the genetic
variant, and has remained asymptomatic including at
the most recent contact.

Neuroradiology

In both families, the PDGFB variants co-seg-
regated with the presence of bilateral calcifications
in the basal ganglia and with cerebellar white mat-
ter hyperintensities of vascular appearance in
all the identified mutation carriers (Fig. 1, Tab. 1).
The total calcification score calculated for the affected in-
dividuals in families A and B is shown in Supplementary
Data 1.

Family A: The index patient (III:1) showed extensive
calcifications in his basal ganglia, thalamus, and cerebel-
lum on CT, as well as subcortical and cerebellar WMH
on MRI. His mother (II:3) and son (VI:1) had similar CT
findings, with bilateral calcification at the same locations;
MRIs showed WMH which were more prominent in pa-
tient I1:3 at age 87 and subtle in patient VI:1 at age 45 and
51 (Fig. 2). Examination of patient II:3 with conventional
angiography at age 57 revealed a vessel wall irregularity.
This was interpreted as an arteriosclerotic plaque in the
posterior wall of the right carotid bifurcation that was
described as ‘minimal. There were no signs of large vessel
disease in the left carotid artery. Renewed examination
with conventional angiography at age 61 again showed
signs of a mild, non-stenosing plaque in the (right) bra-
chiocephalic artery and now revealed signs of a ‘discrete’
plaque proximally in the left common carotid artery;
there were atherosclerotic vessel wall alterations bilate-
rally in the carotid siphons that were graded as ‘lesser’ on
the left side and as ‘mild to moderate’ on the right side.

Family B: CT scans of the index patient (III:1) at age
17 and 23 showed very discrete calcifications in the basal
ganglia that became more visible at age 29. The initial
MRI scans, at age 16 and 26, showed very subtle white
matter hyperintensities bilaterally in the frontal lobe;
these became more prominent and visible on MRI at age
27. Her three consecutive CT angiographies revealed no
evidence of atherosclerosis or aneurysms. Her mother’s
(I1:2) CTs showed extended bilateral calcifications at the
age of 36, and progression of these calcifications 14 years
later. Her brain MRIs at age 53 showed bilateral white
matter hyperintensities mainly in the frontal lobes, as
well as older ischaemic lesions.

Table 1. Summary of genetic, clinical and radiological findings
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DM — diabetes mellitus; F — female; HD — heart disease; HC — hypercholesterolaemia; HTN — hypertension; ICH — intracerebral haemorrhage; M — male; MRl — magnetic resonance imaging; N — no; S — smoking; Y — yes. *This individual had recurring episodes with unilateral weakness that

included her facial musculature and sensory symptoms, but on examination had a persistent central facial palsy on same side; *truncating variant
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Figure 2. Radiological examinations of families A and B. Computed tomography (CT) scans from affected individuals in family A show bila-
teral calcifications in basal ganglia and cerebellum, while in family B they are present in basal ganglia of all three affected individuals; only
discrete calcifications in the cerebellum are noted. Magnetic resonance imaging (MRI) shows white matter hyperintensities in all six mutation
carriers. Both calcifications and small vessel disease are more prominent in older individuals

transient weakness in her right arm and hand. Some of these
episodes were accompanied by dizziness and/or a subjective
feeling of imbalance. A diagnosis of recurrent TIAs was made
at the time, but when examined within our study at age 86,
she had discrete right central facial palsy that had become
permanent, compatible with a clinical diagnosis of stroke.
Cardiac investigations including electrocardiography and
trans-thoracic echocardiography, as well as assessments of the
large artery with Duplex ultrasound of the cervical vessels and
conventional angiography of cervical and intracranial vessels,
yielded normal results except for atherosclerosis on the right
subclavian and left vertebral arteries, with less than a 40%
diameter reduction. She refused to participate in cognitive
testing, but reports from family members suggested moderate
cognitive decline.

Other than the individual II:3 who was a smoker and had
hypercholesterolaemia, none of the other investigated persons
in these two families had classical vascular risk factors (Tab.1).

A fourth member (I11:2) was examined clinically and tested
genetically, without any abnormal findings.

Family B: Three family members were examined clinically,
and clinical records of a fourth were reviewed (Fig. 1).

The index patient (III:1) presented with depression, anx-
iety and anorexia from the age of 14. She had been diagnosed
with bipolar and borderline personality disorder. Her previ-
ous medical history included asthma, inflammatory bowel

syndrome, and chronic urinary retention demanding periodic
catheterisation. From the age of 24, she suffered from chronic
vertigo and migraine. She had recurrent episodes of transient
aphasia and limb weakness leading to emergency admissions.
Investigations conducted by the treating neurologists failed
to yield a definitive diagnosis either of a vascular event (TIA)
or of seizures/epilepsy. Additionally, she manifested nonspe-
cific involuntary myoclonic jerks in the shoulder and neck
regions, accompanied by vocal tics. Clinical examination
revealed diplopia, with mild balance disturbance as well as
myoclonus in her hands when stretching them forward. Her
muscle jerks demonstrated improvement upon the adminis-
tration of clonazepam 0.5 mg/d. In recent years, she had had
intermittent episodes of generalised myoclonus that had been
repeatedly considered to be non-epileptic in nature by neurol-
ogists, and where her postictal EEGs were repeatedly normal.

Her mother (II:2) had had a history of depression and
anxiety since her early 20s, and had been diagnosed with
bipolar disorder at age 36. Clinical examination at 52 years
revealed normal neurological findings. She had not had a TIA
or a stroke, and had no classical vascular risk factors.

The grandmother of the index patient (I:2) was deceased
at the time of the study. Her medical records reported focal
and secondary generalised seizures at age 72. There was no
documented history of trauma, or of signs of a systemic
or localised cerebral inflammatory or infectious metabolic
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Unfortunately, no previous MRI scans were accessible for
comparative analysis. The grandmother’s (I:2) CT scan at age
72 showed bilateral calcifications in the cerebellum and globus
pallidus, more pronounced compared to the younger members
of her family, but less intense than all affected individuals in
family A. Images are provided in Figure 2 and Supplementary
Data 2. Furthermore, she exhibited cortical calcifications of
c.1 mm diameter in the left parietal region and bilaterally in
the occipital lobes. Her MRI scan at the same age showed
hundreds of supratentorial micro-bleedings compatible with
probable cerebral amyloid angiopathy according to the Boston
2.02022 criteria [30] (Supplementary Data 2 and 3). Extensive
WMH were observed in the periventricular, supra- and in-
fratentorial regions. A CT scan performed > 3 hours after the
onset of expressive aphasia showed several acute microbleeds
and patchy hypodensities fronto-parietally in the left hemi-
sphere located subcortically, and in a few areas reaching to the
cortex (Supplementary Data 3). CT angiography revealed no
large vessel abnormalities.

Genetics

Genetic testing of clinically and radiologically unaffected
family members from both families revealed the absence of
these probably pathogenic variants, while all individuals carry-
ing these variants presented with PFBC (Fig. 1). Thus, carrier
status was associated with the presence of PFBC and clinical
symptoms in an autosomal dominant manner, although with
incomplete penetrance concerning clinical symptoms, but
manifesting full penetrance in the context of brain calcifica-
tions observed via CT scans. No rare pathogenic variants in
stroke genes were identified.

Pathology

Skin biopsies from the upper arms of the three mutation
carriers (II:3, IT1:2, IV:1) and one healthy member (III:2) of fam-
ily A were obtained and analysed with both light and electron
microscopy. This showed a normal number and appearance of
the pericytes as well as the basement membrane material of the
venular and arteriolar vessels. There was no evidence of calcium
in or around the vessels, and the elastic fibres appeared normal.
There was no difference between the vessels of the affected
members carrying the gene variant from those of the unaffect-
ed member not carrying the variant (Supplementary Data 4).

Review of published cases

We reviewed a total of 16 articles describing previous
publications on patients with PDGFB-related PFBC. Thirty
different pathogenic PDGFB variants have been reported.
Reports on 15 variants have included brain MRI findings, and
nine of these 15 reports showed hyperintensities in the white
matter. Stroke or TIA was not reported. The results are set
out in Table 2. The published electron microscopy images, re-
ported as showing disturbed microvessel architecture [8] were
reviewed, but we considered them to show normal findings.

Discussion

In this research paper, we describe two families with PEBC
caused by novel truncating mutations in the PDGFB gene. All
variant carriers had intracerebral calcifications in CT scans and
had signs of white matter disease in MRI examinations. White
matter disease has previously been reported in the majority of
patients with PDGFB-related PFBC [8-10, 23, 24, 31] (Tab. 2).
In this study, we additionally found that two of the six affected
family members (family A, II:3 at age 57, and family B, I:2 at
age 78) had stroke and/or TIA, one of these also had abundant
cerebral microbleeds, and a third individual (family B, II:2) had
ischaemic lesions on MRI that had remained clinically silent.

In the three patients who underwent angiography, clini-
cally relevant large vessel disease was excluded, but vascular
imaging was not available for the remaining individuals.
Among these three individuals, two did not have any classical
vascular risk factors. One of these three individuals (family
A 1I:3) was a smoker, and had hypercholesterolaemia along
with moderate radiological evidence of atherosclerotic changes
in extracranial vessels not relevant for her symptomatology,
and her TIA episodes consistently manifested clinically as
lacunary syndromes, suggesting small vessel disease. All
the cerebrovascular events in these three individuals were
probably secondary to cerebrovascular small vessel disease.
The possible exception is family B I:2 who had an episode of
expressive aphasia and CT showing acute microbleeds and
patchy subcortical and cortical hypodensities. This might be
caused by large-vessel disease, but we interpreted the clinical
and radiological results as being more compatible with the
effect of multiple microbleeds in the same area, also indicating
small vessel disease.

Our data suggests that PDGFB variants may increase the
risk for stroke, TIA, silent brain infarcts and cerebral microb-
leeds, caused by cerebral small vessel disease.

White matter hyperintensities of putatively vascular origin
are a well-established marker of cerebral small vessel disease
[32], and have in PFBC patients been explained by the inac-
tivation of the PDGFB gene [9]. PDGFB, a growth factor for
mesenchymal cells, plays a crucial role in the recruitment of
pericytes during angiogenesis [11], and once inactivated can
cause vascular dysfunction. Studies in mouse models carrying
hypomorphic PDGFB alleles, and in patient-derived induced
pluripotent cells, showed that loss of endothelial PDGFB cor-
related with the presence of fewer pericytes around cerebral
small vessels, and with blood-brain barrier deficiency [23, 24].

It has previously been suggested that the neurological
abnormalities in patients with PFBC are caused by a slow and
progressive inflammatory process in the white matter, rather
than by the calcifications, which are thought to occur later in
the disease [33]. In our study, one patient (family B, III:1) was
longitudinally followed-up with repeated imaging, including
three MRT investigations over a span of 12 years. These scans
illustrated mild progression of WMH. A second variant carrier
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did not show radiological progression of WMH between the
ages of 45 and 51. Regarding the brain calcifications, moderate
progress was observed in parallel with clinical progression
(Supplementary Data 2), consistent with previous observations
by others [19, 34-36].

We were unable to establish a reliable correlation between
the symptomatology and radiologically detected vascular
changes, nor could we determine the importance of vascular
process in disease progression.

Apart from the presence of WMH, postmortem neuro-
pathological investigations of individuals with PFBC have
revealed pronounced vascular changes in the brain, including
calcium deposits and degeneration of brain capillaries and
arterioles [2, 17, 18, 37, 38]. These findings have also con-
firmed the presence of a degenerative small vessel disease.
Whether this vascular process is limited to the brain, or is
rather part of a systemic vascular disease, remains unclear.
Studies performed on mouse models with partly or com-
pletely inactivated PDGFB have reported the involvement of
extracerebral microvessels in the retina and renal glomeruli
[11]. A previous study of skin biopsies from one patient
with a PDGFB variant causing PFBC reported thickening of
the basement membrane and membrane fragmentations in
the vessels, which was interpreted as signs of extracerebral
microangiopathy [8].

However, skin biopsies obtained from our three sympto-
matic and one asymptomatic individuals showed no abnormal-
ity in the basal lamina, nor did they indicate differences in the
number or appearance of pericytes per vessel (Supplementary
Data 4). An expert review of the published images [8] could
not confirm any abnormality. In our patients with PDGFB
pathogenic variants, we found no evidence for extracerebral
vascular involvement. We have not been able to investigate
further neuropathological evidence regarding the possible
presence of systemic vascular disorder from any other organ
or system apart from the skin.

Our results are difficult to generalise, as we were studying
the occurrence of stroke and TIA, two very common condi-
tions in the general population, in only two unrelated families
with rare PDGFB variants. However, previous publications
have reported cases of individuals with PFBC who have pre-
sented with ischaemic or haemorrhagic stroke, TIA, and/or
intracerebral aneurysms [12-18].

While there have been several previous case reports on
patients with WMH acting as warning signs of underlying cer-
ebral vascular conditions and PFBC [11-16], the occurrence
of basal ganglia calcifications has to date been considered an
incidental finding in patients with cerebral vascular disease
and stroke.

Our study adds to the existing literature three cases pre-
senting with TIA, stroke, cerebral ischaemia and microbleeds
putatively complicating a cerebral small vascular degenerative
process in patients with bilateral brain calcifications.

Clinical implications/future directions

Our study highlights that PDGEB-related PFBC is a cer-
ebral small vessel disease that may manifest with stroke and
TIA, microbleeds and silent brain infarcts. The patients in
this study had normal skin microvasculature, which does
not suggest systemic vasculopathy as found in other genetic
forms of cerebral small vessel disease, including CADASIL or
COL4A1/COL4A2-related disorder [39, 40].
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