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Abstract
Background: Primary familial brain calcification (PFBC) is a rare hereditary 
neurodegenerative disorder associated with the MYORG gene; however, the clini-
cal and radiological characteristics of MYORG-PFBC remain unclear.
Methods: We present relevant medical data obtained from a patient affected 
by PFBC with a novel MYORG variant and conducted a mutational analysis of 
MYORG in her family members. We reviewed all reported PFBC cases with bial-
lelic MYORG mutations until April 1, 2023, and summarized the associated clini-
cal and radiological features and mutation sites.
Results: The patient (22-year-old woman) exhibited paroxysmal limb stiffness 
and dysarthria for 3 years. Computed tomography revealed calcifications in the 
paraventricular white matter, basal ganglia, thalamus, and cerebellum. Whole-
exome sequencing revealed a novel homozygous frameshift variant (c.743delG: 
p.G248Afs*32) in exon 2 of the MYORG gene (NM_020702.5). To date, 62 families 
and 64 mutation sites have been reported. Among the reported biallelic MYORG 
mutations, 57% were homozygous and 43% were compound heterozygous. 
Individuals with biallelic MYORG mutations experience more severe brain cal-
cification with approximately 100% clinical penetrance. Ten single heterozygous 
mutation sites are associated with significant brain calcifications.
Conclusion: All patients with primary brain calcification, particularly younger 
patients without a family history of the disease, should be screened for MYORG 
mutations.
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1   |   INTRODUCTION

Primary familial brain calcification (PFBC), also known 
as Fahr's disease, is a rare hereditary neurodegenerative 
disorder characterized by extensive and symmetric cal-
cifications in the brain. PFBC has a wide range of clini-
cal manifestations, including Parkinsonism, dysarthria, 
dystonia, seizures, headache, cognitive impairment, 
and psychosis (Balck et al.,  2021). PFBC is considered 
an autosomal dominant genetic disease, and four patho-
genic genes, namely—SLC20A2 (OMIM: 158378) (Wang 
et al., 2012), PDGFB (OMIM: 190040) (Keller et al., 2013), 
PDGFRB (OMIM: 173410) (Nicolas et al.,  2013), and 
XPR1 (OMIM: 605237) (Legati et al., 2015)—have been 
identified since 2012. Approximately 36%–42% of pa-
tients with autosomal dominant PFBC (AD-PFBC) re-
main asymptomatic throughout their lifetime (Nicolas 
et al., 2015; Tadic et al., 2015; Xu et al., 2023). Recently, 
biallelic homozygous mutations in the MYORG 
(OMIM:618255) (Yao et al.,  2018) or JAM2 (OMIM: 
606870) (Schottlaender et al.,  2020) genes have been 
identified as novel genetic causes of autosomal recessive 
PFBC.

The association between MYORG and PFBC was first 
reported in Chinese families in 2018 (Yao et al.,  2018), 
and has since been confirmed in recessive PFBC cases 
in various ethnicities (Chelban et al.,  2020; Grangeon 
et al.,  2019; Kume et al.,  2020; Malaquias et al.,  2020; 
Ramos et al., 2019; Sadok et al., 2023; Tekin et al., 2021; 
Yao et al.,  2018). MYORG mutations account for a large 
proportion of recessive PFBC cases. Compared with pa-
tients who possessed any of the four AD-PFBC gene types, 
individuals with the MYORG gene exhibited a higher prev-
alence of intracranial calcification lesions, which were 
more severe and extensive, primarily affecting the pons 
and cerebellum (Bauer et al., 2019). However, the clinical 
and radiological features of MYORG-PFBC have not been 
well understood.

We obtained detailed clinical, radiological, and genetic 
data from a patient with a novel MYORG variant of PFBC. 
Further mutational analysis of MYORG was performed on 
her family members.

2   |   MATERIALS AND METHODS

2.1  |  Ethical compliance

This study involving human participants received ap-
proval from the Ethics Committee of Affiliated Hang-
zhou First People's Hospital, Zhejiang University School 
of Medicine, China. The patient and her family provided 
written informed consent to participate in this study.

2.2  |  Genetic sequencing and 
data analysis

Total deoxyribonucleic acid (DNA) from peripheral blood 
leukocytes of the patient and her family members was ex-
tracted using the Genomic DNA Extraction Kit (Tiangen 
Biochemical Technology, Beijing, China). Nanodrop 2000 
was used to qualitatively examine DNA. The genomic 
DNA was fragmented, end-repaired, adapter linked, puri-
fied, and amplified. The entire human exonic genome was 
captured using a target sequence capture probe (MyGen-
ostics, GenCap, China). The captured DNA was enriched, 
eluted, amplified, and subjected to high-throughput se-
quencing on the Illumina HiSeq X10 sequencing plat-
form (Illumina, San Diego, California, United States). 
The raw data were subjected to preliminary processing, 
including image recognition and sample differentiation. 
The filtered sequences were aligned to the NCBI database 
human genome reference sequence (GRCh37/hg19) using 
Burrows—Wheeler Aligner software (Li & Durbin, 2010), 
and related information on single nucleotide variation 
and indel mutations were obtained by analysis using the 
Genome Analysis Toolkit software(https://softw​are.broad​
insti​tute.org/gatk/). All single nucleotide polymorphisms 
and indels were annotated using the ANNOVAR (Yang & 
Wang, 2015). Mutation sites with a frequency less than 0.05 
were screened for in human genetic databases, including 
the Thousand Genomes Project, Exome Variant Server, 
and Exome Aggregation Consortium. Missense muta-
tions were predicted by Scale Invariant Feature Trans-
form (http://sift.jcvi.org/), Polymorphism Phenotyping 
v2 (http://genet​ics.bwh.harva​rd.edu/pph2/), Mutation-
Taster (http://www.mutat​ionta​ster.org/), and Genomic 
Evolutionary Rate Profiling (http://mendel.stanf​ord.edu/
Sidow​Lab/downl​oads/gerp/index.html). The changes in 
splice sites were analyzed using SPIDEX (http://www.
deepg​enomi​cs.com/spidex). Sanger sequencing was used 
to verify the candidate mutation sites obtained after analy-
sis and screening. The Human Splicing Finder software 
was used to verify the function of abnormal gene muta-
tions, and the pathogenicity of gene variants was analyzed 
according to the guidelines of the United States Society for 
Medical Genetics and Genomics (Richards et al., 2015).

3   |   RESULTS

3.1  |  Patient information

The index patient (Figure  1a, II-1) was a 22-year-old 
Chinese woman who presented to our department with 
a 3-year history of paroxysmal limb stiffness and dysar-
thria. Her symptoms occurred two to four times a week 

https://software.broadinstitute.org/gatk/
https://software.broadinstitute.org/gatk/
http://sift.jcvi.org/
http://genetics.bwh.harvard.edu/pph2/
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http://www.deepgenomics.com/spidex
http://www.deepgenomics.com/spidex
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and lasted only a few seconds from 3 years ago. However, 
over the 6 months before the presentation, they had be-
come more frequent and occurred almost daily for a few 
seconds, with irregular onset. She was previously in good 
health and had no family history of neurological disease. 
Her parents were healthy and not consanguineous (Fig-
ure  1a, I-1, I-2). Her younger brother was aged 13 years 
and healthy (Figure  1a, II-2). She denied experiencing 
dysphagia, cognitive impairment, syncope episodes, pal-
pitations, constipation, gait disorder, trunk imbalance, or 
irregular tremors.

3.2  |  Clinical findings

On admission, the initial vital signs were as follows: blood 
pressure, 130/93 mmHg; pulse, 86 beats/min; respiration, 
20 breaths/min; and body temperature, 37.3°C. The gen-
eral physical examination results were normal. Neuro-
logical examination revealed normal cognition, attention, 
memory, affect, cranial nerve function, gait, posture, bal-
ance, coordination, motor function and sensory function 
interstitially. Brain computed tomography (CT) revealed 
symmetric calcifications in the paraventricular, basal 
ganglia, thalamus, and cerebellum (Figure  2a–c). Brain 
magnetic resonance imaging (MRI) revealed symmetric 
calcifications in the basal ganglia, dorsolateral nucleus of 
the thalamus, and dentate nucleus of the cerebellum (Fig-
ure 2d–f). The routine blood, urine, and stool tests showed 
normal results. Blood test results for alanine transami-
nase, aspartate aminotransferase, lactate dehydrogenase, 
creatinine, parathyroid hormone, total vitamin D, serum 

calcium, serum phosphate, thyroid hormones, albumin, 
blood glucose, uric acid, C-reactive protein, erythrocyte 
sedimentation rate, and glycosylated hemoglobin were 
normal. Blood lipid test showed values within normal 
limits, except for triglycerides, which were 5.78 mmol/L. 
Autoimmune tests, including antinuclear antibodies, 
SSA/SSB antibodies, and rheumatoid factor tests, showed 
negative results. Infectious test results for human immu-
nodeficiency virus antibodies, syphilis antibodies, and 
hepatitis B and C antibodies were negative. Bone den-
sity, 24-hour electroencephalogram, and bilateral femur 
radiography showed normal findings. No obvious abnor-
mality in the heart, liver, gallbladder, pancreas, spleen, 
kidneys, ureters, or bladder was observed by ultrasound. 
The Mini-mental State Examination and Montreal Cogni-
tive Assessment scores were 30/30, respectively.

3.3  |  Diagnostic assessment and 
genetic screening

A diagnosis of PFBC was considered plausible after ex-
cluding secondary causes of brain calcification. There-
fore, the patient's blood samples were subjected to 
whole-exome sequencing after obtaining informed con-
sent. A novel homozygous frameshift variant (c.743delG: 
p.G248Afs*32) were identified in exon 2 of the MYORG 
gene (NM_020702.5), and validated using Sanger sequenc-
ing (Figure 1d). This mutation was absent from multiple 
population and disease databases, including the Human 
Gene Mutation Database, Clinvar, and The Genome Ag-
gregation Database. According to the recommendations of 

F I G U R E  1   Pedigree and genetic 
analysis results of the patient and her 
family. (a) The family pedigree (Genome 
reference sequence: GRCh37/hg19). The 
index patient (II-1) is marked by a black 
arrow. A filled circle represents a family 
member with a homozygous MYORG 
mutation, and a half-filled square or 
circle represents a family member who 
is a carrier of a MYORG mutation. The 
c.743delG heterozygous mutation in the 
MYORG gene in the patient's mother (b), 
father (c) and younger brother (e). (d) The 
c.743delG homozygous mutation in the 
MYORG gene in the patient.

I-1 I-2

II-2II-1

(a)

(b)

(e)(d)
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the American College of Medical Genetics, the variant was 
categorized as a “pathogenic variant” based on its classi-
fication as PVS1, PM2, or PM3_Supporting(hom). Com-
bined with the clinical manifestations, related imaging, 
and genetic studies, the patient was diagnosed with PFBC 
caused by MYORG mutation. Sanger sequencing was 
performed for the family members of the patients (Fig-
ures 1b,c,e). The patient's father (Figure 1c), mother (Fig-
ure 1b), and younger brother (Figure 1e) were carriers of 
heterozygous mutations. Notably, all the aforementioned 
family members were asymptomatic. Unfortunately, brain 
CT or MRI was not performed for the patient's parents and 
younger brother; hence, it was unknown whether they 
had intracranial symmetric calcifications.

3.4  |  Therapeutic intervention and 
follow-up

The patient was treated with oxcarbazepine to reduce 
neuronal excitability. Following treatment, the patient's 
symptoms improved remarkably, and the frequency of 
symptoms significantly decreased. However, 2 years later, 
the patient was re-examined by brain CT, and the results 

showed that the range of intracranial calcification had 
increased.

3.5  |  Literature review

We searched through PubMed until April 1, 2023 for 
relevant studies and scanned the reference lists in the 
identified articles. We reviewed all reported cases of 
PFBC with biallelic MYORG mutations and summarized 
all the mutation sites in Table  1 (Arkadir et al.,  2019; 
Chelban et al., 2020; Chen, Lin, et al., 2020; Chen, Cen, 
et al., 2020; Chen et al., 2019; Fei et al., 2021; Ferreira & 
de Oliveira, 2019; Forouhideh et al., 2019; Gao et al., 2022; 
Grangeon et al., 2019; Kume et al., 2020; Li et al., 2022; 
Liu et al., 2021; Malaquias et al., 2020; Peng et al., 2018; 
Ramos et al., 2019; Sadok et al., 2023; Saranza et al., 2020; 
Taglia et al., 2019; Tekin et al., 2021; Tsai et al., 2022; Yang 
et al., 2022; Yao et al., 2018; Zeng et al., 2021). Data for 
62 families have been reported, 51% of the patients were 
men and 49% were women. The ethnic groups included 
those from China, Japan, Israel, Italy, France, Turkey, 
Portugal, and Brazil. The median age of symptom onset 
was 46 years, and the affected age group ranged from 7.5 

F I G U R E  2   Computed tomography (CT) and magnetic resonance imaging (MRI) findings of the patient. CT scan showing symmetric 
calcifications in the cerebellum (a), basal ganglia (b), thalamus (b), and paraventricular (c) (red arrows). MRI showed symmetric 
calcifications in the dentate nucleus of the cerebellum (d), basal ganglia (e), dorsolateral nucleus of the thalamus (e), and paraventricular (f) 
(red arrows). CT, computed tomography; MRI, magnetic resonance imaging.

(c)(b)(a)

(f)(e)(d)
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and 87 years. The diagnosis of MYORG-PFBC was for indi-
viduals aged between 12 and 87 years (average, 47 years).

4   |   DISCUSSION

Brain calcification is a medical condition characterized 
by the accumulation of calcium deposits in the brain tis-
sue. It can be caused by various factors, including genetic 
disorders, tumors, vascular diseases, infections, metabolic 
disorders, and exposure to certain medications or toxins 
(Guedes et al., 2020). One genetic disorder associated with 
brain calcification is PFBC, a rare neurogenerative disor-
der that can be hereditary or sporadic. The onset of PFBC 
is often insidious, and its manifestations can differ widely 
among individuals. Recent research has focused on iden-
tifying the genetic mutations responsible for PFBC (Balck 
et al., 2021), which can help shed light on the underlying 
mechanisms of the disease and explain how different gene 
mutations might lead to similar neuroimaging findings 
but variable clinical outcomes.

PFBC is diagnosed based on clinical presentation, neu-
roimaging studies, and genetic testing. The diagnostic cri-
teria include bilateral calcification in the basal ganglia and 
other brain regions, neurological or psychiatric symptoms, 
positive family history with an autosomal dominant in-
heritance pattern, or recessive mutations in known PFBC-
associated genes (Mufaddel & Al-Hassani,  2014). The 
differential diagnosis of PFBC includes other disorders 
that can cause brain calcification, such as hypoparathy-
roidism, pseudohypoparathyroidism, tuberous sclerosis, 
aneurysm, oligodendroglioma, and infectious diseases 
such as tuberculosis, cysticercosis, and toxoplasmosis 
(Table  S1). A comprehensive clinical evaluation, includ-
ing medical history, physical examination, and laboratory 
tests, is necessary for an accurate diagnosis. Genetic test-
ing can also be useful in confirming PFBC and excluding 
other conditions.

Of the four genes associated with AD-PFBC, SLC20A2 
mutations are the most common, accounting for over 50% 
of cases. PDGFB and PDGFRB mutations account for ap-
proximately 10%–40% and 5%–10% of cases, respectively 
(Balck et al.,  2021; Donzuso et al.,  2019). Mutations in 
PDGFB and PDGFRB can lead to abnormal blood vessel 
development and disrupt the blood–brain barrier integrity 
(Xu et al., 2023). XPR1 mutations have also been identified 
in a few PFBC cases. Mutations in SLC20A2 and XPR1 can 
disrupt phosphate transport, leading to calcium deposi-
tion in the brain (Xu et al., 2023). Missense mutations were 
the most frequent and unique alterations in SLC20A2, 
PDGFB, PDGFRB, and XPR1 (Balck et al., 2021).

Autosomal recessive mutations that have been reported 
include MYORG and, more recently, JAM2. MYORG 

mutations are an infrequent cause of PFBC; however, with 
the widespread use of genetic testing, MYORG mutation 
account for 10%–20% of PBFC cases (Balck et al., 2021; Yao 
et al., 2018). The gene MYORG, also known as KIAA1161 
or NET37, is located on chromosome 9p13.3, and encodes 
a 714-amino-acid(aa) protein. The MYORG protein is ex-
pressed in the skeletal muscles, colon, small intestine, 
liver, and brain. It plays a role in cell movement and or-
ganization. The MYORG protein is an α-galactosidase 
and has a conserved domain architecture consisting of 
a short N-terminal cytoplasmic domain (aa 1–58), single 
transmembrane fragment (aa 59–79), glycoside hydro-
lase family 31 domain (GH31) (aa 311–714), and domain 
of unknown function (aa 80–310) (Meek et al., 2022; Yao 
et al., 2018). The GH31 domain is a common glycosidase 
domain responsible for the decomposition of complex 
sugars. The unknown functional domain is a less well-
understood domain present in various proteins, and is be-
lieved to be involved in protein–protein interactions.

Balck et al. reported that the age of onset and diag-
nosis of MYORG-PFBC are similar to those of SLC20A2, 
XPR1, and PDGFRB mutations, and significantly higher 
than those of PDGFB and JAM2 mutations (Balck 
et al., 2021). Most of the 64 reported mutation sites in 
MYORG located in the GH31 domain, followed by the 
unknown functional domain, transmembrane fragment, 
and short N-terminal cytoplasmic domain. Thirty-six 
mutation sites were found only in compound heterozy-
gous mutations, 23 only in homozygous mutations, and 
five mutation sites, including c.225G>A, c.348_349in-
sCTGGCCTTCCGC, c.1333C>T, c.1831C>T, and 
c.1967T>C, were found in both homozygous and com-
pound heterozygous mutations. The most frequent 
mutation sites were c.348_349insCTGGCCTTCCGC, 
followed by c.1967T>C, c.1333C>T, c.687G>T, and 
c.782_783GC>TT, which were found in 10 families 
(Chinese and Frenchman; Chen, Cen, et al., 2020; Chen 
et al., 2019; Grangeon et al., 2019; Li et al., 2022; Yang 
et al., 2022; Yao et al., 2018), five families (Chinese and 
Frenchman; Chelban et al., 2020; Chen, Cen et al., 2020; 
Grangeon et al.,  2019; Liu et al.,  2021), three families 
(Chinese; Grangeon et al., 2019; Peng et al., 2018; Yang 
et al.,  2022), three families (Chinese and Frenchman; 
Chen, Cen, et al., 2020; Chen et al., 2019; Li et al., 2022), 
and three families (Chinese; Chen, Cen, et al., 2020; Yao 
et al.,  2018; Zeng et al.,  2021), respectively. We opined 
that these mutation sites may be “hot spots” for Chinese 
and Frenchmen. Missense mutation was the most fre-
quent type of unique alteration, followed by frameshift, 
nonsense, in-frame indels, and duplication. To the best 
of our knowledge, this report describes a newly discov-
ered homozygous frameshift mutation, c.743delG in the 
MYORG gene. The mutation c.743delG (p.G248Afs*32) 
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has not been previously reported and may have been 
pathogenic in this case. Our patient with this mutation 
had a relatively young age of onset.

Bilateral symmetric calcifications in the basal ganglia 
(approximately 100%) and other brain regions are charac-
teristics of PFBC. CT and MRI are commonly used imag-
ing techniques for diagnosing of PFBC. Calcification can 
also affect the cerebellum, thalamus, subcortical white 
matter, cerebral cortex, and brain stem. Compared with 
patients with AD-PFBC, abnormal calcium deposits in 
the brains of patients with MYORG-PFBC are more severe, 
widespread, and always contain three to four brain calci-
fication regions (Balck et al., 2021; Grangeon et al., 2019). 
However, the severity of calcification in patients with 
MYORG-PFBC can vary among patients and does not nec-
essarily correlate with the severity of the clinical symp-
toms. Unlike AD-PFBC, there appears to be no apparent 
association between the number of affected brain regions 
and the age of onset or diagnosis of patients with MYORG-
PFBC. In reported cases of MYORG-PFBC, both biallelic 
and some monoallelic carriers exhibit calcifications, with 
biallelic carriers experiencing more severe calcification 
(Taglia et al., 2019). Among monoallelic carriers, we found 
that 10 mutation sites, including c.103A>G, c.191G>A, 
c.348_349insCTGGCCTTCCGC, c.679C>G, c.782_783 
GC>TT, c.893G>C, c.1333C>T, c.1511G>C, c.1530delG, 
and c.1967T>C, are associated with significant brain cal-
cifications (Chen, Cen, et al.,  2020; Ramos et al.,  2019). 
Interestingly, most of the monoallelic carriers with muta-
tions in the above mutation sites have calcifications in the 
brain stem, except for those with c.103A>G and c.679C>G 
mutations. Additionally, three out of five monoallelic car-
riers with 1060_1062del GAC mutation revealed punctu-
ated calcification limited to the basal ganglia, and their 
family members with biallelic MYORG mutations also 
had calcification in the brain stems (Arkadir et al., 2019). 
Therefore, we speculated that the presence of calcification 
among monoallelic MYORG carriers is not only related 
to a dose-effect (Chen, Cen, et al.,  2020) but also to the 
mutation site. Pontine calcifications are highly specific 
to MYORG-PFBC and are relatively rare in patients with 
AD-PFBC. Among the reported cases of PFBC with bial-
lelic MYORG mutations, 45 cases showed brainstem calci-
fication (Arkadir et al., 2019; Chelban et al., 2020; Chen, 
Cen, et al., 2020; Chen et al., 2019; Ferreira & de Oliveira., 
2019; Forouhideh et al., 2019; Gao et al., 2022; Grangeon 
et al.,  2019; Kume et al.,  2020; Liu et al.,  2021; Ramos 
et al.,  2019; Saranza et al.,  2020; Taglia et al.,  2019;Tsai 
et al., 2022; Zeng et al., 2021) and 24 cases showed pontine 
calcification (Arkadir et al.,  2019; Chelban et al.,  2020; 
Ferreira & de Oliveira, 2019; Gao et al.,  2022; Grangeon 
et al., 2019; Kume et al., 2020; Ramos et al., 2019; Taglia 
et al., 2019; Tsai et al., 2022; Zeng et al., 2021). However, 

the brainstem tropism of lesions associated with MYORG 
mutations remains unknown.

Along with genetic heterogeneity, PFBC can pres-
ent with a wide range of neurological and psychiatric 
symptoms, which can vary in severity and age of onset. 
Common manifestations include dysarthria, movement 
disorders (such as tremors, rigidity, dystonia, and ataxia), 
cognitive impairment (such as memory loss, confusion, 
and dementia), and mood disturbances (such as depres-
sion, anxiety, and psychosis). Other possible symptoms in-
clude headaches and seizures. Compared with AD-PFBC, 
patients with MYORG-PFBC have approximately 100% 
clinical penetrance (Chen, Cen, et al.,  2020). Similar to 
previous studies (Grangeon et al., 2019; Taglia et al., 2019; 
Zeng et al., 2021), we observed that dysarthria is a prom-
inent feature and the most common manifestation in pa-
tients with MYORG-PFBC, as well as other motor signs, 
including ataxia, dystonia, dyskinesia, Parkinsonism, and 
akinetic hypertonic syndrome. Ischemic stroke was also 
reported in five cases, and none of them had risk fac-
tors for stroke (Gao et al., 2022; Grangeon et al., 2019; Li 
et al., 2022; Yang et al., 2022). Central neuropathic pain 
was also observed in a 43-year-old Chinese woman (Peng 
et al., 2018). Regarding nonmotor signs, cognitive deficits 
were the most common manifestation, followed by de-
pression, headache, and psychosis. In patients with AD-
PFBC, Parkinsonism, bradykinesia, cognitive deficits, and 
headache are the most common symptoms, while dysar-
thria is uncommon (Batla et al., 2017). In this study, the 
patient also had paroxysmal dysarthria as one of the chief 
complaints, similar to the results of the above studies. To 
date, 57% of all reported MYORG-PFBC cases are homozy-
gous, and 43% are compound heterozygous. The clinical 
symptoms of most MYORG biallelic carriers vary, whereas 
most monoallelic carriers are clinically asymptomatic. In 
addition, we found that children and young adults always 
have mild symptoms, and the severity of these symptoms 
may increase with age.

The mechanisms by which MYORG mutations cause 
brain calcification are not well understood. Histopatho-
logical examinations have demonstrated that brain calcifi-
cation is mainly associated with small blood vessels, glial 
cells, and neurons (Xu et al., 2023). MYORG is specifically 
expressed in astrocytes, mainly located in the endoplas-
mic reticulum and nuclear envelope (Meek et al.,  2022; 
Yao et al.,  2018; Zarb et al.,  2019). Astrocytes are func-
tionally associated with endothelial cells and pericytes 
of the blood–brain barrier, neurons, cardiomyocytes, and 
the extracellular matrix. They participate in the common 
formation of the neurovascular unit (NVU), which is re-
lated to four autosomal dominant genes and is involved 
in the pathogenesis of PFBC (Betsholtz & Keller, 2014; Xu 
et al., 2023). Dysfunction of the NVU impairs the normal 
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substance exchange between the blood and cerebral cor-
tex, leading to a high amount of blood Pi leaking into the 
brain, which in turn causes calcification (Xu et al., 2023). 
Although recent studies have demonstrated the functions 
of MYORG in animals, its pathophysiology in the human 
brain remains unclear. Meek et al. (Meek et al., 2022) used 
X-ray crystallography to obtain the structure of MYORG 
and suggested that these mutations may cause MYORG 
dysfunction, resulting in the disruption of the folding 
or maturation of one or more protein products of genes 
linked to PFBC, including SLC20A2, PDGFB, PDGFRB, 
and XPR1. The novel frameshift mutation identified in 
our patient was located in the unknown function domain. 
To date, 24 mutations in this domain have been reported 
(Chelban et al., 2020; Chen, Lin, et al., 2020; Chen, Cen, 
et al., 2020; Chen et al., 2019; Ferreira & de Oliveira, 2019; 
Gao et al., 2022; Grangeon et al., 2019; Kume et al., 2020; 
Li et al., 2022; Malaquias et al., 2020; Sadok et al., 2023; 
Taglia et al.,  2019; Tekin et al.,  2021; Yang et al.,  2022; 
Yao et al., 2018; Zeng et al., 2021), suggesting that this re-
gion plays an important role in MYORG, leading to PFBC. 
Therefore, more studies are recommended to investigate 
the correlations between mutation sites, pathogenicity-
implicated imaging findings, and clinical phenotypes. 
Notably, induced pluripotent stem cell lines have been 
generated from patients with PBFC (Yada et al., 2021) and 
may be a powerful tool to reveal the pathogenesis of PBFC 
and explore potential therapeutic candidates.

Currently, no specific prevention or treatment for PFBC 
exists, and existing treatment regimens are primarily used 
to control the disease symptoms. These may include med-
ications to manage seizures, movement disorders, and 
cognitive impairment, as well as therapies to support 
and improve the quality of life. However, no effective 
therapy has been developed to control the progression of 
brain calcification. Therefore, ongoing research is focused 
on developing new therapies that target the underlying 
mechanisms of the disease to control the progression of 
brain calcification. For example, recent studies have ex-
plored the potential use of agents to inhibit nonsense mu-
tation (Peters et al., 2020) or stabilize mutant proteins and 
facilitate their proper folding (Meek et al.,  2022). Other 
promising research avenues include reducing Pi intake, 
restoring normal Pi transport in the brain, and inhibiting 
cerebral cell ossification.

5   |   CONCLUSION

We report a novel pathogenic homozygous mutation 
(c.743delG: p.G248Afs*32) of the MYORG gene. We high-
lighted that screening for MYORG mutations in patients 
with primary brain calcification is important, especially 

younger patients without a family history. Moreover, 
MYORG monoallelic carriers may have brain calcifica-
tions, which may affect their health. Therefore, long-term 
follow-up and genetic counseling are recommended for 
these individuals.
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