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Abstract 

Background:  Alexander disease (AxD) is a rare leukodystrophy with an autosomal dominant inheritance mode. 
Variants in GFAP lead to this disorder and it is classified into three distinguishable subgroups: infantile, juvenile, and 
adult-onset types.

Objective:  The aim of this study is to report a novel variant causing AxD and collect all the associated variants with 
juvenile and adult-onset as well.

Methods:  We report a 2-year-old female with infantile AxD. All relevant clinical and genetic data were evaluated. 
Search strategy for all AxD types was performed on PubMed. The extracted data include total recruited patients, num-
ber of patients carrying a GFAP variant, nucleotide and protein change, zygosity and all the clinical symptoms.

Results:  A novel de novo variant c.217A > G: p. Met73Val was found in our case by whole-exome sequencing. In silico 
analysis categorized this variant as pathogenic. Totally 377 patients clinically diagnosed with juvenile or adult-onset 
forms were recruited in these articles, among them 212 patients were affected with juvenile or adult-onset form 
carrier of an alteration in GFAP. A total of 98 variants were collected. Among these variants c.262C > T 11/212 (5.18%), 
c.1246C > T 9/212 (4.24%), c.827G > T 8/212 (3.77%), c.232G > A 6/212 (2.83%) account for the majority of reported 
variants.

Conclusion:  This study highlighted the role of genetic in AxD diagnosing. It also helps to provide more information 
in order to expand the genetic spectrum of Iranian patients with AxD. Our literature review is beneficial in defining a 
better genotype–phenotype correlation of AxD disorder.
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Introduction
Alexander disease (AxD) (OMIM #203450) is a rare leu-
kodystrophy first described in 1949 with usually infantile 
manifestation. The exact prevalence of AxD is not known, 

however a Japanese investigation estimated an incidence 
of 1 person in 2.7 million. This disorder belongs to a 
group of neurological diseases denoted as leukodystro-
phies affecting the central nervous system (CNS) white 
matter and characterized by  myelin sheath defects or 
abnormal development of myelin sheath [1, 2]. According 
to age of onset, AxD is classified in to three subgroups 
naming infantile, juvenile and adult forms [3]. Patients 
affected with infantile AxD present various symptoms 
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such as seizures, megalencephaly, developmental delay, 
progressive deterioration and increased neonatal patients 
severity within first two years after birth [4]. Juvenile 
form with the age of onset (2–14 years of age) is charac-
terized by symptoms including ataxia, hyperreflexia, bul-
bar symptoms. Juvenile form has milder progression and 
preserved cognitive and motor function comparing to 
infantile form. Adult AxD patients have more similarities 
to the juvenile form and manifest mainly spastic parapa-
resis, palatal myoclonus, bulbar symptoms and ataxia [5]. 
AxD is usually diagnosed based on the results of CT and 
MRI characteristic appearances—reference. Frontal pre-
dominance involvement, hindbrain involvement, medulla 
oblongata and cervical spinal cord atrophy are indicators 
of younger patients and patients with later onset, respec-
tively [6–8]. This autosomal dominant disorder is usually 
the consequence of defects in GFAP gene [9]. Sporadic 
cases should be mentioned briefly GFAP is located within 
chromosome 17q21 consists of nine exons spreading 
9.8  kb length encoding a 432 amino acid protein. This 
protein belongs to intermediate filament proteins and has 
considerable and key roles in astrocytes morphology and 
motility regulation and astrocytes and oligodendrocytes 
interaction. The exact and precise mechanism through 
which GFAP function is not completely understood, 
however, it is believed that gain of function mutations in 
GFAP affects and disrupts intermediate filaments dimeri-
zation leading to abnormal aggregation of proteins and 
cytoskeleton collapse [3, 10, 11]. GFAP identification and 
sequencing have increased the level of diagnosis accuracy 
and statistical analysis have evaluated the relationships 
between onset age and the GFAP genotype and its clini-
cal outcomes [12]. Nearly all of the GFAP disease-causing 
mutations are heterozygous single base-pair alterations 
located in the coding region especially in central rod 
domain conserved α-helices. The remaining mutations 
are near the N-terminus precoil domain and C-termi-
nal tail domain [3, 13]. In this study, we report a GFAP 
novel variant in a 2-year-old female affected with infan-
tile form and conduct a comprehensive review on all of 
the reported GFAP mutations in patients with adult and 
juvenile forms as well.

Methods
Case clinical features and demographic data
A 2-year-old female patient referred to Cardiogenetic 
Research Center, Rajaie Cardiovascular Medical and 
Research Center, Iran University of Medical Sciences, 
Tehran, Iran, suffering from developmental delay and 
vomiting during one year after her birth. She was born 
through cesarean delivery and she was the only child of 
one healthy non-consanguineous parents (Fig.  1A). Her 
birth weight and head circumference were 2350  g and 

33.9 cm, respectively. At age 24 months, she manifested 
some further symptoms including seizure and motor 
and speech delays. She could not also sit independently. 
The patient presented spasticity and increased deep ten-
don reflexes (DTRs). Further neurological examination 
also revealed ataxia and she had also gait disturbance. 
The clinical surveys of other available members of the 
pedigree were normal. After conducting clinical evalu-
ations and family history recording and genetic coun-
selling, whole-exome sequencing [14] was conducted 
for precise diagnosis. Identified candidate variant was 
confirmed and segregated in family members using 
PCR and direct Sanger sequencing. The study was per-
formed in accordance with the Helsinki Declaration and 
has been approved by the Rajaei Cardiovascular, Medi-
cal, and Research Center ethics committee (IR.RHC.
REC.1400.077).

MRI
Her first brain magnetic resonance imaging (MRI) at 
the age of 24 months indicated diffuse hyperintensity in 
periventricular and subcortical white matter of frontal 
and parietal lobes. Furthermore, basal ganglia indicated 
hyperintensity on apparent diffusion coefficient (ADC) 
maps. The brainstem and cerebellum had no abnormali-
ties. Her MRI suggested leukodystrophy or hypoxic–
ischemic encephalopathy. Her MRI reveals white matter 
involvement.

Whole‑exome sequencing
Informed consent was obtained from the proband’s par-
ents. DNA extraction was conducted according to salting 
out method. The quality and quantity of extracted DNA 
was checked by agarose gel electrophoresis and Nan-
oDrop (Thermo Fisher Scientific, USA). DNA sample of 
the proband (III-1) (Fig. 1A) was subjected to WES and 
was conducted using at Macrogen (Seoul, South Korea) 
and raw data (fastq) was analyzed by Cardiogenetic 
Research Center, Rajaie Cardiovascular, Medical, and 
Research Center, Tehran, Iran.

The short reads alignment with human reference 
genome (UCSC build37/hg19) was performed by BWA 
(http://​bio-​bwa.​sourc​eforge.​net/) [15]. Any alterations 
including insertions/deletions (indels), single-nucleotide 
polymorphisms (SNPs) and polymerase chain reaction 
(PCR) duplicates removal were detected using Picard 
(http://​picard.​sourc​eforge.​net/), SAMtools (http://​www.​
htslib.​org/) [16], and GATK (https://​www.​broad​insti​
tute.​org/​gatk/) [17]. After annotation by annovar (http://​
annov​ar.​openb​ioinf​ormat​ics.​org) [18], variants with 
minor allele frequency (MAF) < 0.05 were selected and 
filtered. In order to assess deleterious effects of variants, 
bioinformatics tools were applied including combined 

http://bio-bwa.sourceforge.net/
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Fig. 1  Genetic and protein changes of GFAP. A The pedigree of a family with Alexander disease. The black arrow indicates proband. Affected and 
unaffected individuals are represented by filled and clean symbols, respectively. B Sanger sequencing results show that a novel de novo variant in 
the GFAP was found in the proband (III-1) and normal sequence of her parents (II-4/II-5). C Conservation of p.Met73Val variant across various species 
has been shown. The variant site is highly conserved in various species. D, E Schematic view of GFAP and the position of mutation p.Met73Val
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annotation dependent depletion (CADD; https://​cadd.​
gs.​washi​ngton.​edu/​home) [19], sorting intolerant from 
tolerant (SIFT; https://​sift.​bii.a-​star.​edu.​sg/) [20], Muta-
tionTaster (http://​www.​mutat​ionta​ster.​org/) [21], pro-
tein variation effect analyzer (PROVEAN; http://​prove​
an.​jcvi.​org/​index.​php) [22], polymorphism phenotyping 
v2 (PolyPhen-2; http://​genet​ics.​bwh.​harva​rd.​edu/​pph2/) 
[23], genomic evolutionary rate profiling (GERP; http://​
mendel.​stanf​ord.​edu/​Sidow​Lab/​downl​oads/​gerp/), and 
CLUSTALW (https://​www.​genome.​jp/​tools-​bin/​clust​
alw).

Validation, and bioinformatics analysis
The validation of identified variant was confirmed in 
the proband and segregated in other family members by 
PCR and direct Sanger-sequencing. PCR was performed 
using specific primers (forward primer: TTC​ATA​AAG​
CCC​TCG​CAT​C, reverse primer: CGC​TTC​CAA​CTC​
CTC​CTT​TA) on a SimpliAmp Thermal Cycler (Thermo 
Fisher Scientific) and products were sequenced on an 
ABI Sequencer 3500XL PE (Applied Biosystems). The 
sequences were analyzed by CodonCode Aligner 7.1.2 
(https://​www.​codon​code.​com/​align​er/).

Search strategy and data extraction
The combination of following keywords GFAP and 
Alexander disease, “GFAP mutations” and GFAP” [title/
abstract] were used searching PubMed. Totally 954 arti-
cles were collected and after duplicate removal, 868 arti-
cles remained. The inclusion criteria include patients 
affected with juvenile and adult-onset form of AxD who 
carried an alteration in GFAP.

According to our defined inclusion criteria, nucleotide 
and protein change, zygosity, number of total recruited 
patients and GFAP carriers, main clinical symptoms 
were extracted from the selected articles (Table  1). All 
the collected variants were analyzed by different in silico 
tools such as Clinvar, SIFT, Mutation Taster, PROVEAN, 
GERP, ACMG, CADD and Polyphen-2 (Table 2).

Results
Our genetic investigation revealed a novel de novo path-
ogenic variant, c.217A > G (p. Met73Val) in the recruited 
patient. Segregation analysis in the proband’s parents 
confirmed the identified variant of WES (Fig.  1B). The 
sequence alignments of proteins displayed the variant 
occurred within a highly conserved amino acid across 
various species, which provides its essential perfor-
mance (Fig.  1C). Using schematic view of GFAP, the 
location of p.Met73Val was visualized. The identified 
variant is located on coil 1A of rod domain (Fig. 1D, E). 
Bioinformatic analysis by different tools such as Muta-
tion Taster, PROVEAN, PolyPhen-2, CADD, SIFT, and 

GERP categorized this variant as disease causing, neu-
tral (Score: -1.540), possibly damaging (Score: 0.526), 
PHRED: 21.8, damaging (Score: 0.005), and Score: 3.73, 
respectively.

Our search strategy and data extraction led to collec-
tion of 86 articles that met our defined inclusion crite-
ria. Totally 377 patients were recruited in these articles, 
among them 212 patients were affected with juvenile 
or adult-onset form carrier of an alteration in GFAP. 
202 mutations were reported and among them 98 were 
unique (without duplication). c.262C > T 11/212 (5.18%), 
c.1246C > T 9/212 (4.24%), c.827G > T 8/212 (3.77%), 
c.232G > A 6/212 (2.83%) were more frequent comparing 
to other fulfilled mutations. Our search analysis revealed 
that bulbar signs 115/212 (54.24%), ataxia 74/212 (34.9%) 
and spasticity 59/212 (27.83%) were the dominant clinical 
symptoms among carrier of GFAP variants (Fig. 2).

According to our analysis, mutations located on coil2B 
(24.74%) and coil1A (23.71%) constituted the majority 
of reported mutations in juvenile and adult-onset forms 
(Table  2). Among these 98 unique fulfilled variants 54 
and 35 variants were categorized as likely pathogenic and 
pathogenic, respectively (Table 2).

Discussion
Gain of function variants in GFAP are associated with 
different forms of AxD as a neurodegenerative disor-
der with autosomal dominant inheritance mode [3, 24]. 
GFAP is an important conserved intermediate filament 
protein with high expression level in astrocytes play-
ing a significant role in central nervous system (CNS). 
Altered GFAP loses ability of extracellular K+ clearing 
and gliotic tissue hyperexcitability as the consequence 
[25]. This leads to astrocyte function impairment, 
demyelination changes and aggregation of Rosenthal 
fiber [26]. A comprehensive search on variants causing 
juvenile and adult was conducted and all the collected 
variants were analyzed by different in silico tools. 
Besides, our genetic analysis revealed a novel de novo 
variant in GFAP naming c.217A > G results in a methio-
nine substitution to valine at codon 73 located in Coil 
1A. GFAP-α (alpha) is the most abundant form of GFAP 
consists of head coil domain followed by the rod (fila-
ment) domain. Rod domain is also composed of four 
coils (1A, 1B, 2A, 2B). Reported variants near or within 
coil1A are Met73Lys, Met73Thr, and Met73Arg [13, 
27–29]. Previous studies indicated that variants located 
within 1A, 1B and 2B domains may strongly cause 
severe form of AxD [13]. Met73Lys was first reported in 
a 7-month-old girl manifesting seizures and spasticity, 
but she did not indicate any bulbar signs or ataxia [27] 
and Met73Thr was reported in a 3-month-old girl. Her 
main clinical symptoms were macrocephaly, seizures, 

https://cadd.gs.washington.edu/home
https://cadd.gs.washington.edu/home
https://sift.bii.a-star.edu.sg/
http://www.mutationtaster.org/
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http://genetics.bwh.harvard.edu/pph2/
http://mendel.stanford.edu/SidowLab/downloads/gerp/
http://mendel.stanford.edu/SidowLab/downloads/gerp/
https://www.genome.jp/tools-bin/clustalw
https://www.genome.jp/tools-bin/clustalw
https://www.codoncode.com/aligner/
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spasticity, bulbar signs, and ataxia [13]. Met73Arg is 
the third variant within this region and was reported 
in a patient with juvenile form. Her initial symptom 
was strabismus. In addition to the above-mentioned 
variants, Met73Ile and Met73Arg located in coil1A 
are also reported for patients affected with adult-onset 

form [30, 31]. Most of the reported mutations in GFAP 
gene are de novo and with 100% penetrance [3, 32]. A 
study conducted by Xiaoxuan Song et  al. in 2021, two 
de novo mutations naming c.214G > A and c.1235C > T 
were reported in two unrelated individuals [33]. Both 
patients indicate regional neural activity increase. In 

Fig. 2  The clinical symptoms frequency among affected patients
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this study, patient who was carrier of c.1235C > T mani-
fests atrophy of grey matter mainly involving thalamus 
and bilateral putamen. Grey matter volume loss may be 
associated with disability in the long run [34]. AxD is 
inherited in autosomal dominant mode, however, in an 
investigation by Mu-Hui Fu et al.in 2020, a homozygous 
substitution naming c.197G > A (p.Arg66Gln) in a man 
with the onset age 16 was reported. This was the first 
report of a GFAP homozygous mutation [35].

Previous studies showed that c.715C > T (Arg239Cys) 
is the most common variant identified in Infantile 
AxD patients, however, c.262C > T (Arg88Cys) and 
c.1246C > T (Arg416Trp) are the two common variants 
of other two types. These variants are mainly located in 
Coil2B domain and Coil1A and therefore they are hot-
spot regions of GFAP. Our literature review indicated 
that bulbar signs, ataxia and spasticity constitutes the 
majority of clinical symptoms of GFAP carriers with 
juvenile and adult-onset AxD. A review conducted 
by Heshmatzad et  al. in 2021 revealed that 59.70% of 
infantile AxD patients carrying a GFAP alteration, 
manifest seizure, spasticity, macrocephaly, and devel-
opmental as the dominant clinical symptoms [36]. 
These results indicated that spasticity is one of the most 
important signs among all AxD groups. Despite all the 
promising results of DNA analysis, next-generation 
sequencing [37] implementation, further studies are 
needed to categorize GFAP  gene variants as a reliable 
genetic marker for AxD patients. There are only a few 
published articles investigating the genetics of Iranian 
patients affected with AxD [36, 38]. This fact highlights 
the important role of genetic in AxD diagnosis. More 
large-scale studies with the help of genetic analysis 
should be conducted in order to expand our knowledge 
of AxD.

Accession Number
The accession number of the variant in ClinVar is as 
follows:

NM_002055.5(GFAP):c .217A > G(p.Met73Val) : 
VCV001173085.1.
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