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Case Report

Aggregate formation analysis of GFAPR416W found in one case
of Alexander disease
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Abstract

Alexander disease (AxD) is a neurodegenerative disease in astrocytes caused by a mutation in the gene encoding glial fibrillary
acidic protein, GFAP. We herein present the case of a 12-year-old girl who showed intermittent exotropia at 3 years of age and cen-
tral precocious puberty at 7 years of age. The periventricular and medulla oblongata showed high signal intensity on T2-weighted
magnetic resonance imaging. The patient was diagnosed with AxD after direct sequencing revealing a de novo recurrent mutation,
c.1246C>T (p.R416W) in GFAP. The transient expression of GFAPR416W in cells resulted in the significant formation of aggregates,
which recapitulated the hallmark of AxD. We firstly utilized In Cell analyzer to prove the tendency of aggregate formation by
mutants of GFAP.
� 2018 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Alexander disease (MIM 203450; AxD) is a domi-
nantly inherited devastating degenerative leukoen-
cephalopathy caused by mutations in Glial Fibrillary

Acidic Protein (GFAP) [1,2] GFAP is an intermediate fil-
ament III protein that is expressed in astrocytes, non-
myelinating Schwann cells, and enteric glial cells [3].
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The pathological feature of AxD include cytosolic
aggregates, Rosenthal fibers (RFs), in astrocytes. RFs
are composed of misfolded GFAP proteins and chaper-
one proteins such as aB-crystallin and heat shock pro-
tein 27 (HSP-27). Similar type of aggregation were
also found in the iPSC-derived astrocytes from an
AxD patient [4]. AxD is classified into the early-onset
severe type and the later-onset mild type [5]. The infan-
tile type of the former classification corresponds to the
severe type, whereas both the juvenile and adult types
correspond to the mild type [6]. The clinical symptoms
of severe AxD include motor and mental retardation,
bulbar dysfunction, seizures, microcephalus, and
lsevier B.V. All rights reserved.
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typically early death in the first decade of life [1].
Patients with mild type AxD display muscle weakness,
spasticity and ataxia in the second or third decades of
life [5]. However, the genotype and phenotype correla-
tions are not fully understood.

We herein report the case of a patient with the mild
type AxD with c.1246C>T (p.R416W) in GFAP [7–9].
The patient presented precocious puberty and subse-
quent weight loss. We quantitatively compared the
aggregate formation of this mutation with the mild type
of c.772C>T (p.Arg258Cys) and the severe type of
c.715C>T (p.Arg239Cys) using In Cell analyzer.

2. Patient

The patient was the first child of non-consanguineous
and healthy Japanese parents. Her prenatal and perina-
tal periods were not remarkable. Her developmental
milestones were normal. Intermittent exotropia was
noticed at 3 years of age. At 7 years of age, her breasts
enlarged and the periventricular area showed a high
intensity on T2-weighted brain MRI. At 8 years of
age, her serum levels of LH, FSH, and E2 (hormones)
were elevated and her bone age was accelerated. She
was diagnosed with central precocious puberty and trea-
ted with GnRH analog and anabolic steroids at 11 years
of age.

Soon after the initiation of therapy, she presented
with weight loss without feeding problems and was
brought to the hospital. She then suffered several attacks
that last few second in which she experienced a loss of
consciousness in a month. Electroencephalogram was
unremarkable. At 12 years of age, she presented increas-
ing hiccups and belching with bouts of vomiting and
admitted to our hospital. A physical examination
revealed the following: body weight, 26.1 kg (�2.2SD),
height, 137 cm (�2.6 SD); head circumference, 53 cm
(50th percentile); and BMI, 13.9 kg/m2. Her breasts
were Tanner stage II, and she had axillary hair. A neu-
rological examination revealed dysphagia, weak grip
strength, and knee reflex accentuation, and scoliosis
was found. The other general physical examination
results were unremarkable. Serum laboratory examina-
tions revealed unremarkable. A cerebrospinal fluid anal-
ysis showed an increase in lactic acid 22.7 mg/dL and
pyruvic acid 1.29 mg/dL. Brain magnetic resonance
imaging (MRI) revealed an area of high signal intensity
along both lateral ventricles on T1-weighted imaging
(Fig. 1A) with contrast enhancement, and a periventric-
ular rim of decreased signal intensity surrounded by an
area of high signal intensity on T2-weighted imaging
(Fig. 1B). A high signal intensity was observed from
the lower medulla oblongata to the upper cervical cord
on T2-weighted imaging (Fig. 1C). Magnetic resonance
spectroscopy (MRS) showed decreased N-
acetylaspartate and increased choline and myo-inositol
in the brainstem (Fig. 1D). These imaging findings were
suggestive juvenile type of AxD.

3. Methods

3.1. DNA isolation and sequencing

Genomic DNA was extracted from peripheral white
blood cells using a QuickGene DNA Whole Blood Kit
S (Fujifilm, Tokyo, Japan) according to the manufac-
turer’s instructions. A PCR of all exons and exon–intron
boundaries of the GFAP gene (NM_002055.4) was per-
formed with specific primers using an Ex Taq PCR Ver-
sion 1.0 Kit (Takara, Shiga, Japan) according to the
manufacturer’s instructions (Supplemental Table 1).
The PCR fragments were sequenced using a BigDye
Terminator Cycle Sequence Kit (v1.1; Applied
Biosystems, Foster City, CA, USA). The patient and
her family provided their written informed consent for
the performance of genetic testing, which was approved
by the ethics committee of Kanagawa Children’s Medi-
cal Center.

3.2. Plasmids

The wild-type GFAP plasmid tagged with Turbo
green fluorescent protein (GFP) at C-terminal end was
utilized as an expression vector (pCMV6-AC-GFP;
Origene Technologies, RG204548, Rockville, MD).
Mutations of R416W, R258C, R239C were introduced
by site directed mutagene is using a PrimeSTAR�

Mutagenesis Basal kit (Takara, Shiga, Japan). The
entire sequences of the mutated fragment were con-
firmed by direct sequencing.

3.3. Immunofluorescence

HeLa and U2-OS cells were plated at 2 � 104 cells per
well in an 8 well chamber slide (0.8 cm2 per well; Thermo
Fisher Scientific, Inc., Waltham, MA). Cells were trans-
fected with each plasmids (DNA; 400 lg per well) using
LipofectamineTM-3000 (Invitrogen, Life Technologies,
Carlsbad, USA) for 30 h. After transfection, the cells
were washed twice with PBS and fixed with 4%
paraformaldehyde for 20 min. After 3 washes with
PBS for 5 min, the fixed cells were stained with Hoechst
33342 for 20 min at 37 �C. Coverslips were mounted
onto slides with 0.2% DABCO (Sigma, St Louis, MO).
Cells were visualized using a FluoViewTM FV1000 confo-
cal microscope (Olympus, Tokyo, Japan).

3.4. Automated High-throughput image acquisition and

analysis

HeLa and U2-OS cells were transfected with the wild
and mutant types of the GFAP plasmid in 96-well



Fig. 1. Cranial MRI findings: Brain magnetic resonance imaging (MRI) revealed an area of high signal intensity along both of the lateral ventricles
on T1-weighted imaging (A) and an area of decreased signal intensity on the periventricular rim that was surrounded by a region of high signal
intensity on T2-weighted imaging (B). High signal intensity was observed from the lower medulla oblongata to the upper cervical cord on T2-
weighted imaging (C). Magnetic resonance spectroscopy (MRS) showed decreased N-acetylasparate (NAA) and increased choline (Cho) and myo-
inositol in the brainstem (D).
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plates. After transfection, cells were washed twice with
PBS and stained with Hoechst 33342 for 20 min at
37 �C. Then, they were fixed with 4% paraformaldehyde
for 20 min at RT. An In Cell Analyzer 1000 (GE Health-
care, Little Chalfont, UK) was used for the automated
detection of aggregates. This instrument generates fluo-
rescence microscopy images of cell samples from a
multi-well plate format in an automated manner, then
performs an automated image analysis. Five images
per well were acquired with a 20 � objective and a
numerical aperture of 0.45. The nucleus of each cell
was detected by a blue DAPI filter (xenon lamp, excita-
tion at 360 nm and emission at 460 nm). GFP-GFAP
were detected using a green GFP filter (excitation at
480 nm, emission at 535 nm), and the cell shape was
detected on a bright field image. Images were analyzed
using the In cell Developer software program (GE
Healthcare). GFP-GFAP aggregate-positive cells were
defined as cells possessing aggregates of 1–10 lm in size.
The percentages of GFP-GFAP expressing cells with
aggregation (1–10 lm) were calculated. We repeated
this experiment 5 times. The data are expressed as the
mean ± standard error of the mean. Student’s t-test
was used for comparisons between 2 groups. P values
of <0.05 were considered to indicate statistical
significance.

The study protocol of this study is approved by the
Ethical Committee of Jichi Medical University.



Fig. 2. Panel A: Direct sequencing of GFAP. Arrows indicate mutation c.1246C > T (p.R 416 W) in exon 8 of helical domain 2A. This mutation was
not detected in parents (data not shown). 1A, 1B, 2A, 2B; helical domains of GFAP. Panels B and C: HeLa (Panel B) and U2-OS (Panel C) cells were
transfected with GFAPWT (a) and the mutant plasmids (b; GFAPR416W, c; GFAPR258C, d; GFAPR239C). Images were obtained by confocal
microscopy. The localization of GFAP-GFP was detected. The nuclei were stained with Hoechst 33342 (blue). GFAPWT showed fine mesh like
structures (a; Panels B and C). GFAPR258C showed bead-like fibrous aggregates of irregular thickness (white arrowheads) (b; Panels B and C).
GFAPR239C showed large aggregates (>2 mm) (arrows) (c; Panels B and C). GFAPR416W showed both bead-like fibrous aggregates of irregular
thickness (white arrowheads) and the fine dot pattern found in the wild-type (yellow arrowheads) (d; Panels B and C). Scale bars, 10 lm. Panel D:
The comparison of the percentage of aggregate-positive cells in WT and mutant-derived U2-OS and HeLa cell lines as measured by an In Cell
Analyzer 1000. An increase in aggregation was seen in mutants (GFAPR416W, GFAPR258C, and GFAPR239C) in both the HeLa and U2-OS cell lines.
The differences in comparison to WT were significant (*P < 0.05 by Student’s t-test) (D).
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4. Results

4.1. DNA sequencing

Sanger sequencing identified a recurrent de novo

heterozygous one base substitution in GFAP,
c.1246C>T (p.R416W) in helical domain 2A (Fig. 2A)
[1,8,10]. We investigated the consequences of this muta-
tion by comparing the in vitro transient expression of
mutant protein to that observed with other mutations
(the mild type of c.772C>T (p.R258C), and the severe
type of c.715C>T (p.R239C) [1].

4.2. Confocal immunofluorescence microscopy

The intracellular localization of wild-type GFAPWT,
and mutants (GFAPR416W, GFAPR258C, GFAPR239C).
GFAP was examined by confocal microscopy. In the
majority of cells, GFAPWT exhibited a mesh like expres-
sion throughout the cytoplasm in both HeLa and U2-
OS cells, similar to the expression observed in previous
studies (a, Panels B,C; Fig. 2) [11,12]. The mild type
mutant GFAPR258C showed a bead-like thick filamen-
tous pattern composed of small aggregates (�1–2 mm)
in both HeLa and U2-OS cells (b, Panels B,C; Fig. 2).
Severe type mutant GFAPR239C showed large, distinct,
aggregates (>2 mm) in the cytoplasm in both cell lines
(c, Panels B,C; Fig. 2). GFAPR416W and showed a mix-
ture of thick filamentous and small dot staining patterns
that shared the features of both wild-type and mild type
mutants (d, Panels B,C; Fig. 2).

4.3. Quantitative image analysis

We used an In Cell Analyzer to quantitatively count
GFAP aggregation in live images [13]. After transfection
in both HeLa and U2-OS cell lines, we quantitatively
counted the cells containing aggregates, which were
defined as circular green-stained areas of 1–10 mm in size
(Fig. 2D). This analysis revealed that the number of
aggregate-positive cells in the mutants (GFAPR416W,
GFAPR258C, GFAPR239C) was significantly increased in
comparison to the WT control (*P < 0.05, Fig. 2D).
We could not find significant differences between the
mutants.
5. Discussion

We reported the case of a patient with mild AxD with
a c.1246C>T (p.R416W) mutation in GFAP. This muta-
tion has already been reported in nine mild and two sev-
ere cases of AxD [1,7,8]. The biochemical character of
GFAP with p.R416W has been studied in adrenal cortex
carcinoma SW/cl.1, SW13/cl.2, and astrocyte U343MG
cell lines [11,12]. Both studies qualitatively showed the
aggregate formation by this mutation [11,12]. Recently,
it was reported in a patient with adult-onset AxD and a
non-symptomatic carrier [9]. Thus, to prove the
pathogenicity of this mutation, we examined the aggre-
gate formation of GFAPR416W in different cell lines
and quantitatively analyzed aggregate formation using
an In Cell Analyzer.

Firstly, we compared the expression pattern of this
mutant with the wild-type and GFAPR258C, GFAPR239C

mutants found in AxD. GFAPR416W showed cellular
localization and aggregate formation that are partially
similar to both mild type and wild type of GFAP. This
study suggest the modest tendency of aggregate forma-
tion by R416W mutation and may explain the mild clin-
ical phenotype of the patient.

Secondary, we quantified the aggregate formation of
GFAPR416W together with other mutations using an In
Cell Analyzer, which quantitatively proved a significant
increase in aggregates in cells that transiently expressed
GFAPR416W as well as other mutants. In Cell Analyzer
has been utilized for various types of quantitative anal-
yses [13]. To the best of our knowledge, it has been never
applied in the analysis of aggregate formation by
GFAP. There is no effective drug therapies for AxD.
This method, quantitatively detecting aggregate forma-
tion, seems feasible for drug screening of AxD.

In conclusion, we reported a mild type AxD patient
with p.R416W in GFAP with precocious puberty. We
firstly utilized In Cell analyzer to prove the tendency
of aggregate formation by GFAP mutation. In Cell ana-
lyzer would be a valuable tool to prove the functional
consequence by GFAP mutation and screen drug that
decrease aggregate formation, which is hallmark for
AxD.
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