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Abstract The mutation of vesicle-associated membrane
protein-associated protein B (VAPB) was proved to cause
family amyotrophic lateral sclerosis (FALS). Only two
mutations of VAPB associated with ALS have been reported
(p.Pro56Ser and p.Thr46lle). Here we reported a Chinese
Han FALS family caused by a novel VAPB point mutation.
The clinical materials of one Chinese Han FALS family
were collected. The genetic analysis was carried out by tar-
get sequencing and further verified by Sanger sequencing.
One novel mutation of c.167C>A (p.Pro56His) on VAPB
was found in the proband. The age at onset of the proband
was 48 with the onset symptoms of weakness in the right
arm, followed by progressive limb and trunk weakness with
decreased deep-tendon reflexes, muscular cramps and fascic-
ulation. But the disease duration was more than 15 years. He
was under the tracheotomy for 1 year at last visit. Electromy-
ography showed widespread acute and chronic neurogenic
damages. His mother presented weakness in her limbs in
50 s and died 15 years later. One of his younger sisters diag-
nosed as ALS for 6 years also carried the same mutation.
She presented the similar symptoms on 41. No dominant
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upper motor neuron sign was showed. The clinical features
were similar to the patients carrying the known mutation of
p.Pro56Ser. A novel mutation of VAPB was found in one
Chinese Han FALS pedigree. The affected patients presented
a much slower progression and the lesions were limited in
lower motor neurons.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a heterogeneous pro-
gressive neurodegenerative disease characterized by loss
of motor neurons in the spinal cord, brainstem and motor
cortex. The clinical manifestations are progressive weak-
ness with skeletal muscle wasting, dysarthria, dysphagia
and respiratory failure. It is a fatal disease typically lasting
3-5 years with respiratory failure being the cause of death.

Among all the cases, 5-10% are found to be familial
ALS (FALS) [1]. Since the first causative gene of the Cu/
Zn superoxide dismutase gene (SODI) on chromosome 21
was found in 1993 [2], near 30 causative genes of ALS have
been identified in FALS [3].

Vesicle-associated membrane protein-associated protein
B (VAPB), the causative gene of ALS8 (MIM 608627), was
first identified at 20q13.3 in a large white Brazilian family
with 28 affected members distributed across four generations
in 2004 [4]. ALSS is autosomal dominant inherited, shows
slow progression and expresses three principle phenotypes:
late-onset spinal muscular atrophy (LSMA), atypical ALS
and typical ALS [4]. Patients of ALS8 display mainly symp-
toms restricted to lower motor neuron function, however,
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some families have been reported on which show upper
motor neuron involvement as well [4, 5].

VAPB mutations are prevalent in Portuguese/Brazil FALS
patients with frequency up to 43.6% [6], primarily contrib-
uted to a founder effect [7], while in other populations, the
frequency of VAPB mutations in ALS patients is low [§-10].
For example, as a single pedigree, there have been reports
of this mutation in ALS patients from Germany, UK, Japan
and China [11-14].

Until now, only two mutations of VAPB have been identi-
fied in FALS patients. p.Pro56Ser [4] is the most common,
followed by p.Thr46lle, which is considered rare and has
only been reported in a single German FALS patient [12].
p.Val234lle [15] and p.Glal45Val [16] in VAPB were also
reported in one FALS patient from Japan and one SALS
patient from western countries, respectively, but neither
mutation was confirmed pathogenic (https://www.ncbi.nlm.
nih.gov/clinvar/).

Here we report on a novel mutation of p.Pro56His in
VABP found in a Chinese FALS pedigree and describe the
clinical characteristics of the family.

Methods
Clinical materials

The pedigree with autosomal dominant inherited family his-
tory was collected in the clinic of ALS at Huashan Hospital
(Shanghai, PRC). The clinical materials were investigated
in the proband (III:1) and one sibling (III:5; sister). Exami-
nations including electromyography (EMGQG), electrocardi-
ography, echocardiography and blood biochemical analysis
(serum creatine kinase, electrolytes, glucose, retinal and
liver function, thyroxine, thyroid-stimulating hormone and
sedimentation rate) were performed in the proband (III:1).
The sibling (II1:5) received an EMG and a blood sample
was collected for genetic testing. The diagnosis of ALS was
made according to the Awaji criteria [17].

The study was conducted after receiving written informed
consent from the patients. This study was approved by the
Institutional Ethics Committee of Huashan Hospital.

Genetic test

The genomic DNA was extracted from peripheral blood
using a whole blood genomic DNA extraction kit (Qiagen,
German). A panel of ALS related genes including VAPB was
designed (Supplementary Table 1). The genetic analysis was
performed by target sequencing as previously reported [18].
Briefly, all exons and their corresponding flanking regions
of the genes in the panel were selected as target regions.
Samples were prepared as an Illumina sequencing library
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and the sequencing libraries were enriched for these target
regions. The captured libraries were then sequenced using
Ilumina HiSeq 2500 Sequencer (Illumina, San Diego, CA).
All variants different from the reference sequence were fur-
ther screened by allele frequency < 1% according to 1000
Genomes Project (http://www.1000genomes.org/home),
Inhouse database, ESP6500 (evs.gs.washington.edu/EVS/)
and ExAC (http://exac.broadinstitute.org/). The synonymous
variants were excluded. The phenotypes of the remain-
ing genes were compared with the clinical features of the
proband. The inherited modes were considered to further
exclude the irrelevant genes. The databases including SIFT,
PolyPhen-2 and Mutation Taster were used to predict the
pathogenicity of the variants.

The candidate mutations were further confirmed by
Sanger sequencing, the procedure of which was as previous
reported [19].

PCR-restriction fragment length polymorphism analy-
sis was applied to detect the genotype of p.Pro56His in the
healthy controls from the community as previously reported
[20]. The primers were 5'-CCCAATCAGTCTCTGTCT
C-3' (forward) and 5'-CATCTTCTTCTGCTACACTGC-3'
(reverse) and the restriction enzyme was Hae III (Takara
Bio, China).

Since the frequency of C9orf72 expansion was rare found
in both FALS and sALS in Asian population [21, 22], we
perform a two-step polymerase chain reaction protocol to
detect whether the number of GGGGCC hexanucleotide
repeat was in normal range as previously reported [23,
24]. Briefly, in the first step, a repeat-primed polymerase
chain reaction assay was used to detect the size of the larger
expanded alleles using a touchdown thermocycling program.
In the second step, a FAM-fluorescent labeled PCR assay
was applied to detect the accurate genotype.

Results
Clinical evaluation

The pedigree originated from Zhejiang province in eastern
China (Fig. 1). Three individuals of two generations in this
family had symptoms. The proband (III:1) was a 63 years old
male patient. He presented with slight weakness in the right
arm at the age of 48. Subsequently, the weakness gradually
spread to the legs and the trunk. The weakness was more
severe in the legs compared to the arms. He also presented
with muscular cramps and fasciculation. The bulbar function
was less affected. He experienced breathing difficulty at age
61 and received a tracheotomy due to respiratory failure at
age 62. During his final clinical evaluation, at age 63, he
was unable to walk without help but still could raise his
arms. Under the tracheotomy, he could not speak, but could
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Fig. 1 Pedigree chart of FALS with p.Pro56Ser mutation on VAPB
gene. Arrow: proband; square: male; circle: female; slash: deceased;
solid symbol: affected. W/M and W/W represent the genotype of
VAPB. W/M: wild type/mutant; W/W: wild type/wild type

swallow normal food by himself. Decreased deep-tendon
reflexes were noted, while upper motor neurons were not
apparently affected.

EMG showed widespread (including cervical, thoracic
and lumbar regions) acute and chronic neurogenic damage.

His mother (II:5) exhibited similar symptoms in her fifties
and died 15 years later. One younger sister of the proband
(III:5) commenced showing similar symptoms at age 41.
No upper motor neuron signs were noted. EMG showed
widespread (including cervical, thoracic, lumbar and cranial
regions) acute and chronic neurogenic damages as well. Her
symptoms spread slowly and she continued to take care of
herself in daily life 6 years after diagnosis.

Mutation analysis

The mean depth of target sequencing of the proband was
373.43X. The percentage of the target region with mean
depth > 20X was 99.5%.

After screening by the variants frequencies, synonymous
status, inherited mode and clinical manifestations, only one
variants of ¢.167C>A (p.Pro56His) in VAPB (NM_004738)
was found, with the depth of 249X, related to the disease
of the proband. The variant was predicted to be damaging
by SIFT (value of 0.001), PolyPhen-2 (value of 1.000) and
MutationTaster.

The variant was performed in the proband and other fam-
ily members by Sanger sequencing (Fig. 2). His sympto-
matic sister (II:5) carried the same variant in VAPB while
his two asymptomatic brothers and one asymptomatic sister
(III:2, III:3 and III:4) did not carry this variant, which met
the family co-segregation.

Since p.Pro56His in VAPB had not been reported before,
it was investigated in 200 healthy controls of Chinese ori-
gin from the community (mean age 72.5 + 6.18), but no

variation was detected. The variant was highly conserved
across species (Fig. 2). According to the American College
of Medical Genetics (ACMG) guideline [25], the variant was
classified as likely pathogenic. Moreover, the structure of the
mutant vapb protein of p.Pro56His was changed compared
with the wild type predicted on a protein structure analysis
website (http://www.cmbi.ru.nl/hope/) (Fig. 3) [26]. The
mutation was predicted to cause loss of hydrophobic inter-
actions with other molecules on the surface of the protein.

The repeat number of GGGGCC hexanucleotide repeat
in C9orf72 of the proband was four, which was in normal
range.

Discussion

We identified a mid-adult onset FALS family of two gen-
erations carrying a novel mutation of p.Pro56His in VAPB.
The lesion was restricted to the lower motor neuron with
bulbar function being less affected. No tremor or upper
motor neuron signs were noted. The progression was slow,
taking 14 years for the proband to move from disease onset
to tracheotomy.

ALS caused by VAPB is rare. Until now, only 30 pedi-
grees have been reported worldwide, most of which originat-
ing from Brazil. p.Pro56Ser is the commonest variant seen
in the VAPB mutation. VAPB p.Pro56Ser mutation causing
motor neuron diseases displays heterogeneity of clinical phe-
notypes including LSMA symptoms (no bulbar symptoms
or pyramidal signs), atypical ALS (pyramidal signs or bul-
bar signs, but must have essential tremor) and typical ALS
[4]. Our patients presented with a similar symptom profile
to that of ALS8 as the atypical ALS subtype but without
tremor and with mild bulbar dysfunction. The patients car-
rying p.Thr46lle could also be classified into one of the three
subtypes of typical ALS but there was no phenotype—geno-
type relationship, which may contribute to the low frequency
of the VAPB mutations or some as yet unidentified genetic
factors.

Considering these patients carrying VAPB mutation,
all mutations of VAPB were detected in FALS (Table 1).
The age at onset varied from 30 to 73. The progress could
be rapid or slowly from 1 + to 30 + years. Some patients
showed tremor, cramps or fasciculation. The most com-
mon onset symptom was limb weakness. However, pain
was reported as the initial symptom in one Chinese VAPB
pedigree recently [14]. All patients had lower motor neu-
ron lesions, while upper motor neuron and bulbar function
were affected in few patients. Interfamilial and intrafamil-
ial heterogeneity could be seen in the families carrying
the same mutation [4]. Though the pedigree in the current
study carrying a novel VAPB mutation, the general clinical
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Fig. 2 Sanger sequencing of the family members. The genotype of VAPB was p.Pro56His in III:1 and III:5, p.Pro56Pro in III:2, I11:3 and I1I:4
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Fig. 3 The structures of vapb protein. a The overview of protein.
The protein is colored grey and the side chain of the mutated resi-
due is colored magenta. b Close-up of the mutation. The protein is
colored grey and the side chains of both the wild-type (green) and the
p-Pro56His mutant residue (red) are shown
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characteristics of the patients were in accordance to those
carrying other VAPB mutations.

Interestingly, the VAPB mutations can co-exist with other
ALS causative genes of SODI [6]. In this report, we did
not identify any mutations in other ALS genes including
C9orf72.

VAPB, as a member vesicle-associated membrane pro-
tein family of endoplasmic reticulum tail-anchored trans-
membrane proteins, was highly conserved and ubiquitously
expressed. The wide spectrum of VAPB interacting proteins
contributes to a great variety of physiological functions.
There are three domains in the protein including the major
sperm protein (MSP), the coiled-coil domain and the trans-
membrane domain. The MSP is composed of the first 150
residues and is conserved in all vesicle-associated membrane
protein-associated protein (VAP) family members [27]. Two
VAPB mutations, p.Pro56Ser and p.Thr46lle are both located
in the MSP. The p.Pro56Ser mutation has been shown to
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change the normal structures of MSP and affects its fold-
ing properties which exposes its hydrophobic patches and
renders the protein more prone to aggregation [28]. The
p-Pro56His mutation shares the same position as p.Pro56Ser,
leaving it possible that they affect the disease by the same
pathway, although this has yet to be investigated.

Conclusion

We reported on a Chinese Han FALS pedigree carrying a
novel VAPB mutation of p.Pro56His which had not been
reported before. The clinical characteristics include mid-
adult onset, long disease duration and lesions restricted to
lower motor neurons consistent to those of the atypical ALS
subtype ALS8 with the exception for essential tremor and
the less affected bulbar function. Further research is war-
ranted to focus on the pathogenesis of this mutation on ALS
development.
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