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Abstract
Pelizaeus-Merzbacher-like disease (PMLD) is an autosomal recessive hypomyelinating leukodystrophy, which is clini-
cally and radiologically similar to X-linked Pelizaeus-Merzbacher disease (PMD). PMLD is characterized by early-onset 
nystagmus, delayed development (motor delay, speech delay and dysarthria), dystonia, hypotonia typically evolving into 
spasticity, ataxia, seizures, optic atrophy, and diffuse leukodystrophy on magnetic resonance imaging (MRI). We identified 
a 12-year-old Caucasian/Hispanic male with the classical clinical characteristics of PMLD with lack of myelination of the 
subcortical white matter, and absence of the splenium of corpus callosum. Exome sequencing in the trio revealed novel 
compound heterozygous pathogenic mutations in SNAP29 (p.Leu119AlafsX15, c.354DupG and p.0?, c.2T > C). Quantitative 
analysis of the patient’s blood cells through RNA sequencing identified a significant decrease in SNAP29 mRNA expression, 
while western blot analysis on fibroblast cells revealed a lack of protein expression compared to parental and control cells. 
Mutations in SNAP29 have previously been associated with cerebral dysgenesis, neuropathy, ichthyosis, and keratoderma 
(CEDNIK) syndrome. Typical skin features described in CEDNIK syndrome, such as generalized ichthyosis and kerato-
derma, were absent in our patient. Moreover, the early onset nystagmus and leukodystrophy were consistent with a PMLD 
diagnosis. These findings suggest that loss of SNAP29 function, which was previously associated with CEDNIK syndrome, 
is also associated with PMLD. Overall, our study expands the genetic spectrum of PMLD.

Introduction

Pelizaeus-Merzbacher disease (PMD; MIM #312080) is a 
rare, X-linked recessive hypomyelinating leukodystrophy 
with prevalence among males of 1:200,000–1:500,000. PMD 
is a prototypic hypomyelinating leukodystrophy (HLD) with 
classic clinical features including congenital nystagmus, 
developmental delay, ataxia, progressive spasticity, and dif-
fuse abnormality of the white matter on brain magnetic reso-
nance imaging (MRI). PMD is caused by mutations in PLP1, 
encoding for myelin proteolipid protein, a major protein 
component of central nervous system myelin (Madry et al. 
2010). The clinically similar disease, Pelizaeus-Merzbacher-
like disease (PMLD; MIM #608804), shares several features 
of PMD; however, patients with PMLD typically possess 
better cognitive and motor function. In addition, PMLD 
is usually inherited in an autosomal recessive manner in 
both males and females (Biancheri et al. 2013) and exhibits 
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genetic heterogeneity, given that the disease is caused by 
mutations in one of several genes (Supplementary Table 1).

We identified novel compound heterozygous mutations 
in SNAP29 (p.Leu119AlafsX15, c.354DupG and p.0?, 
c.2T > C) in a patient with the clinical features of PMLD. 
SNAP29 is a member of the SNAP25 gene family, encoding 
a soluble N-ethylmaleimide-sensitive attachment receptor 
(SNARE) protein that is important in prophase kinetochore 
formation during mitosis (Morelli et al. 2016). Loss-of-func-
tion mutations in SNAP29 have been reported in patients 
with cerebral dysgenesis, neuropathy, ichthyosis, and palmo-
plantar keratoderma (CEDNIK) syndrome (MIM # 609528). 
CEDNIK disease is characterized by microcephaly, severe 
neurologic impairment, psychomotor retardation, failure to 
thrive, facial dysmorphism, palmoplantar keratoderma, late-
onset ichthyosis, roving eye movement, and various degrees 
of cerebral dysgenesis on brain MRI. Epidermal knockout 
mouse models of SNAP29 show reduced body size, an ich-
thyosiform appearance, and die shortly after birth, confirm-
ing the importance of SNAP29 (Schiller et al. 2016). In addi-
tion, loss of SNAP29 has been shown to affect cell migration 
and endocytosis in CEDNIK patients (Rapaport et al. 2010).

In this report, we describe a male child with a PMLD 
phenotype consisting of congenital nystagmus, hypotonia, 
developmental delay, mild optic atrophy, and lack of myeli-
nation of the subcortical white matter on an MRI scan with 
improvement over time. Whole exome sequencing (WES) 
led to the identification of compound heterozygous muta-
tions in SNAP29, while no variants were detected in genes 
known to cause PMLD, such as AIMP1 and MAG. Addition-
ally, no variants were detected in HSPD1, a gene previously 
associated with leukodystrophy (Yamamoto et al. 2018). 
Clinical testing did not reveal any variants in PLP1 or GJC2, 
previously associated with PMD and PMLD, respectively. 
Our finding expands the spectrum of disorders associated 
with SNAP29 and suggests that SNAP29 mutations should 
also be considered in cases of suspected PMLD.

Case report

A 12-year-old Caucasian/Hispanic male was diagnosed with 
hypotonic cerebral palsy, whose findings include congenital 
nystagmus, muscle hypotonia, delayed development, lack of 
myelination in the subcortical white matter, and absence of 
the splenium of the corpus callosum. He was born by vaginal 
delivery, full-term and product of a second pregnancy to a 
21-year-old woman who had one healthy child (G2 P1-2). 
The pregnancy was uneventful, and the child weighed 7 lb 
2 oz. He showed mild neonatal jaundice, which did not 
require phototherapy, and was discharged home 24 h later 
as a healthy neonate. His mother noted oscillatory horizontal 
eye movements shortly after birth, and he took a long time 

to feed. He was very quiet, and hardly ever cried. Because 
of poor visual fixation and a head lag, he was referred to 
neurology and ophthalmology at 3 months of age. Initial 
examination revealed that the patient’s head circumference 
was at the 50th percentile. He did not fix and follow, had 
intermittent exotropia, mild optic atrophy, and continuous 
horizontal pendular nystagmus. He was hypotonic in his 
trunk and had a significant head lag. His strength seemed 
normal and his tendon reflexes were brisk; both the crossed 
adductor reflex and Babinski’s sign were present. MRI of 
the brain and orbits at 4 months of age was normal, without 
features of septo-optic dysplasia (Fig. 1a, b). Genetic testing 
(Nemours Children’s Hospital, Orlando, FL, USA) showed 
neither duplication nor sequence alteration of the proteolipid 
protein 1 (PLP1) gene.

The patient had global developmental delay, but 
made slow and steady progress. He started to roll over at 
14 months, but was not able to crawl or maintain sitting. By 
15 months, he could finger feed and hold a cup, but could 
not push up in a prone position. Examination continued to 
show pendular horizontal nystagmus, severe hypotonia and 
head lag on traction, preserved tendon reflexes, and Babins-
ki’s sign. No dysmorphic features or abnormalities of his 
skin were noted at that time. Follow-up MRI of the brain at 
21 months revealed absent splenium of the corpus callosum 
and normal myelination in the anterior corpus callosum, 
posterior limb of the internal capsule, and the cerebellum 
(Fig. 1c, d). There was diffusely abnormal myelination in the 
cerebral white matter of all lobes (centrum semiovale and 
subcortical white matter) suggestive of a leukodystrophy or 
severe delay in myelination. The optic nerves were small and 
the septum pellucidum was intact. A CT scan of the head at 
2 years showed no calcifications within the brain, but diffuse 
low density of the white matter.

At 3 years of age, he could not get to a sitting position. He 
was hypotonic in the trunk, and would flop forward if unsup-
ported. At 4 years, he could maintain sitting posture, was 
able to scoot on his back, could stand briefly with support 
and feed himself. At 5.5 years, he communicated primarily 
by signing, and knew 30–40 signs. He moved by rolling 
over or scooting on his back, and could propel himself in 
his wheelchair. At 6.5 years, he could manipulate his wheel-
chair, and could stand and take a few steps with support. He 
was learning to use a walker and a gait trainer. He learned 
to say a few words. The MRI scans were repeated when he 
was 5 (Fig. 1e, f) and 10 years old (Fig. 1g, h). Both these 
studies showed severely delayed or arrested myelination of 
the cerebral white matter with some myelination in the genu 
of the corpus callosum and the brainstem. The splenium of 
the corpus callosum was absent, unchanged from the scan 
performed at 21 months. Chromosomal microarray analysis 
(Oligo Array v. 6.5; Baylor College of Medicine, Houston, 
TX, USA) was normal. Screening for congenital disorders of 
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glycosylation (carbohydrate-deficient transferrin assay) was 
normal. Urine organic acids showed features of mild ketosis 
(elevated acetoacetate), plasma lactate was mildly elevated 
at 2.4 mmol/L (normal up to 2.2 mmol/L) and pyruvate was 
0.19 mmol/L (normal being 0.3–0.7 mmol/L). Genetic test-
ing for mutations in gap junction protein gamma 2 (GJC2) 
(Nemours Children’s Hospital, New Orleans, FL) was found 
to be negative. At 14 years of age, the patient was diagnosed 
by a dermatologist with acne in the face, chest and back, and 
some verruca papules (warts). He was considered to have 
areas of dry skin, and no signs of ichthyosis or keratoderma 
(Supplementary Fig. 1).

The clinical features characterized by the presence of 
early onset of nystagmus and absence of myelination initially 
led to the differential diagnosis of PMD. However, absence 
of a genetic diagnosis for PMD established Pelizaeus-Merz-
bacher-like disease (PMLD) as the primary diagnosis.

Results

Whole exome sequencing

Exome sequencing in the nuclear family led to the 
identif ication of compound heterozygous muta-
tions in SNAP29 in the patient: (a) c.2T > C (p.0?) 
in exon 1 (chr22:21213400:T > C), which shifts the 

in-frame translation initiation codon 65 codons down-
stream, and (b) c.354dupG (p.Leu119AlafsX15) in exon 2 
(chr22:21224735:T > TG) resulting in a frame-shift muta-
tion (NM_004782.3). These mutations were confirmed by 
Sanger sequencing in the patient by a CLIA-certified labo-
ratory (GeneDx, Gaithersburg, USA). The c.2T > C was 
reported by GeneDx in the homozygous state in a patient 
with CEDNIK features and was classified as pathogenic. 
The second variant (c.354dupG) was previously reported 
in a patient with CEDNIK syndrome (Farwell et al. 2015). 
Additionally, the variant was reported by Illumina Clinical 
Services Laboratory as a variant of unknown significance 
in a homozygous state. The same variant was also reported 
in ClinVar as a pathogenic by GeneDx in the homozygous 
state, but the phenotypic information is not available. The 
c.2T > C variant showed a combined annotation-depend-
ent depletion (CADD) score (Kircher et al. 2014) of 18.9, 
while the frame-shift mutation in the middle of the pro-
tein (p.Leu119AlafsX15) is expected to create a loss-of-
function allele. No other likely damaging candidate vari-
ants consistent with our patient’s phenotype were found in 
WES analysis (Supplementary Table 2). In particular, we 
did not identify any pathogenic variants in GJC2, HSPD1, 
AIMP1, MAG, TUBB4A, FAM126A, or RARS, genes causing 
HLD including PMD or PMLD (Feinstein et al. 2010; Los-
sos et al. 2015). Trio analysis indicates that the c.2T > C 
(p.0?) mutation was inherited from the father, while the 

Fig. 1   Evolution of Brain MRI findings with age—4  months, 
21 months, 5 years and 10 years. a–d Axial FLAIR images showing 
lack of myelination in the centrum semiovale and subcortical white 

matter. e–h Sagittal T1-weighted images showing stable truncation of 
the posterior corpus callosum (absent splenium)
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c.354dupG (p.Leu119AlafsX15) mutation was inherited 
from the mother.

RNA and protein expression

SNAP29 expression was significantly lower in the patient’s 
blood cells, compared to five unaffected and unrelated young 
controls (p = 0.003; fold change: − 0.6 ×; Fig. 2a, b). No dif-
ference in exon usage was seen between the patient and the 
controls. Western blotting analysis of the primary dermal 
fibroblast cells from the patient showed an absence of full-
length SNAP29 protein expression (Fig. 2c). However, the 
use of a c-terminal antibody does not exclude the expression 
of a short-truncated protein (p.Leu119AlafsX15) due to the 
frame-shift c.354dupG mutation. RNA sequencing analysis 
of the patient cells showed that the only transcribed allele 
of the SNAP29 gene included the c.2T > C allele, and that 
the maternally inherited c.354dupG frame-shift mRNA is 
not expressed and may have undergone nonsense-mediated 

decay (NMD), as would have been predicted in this case 
by the 50-bp rule. We also found upregulation of two 
gene-encoding proteins that directly interact with SNAP29 
(p = 0.014 and p = 0.030 for EHD1 and COX6B1, respec-
tively; Fig. 2a) in our patient’s blood sample. Genome-wide 
analysis also showed several genes that were significantly 
differentially expressed between the patient and the controls, 
shown in Supplementary Fig. 2.

Methods

DNA sequencing

Exome libraries were prepared with the TruSeq DNA sam-
ple preparation and Exome Enrichment kit (62 Mb; Illu-
mina, San Diego, CA, USA), following the manufacturer’s 
protocol. Sequencing was performed by 101 bp paired-
end sequencing on a HiSeq 2000 instrument (Illumina). 

Fig. 2   a Heatmap of the mRNA expression for SNAP29 and the 
mRNAs encoding the SNAP29-interacting proteins EHD1 and 
COX6B1 in the patient and five age-matched controls. SNAP29 
expression is significantly lower in the patient (p = 0.003 for EHD1 
and COX6B1). Expression of both interactors is upregulated in the 
patient compared to the controls (p = 0.014 and p = 0.030). Expres-

sion values are plotted as Rlog(counts). b Boxplot of SNAP29 mRNA 
expression in the patient and five age-matched controls. Expression 
values are plotted as Rlog(counts). c Western blot analysis of primary 
skin-derived fibroblast cell lysates from the patient, mother, father, 
and control were probed with mouse anti-B-actin (control, marked in 
green) and rabbit anti-SNAP29 (marked in red)
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Filtered reads were aligned to the human genome (Hg19/
GRCh37) using the Burrows-Wheeler transform (BWA-
MEM v0.7.8) (Li and Durbin 2009). PCR duplicates were 
marked using Picard (v1.128) and base quality recali-
bration, and indel realignment was performed using the 
Genome Analysis Toolkit (GATK v3.3) (McKenna et al. 
2010). Variants were called jointly with HaplotypeCaller, 
recalibrated with GATK, and annotated with dbNSFP 
(v3.1) and snpEff (v3.2a) for protein-coding events. Pre-
diction scores were loaded from dbNSFP (v3.1) and used 
for filtering (Cingolani et al. 2012). An annotated variant 
list was generated from the trios and variants were fil-
tered for known genetic models including de novo, reces-
sive, compound heterozygous, and X-linked. We utilized 
several methods to identify candidate variants from the 
exome data, such as population frequency by referenc-
ing the Exome Aggregation Consortium (ExAC) data-
base and Genome Aggregation Database (gnomAD) (Lek 
et al. 2016), Combined Annotation-Dependent Depletion 
(CADD) (Kircher et al. 2014), Genomic Evolutionary Rate 
Profiling (GERP) (Cooper et al. 2010), MutationTaster 
(Schwarz et al. 2010), and Polyphen 2 (Adzhubei et al. 
2010). Sanger sequencing was performed on the patient 
and his unaffected brother by the CLIA-certified labora-
tory GeneDx (Gaithersburg, MD, USA), and on the par-
ents by the authors. In short, the target areas of the gene 
were PCR amplified and capillary sequencing was per-
formed. A bi-directional sequence was assembled, aligned 
to reference gene sequences based on human genome build 
GRCh37.70/UCSC hg19 and analyzed for known familial 
sequence variant(s) (Applied Biosystems, Foster City, CA, 
USA).

Patient characteristics and sample collection

All subjects were consented into a research protocol at TGen 
(20120789). The study protocol and consent procedure were 
approved by the Western Institutional Review Board. Blood 
samples were obtained from the patient, a 12-year-old boy 
and his parents. Blood samples were also collected from 
five healthy, unrelated, age-matched controls. Fibroblast 
cell lines from the study participants were established from 
3 mm skin biopsy punches and cultured for 2 weeks in pri-
mary fibroblast media containing the following: Minimal 
Essential Media (Invitrogen, Carlsbad, CA, USA), 20% 
FBS (American Type Culture Collection, Manassas, VA, 
USA), Penicillin/Streptomycin and Amphotericin (Sigma-
Aldrich, St. Louis, MO, USA), and Plasmocin (InvivoGen, 
San Diego, CA, USA) (Villegas and McPhaul 2005). Writ-
ten informed consent for publication of clinical details and 
clinical images was obtained from the legally authorized 
representative and the participant’s family.

RNA sequencing

RNA was extracted from whole blood using the PAXgene 
Blood RNA Isolation Kit (Qiagen, Hilden, Germany), and 
prepared with the TruSeq RNA Library Preparation Kit v2 
(non-stranded; Illumina). Barcoded libraries were pooled 
(8-plex) and run on two lanes of a flow cell on an Illumina 
HiSeq 2000 instrument. Sequencing was performed using 
2 × 83 bp reads. The dataset was aligned to the current refer-
ence genome GRCh37 using RNAstar (v2.4.0) (Widmann 
et al. 2012), and quality control was performed using Picard 
RnaSeqMetrics (v1.128). Gene and exon read counts were 
generated using HTSeq (Anders et al. 2014). Normalization, 
differential expression analysis, and correction for multiple 
testing were performed with DESeq 2 (Love et al. 2014). 
We investigated SNAP29 expression and its direct interac-
tors. SNAP29 interaction partners were downloaded from 
BioGRID (v3.4). Resulting counts were transformed and 
plotted as regularized logarithms (rlog). Plots were made in 
R v3.1.2 (www.R-proje​ct.org). Heatmaps (Fig. 2a and Sup-
plementary Fig. 2) were made using Euclidean distances and 
the complete linkage clustering method using the heatmap 
R-package.

Western blotting

Fibroblast cells were lysed using 1 × Cell Lysis Buffer (Cell 
Signaling Technology, Danvers, MA, USA), including a 
Halt Protease and Phosphatase Inhibitor Cocktail (Sigma-
Aldrich, St. Louis, MO, USA). A BCA Protein Assay 
(Thermo Fisher Scientific, Waltham, MA, USA) was used to 
measure the protein concentration, and 50 µg of each lysate 
was used for western blotting. The samples were denatured 
at 70 °C for 10 min in Bolt Sample Reducing Reagent (Life 
Technologies, Carlsbad, CA, USA) and loaded onto a Bolt 
4–12% Bis–Tris gel, together with a SeeBlue Pre-Stained 
Standard (Life Technologies, Carlsbad, CA, USA), and elec-
trophoresed at 200 V for 32 min. The samples were trans-
ferred onto a PVDF membrane for 6 min at 12 V, using 
an iBlot 2 Dry Blotting System (Thermo Fisher Scientific, 
Waltham, MA, USA). The membrane was blocked in 5% 
goat serum for 1 h at room temperature, and incubated 
overnight with the following primary antibodies in filtered 
TBST: C-terminal rabbit anti-SNAP29 (1/500) (ab138500; 
Abcam, Cambridge, UK) or mouse anti-B-actin (1/1000) 
(8H10D10; Santa Cruz Biotechnology, Dallas, TX, USA) 
as a loading control. Next, the membrane was incubated in 
the following secondary antibodies in filtered TBST for 1 h 
at room temperature: anti-rabbit IgG (5366P; 1/5000; Cell 
Signaling Technology, MA, USA), anti-mouse IgG (5257P; 
1/5000; Cell Signaling Technology, MA, USA) and followed 
by four washes (5 min each) with filtered TBST and two 
washes (5 min each) with filtered PBS. The membrane was 

http://www.R-project.org
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visualized using an Odyssey CLx Imaging system (LI-COR 
Biosciences, Nebraska, USA).

Discussion

In the present study, we report compound heterozygous 
mutations (p.Leu119AlafsX15, c.354DupG and p.0? 
c.2T > C) in SNAP29 (22q11.21) associated with Peli-
zaeus-Merzbacher-like disease (PMLD). The c.354dupG 
(p.Leu119AlafsX15) SNAP29 mutation causes a frameshift 
and results in a premature stop codon. This variant is pre-
dicted to cause loss of normal protein function through pro-
tein truncation or nonsense-mediated mRNA decay. The 
other variant, c.2T > C (p.0?), either shifts the in-frame 
translation initiation codon 65 codons downstream, thereby 
completely disrupting the protein product, or prevents pro-
tein translation. Both RNA sequencing of peripheral blood 
samples (Fig. 2a, b) and western blotting (Fig. 2c) of protein 
extracted from patient-derived fibroblasts confirmed loss of 
SNAP29 expression, when comparing the affected individ-
ual to his parents and other controls.

Mutations in SNAP29 have previously been related to 
CEDNIK syndrome, identified by ichthyosis of late onset, 
palmoplantar keratoderma, microcephaly, facial dysmor-
phism or roving eye movement (Sprecher et al. 2005). All 
seven patients originally described by Sprecher et al. were 
from two unrelated consanguineous Arab families and pre-
sented with microcephaly, facial dysmorphism, psychomo-
tor retardation, palmoplantar keratoderma, and ichthyosis. 
The probands in the family shared the same homozygous 
1 bp deletion (c.220delG) resulting in a frameshift and a 
premature termination of translation. Another homozygous 
1 bp deletion (c.223delG) in SNAP29 was reported in two 
sisters from a consanguineous Jordanian family (Ben-Salem 
et al. 2015) and both were diagnosed with CEDNIK syn-
drome. Loss-of-function mutations by insertions in SNAP29 
(c.486insA) have also been reported (Fuchs-Telem et al. 
2011) in two siblings from a consanguineous Pakistani fam-
ily who showed a similar phenotype to CEDNIK patients 
described by Sprecher et al. A homozygous nonsense muta-
tion in this SNAP29 (c.85C > T) was reported in a Jordanian 
American patient with global developmental delay, dysgen-
esis of the corpus callosum, dysmorphic features, polymi-
crogyria, optic nerve dysplasia, and gaze apraxia (Hsu et al. 
2017).

As such, there is a consistency of Arab families to pre-
sent with SNAP29 mutations causing CEDNIK syndrome. 
In contrast, our patient is a Caucasian/Hispanic male who 
presented with congenital nystagmus, hypotonia, delayed 
development, mild optic atrophy, and lack of myelination 
of the subcortical white matter on an MRI scan, which 
improved over time. This phenotype is consistent with the 

hypomyelinating leukodystrophy Pelizaeus-Merzbacher dis-
ease (PMD). However, the child showed no mutations in 
the PMD-related gene (PLP1). The phenotype of PMLD 
is broad, however, our patient presented with a suggestive 
phenotype of PMLD such as nystagmus, motor develop-
mental delay, and central hypotonia during infancy. Signs 
of upper motor neuron dysfunction (including brisk tendon 
reflexes, and Babinski sign) and gait abnormalities were 
present. Brain MRI revealed severely delayed myelination 
of the cerebral white matter with some myelination in the 
genu of the corpus callosum and the brainstem. The presence 
of the hypomyelinating pattern is consistent with a PMD 
diagnosis. However, the presence of nystagmus, hypotonia, 
and hypomyelination along with the absence of mutation 
in gPLP1 gene known to cause PMD strongly suggest that 
the identified SNAP29 compound heterozygous mutation is 
a novel genetic cause of PMLD. Yet, some of the clinical 
symptoms such as hypotonia, delayed motor milestones, 
feeding difficulties, and abnormality of the corpus callosum 
observed in CEDNIK syndrome overlapped with our patient 
described here (Table 1).

SNAP29 is an essential protein that is expressed in 
neurons, oligodendrocytes, Schwann, and Purkinje cells. 
Schardt et al. reported SNAP29 expression in mice before 
birth, with levels increasing into adulthood, indicating the 
importance of SNAP29 throughout development and adult-
hood. SNAP29 interacts with Rab3A GTPase, and they both 
regulate neurotransmitter release at the presynaptic terminal, 
a very crucial role in exocytosis during glial cell myelination 
(Schardt et al. 2009). As a part of the SNAP25 family of pro-
teins, SNAP29 functions as a SNARE complex disassembly 
regulator and helps in the recycling of the components of 
this complex after fusion inside the cell (Su et al. 2001). As 
such, a mutation in SNAP29 would severely disrupt myelin 
formation, resulting in the neurodevelopmental problems 
seen in our patient.

Diggle et  al. (2017) described three boys previously 
diagnosed with a homozygous TUBA8 mutations (Abdol-
lahi et al. 2009) that could not be explained by the lack of 
phenotype in the TUBA8 knockout mouse model. Interest-
ingly, WES analysis confirmed a homozygous frameshift 
SNAP29 mutation (c.487dupA) to be the most likely cause of 
the phenotype for these patients, which include optic nerve 
hypoplasia and polymicrogyria (PMG), consistent with 
CEDNIK syndrome. However, the absence of dysmorphic 
features, palmoplantar keratoderma or peripheral neuropa-
thy in these patients could be an indicator of the different 
manifestation of the disease. In addition, SNAP29 has been 
described as a major modifier of variable expressivity in 
22q11.2 DS (McDonald-McGinn et al. 2013, 2015). Phe-
notypic variability was documented in a subset of patients 
with 22q11.2 DS who had hemizygous SNAP29 mutations 
on the non-deleted chromosome. As such, the presence of a 
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compound heterozygous mutation in SNAP29 in our patient 
is possible to cause a different phenotype from what has 
been observed so far.

An expanding number of Mendelian disorders have 
shown that mutations in the same gene can exhibit a wide 
range of phenotype and a broader clinical diagnosis (Zhu 
et  al. 2014). Genetic modifiers, epigenetic factors, and 
mutation location have been shown to cause dissimilar or 
overlapping phenotypes in Mendelian disorders. Our patient 
with compound heterozygous SNAP29 mutations adds to 
the numerous examples of the same gene causing different 
diseases.

Concluding remarks

We found compound heterozygous loss-of-function muta-
tions in SNAP29 in a patient with PMLD. This finding 
expands the spectrum of SNAP29-associated disorders.
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