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Abstract 

Background  Charcot–Marie–Tooth disease comprises a large spectrum of clinically heterogeneous disorders. PLE-
KHG5 variants have shown an intermediate form of autosomal-recessive Charcot–Marie–Tooth disease C and distal 
spinal muscular atrophy IV. The purpose of this case study is to report a causative genetic defect associated with 
intermediate form of autosomal-recessive Charcot–Marie–Tooth disease C in an Iraqi consanguineous family.

Case presentation  Whole-exome and Sanger sequencing was used to identify probable gene defects in a 9-year-
old male affected by CMTRIC. We found a new single mutation (c.1844C > A; p.T615N) in the PLEKHG5 gene, located 
in exon 17 (NM_020631.6), causing a missense mutation that has been changed one amino acid. The mutation was 
homozygous in the patient and heterozygous in his parents.

Conclusion  Our results expand the PLEKHG5 pathogenic mutation spectrum related to intermediate form of autoso‑
mal-recessive Charcot–Marie–Tooth disease C  which is vital for screening and genetic diagnosis of the disease.
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Background
Charcot–Marie–Tooth (CMT) disease, also known as 
hereditary motor and sensory neuropathy (HMSN), 
encompasses a genetically and clinically heterogeneous 
group of disorders characterized by weakness, muscular 
wasting, and sensory loss usually most severe distally. At 
least 1 in 2,500 people are affected by this inherited neu-
romuscular disorder [1].

There are now > 100 genetic mutations identified as 
causative for CMT. Based on neurophysiology and nerve 
biopsy, CMT is classified into two subtypes, demyeli-
nating forms (CMT1) and axonal forms (CMT2). An 
intermediate group also exists with nerve conduction 
velocities, which overlaps the two main groups, and is 
subdivided into recessive intermediate CMT (RI-CMT) 
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and dominant intermediate (DI-CMT) by its pattern of 
inheritance [2].

Pleckstrin homology domain-containing, family G 
member 5 (PLEKHG5) gene encodes a guanine exchange 
factor specifically expressed in motor neurons, where it 
regulates the autophagy of synaptic vesicles. PLEKHG5 
gene plays essential role in the activation and regulation 
of RhoA signaling pathways, thereby controlling neu-
ronal cell differentiation and maintaining stable cell–cell 
contacts. Moreover, mutations in the PLEKHG5 gene are 
causing different forms of motor neuron diseases such as 
distal spinal muscular atrophy IV (DSMA4, also known 
as lower motor neuron diseases [LMND]) and interme-
diate Charcot–Marie–Tooth disease type C (CMTRIC), 
both of which inherited in an autosomal-recessive pat-
tern [3, 4]. Autosomal-recessive CMTRIC is a very 
rarely seen neurogenetic disorder [5]. Whole-exome 
sequencing (WES) technique is a particularly useful 
tool for understanding the molecular genetic causes of 
the CMT [6]. According to this evidence, we employed 
WES to identify the likely disease-causing genetic vari-
ants in a consanguineous Iraqi family affected by CMT. 
Here, we present the first consanguineous CMTRIC case 
due to a PLEKHG5 substitution mutation not previously 
described.

Case presentation
In the present study, there is an Iraqi family with a 
9-year-old male patient (Fig. 1), who was referred to the 
pediatric neurologists due to frequent outdoor falls and 

difficulty in climbing up stairs. The proband was deter-
mined to have a clinical diagnosis consistent with CMT. 
His parents mentioned that he had normal motor and 
mental development compared to his peers during 
infancy and childhood. In addition, the patient had not 
a family history of neuromuscular diseases. Neurologic 
examination showed limb–girdle muscular weakness. His 
parents also noted that he started experiencing difficulty 
in getting up from squatting position. Physical examina-
tion revealed scapula winging and absent deep reflexes. 
Creatine kinase (CPK) levels were slightly elevated, and 
metabolic screening of urine, lactate, and pyruvate levels 
was all within normal limits. During follow-up, motor 
regression was noted with a positive Gowers’ sign with a 
longer duration. In addition, he could not stand up from 
a sitting position without support. Neurological examina-
tion revealed atrophy of bilateral distal muscles and mus-
cle weakness, predominantly in the lower limbs. He had 
a 25-degree thoracolumbar scoliosis. Ophthalmic exami-
nation and hearing tests were in normal ranges, and also, 
his cardiac evaluation, including an echocardiogram and 
electrocardiogram, was within normal limits.

At his electrophysiological examination, motor nerve 
conduction studies (NCSs) and F-wave studies were per-
formed for the right tibial, ulnar, and peroneal nerves, 
and sensory NCSs were performed for the right median, 
ulnar, and bilateral sural nerves using standard tech-
niques. F-wave latencies were significantly prolonged 
in the median and tibial motor nerves. The ulnar and 
median motor and sensory nerve conduction velocities 

Fig. 1  Pedigree of family. Patient 1 was a 9-year-old affected male in the presented study. The parents of the affected son (3,4) are first cousins
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were slow. The ulnar and median motor and ulnar sen-
sory nerve conduction velocities were within normal 
ranges, while the median sensory nerve conduction 
velocity was slow. Bilateral sural nerve sensory action 
potentials could be obtained, but with very low ampli-
tudes. Fibrillation potentials and positive sharp waves 
were both significant active and chronic neurogenic find-
ings for the tibialis anterior, biceps, iliopsoas, and first 
dorsal interosseous muscles with needle electromyo-
graphy (EMG) examination. Myokymic discharges were 
found in the biceps muscle of the proband. The electro-
physiological study suggested a predominantly axonal 
sensory and motor polyneuropathy and some demyeli-
nating features. Finally, he was diagnosed as having CMT 
and we applied WES technique to identify the likely dis-
ease-causing mutations in the patient’s DNA that may be 
inherited from the patient’s ancestors.

We solely performed WES for the proband. For 
genomic DNA (gDNA) extraction from peripheral blood, 
a standard salting out method was used. The patient’s 
DNA was captured using SureSelect Human All Exome 
Kit V6 (Agilent Technologies Inc., Santa Clara, CA, 
USA) and sequenced those regions using the Illumina 
HiSeq 4000 machine (San Diego, CA, USA) as stated by 
the manufacturer’s protocols. The average read depth 
was more than 100 ×, and depth of 20 × or greater was 
achieved in 98.0% of the targeted genomic sequence. 
We detected a novel missense substitution mutation in 
exon 17 of PLEKHG5 gene (NM_020631.6: c.1844C > A; 
p.Thr615Asn), which indicates that this mutation is asso-
ciated with CMTRIC. This mutation predicts an altera-
tion in codon translation, and finally a change in one 
amino acid (threonine converted to asparagine).

Furthermore, the c.1844C > A; p.Thr615Asn mutation 
was classified as likely pathogenic according to the Amer-
ican College of Medical Genetics and Genomics (ACMG) 
guidelines. Bioinformatics software such as Mutation-
Taster, PolyPhen-2, SIFT, and CADD predicted that this 
mutation will be deleterious and disease-causing.

To co-segregate and confirm the presence of the path-
ogenic PLEKHG5 mutation, direct Sanger sequencing 
method for the patient and his parents was done. So, 
we have designed a specific set of primer pairs (forward 
primer: GGC​AGC​CAT​ATT​CCA​CAA​GT and the reverse 
primer: GGG​CAT​TGT​AAA​TGG​TGT​CC) to amplify 
the mutated site in the genome by PCR method. After 
amplification of PLEKHG5 sequences, we sequenced the 
PCR products directly on the automated genetic ana-
lyzer (Applied Biosystems 3130xl; USA) and the results 
are represented in Fig.  2. The sequences were blasted 
in NCBI website (http://​www.​ncbi.​nlm.​nih.​gov/​blast) 
and compared with normal sequences. Interestingly, 
this finding has not been reported in the other patients. 

Figure 2D shows the location of the novel variant of PLE-
KHG5 protein. The mutant amino acids are located in the 
highly conserved PH domain of PLEKHG5 gene, which 
includes a domain in 584–684 [3].

Discussion
In this study, WES method was applied to detect the 
causative genes defects related to CMT in an Iraqi fam-
ily. The index patient was a homozygous carrier for PLE-
KHG5 T615N mutation, and the parents of the patient 
were both heterozygous. Therefore, the NM_000249 
(PLEKHG5): c.1844C > A mutation is surely responsible 
for CMTRIC phenotype in the proband. This is the first 
Iraqi case of a CMTRIC phenotype caused by PLEKHG5 
gene mutation. So far, eight different PLEKHG5 muta-
tions have been recognized based on the Human Gene 
Mutation Database (HGMD; http://​www.​hgmd.​cf.​ac.​uk/​
ac/​index.​php), one of which presented childhood-onset 
LMND, whereas the other seven presented intermediate 
CMT, amyotrophic lateral sclerosis (ALS), and myopathy.

Hence, in this study, we investigated the disease-
causing mutation in a 9-year-old affected male, who 
had limb–girdle muscle weakness, and this condition 
was reported in almost all cases [7]. Distal sensory loss 
was reported in almost 1/3 of the patients. All of the 
patients had distal muscle weakness in the lower limbs. 
In contrast, in the current study, the patient had proximal 
muscle weakness in the lower extremities. However, the 
presence of areflexia, distal muscle atrophy, spinal cord 
abnormalities, and foot deformity was consistent with 
other defined cases.

Electrophysiological studies of patients showed pro-
longed motor latencies and their median motor nerve 
conduction velocities were slowed, the amplitudes of 
the sensory nerve action potentials (SNAP) were absent 
or decreased, and their conduction velocities were suf-
ficiently slowed in the affected nerves. Needle EMG 
showed muscle denervation in almost all of the patients 
[8, 9]. In the present case, intermediate polyneuropathy 
was detected moderately with predominantly axonal 
features evident with active and chronic denervation 
findings.

PLEKHG5 is predominantly expressed in the human 
peripheral nervous system, and the protein contains a 
Dbl homology (DH)–Pleckstrin homology (PH) motif, 
which is known as the minimal unit required for the 
nucleotide-exchange-promoting function of guanine 
nucleotide-exchange factors (GEFs) [2]. Recessive muta-
tions in the PH domain and PLEKHG5 gene were initially 
reported in a consanguineous family with early-onset 
diseases of the lower motor neuron (or DSMA4) and for-
mally have been associated with intermediate CMT. In 
more studies, cases with either pure LMND, distal and 
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proximal neuropathy with mild sensory involvement, or 
intermediate CMT have been documented [10]. Addi-
tionally, we reported the case of a 9-year-old Iraqi male 
who presented with CMTRIC with a novel homozygous 
mutation in PLEKHG5 gene (c.1844C > A; p.Thr615Asn), 
and this detected mutation affects a conserved residue 
and supports a positive pathogenic role for this gene in 
causing the CMTRIC.

PLEKHG5’s molecular functions and disease-asso-
ciated mechanisms are limited: Previously, only one 
homozygous substitution mutation, c.1940  T > C; 
p.Phe647Ser, was reported as a pathogenic mutation in 
PLEKHG5 gene associated with autosomal-recessive 
LMND. The site locates within the PH domain, and the 
mutation was suggested to affect the nuclear factor kappa 
B (NF-κB) activation. According to immunohistochemi-
cal results from the patient and immunocytochemical 
results obtained from mutants that have been cloned, 

mutant proteins have lower expression levels than wild-
type proteins. As a result, these data suggest that the 
patient with peripheral neuropathy is due to low levels 
of expression and NF-κB activation [2, 11]. Also, we pro-
posed that our identified Thr615Asn variant encodes an 
impaired PLEKHG5 protein that probably causes a defect 
in the activation of the NF-κB signaling pathway resulting 
in the CMTRIC.

Some studies revealed that mutations in PLEKHG5 
including c.1600-2A > G, c.1835_1860del, c.2308del and 
c.104del are associated with intermediate CMT disease 
[5, 10]. In this regard, Beijer D. et al. identified a homozy-
gous single PLEKHG5 mutation (p.Arg97Gln), predict-
ing an alteration in codon translation (arginine converted 
to glutamine), which affects the PLEKHG5 protein sta-
bility, resulting in CMT clinical manifestations [12]. 
Moreover, Kim HJ. et al., in their publication, reported a 
case of autosomal-recessive intermediate CMT disease 

Fig. 2  Sanger sequencing confirming homozygous c.1844C > A mutation in the patient (A) and heterozygous mutation in his parents (B, C).  
D Diagram structure of PLEKHG5 protein. Schematic of PLEKHG5 protein shows the locations of the pathogenic variant in humans
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with novel compound heterozygous (p.Thr663Met and 
p.Gly820Arg) variants in the PLEKHG5 gene [2]. Our 
report adds a novel variant to PLEKHG5 mutation 
spectrum and indicates that a missense c.1844C > A; 
p.Thr615Asn mutation probably causes PLEKHG5 dys-
function leading to the CMTRIC.

Finally, this detected mutation that inherited from 
patient’s ancestors is proposed as the cause of CMTRIC 
in the patient and the following evidence proves that 
this mutation can lead to the disease: 1—WES identified 
only this mutation as the cause of CMTRIC. 2—As can 
be seen in Fig. 2A, direct Sanger sequencing proved the 
mutation in the proband, and based on recognized het-
erozygote mutations in his parents, the pattern of inherit-
ance must be an autosomal-recessive for the PLEKHG5 
gene. 3—Bioinformatics software such as MutationTaster, 
PolyPhen-2, SIFT, and CADD predicted that c.1844C > A 
mutation is the pathogenic mutation for CMTRIC. 4—
Also, a substitution mutation in exon 17 of the PLEKHG5 
gene (c.1844C > A; p.Thr615Asn) in the PH domain of the 
protein (Fig. 2D), which is predicted to create new codon 
substitutions, can create a major problem in the PLE-
KHG5 protein. Based on our results, WES is an efficient 
approach of analyzing a patient’s DNA to discover the 
genetic cause of CMTRIC.

Conclusion
We have successfully applied WES in an Iraqi family for 
mutation screening within CMT-related genes and iden-
tified a novel substitution mutation in the PLEKHG5 
gene, thereby confirming previous reports that PLE-
KHG5 gene mutations are associated with CMTRIC. This 
study may be helpful in providing appropriate genetic 
counseling to the affected families and provides a new 
way to clarify the molecular mechanisms of the PLE-
KHG5 gene in CMTRIC.
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