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Abstract

Objectives: The objective is to investigate the clinical and genotypic 
characteristics of Charcot-Marie-Tooth disease, caused by HK1 gene mutation. 

Methods: The detailed medical history of the child was collected and the 
clinical symptoms were summarized. The genomic DNA was extracted from 
the 2ml of peripheral blood of child and their parents, and the whole exome 
sequencing was performed, and the related literatures were reviewed. 

Results: A 7-year-old girl with unstable walking for 7 months, left claudication, 
obvious valgus of left foot, unable to squate , unable to jump on one foot, grade 
IV of muscle strength of lower extremity and slight limitation of dorsal extension 
of left foot. Electromyography showed multiple peripheral neurogenic lesions 
(motor and sensory nerve demyelination with axonal damage, more severe in 
lower limbs than in upper limbs). Whole exome sequencing and PCR verification 
indicated that the patient had a homozygous deletion in exon 4 of HK1 gene, 
and the variation site was located in the range of chr10:71048499-71048526, 
which had not been reported before, and the associated disease was peroneal 
muscular atrophy type 4G. 

Conclusion: This study expands the number of reported cases of CMT4G 
and the mutation spectrum of HK1 gene, and provides reference for prenatal 
diagnosis and genetic counseling.
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followed by the GBJ1 gene that can cause CMTX (about 16.7%), 
the MPZ gene that can cause CMT1 and CMT2 (about 9.4%), and 
the MFN2 gene that can cause CMT2A (about 4.4%) [6,7]. Studies 
have found that in patients who have been diagnosed with CMT, the 
positive rate of these four genes can even reach 96% [6]. It can be said 
that CMT4G is a rare disease among the rare diseases. CMT4G is an 
autosomal recessive CMT, or AR-CMT, and its pathogenic gene is 
HK1. A case of CMT4G caused by HK1 gene mutation is reported. 
The clinical data of the child is as following.

Clinical data the child, a 7-year-old girl, came to our hospital 
on July 10, 2021 because of “more than 7 months of unstable gait”. 
The child developed normally in terms of language and intelligence, 
lagged behind in motor development since childhood, sat steadily 
at more than 8 months of age, at 16 months walked independently, 
running, jumping and other major movements lagged behind for the 
same age, the left foot valgus was obvious, the left foot could not squat 
& the left foot jump could not be completed (Figure 1A-C). There 
was no numbness in the limbs or any other sensory abnormalities, 
and denied the history of foot trauma. While pregnant with this 
child, the mother was G2P2 with normal term delivery and no 
abnormality during pregnancy and perinatal period. Parents were 
healthy, had consanguineous marriage; father’s grandmother and 
mother’s grandmother are cousins (Figure 1D). Physical examination 

Introduction
Charcot-Marie-Tooth disease (CMT), also known as Hereditary 

Motor Sensory Neuropathy (HMSN), is a group of the most common 
peripheral nerve single gene genetic diseases, with a high degree 
of clinical and genetic heterogeneity, the prevalence rate is about 
1max 2500 [1]. Its clinical features include: the average age of onset 
is about 12 years, progressive symmetrical muscle weakness and 
atrophy with sensory disorders in the distal extremities (lower limbs 
are more commonly involved than upper limbs), typical “crane 
leg-like” changes, in addition, some patients may have arched feet, 
spinal deformities and other manifestations [2]. The genetic mode 
of the disease includes autosomal dominant inheritance, autosomal 
recessive inheritance and x-linked inheritance, with autosomal 
dominant inheritance being the most common [3]. Since the discovery 
of the first case of CMT in 1991, with the clinical application of Whole 
Exon Sequencing (WES), the research of CMT has turned to the 
field of molecular biology. More than 100 genes have been found to 
be associated with CMT [4]. Due to the differences in pathological 
features and pathogenic genes, dozens of genotypes have been found 
in CMT studies, including CMT1, CMT2, CMT3, CMT4, CMT5, 
CMT6, CMTDI, CMTRI, CMTX and so on [5]. Of all the known 
pathogenic genes, the PMP22 gene that causes CMT1 is the most 
common, accounting for about 60.5% of all confirmed CMT cases, 
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upon admission: the child was well oriented with normal mental 
status, language expression & memory. Neck supple, unremarkable 
cardiopulmonary & abdominal examination, equal length of both 
lower limbs, no obvious limitation of hip and knee movement, 
normal muscle tension, normal muscle strength of both the upper 
limbs, lower limb muscle strength of grade IV. The lateral side of the 
left foot is slightly swollen, the dorsal extension is slightly limited, 
and both arches are high. Bilateral knee reflexes were not elicited, 
Kirschner’s sign and Brinell’s sign were negative, and bilateral Pap’s 
sign was also negative. Auxiliary examination: the pelvic radiograph 
is normal. No obvious abnormality was found in MRI of skull and 
spinal cord. Electromyography and nerve conduction: the amplitudes 
of CMAP waves in most of the examined nerves was grossly decreased 
or slightly decreased, bilateral tibial nerves had conduction block, the 
motor nerve MCV significantly slowed down (> 3SD), the shortest 
latency of F wave in the right median, ulnar nerve and bilateral tibial 
motor nerve was prolonged, and the H-reflex latency of bilateral 
tibial nerves was prolonged with waveform difference (Figure 2). 
The amplitudes of SNAP waves of sensory nerves decreased or did 
not elicit, with SCV slowing down. EMG: when the tested muscle 
was relaxed, some of the tested muscle showed positive spontaneous 
potential; when the muscle contracted slightly, the MUP shape of 
some of the tested muscle was broadened, and the oligo-set of heavy 
contraction of some of the tested muscles was slightly reduced. It is 
suggested that the comprehensive examination results of myoelectric 
changes of multiple peripheral neurogenic damage (motor and 
sensory nerve demyelination with axonal damage, lower limbs are 

more severe than upper limbs) suggest peripheral neuropathy.

In order to further confirm the diagnosis, with the informed 
consent of the guardian of the child, the peripheral blood samples 
of the child, his parents and brother were collected and sent to 
Beijing full Spectrum Medical Laboratory for gene sequencing, and 
the Sanger sequencing method was used for locus verification and 
pedigree verification. The sequencing results showed that exon 4 
of HK1 gene was homozygous deletion and the mutation site was 
located in the range of chr10:71048499-71048526. The proband 
of the mutation is homozygous (Figure 3A) and conforms to the 
pathogenesis of Autosomal Recessive inheritance (AR). The parents 
of the proband are carriers respectively (Figure 3B-C). In order to 
further confirm the results of diagnostic sequencing, the samples 
of normal control, children and family members were detected by 
fluorescence quantitative PCR, and the exon 4 of the target gene HK1 
gene was detected by using ALB gene as internal reference gene. The 
results showed that the ratio of copy number of exon 4 of HK1 gene 
in children was about 0 to that of normal controls, and the ratio of 
copy number of exon 4 of HK1 gene in father, mother and brother 
to normal controls was about 0.5 (Figure 3D). Combined with the 
clinical manifestations and auxiliary examination results, as well as 
the co-segregation of phenotypes and genotypes of the proband and 
his family members, the clinical diagnosis was CMT4G.

Discussion
CMT4G, also known as HMSN-Russe, is a typing of CMT. 

Figure 1A: No obvious deformity of the right foot; B: Obvious deformity of the high arch of the left foot; C: The deformity of the left foot is more obvious when the 
child is standing; D: IV: 1 is a female proband. Father’s grandmother (Ⅲ: 3) and mother’s grandmother (Ⅲ: 2) are cousins, and there is a phenomenon of close 
marriage in the family.
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CMT4G was first found in Gypsies. In 2000, Rogers et al discovered 
this independent autosomal recessive disease when they studied 
HMSN-LOW cases in Gypsies, and located it in 10q22-23 [8]. In 
2004, HMSNR was classified as CMT by ADeSandre et al for the first 
time, namely CMT4G [9]. The phenotype of CMT4G is more serious 
than that of CMT found in the past. Patients often find distal muscle 
weakness of lower extremities between the age of 8 and 16 years, 
while upper limbs are involved in different ages. With the increase of 
age, the symptoms gradually worsen. During the 40th to 50th years 
of the disease, the muscles below the knee will be severely disabled or 
even completely paralyzed, and in many patients, paralysis of muscles 
below the elbow can occur. In addition, there are a considerable 
number of patients with foot deformities or scoliosis. Loss of sensation 
is a prominent feature of the disease. In terms of nerve conduction, 
CMT4G showed a moderate decrease in Motor Nerve Conduction 
Velocity (MNCV) of the upper limb (ulnar nerve 31.9 ±7.05m/s, 
median nerve 32.0 ±6.8m/s), the amplitude of Compound Muscle 
Action Potential (CMAPs) decreased with the progression of muscle 
weakness and atrophy, sensory action potential loss, sural nerve 
biopsy specimens showed depletion of large myelinated nerve fibers. 
A large number of sparse myelin regenerated fiber clusters lead to an 
abnormal increase in the density of unmyelinated axons, and this rich 
regenerative activity is also the main feature of neuropathology in 
CMT4G [9,10]. The disease is an autosomal recessive demyelinating 
disease and a length-dependent axonal disease. The pathogenic gene is 
HK1 located in 10q22-23. HK1 encodes Hexokinase (HK). HK is not 
only the first catalytic enzyme in the metabolic pathway of glycolysis, 
but also a rate-limiting enzyme. The function of HK is to irreversibly 
catalyze glucose to glucose-6-phosphate, which plays a leading role 
in energy metabolism. HK1 is one of the four isozymes of HK, which 
is widely expressed in human body, mainly in red blood cells, brain, 
testis and other organs or cells [11]. Mutations in HK1 can cause 
autosomal recessive non-spherical cell hemolytic anemia, Autosomal 

Dominant Retinitis Pigmentosa (ADRP) and CMT4G [12]. At 
present, the pathogenic mechanism of HK1 mutation is not clear. 
Some studies have shown that HK1 may play a role in different ways: 
changing the regulation of myelin protein biosynthesis, disrupting 
axonal transport, or changing axon-Schwann cell interaction. The 
presence of abnormal myelinated fibers and the decrease of MNCV 
in sural nerve biopsies support the pathogenesis of primary myelin 
sheath disease. On the other hand, the obvious atrophy of proximal 
nerve and the retention of MNCV suggest that axonal disorder may 
also have an important role in this disease [9,10]. In addition, some 
scholars believe that HK1 mutation can lead to incomplete apoptosis 
and lead to CMT4G [10].

Taking “HK1 gene, peroneal muscular dystrophy” and “Hk1gene, 
CMT disease” as key words, we searched the articles included in China 
Journal full-text Database (CNKI), Wanfang data knowledge Service 
platform, National Biotechnology Center (NCBI) and Biomedical 
Literature Database (PubMed) from September to September 2021. 
A total of 5 related reports were found (all in English). At present, 
the reported HK1 mutations related to CMT4G include g.9712G 
> C, g.11027G > A, and c.19C > T, the first two of which appeared 
simultaneously in Gabrikova D et al’s 2013 report [13-15]. The 
homozygous deletion of exon 4 of HK1 gene was reported for the 
first time at home and abroad. In this case, the maternal grandmother 
of the father and the mother are cousins. The clinical symptoms and 
auxiliary examination results highly suggest peripheral neuropathy. 
Further whole exon sequencing showed that exon 4 of HK1 located in 
chr10:71048499-71048526 was missing, which has not been reported 
and may be a unique type in China. Fluorescence quantitative PCR 
analysis showed that exon 4 of HK1 was heterozygous deletion in 
parents and homozygous deletion in children, which conformed to 
the pathogenesis of Autosomal Recessive hereditary (AR) disease.

At present, 51 patients with HK1-related CMT4G have been 

Figure 2A: The amplitudes of CMAP waves in most of the examined nerves decreased or slightly decreased, bilateral tibial nerves with conduction block, the motor 
nerve MCV was significantly slowed down (> 3SD), the shortest latency of F wave in the right median, ulnar nerve and bilateral tibial motor nerve was prolonged, 
and the H-reflex latency of bilateral tibial nerves was prolonged with waveform difference. A Right moto tibial nerve. B: Left moto tibial nerve.
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reported, but it has not been reported in China. In the 2013 study of 
Sevilla T et al., 11 patients with CMT4G were found. Their clinical 
manifestations were as follows: distal muscle weakness of lower 
extremities (11amp 11), sensory loss (11pm 11), disappearance 
of reflex (11pm 11), foot deformity (11pm 11), scoliosis (5pm 11), 
MNCV < 38m/s (11pm 11). One patient found by Kanwal S et al 
in 2021 showed motor retardation, inability to walk alone for 15 
months, abnormal gait, muscle atrophy, loss of sensation, foot 
deformity and disappearance of knee reflex. The clinical phenotypes 
of the four known mutations were not significantly different, and 
the genotype-phenotypic correlation was not clear. The clinical 
manifestation of this case is basically consistent with the above cases 
reported abroad. Before, CMT4G was mostly seen in the Gypsy and 
other ethnic minorities. Because of the high rate of inbreeding within 
the family and the high incidence of some hereditary diseases, this 
case may be the first case of CMT4G reported in China. The child and 
his parents have no blood disease and no family history, which limits 
our further tracing to the source. At present, there are few reports 
about CMT4G in the world, and the pathogenesis of the disease is not 
well understood. The emergence of this child makes up for the gap in 
the research of CMT4G genetic disease in China, and further expands 
the gene spectrum of HK1. With the progression of our work, there 
may be more local samples, which further suggests about the different 
pathogenesis of CMT4G.

The diagnosis of CMT4G still depends on full exon sequencing 
technology, but due to economic reasons, the high cost of test is 
difficult for ordinary Chinese families to afford, and the test is 

Figure 3: HK1 gene exon deletion repetition diagram. A: The proband HK14 exon homozygous deletion. B: The father of the proband lost heterozygosity in exon 
HK14. C: The mother of the proband had no heterozygosity in exon HK14. D: HK1 gene exon 4 qPCR verification results; ALB-Q: internal reference gene; HK1-
4Q:HK1 gene exon 4; (note: the normal range of the ratio is 0.8-1.2). The ratio range of 1.25-1.75 is suspected to be haplorepeat, and the ratio range 1.75-2.25 is 
suspected to be double repetition. The ratio range of 0.35 is less than-0.75 is suspected to be heterozygous deletion, and the ratio of 0 is homozygous deletion).

relatively slow, which takes 1-2 months, and long waiting often 
delays the disease recognition. Therefore, there is an urgent need 
for a relatively cheap and rapid testing as a routine test to diagnose 
CMT4G more easily and quickly. Recently, Matthew J et al found 
that an increase in GDF15 protein could be detected in the serum of 
patients with almost all CMT typing [16]. It can be predicted that the 
highly sensitive diagnostic biomarkers of CMT will be added to our 
clinical work in the near future.

At present, the treatment for CMT4G is very limited. The expert 
Guide for Children CMT in 2021[17] recommends that for children 
with myasthenia gravis, rehabilitation exercise is the main treatment. 
External fixator is feasible for children with limited range of motion. 
Orthopedic surgery can be sought for children with joint or spinal 
deformities [18,19]. In terms of targeted molecular therapy, there 
have been clinical trials of ascorbic acid in the treatment of CMT, 
but the latest research shows that ascorbic acid cannot improve the 
symptoms of myasthenia gravis in children with CMT [20]. In recent 
years, with the improvement of medical level, CMT, a rare disease, 
has gradually entered everyone’s field of vision. PXT3033 and ACE-
083, two orphan drugs, are popular in the treatment of CMT1. In 
the completed clinical trials, both of them have considerable efficacy, 
especially PXT3033, and can even improve nerve conduction by 
inhibiting the over expression of pathogenic genes [21,22]. In addition, 
the study of coenzyme Q10 in the treatment of CMT2A has also 
attracted much attention [23]. However, CMT4G is rarer than other 
types, and the pathogenic genes and mechanisms are also different, 
so the efficacy of CMT orphan drugs on CMT4G is still unknown, 
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and we still have a long way to go for the treatment of CMT4G. In 
addition, many CMT patients are associated with limb pain caused by 
neuropathy, which can often be relieved by rehabilitation [24]. Many 
CMT patients suffer from mental illness, which is often neglected in 
our work [25]. The onset of this type of disease is early, the condition 
is more serious than other types, and the deterioration rate is very 
high, which has a great impact on their later study and life. For the 
patients with the disease, in addition to treatment, genetic screening 
should be carried out earlier, and early rehabilitation training may be 
the main treatment principle for a period of time in the future.
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