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Abstract

Charcot—-Marie—Tooth (CMT) disease is the most common hereditary neuropathy. Mutations
in the periaxin gene (PRX) can cause CMT type 4F, an autosomal recessive neuropathy, which
is clinically characterized by slowly progressive distal muscle atrophy and weakness, with pes
cavus deformity of the foot, and the absence of deep tendon reflexes. To date, dozens of reports
of PRX mutations have been published worldwide, but none have been reported in Chinese
patients. Here, we describe a |4-year-old Chinese boy with neuropathy characterized by
slowly progressive limb weakness and atrophy, as well as sensory ataxia, whose cerebrospinal
protein levels were 1627 mg/L. Genetic analysis identified a novel homozygous mutation,
c.1174C>T (p.R392X), in exon 6 of PRX, which is the first case of its kind recorded in China.
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Introduction

The periaxin gene (PRX) is located on
chromosome 19q13.13-13.2 and encodes a
myelin-associated protein that plays an
important role in maintaining the stability
of myelin." Periaxin binds peripheral nerve
fibers to the cytoskeleton and functions in
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the development of peripheral nerve fibers.>
Abnormal PRX expression caused by PRX
mutations causes poor myelin generation,
demyelination, and other peripheral nerve
changes."*7 To date, dozens of patients
with PRX mutations have been reported
worldwide, including those with nonsense,
missense, and frameshift mutations.®
However, none of these mutations have
been found in Chinese patients. In this
paper, we report a novel homogenous
point nonsense mutation in PRX in a
14-year-old Chinese boy.

Case Report

The patient is a 14-year-old boy who is the
second child of healthy, nonconsanguine-
ous Chinese parents. He has a healthy
older sister. He started to walk at the age
of 1.5 years. Although his gait was clumsy
and he was prone to falling down, this did
not greatly affect his daily life. His symp-
toms progressed slowly. At the age of
7 years, the muscles in his limbs were so
weak that he had difficulty standing up
from a squatting position and could not
pick up food with chopsticks. He was also
noted to have scoliosis and pes cavus.
At the age of 14, he can still walk indepen-
dently and feed himself with a spoon.
Neurological examination revealed a
thin body habitus, scoliosis, and bilateral
pes cavus. He showed severe weakness and
foot eversion with no proximal muscle
involvement. His muscle weaknesses were
much more pronounced distally (a 4/5
Medical Research Council score) than
proximally (5/5). Sensitivities to pinprick,
touch, position, and vibration decreased
distally up to the knee and elbow level;
the vibration sensation was more severely
disturbed than pain sensations in all limbs.
Sensory ataxia and a positive Romberg sign
were also present. Deep tendon reflexes
were absent and pathologic reflexes were

negative. His gait was slightly broad-based
and unsteady.

Blood, urine routine, and stool tests were
negative, and his coagulation function and
blood biochemical tests, including hepatic,
renal function, glucose, lipid, and ion
concentrations, were normal. Tumor bio-
markers and autoimmune antibodies were
negative, and serum M protein was also
negative. Hepatitis B and C, syphilis, and
HIV tests were all negative. A lumbar punc-
ture revealed that the cerebrospinal fluid
(CSF) pressure was 175 mmH»0 (normal
range, 80-180 mm H,0), CSF leukocytes
were 1/mm® (normal range, 0-5/mm?®),
CSF protein levels were greatly elevated at
1627 mg/L (normal range, 150450 mg/L),
and the oligoclonal band of CSF
was negative.

A chest X-ray, electrocardiogram, and
transthoracic echocardiography found no
dysfunction. One cyst (1.1 x 0.8 mm) was
detected in the right kidney, but the other
organs were normal. Brain magnetic reso-
nance imaging (MRI) was also normal.
Spinal MRI detected spinal scoliosis, but
no abnormal signal was found. Fundus
examination was normal.

Electrophysiologic examinations revealed
absent compound muscle action potentials
(CMAPs) in the median, ulnar, peroneal,
and tibial nerves, and absent sensory nerve
action potentials in the median, ulnar, and
sural nerves. Motor nerve conduction veloci-
ty (NCYV) and sensory nerve conduction were
absent in all peripheral nerves. A needle elec-
tromyogram showed insertional activity (+),
spontaneous activity (4), and severely
reduced recruitment of motor unit potentials.
Motor unit action potentials had a prolonged
duration and increased amplitude (15.5ms
and 2793 uV, respectively, in the tibialis ante-
rior muscle, and 9.1 ms and 1174 uV, respec-
tively, in the first dorsal interosseous muscle).
The electromyographic examination was
consistent with  chronic reinnervation.
Electrophysiologic examinations of the
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Table |I. Electrophysiologic manifestation of the patient and his family members.

Patient Father Mother Sister
Nerves ltems (14 years) (48 years) (47 years) (20 years)
Motor
Right/left ulnar Distal latency (ms) NR 2.7/2.5 25 2.1
MNCV (m/s) NR 54.1/57.3 64.0 62.7
Amplitude (mV) NR 5.2/4.8 1.4 9.9
Right/left median Distal latency (ms) NR 3.1/3.1 33 2.6
MNCV (m/s) NR 55.7/57.4 61.5 62.3
Amplitude (mV) NR 6.4/6.9 29 7.8
Right/left peroneal Distal latency (ms) NR 3.3/3.6 2.7 3.1/3.8
MNCV (m/s) NR 41.6/45.3 47.9 48.6/47.7
Ampl (mV) NR 6.0/4.6 57 7.8/6.2
Right/left tibial Distal latency (ms) NR 4.1/13.9 3.1 33
MNCV (m/s) NR 40.1/41.6 45.8 51.1
Amplitude (mV) NR 8.7/9.9 1.8 17.3
Sensory
Right/left ulnar SCV (m/s) NR 57.1/59.9 58.7/55.9 59.3/54.4
Amplitude (1V) NR 14.4/26.6 42.6/44.3 45.1/55.9
Right/left median SCV (m/s) NR 62.2/62.5 56.1/54.3 61.2/56.4
Amplitude (nV) NR 27.3/18.2 39.8/44.1 64.0/47.4
Right/left peroneal SCV (m/s) NR 45.7/149.4 49.5/48.0 52.6/53.7
Amplitude (1V) NR 8.5/7.5 16.8/22.8 35.0/9.2
Right/left tibial SCV (m/s) NR 47.9/50.8 53.1/51.0 49.5/49.0
Amplitude (1V) NR 6.4/7.9 13.9/11.3 25.6/34.0

MCV = motor nerve conduction velocity; NR=not recordable; SCV=sensory nerve conduction velocity.

patient’s parents and sister showed that their
sensory nerve conduction and motor nerve
conduction were within normal ranges
(Table 1). The patient and his parents refused
muscle and nerve biopsy tests.

Because Charcot—Marie-Tooth disease
(CMT) is the most common hereditary neu-
ropathy with infantile onset and limb atro-
phy, we screened 39 CMT-related genes
using high-throughput sequencing technol-
ogy. This identified a homozygous muta-
tion, c.1174C>T (p.R392X), in exon 6 of
PRX that was the most likely cause of dis-
ease in the patient (Figure 1). This research
conformed to the Declaration of Helsinki
and was authorized by the Human Ethics
and Research Ethics Committees of Beijing
Hospital. Informed consent was obtained
from the patient.

Discussion

PRX on chromosome 19q13.13-q13.2 enco-
des periaxin, which is a vital structural pro-
tein for correct maintenance of the peripheral
nerve myelin sheath and for Schwann cell
compartmentalization. Periaxin has two iso-
forms generated by alternative splicing:
L-periaxin and S-periaxin.'? L-periaxin is
composed of 1461 amino acids and is located
mainly in the cell membrane and nucleus,
while S-periaxin contains only 147 amino
acids and is mostly found in the cytoplasm.
In immature myelin, periaxin proteins are
typically located near the axon membrane;
in mature myelin, they are further away
from the axon membrane.

L-periaxin  has four characteristic
domains: PDZ, nuclear localization signal
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Figure I. Causative homozygous point mutation, c.|174C>T (p.R392X), in exon 6 of PRX.

(NLS), repeat, and acidic.”'' The PDZ
domain interacts with proteins, peptide
ligands, and lipidosomes to form homoge-
nous or heterogeneous dimers,'”> while the
NLS domain mediates the export of
L-periaxin from the nucleus to the cytoplasm.
L-periaxin  stabilizes the dystroglycan—
glycoprotein complex by directly interacting
with  dystrophin-related  protein 2,
linking the basal lamina to the Schwann
cell cytoskeleton and contributing, together
with utrophin and extracellular laminin,
to the correct compartmentalization and
elongation of Schwann cells."*'* Acidic
domains may mediate protein—protein
interactions and enable L-periaxin to bind
to the cytoskeleton of Schwann cells or
transmit signals, leading to stabilized
myelin formation.'?

To date, dozens of patients have been
described with around 30 different PRX
mutations (Figure 2). These include non-
sense, missense, point, and frameshift
mutations, ">*152122  and  most affect
the synthesis of L-periaxin. Eleven patho-
genic  point mutations have  been
detected,!>*1622 of which one is a missense
mutation'>'® while the remainder are non-
sense mutations. Twenty-two patients were
reported to harbor homozygous nonsense/
missense mutations,'>*1¢2% of whom 14

are from three families'>*!” and the remain-

ing eight are sporadic. Half of the 22 patients
had consanguinity. Ten of the PRX frame-
shift mutation loci are pathogenic and affect
30 patients.>>17?>2% Twenty-four cases are
from Reunion Island,” suggesting that they
derive from the same ancestor. Complex het-
erozygous mutations are relatively rare, with
only six reported cases >!'>1¢21:22 of whom
two are from the same family.'® None of
the parents were inbred.

Most patients with PRX mutations have
an onset of symptoms as infants or young
children while others were middle-aged.'®
The main characteristics include motor retar-
dation, an unsteady gait, atrophy, weakness
in proximal and distal muscles, peripheral
sensory disorders, deep sensory disturbance,
and even sensory ataxia. Additionally,
patient extremities lack tendon reflexes,
and most patients develop dysmorphic fea-
tures including scoliosis, kyphosis, and
pes cavus. Electrophysiological examination
reveals an NCV that is undetectable or less
than 10cm/s, although some patients have a
NCV  >20cm/s.'”'®  Neuropathological
examination reveals a characteristic decrease
of myelin sheath fibers accompanied
by hypoplasia of myelin fibers, thin myelin
sheaths, and an ‘onion bulb’

appearance. 1,34,15-22
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Figure 2. PRX mutation sites according to the published literature. The same color indicates one patient

with two mutation sites.

Our patient had very high CSF protein
levels of 1627 mg/L, which compares with a
previous study reporting mildly elevated
CSF protein of 580 mg/L."> We propose
two reasons for this observed high increase
of CSF protein. First, PRX is expressed
in peripheral nerves where it maintains the
function of the peripheral nerve myelin
sheath and Schwann cell compartmentaliza-
tion. Therefore, PRX mutations may impair
peripheral neuropathy, leading to peripher-
al nerve demyelination and hypoplasia of
myelin fibers. Second, PRX is also
expressed in human cerebral capillary endo-
thelial cells where it establishes endothelial
tight junctions and plays an important role
in maintaining the brain-blood barrier
BBB function and reducing permeability.*®
Therefore, PRX mutations may reduce the
BBB function enabling molecules to leak
into the CSF.

The present study has some limitations.
First, we did not investigate the presence of
this PRX variant in healthy controls
because of limited sources; this should be
done in future studies. Second, we did not
measure CMAPs in proximal muscles. We
propose to detect these in the proximal
muscles of future patients if they demon-
strate similar symptoms to this present case.

In summary, inherited peripheral
neuropathy caused by PRX mutations is
characterized by early-onset distal limb

weakness and atrophy that is more severe
in lower than upper limbs. Sensory distur-
bance is prominent in affected patients,
especially deep sensory disturbance, which
is the main characteristic of this disease.
Most patients have pes cavus, scoliosis,
and other skeletal deformities, and most
show progressive disease. The oldest patient
reported in the literature was 60 years old.
Around 29% of patients carrying PRX
mutations are disabled;’ for example, a
patient carrying PRX C715X was deaf,'’
PRX D651N was detected in an individual
with hoarseness and vocal cord paralysis,'®
while PRX R82fsX96'” was associated with
weakness and atrophy of tongue muscles.
Therefore, the possibility of PRX mutations
should be considered in patients with distal
limb weakness and atrophy associated with
sensory disturbance, and further screening
of relevant gene loci is needed for diagnosis.

To the best of our knowledge, this is the
first patient of Chinese origin with a PRX
mutation. Additionally, this novel homozy-
gous nonsense mutation, c¢.1174C>T
(p-R392X), in exon 6 of PRX has not
been reported before. Although mutation
p.R392X has previously been documented
as pathogenic in a pair of compound
heterozygote nonsense mutations,21 we con-
sider it to be causative of disease in the pre-
sent case as a homozygous mutation. PRX
mutations may not cause severe early-onset
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CMT with autosomal recessive inheritance,
but the presence of early-onset prominent
distal limb weakness should justify genetic
testing of PRX mutations. Additionally,
CMT patients with extremely low or unde-
tectable sensory and motor nerve conduction
and high levels of CSF protein should be
considered for PRX screening.
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