Medicinski
podmladak

Mini review article

Medical
Youth

HEREDITARY NEUROPATHIES CAUSED BY MUTATIONS IN THE
GENE ENCODING PERIPHERAL MYELIN PROTEIN 22

HEREDITARNE NEUROPATIJE UZROKOVANE MUTACIJAMA U
GENU KOJI KODIRA PERIFERNI MIJELINSKI PROTEIN 22

Bogdan Bjelica'?, Vidosava Rakocevi¢ Stojanovic'~?

"Univerzitet u Beogradu, Medicinski fakultet, Beograd, Srbija
*Medizinische Hochschule Hannover, Hanover, Nemacka
? Univerzitetski klini¢ki centar Srbije, Klinika za neurologiju, Beograd, Srbija

Correspondence: bogdanbjelica@gmail.com

Keywords:

hereditary neuropathy,
PMP22,
Charcot-Marie-Tooth
neuropathy 1A,
hereditary neuropathy
with liability to pressure
palsies

Abstract

Mutations in the gene encoding peripheral myelin protein 22 (PMP22) can manifest as
Charcot-Marie-Tooth neuropathy 1A (CMT1A), in case of duplication, or hereditary neuro-
pathy with liability to pressure palsies (HNPP), in case of deletion. In rare cases, point muta-
tions in the PMP22 gene can occur, which can cause CMT1E and Déjerine-Sottas syndrome
(DSS). Both CMT1A and HNPP represent the most common inherited neuropathies. The age
of onset of CMT1A is manly in the first two decades, and the clinical features typically include
atrophy and weakness of distal muscles with or without loss of sensation, foot deformities,
such as pes cavus and “hammer” toe and reduced or absent muscle reflexes. Hereditary neuro-
pathy with liability to pressure palsies most often begins in the adolescence and typically pre-
sents in the form of transient and recurrent focal mononeuropathies with motor and sensory
symptoms and signs in the anatomical distribution of the affected nerve. Nerve conduction
studies (NCS) show a uniform decrease in nerve conduction in CMT1A. These findings in
HNPP show a diffuse, sensorimotor, demyelinating polyneuropathy with conduction blocks
and temporal dispersion at the sites of compression (medial nerve in the carpal tunnel, ulnar
nerve at the elbow and peroneal nerve at the fibular neck). Therapy of all hereditary neuropat-
hies, including CMT1A, is limited to symptomatic therapy, thus, physical therapy, corrective
surgical interventions, orthoses, and neuropathic pain therapy can be useful. The current
approach to managing HNPP revolves around preventing damage to peripheral nerves caused
by compression or stretching during prolonged activities and postures. Protective pads at the
elbows or knees can be useful to prevent compression and nerve injury, while corticosteroids
and physical therapy are indicated in the acute phase of the disease. The development of dise-
ase modifying therapies in CMT1A and HNPP is still ongoing.
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Sazetak

Mutacije nastale u genu koji kodira periferni mijelinski protein 22 (PMP22) mogu
se ispoljiti kao Sarko-Mari-Tutova (Charcot-Marie-Tooth) neuropatija 1A (CMT1A), u
slucaju duplikacije ili hereditarna neuropatija sa sklono$¢u ka kompresivnim paralizama
(HNPP), u slucaju delecije ovog gena. U retkim slu¢ajevima dolazi do tackastih muta-
tija u PMP22 genu, pri ¢emu mogu nastati CMT1E i Dezerin-Sotasov (Déjerine-Sottas)
sindrom (DSS). Najéeiée nasledne neuropatije su CMT1A i HNPP. Sarko-Mari-Tutova
neuropatija 1A najcesce pocinje u prve dve decenije Zivota, a u klinickoj slici su tipi¢no
prisutni izrazena hipotrofija i slabost distalnih misica, sa ili bez ispada u senzibilitetu,
deformacije stopala, poput ekskaviranog stopala (pes cavus) i ,¢ekic¢astog™ palca i sniZeni
ili odsutni misi¢ni refleksi. Hereditarna neuropatija sa sklonos¢u ka kompresivnim para-
lizama najcesce pocinje izmedu 20. i 30. godine Zivota i ispoljava se u vidu tranzijentnih
i rekurentnih fokalnih mononeuropatija sa motornim i senzitivnim simptomima i znaci-
ma u anatomskoj distribuciji zahvacenog nerva. Elektromioneurografskim ispitivanjem
(EMNG) dobija se uniformno snizenje nervne provodljivosti kod CMT1A. Nalaz EMNG
kod HNPP ukazuje na difuznu, senzorimotornu, demijelinizacionu polineuropatiju, uz
kondukcione blokove i temporalnu disperziju na mestima kompresije (medijalnog nerva
u predelu rudja, ulnarnog nerva u predelu lakta i peronealnog nerva u predelu glave fi-
bule). Terapija svih hereditarnih neuropatija, pa i CMT1A, uglavnom se svodi na simpto-
matsku terapiju, te od koristi mogu biti fizikalna terapija, korektivne hirurske intervencije,
ortoze, kao i terapija neuropatskog bola. Terapija HNPP se uglavnom svodi na prevenciju
kompresije nerva odredenim aktivnostima i polozajima tela. Zastita laktova i kolena ja-
stuci¢ima moze biti korisna kako bi se sprecila kompresija i povreda nerava, dok su u
akutnoj fazi bolesti indikovani kortikosteroidna i fizikalna terapija. Razvoj terapija koje bi
promenile tok bolesti i dalje je u toku.

Introduction

Hereditary neuropathies can be caused by muta-

tions in various genes. These genes encode proteins that

Primary hereditary neuropathies are inherited ne-
uropathies in which neuropathy is the main clinical ma-
nifestation of the disease. They can be classified in vario-
us ways, and one approach is based on the type of nerve
fibers affected and the mode of manifestation (figure 1).
This classification includes four groups: hereditary mo-
tor and sensory neuropathies (HMSN or Charcot-Marie-
Tooth group of neuropathies - CMT), distal hereditary
motor neuropathies (dHMN), hereditary sensory and
autonomic neuropathies (HSAN), and hereditary focal,
recurrent neuropathies (such as hereditary neuropathy
with liability to pressure palsies - HNPP and hereditary
neuralgic amyotrophy - HNA) (figure 1). Based on ele-
ctrophysiological criteria, CMT can be further divided
into: demyelinating (CMT1 and CMT4), axonal (CMT2),
and intermediate CMT (CMTX1) (1).

play crucial roles in maintaining the structure and fun-
ction of peripheral nerves, such as myelin proteins, ion
channel proteins, or proteins involved in axonal transport.
So far, more than 100 genes have been discovered that are
associated with CMT (2). Mutations occurring in the gene
that encodes the peripheral myelin protein 22 (PMP22),
located within the large chromosomal segment 17p11.2,
can manifest in multiple clinical forms. Duplication of the
PMP22 gene is expressed as Charcot-Marie-Tooth neu-
ropathy 1A (CMT1A), while deletion of this gene causes
HNPP (1). Rarely, CMT1A and HNPP can be caused by
point mutations in the PMP22 gene (1, 3).

Very rare diseases such as CMTI1E and Déjerine-
Sottas syndrome (DSS) can also be caused by mutations in
the PMP22 gene (they will not be further discussed in this
mini-review). The first form represents a demyelinating

‘ Primary hereditary neuropathies |

—

distal hereditary motor
neuropathies - dHMN

hereditary motor and sensory
neuropathies - CMT

hereditary sensory and hereditary focal,
autonomic neuropathies - HSAN recurrent neuropathies

hereditary neuropathy with liability to pressure palsies - HNPP Fi

hereditary neuralgic amyotrophy - HNA }47

Figure 1. Classification of primary hereditary neuropathies based on the type of nerve fibers affected and the mode of manifestation
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form of CMT due to point mutations in the PMP22 gene
and is histopathologically characterized by the presence
of cellular aggregates of PMP22 protein. Second form, the
DSS, is a demyelinating hereditary neuropathy that begins
in the first two years of life. It is characterized by nerves
with very thin myelin sheaths and consequently signifi-
cantly reduced nerve conduction velocities (< 12 m/s) on
nerve conduction studies (NCS), while nerve biopsies may
reveal formations resembling onion bulbs. It can be cau-
sed by mutations in the PMP22 or the myelin protein zero
(MPZ) gene (4).

Epidemiology

The most common group of hereditary neuropat-
hies and one of the most common neurogenetic disorders
is CMT (5,6). The crude prevalence of CMT in Belgrade
on December 31, 2007, was 9.7 per 100.000 for all CMT
subtypes. This prevalence represents the lowest reported
prevalence worldwide. The highest prevalence of CMT
was described in Norway (82.3 per 100,000) (7), followed
by Finland (34.6 per 100,000) (8).

Mutations in genes encoding the protein PMP22
(duplications and deletions), gap junction protein beta
1 (GJB1), myelin protein zero (MPZ), and mitofusin 2
(MFN2) are responsible for up to 90% of genetically confir-
med CMT cases in Western countries (9). Epidemiological
studies have shown that between 19.6% and 64.7% of pa-
tients with genetically confirmed CMT carry a duplicati-
on of the PMP22 gene (7,10). This results in a calculated
prevalence of CMT1A ranging from 1 per 3.800 to 1 per
12.500 (11).

The prevalence of HNPP is not well known (12). In
Finland, a prevalence of 16 per 100,000 has been descri-
bed (13). Foley et al. (10) described a prevalence of 7.3 per
100,000 in England. Finally, Ma et al. reported a prevalence
of 6.08 per 100,000 in their recent meta-analysis (6). There
is no available data on the prevalence of HNPP in Serbia.

Clinical manifestation

The clinical presentation of CMT1A can be highly
variable, ranging from asymptomatic cases to severe forms
of the disease. Nevertheless, the majority of CMT1A pa-
tients present with the “classic” CMT1 phenotype. Only a
small number of patients exhibit a phenotype similar to
DSS (14). By taking a thorough medical history in these
patients, valuable information is often gathered regarding
slower psychomotor development compared to their heal-
thy peers, as well as difficulties with walking, running, and
engaging in physical activities during their school years
(14). The disease typically begins in the first two decades
of life, although it can also manifest very early, between the
ages of three and five (15). The clinical presentation usu-
ally includes pronounced atrophy and weakness of distal
muscles, primarily affecting the muscles of the calves and
feet, and later the muscles of the forearms and hands. The
predominant weakness of the peroneal muscles leads to

a “steppage gait” and “drop foot” Additionally, most pa-
tients also exhibit foot deformities such as pes cavus and
“hammer” toe, giving the foot a characteristic appearance
known as “Friedreich’s foot” In later stages of the disease,
the legs of CMT1A patients may exhibit an appearance re-
sembling the “champagne bottle” or “inverted champagne
bottle”. Pronounced muscle atrophy in the hands typically
occurs in severe forms of the disease and leads to hand
deformities known as “claw hands.” Muscle reflexes are re-
duced or absent, with Achilles tendon reflexes extinguis-
hing first, followed by patellar reflexes. Axial and proximal
muscles are usually spared, although in some patients, mo-
derate proximal weakness and involvement of the phrenic
nerve leading to respiratory insufficiency may occur (16).
Cranial nerve involvement is rare in CMT1. The vestibu-
locochlear nerve is the most commonly affected cranial
nerve and is associated with hearing loss, which may be
present in approximately 5% of patients with CMT1A (17),
as well as in some cases of point mutations in the PMP22
gene (18,19).

Typically, HNPP manifests as transient and recu-
rrent focal mononeuropathies with motor and sensory
symptoms and signs in the anatomical distribution of the
affected nerve (3,14,20). However, the disease can also
present as mononeuritis multiplex (14). It typically starts
between the ages of 20 and 30, although there have been
reported cases with onset in the neonatal period and even
as late as the 80th year of life (3,13,21). In the majority of
cases (approximately 85%), the disease begins acutely and
without pain (3,22). The most common sites of involve-
ment are the median nerve in the carpal tunnel, the ulnar
nerve at the elbow, the radial nerve in the upper arm, and
the peroneal nerve at the knee (14). Isolated lesions of the
brachial plexus can also occur (23). It is usually reported
that the lesion of one or more nerves occurred following
trivial nerve compression (such as sitting with legs crossed
for a short period, sleeping on the arm, kneeling, leaning
on elbows, and similar activities) (14). The signs of muscle
weakness, atrophy, sensory deficits, and reduced muscle
reflexes can be observed (3). Cranial nerves are rarely affe-
cted in HNPP (24). Transient paralysis of the facial ner-
ve (25-27), trigeminal nerve (25,28), hypoglossal nerve
(25,29) and recurrent laryngeal nerve have been described
so far (30). Although not as common as in CMT1A, foot
deformities such as pes cavus and “hammer” toe can also
be observed in HNPP (3, 14). Symptoms of acute monone-
uropathy can last for weeks or months (14).

Nerve conduction studies

Motor conduction velocities in CMT1A are redu-
ced and typically range around 25 m/s in the upper limbs
(14, 15), while distal motor latencies and F-wave latencies
are prolonged. The electrodiagnostic findings indicate
symmetric and uniform reduction in nerve conduction
(15). CMT1A is characterized by a reduction in sensory
and motor conduction velocities in most examined nerves,
including those with normal clinical examination findings.
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Although it is a demyelinating neuropathy, secondary axo-
nal damage can occur, presenting as reduced compound
muscle action potential (CMAP) and sensory nerve action
potential (SNAP) on NCS (31). The severity of CMT1A
is not always correlated with nerve conduction velocities.
On the other hand, the CMT1A severity directly correlates
with reduced CMAP amplitudes and the absence of SNAP
(32).

Despite the presence of focal neuropathy in the cli-
nical presentation, NCS in patients with HNPP reveals
a diffuse, sensorimotor, demyelinating polyneuropathy
with conduction blocks and temporal dispersion at sites
of compression (median nerve at the wrist, ulnar nerve at
the elbow, and peroneal nerve at the fibular head) (3,14). It
has been shown that even in asymptomatic patients, some
electrophysiological changes in the examined nerves can
be seen (33).

Therapeutic approach

Symptomatic therapy

The treatment of all hereditary neuropathies, inclu-
ding CMT1A, primarily involves symptomatic therapy, as
there is currently no disease-modifying therapy available.
Physical activity is generwally advised. Various types of
orthoses and specialized orthopedic shoes can be benefi-
cial for maintaining joint stability in affected individuals.
Corrective surgical interventions are mostly recommen-
ded for CMT1A patients with severe foot deformities (15).
Patients should be advised to avoid toxic substances such
as alcohol and certain medications, as they can further
worsen the existing neuropathy. If a patient is diagnosed
with neuropathic pain, standard treatment for neuropat-
hic pain should be administered, which may include tri-
cyclic antidepressants, pregabalin, gabapentin, and other
appropriate treatments (14).

The symptomatic treatment of HNPP mainly focu-
ses on preventing nerve compression. Activities and body
positions that can cause nerve compression, such as sitting
with legs crossed, sleeping on the arm, kneeling, leaning
on elbows, and even rapid weight loss, should be avoided
(3,14,34). Using pads to protect the elbows and knees can
be beneficial in preventing nerve compression and injury
(3). Currently, it is not known whether decompressive sur-
gical intervention plays a significant role in the treatment
of HNPP in patients with carpal tunnel syndrome and ul-
nar syndrome (35). In the acute phase of the disease, cor-
ticosteroid therapy and physical therapy are indicated (14).
Heng et al. found that corticosteroid therapy can be bene-
ficial in patients with HNPP with prolonged or incomplete
recovery (36).

Development of disease modifying therapies

Substances such as ascorbic acid (37), progesterone
antagonists (38), PXT3003 (a combination of baclofen,
naltrexone, and D-sorbitol) (39), as well as antisense oligo-
nucleotides (40), have been investigated in preclinical and

clinical studies as potential therapeutic approaches that
could modify the course of disease in CMT1A. Despite si-
gnificant progress in understanding the pathogenesis and
molecular basis of CMT1A, no disease modifying therapy
has been approved in the treatment of CMT1A, so far.

Krauter et al. observed that inhibition of the PI3K/
Akt/mTOR signaling pathway has positive effects in mice
with HNPP phenotype. These effects include reducing ex-
cessive myelin growth, improving motor function, as well
as electrophysiological (increased CMAP) and histopatho-
logical (reduced tomacula formation) parameters. These
findings suggest that this signaling pathway could be a
promising therapeutic target in the treatment of HNPP
(41).

Conclusion

Both CMT1A and HNPP are isoallelic diseases cau-
sed by mutations in the PMP22 gene, which exhibit signi-
ficant clinical differences. They are also the most common
hereditary neuropathies. Currently, there is no adequate
therapy for CMT1A and HNPP, so treatment primarily fo-
cuses on alleviating existing symptoms. Further research
and clinical studies are of great importance to better un-
derstand these diseases and find an appropriate therape-
utic regimen.
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