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a b s t r a c t

Background: Congenital hypomyelinating neuropathy is a rare form of hereditary peripheral neuropathy
characterized by nonprogressive weakness, areflexia, hypotonia, severely reduced nerve conduction
velocities, and hypomyelination. Mutations in contactin-associated protein 1 (CNTNAP1) were recently
described as a cause of congenital hypomyelinating neuropathy. CNTNAP1-associated congenital hypo-
myelinating neuropathy is characterized by severe hypotonia, multiple distal joint contractures, and high
mortality in the first few months of life.
Methods: Whole-exome sequencing was performed in two siblings with congenital hypotonia. Detailed
phenotyping data were compared with previously reported cases.
Results: A novel, heterozygous compound mutation of CNTNAP1 was identified in both siblings. We also
reviewed 17 patients harboring 10 distinct mutations from previously published studies. All patients
presented with severe hypotonia, respiratory distress, and multiple cranial nerve palsies at birth. Six of
19 patients survived beyond infancy and required chronic mechanical ventilation. Seizures were com-
mon in the surviving patients.
Conclusions: These findings suggest that CNTNAP1-related congenital hypomyelinating neuropathy is a
distinct form of hereditary neuropathy that affects both the central and peripheral nervous systems with
no clear phenotype-genotype correlation. Our findings also indicate that arthrogryposis multiplex con-
genita and early lethality are not universal outcomes for patients with congenital hypomyelinating
neuropathy.

© 2018 Elsevier Inc. All rights reserved.
Introduction The clinical spectrum of CHN is associated with mutations in
Congenital hypomyelinating neuropathies (CHNs, OMIM
605253) are a rare group of hereditary peripheral neuropathies
presenting as hypotonia, areflexia, distal muscle weakness and at-
rophy, slow nerve conduction velocities, and hypomyelination of
nerve fibers.1,2 CHNs are clinically and genetically heterogeneous
and can be autosomal dominant or recessively inherited.
ict of interest.
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Burnet Avenue; MLC 4006;

n).
myelination genes, including myelin protein zero (MPZ),
myotubularin-related 2 (MTMR2), peripheral myelin protein 22
(PMP22), and early growth response 2 (EGR2).3-5 Homozygous
truncating mutations in contactin-associated protein 1 (CNTNAP1)
were recently described in four unrelated consanguineous families
presenting with multiple contractures at birth and reduced con-
duction velocities attributed to hypomyelinated axons.6

Here, we report two siblings from a nonconsanguineous African
American family with biallelic mutations in CNTNAP1. We also
performed a systematic review of research articles published from
1990 to 2018 in PubMed with the following search terms:
“congenital hypomyelinating syndrome,” “arthrogryposis multi-
plex congenital,” “CNTNAP1,” and “nodopathies.” We reviewed five
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FIGURE 2. Dysmorphology findings. Both siblings exhibited myopathic facial expression with absence of facial and orobulbar muscle movement, narrow face, flat facial profile, and
micrognathia. These dysmorphic facial features are secondary to facial nerve palsy. Pictures were obtained at six years for Patient 1 (P1) and at one year for Patient 2 (P2). The color
version of this figure is available in the online edition.
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previous publications and extracted phenotype and genotype
data.6-10
Patient Descriptions

Patient 1

This girl was born at 30-weeks' gestation via spontaneous
vaginal delivery. Decreased fetal movement was noted throughout
pregnancy. Prenatal ultrasounds revealed polyhydramnios. She
required resuscitation with positive-pressure ventilation and
intubation at birth. Micrognathia, generalized hypotonia, minimal
spontaneous movements, myopathic facies, multiple cranial nerve
palsies (i.e., bilateral vocal cord paralysis, bilateral sensorineural
hearing loss, facial diplegia, impaired gagging, and swallowing),
and areflexia were observed on initial examination. Joint contrac-
tures were not evident. A tracheostomy tube was placed after
multiple failed extubation attempts. She required surgical place-
ment of a gastrostomy tube for nutrition.

Brain magnetic resonance imaging (MRI) at three weeks of age
revealed delayed sulcation and myelination, consistent with pre-
maturity. A follow-up MRI at four months (not shown) revealed
prominent extra-axial spaces, delayed myelination, and moderate
ventricular enlargement, which had progressed at 10 months (Fig
1). Because of progressive enlargement of head circumference (z
score of þ3.25 at 10 months old) and cardiopulmonary decom-
pensation, communicating hydrocephalus was diagnosed, and a
ventriculoperitoneal shunt was placed at 11 months.

She had nonepileptic abnormal movements as a neonate and
experienced infantile spasms at nine months, which were treated
with adrenocorticotropic hormone therapy. Background
FIGURE 1. Brain magnetic resonance imaging findings. (A) Sagittal, (B) axial, and (C) cor
myelination pattern consistent with prematurity but otherwise no structural brain abnorm
strating prominent extra-axial spaces consistent with brain atrophy, delayed myelination, a
Patient 2 (P2) at one week, demonstrating delayed myelination interval developmental of di
volume loss. (J) Sagittal, (K) axial, and (L) coronal images of Patient 2 at three months.
electroencephalograph activity remained abnormal, withmoderate
slowing and multifocal spike waves. She is now six years old and
currently receives levetiracetam monotherapy, with no further
seizures. Her most recent neurological examination noted macro-
cephaly, myopathic facies, visual fixation without tracking, facial
diplegiawith intact eyelid blinking, global hypotonia of extremities,
focal spasticity, and limited spontaneous movements. She is
nonverbal, nonambulatory, feeding tube dependent, and ventilator
dependent when sleeping.
Patient 2

This boy was born at 35-weeks' gestation because of premature
rupture of membranes and preterm labor. Pregnancy was
complicated by prenatally diagnosed congenital pulmonary airway
malformation and polyhydramnios, requiring amnioreduction at
32-weeks' gestation. Fetal akinesia was not evident. After birth, he
required positive-pressure ventilation and intubation. Generalized
hypotonia, multiple cranial nerve palsies (including facial diplegia,
impaired gag, and vocal cord paralysis), minimal spontaneous
movements, and areflexia were noted on initial examination (Fig 2).
Joint contractures were not evident. He received surgical resection of
the congenital pulmonary airway malformation, and a tracheotomy
tube was placed after multiple failed extubation attempts.

Brain MRIs at one week and three months revealed diffuse
enlargement of ventricles and extra-axial fluid spaces, suggestive of
parenchymal volume loss (Fig 1). He also had progressive
enlargement of head circumference but did not require a
ventriculoperitoneal shunt. Although he had no clinical evidence
of seizures, background electroencephalograph activity was
abnormal, with excessive discontinuity. He is now eight months
onal images of Patient 1 (P1) at three weeks, demonstrating delayed sulcation and
alities. (D) Sagittal, (E) axial, and (F) coronal follow-up images at 10 months, demon-
nd moderate ventricular enlargements. (G) Sagittal, (H) axial, and (I) coronal images of
ffuse enlargement of ventricles and extra-axial fluid spaces, suggestive of parenchymal



FIGURE 3. Electron microcopy findings of sural nerve biopsy. (A) All fascicles of this mixed myelinated sensory nerve exhibited uniform hypomyelination, with a striking absence of
large-diameter myelinated axons. Endoneural stroma was not conspicuously increased, and no inflammatory infiltrate was apparent. Inset: Myelin thickness and axon caliber in
patient sural nerve (below) and control sural nerve (above); magnification, �400. (B, C) Individual teased healthy sensory axons of different calibers show uniform hypomyelination.
Internodes of Ranvier (arrows) are wider for Patient 1 than for control tissue and are flanked by tapered zones of increasing hypomyelination. Attached to the outside of each axon
are the fine filaments of excess stroma. The color version of this figure is available in the online edition.
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old, feeding tube and tracheostomy tube dependent, and requires
24-hour ventilatory support. His most recent neurological exami-
nation was similar to that of his sister's, although he kicks his legs
more actively and will pull away when stimulated.

Clinical findings

No prenatal genetic testing was performed for Patient 1. Routine
chromosome analysis revealed a 46, XX karyotype, and single-
nucleotide polymorphism microarray findings were non-
anomalous. Serum creatine kinase, lactate, pyruvate, ammonia,
amino acid profiles, urine organic acids, cerebrospinal fluid neu-
rotransmitters, and lysosomal enzymes were all within normal
range. Electromyography and nerve conduction velocity performed
at four months revealed mixed demyelinating and axonal motor
peripheral neuropathy. At 10 months, she received skeletal muscle
and sural nerve biopsies. The muscle biopsy revealed type 1 myo-
fiber size disproportion. The nerve biopsy revealed reduced



FIGURE 4. Ultrastructure of hypomyelinating peripheral neuropathy. (A) Cluster of variably hypomyelinated axons with differing diameters. Periaxonal stroma is variably increased.
Scattered small autonomic fibers are interspersed. (B) Severely hypomyelinated axon is enclosed within ample cytoplasm of a Schwann cell with duplicated basement membrane
(upper right). (C) Extensive degeneration of inner myelin layers of a hypomyelinated but otherwise healthy axon. (D) Axon profile at the node of Ranvier is partially myelinated. The
tapered myelin laminae at the node (arrow) appear healthy for this site. Fragmented excessive basement membrane material (upper left) is abnormal.
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numbers of large myelinated axons and abnormally thin myelin in
smaller axons, consistent with mild hypomyelination (Figs 3 and 4).
Because active demyelination or remyelination was not evident on
nerve biopsy, the possibility of a CHN was considered, and a CHN
genetic panel (including MPZ and EGR2) was performed by Athena
Diagnostics (Marlborough, MA). The CHN panel was negative for
pathogenic variants.

Because of generalized hypotonia, Patient 2 received a clinical
evaluation for neonatal hypotonia. Electromyography and nerve
conduction velocity revealed very similar findings to those of his
sister. Given similar clinical findings and previously unresolved
genetic evaluations, we performed whole-exome sequencing of
both children and their parents. We identified compound hetero-
zygous c.413_417delACTTC (p.His138Profs*121) and c.1754G>A
(p.Cys585Tyr) variants in CNTNAP1. The first variant is a five-
nucleotide deletion (c.413-417) that creates a premature of stop
codon 120 nucleotides downstream of the variant. This deletion
occurs in a position much earlier than other previously reported
frameshift variants in CNTNAP1 (Table) and is expected to exert a
loss-of-function effect because of nonsense-mediated decay or by
translation of a nonfunctioning or abnormal protein. The missense
variant (c.1754G>A) affects a highly conserved nucleotide and
amino acid and is predicted to be deleterious by sorting intolerant
from tolerant, PolyPhen-2, and MutationTaster. This variant has not
been reported in any disease-specific or gene-specific databases,
such as ClinVar or human gene mutation database, nor has it been
reported in the 1000 Genomes or National Heart, Lung, and Blood
Institute exome sequencing project control data sets. Although
further functional studies are needed to confirm pathogenicity of
this missense variant, the clinical presentation of the patients
supports the pathogenicity of this variant.

Systematic review

We reviewed 17 previously reported patients from nine unre-
lated families with confirmed mutations in CNTNAP1 (Table). All



TABLE.
Clinical Features of Molecularly Confirmed Cases of CNTNAP1-Related Congenital Hypomyelinating Neuropathy

Case No. Reference Patient
Code

Mutation PH FA RD Hypotonia Areflexia CNP MGN CP AMC ICV Hypomyelination
(Nerve Biopsy)

Seizures BA Age at Death

1 * P1 p. [H138PfsX121];
p. [C585Y]

þ þ þ þ þ þ þ � � þ þ þy þ Alive at 6 yearsz

2 * P2 p. [H138PfsX121];
p. [C585Y]

þ � þ þ þ þ þ � � þ þ � þ Alive at 8 monthsz

3 7 NA p. [R388P]; p.[R388P] � � þ þ þ þ � � þ þ þ NA � 1 month
4 8 IV.1 p. [L521PfsX12];

p. [L521PfsX12]
þ NA þ þ NA þ NA NA NA þ NA � þ Alive at 13 yearsz

5 8 IV.5 p. [L521PfsX12];
p. [L521PfsX12]

þ NA þ þ NA NA NA NA þ NA NA NA NA 1 hour

6 9 P1 p. [Q671*]; p. [R764C] þ NA þ þ � þ þ þ þ NA NA þx þ Alive at 12 yearsz

7 9 P2 p. [Q671*]; p. [R764C] þ NA þ þ � þ þ þ þ NA NA þx þ Alive at 9 yearsz

8 9 P3 p. [Q671*]; p. [R764C] þ NA þ þ NA þ þ � � NA NA � NA Alive at 6 monthsz

9 9 P4 p. [Q671*]; p. [R764C] þ þ þ þ þ þ þ � � þ NA þk þ 4 months
10 9 P5 p. [Q671*]; p. [R764C] þ þ þ þ þ þ þ � � NA NA � NA 4 hours
11 10 P1 p. [C323R]; p. [W623*] þ þ þ þ þ þ � � þ þ þ NA NA 2 months
12 10 P2 p. [C323R]; p. [W623*] þ þ þ þ þ þ þ � þ þ þ NA NA 1 hour
13 6 A641 p. [P967PfsX12];

p. [P967PfsX12]
þ þ þ þ þ þ NA NA þ þ þ NA NA 10 days

14 6 A641 p. [P967PfsX12];
p. [P967PfsX12]

þ þ þ þ þ þ NA NA þ þ þ NA NA 10 days

15 6 A641 p. [P967PfsX12];
p. [P967PfsX12]

þ þ þ þ þ þ NA NA þ þ þ NA NA 10 days

16 6 K182 p. [F1003fs];
p. [F1003fs]

þ þ þ þ þ þ NA NA þ þ þ NA NA 33 days

17 6 K182 p. [F1003fs];
p. [F1003fs]

þ þ þ þ þ þ NA NA þ þ þ NA NA 33 days

18 6 K199 p. [F1003fs];
p. [F1003fs]

þ NA þ þ þ þ NA NA þ þ þ NA NA 40 days

19 6 B207 p. [I999WfsX5];
p. [I999WfsX5]

þ NA þ þ þ þ NA NA þ þ þ NA NA 10 days

TOTAL (%) 18/19
(95)

10/12
(83)

19/19
(100)

19/19
(100)

14/16
(87)

18/18
(100)

8/9
(88)

2/9
(22)

13/18
(72)

14/14
(100)

12/12
(100)

4/8
(50)

6/7
(85)

Abbreviations:
AMC ¼ arthrogryposis multiplex congenita
BA ¼ brain atrophy
CNP ¼ cranial nerve palsy
CP ¼ cleft palate
FA ¼ fetal akinesia
ICV ¼ impaired conduction velocity
MGN ¼ micrognathia
NA ¼ not available
PH ¼ polyhydramnios
RD ¼ respiratory distress

* Patients described in the present study.
y Infantile spasms.
z Tracheotomy and ventilator dependent with global developmental delays.
x Generalized tonic-clonic seizures.
k Generalized clonic, brief tonic, and myoclonic seizures.
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cases shared similar clinical presentations, including respiratory
distress, hypotonia, and multiple cranial nerve palsies. Including
the two patients described previously, prenatal polyhydramnios
was present in all cases except one, whichmost likely resulted from
absent swallowing.We identified fetal hypokinesia or akinesia in 10
of 12 (83%) cases and arthrogryposis multiplex congenita in 13 of 18
(72%). Six of 19 (32%) patients survived beyond infancy, with the
oldest reported patient being 13 years old. Seizures were reported
in half of the surviving patients. All survivors required tracheotomy
and mechanical ventilation.

Discussion

CHNs are subcategorized into neonatal and infantile forms
based on the onset of symptom presentation. Neonatal CHNs are
associated with high mortality in the first few years of life, whereas
infantile CHNs are associated with better prognosis, although sur-
vivors experience considerable disabilities requiring complex
medical needs.11 CNTNAP1 was recently reported to cause neonatal
CHN. The survival of patients and inconsistent presence of
arthrogryposis multiplex congenita suggest that categorizing CHNs
as a subset of lethal congenital contracture syndromes is not
appropriate. A clear genotype-phenotype correlation has not
emerged based on previous reports or our current findings. Pro-
longed survival is most likely driven by the extent of medical care
received rather than by the severity of phenotype.

Both patients in our study were born normocephalic but
demonstrated progressive postnatal enlargement of occipitofrontal
circumference, with occipitofrontal circumference values greater
than two standard deviations above the mean starting at three to
four months. Serial brain MRIs revealed diffuse prominence of ce-
rebral sulci and extra-axial spaces and interval enlargement of the
lateral and third ventricles. Although interval changes may repre-
sent a sequela of communicating hydrocephalus, they may also be
caused by parenchymal brain volume loss. Profound cerebral and
cerebellar atrophy are associated with this syndrome.8,9 Both pa-
tients experienced considerable impairment in cognitive functions,
multiple cranial nerve palsies, and lack of voluntary muscle control.
Together, these findings support the expansion of the clinical pre-
sentation of CHN to include central nervous system involvement.
Communicating hydrocephalus has not been previously reported.

Contrary to other forms of CHN, CNTNAP1-related CHN affects
myelination of both the central and peripheral nervous systems. In
addition to typical hypomyelination of peripheral axons, delayed
myelination of white matter was evident in the brain MRIs of our
patients, with delayed myelination in the corpus callosum and in-
ternal capsule, consistent with previously reported roles of
CNTNAP1. Its protein product (contactin-associated protein
[CASPR]) is a crucial element of the paranodal (axoglial) junction in
myelinated axons of the central and peripheral nervous system. The
structure of the paranodal junction is complex and requires coop-
eration of many proteins to ensure saltatory propagation of nerve
impulses.12-16 CASPR is highly expressed in neural progenitor cells
and is essential for the timing of neuron and astrocyte generation in
the developing mouse cerebral cortex.17 Loss of Cntnap1 in mice
results in delayed generation of neurons and precocious astrocyte
formation. Similar findings have been observed in humans with
neurodevelopmental disorders such as RASopathies, further high-
lighting the importance of CASPR in the pathogenesis of develop-
mentally based neurological diseases.
In summary, we describe two patients with CHN with novel
CNTNAP1 mutations. Our observations suggest that biallelic muta-
tions in CNTNAP1 cause a distinct recognizable syndrome charac-
terized by neuropathy of both central and peripheral nervous
systems. Survival beyond infancy is possible with aggressive
medical intervention. Further studies are needed to characterize
the pathogenesis of brain atrophy in this form of CHN.
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