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Background: Menkes disease is a congenital neurodegenerative disorder caused by ATP7A4
gene mutations. Clinical features include epilepsy, growth delay, reduced muscle strength, skin
laxity, abnormal hair, and urologic abnormalities.

Case presentation: We describe an infant with developmental delay, neurologic degenera-
tion, and kinky hair. Molecular test revealed a novel heterozygous mutation in exon 21 of the
ATP7A4 gene. The genotype and phenotype of the patient were compared with those of the
patients reported in the literature.

Conclusion: We propose that this mutation caused a dysfunctional protein resulting in classi-
cal Menkes disease. This case adds to the spectrum of pathogenic variants of the ATP74 gene
known to cause disease.
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Background
Menkes disease ([MD] MIM 309400) is an X-linked recessive neurodegenerative
disorder with onset in infancy caused by pathogenic variants in the 47P74 gene. The
gene codes for a transmembrane (TM) copper-transporting ATPase that cycles between
the transportation Golgi network and plasma membrane. MD involves deficient cupro-
enzyme activity.'? At least three different phenotypes have been described: classical
MD with death in early childhood, mild MD with longer survival, and occipital horn
syndrome (OHS). Classical MD is characterized by cerebral and cerebellar neurode-
generation, fair skin with kinky hair, and connective tissue abnormalities.>

The overall incidence of MD is reported to be one in 100,000-250,000 births. The
true incidence of OHS is unknown, but it is believed to be lower than that of MD.!-
Approximately 35—40 affected individuals are reported in the literature, so it is possible
that OHS may be underdiagnosed. The vast majority of patients with MD are boys
whose biological mothers are heterozygous carriers.> We report the first case of MD
in Colombia, an infant with findings of classical MD caused by a missense mutation
not previously reported in the literature causing this form of the disease.

Case presentation

The patient is the second child of healthy, non-consanguineous Colombian parents.
He was born at 40 weeks gestation. Pregnancy and cesarean delivery were uncom-
plicated, and the neonate had no obvious abnormalities. At the age of 3 months, he
had difficulty holding up his head, and generalized hypotonia was noted. One month

submit your manuscript
Dove

http:

The Application of Clinical Genetics 2018:11 151-155 151
© 2018 Caicedo-Herrera et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https:/www.dovepress.com/terms.

TACM php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
hmpachajoa@icesi.edu.co
http://dx.doi.org/

Caicedo-Herrera et al

Dove

later, he presented with focal seizures requiring anticonvul-
sant medication. He was referred to our medical center for
a neuropediatric evaluation. Physical examination showed
generalized hypotonia, lack of eye contact, dry skin, kinky
hair, and minor malformations including dolichocephaly,
micrognathia, and pectus excavatum (Figure 1). Cogni-
tive examination revealed decreased interaction with the
family, inconstant smiling, no interest in toys or faces, and
irritability.

Light microscopy of scalp hair at 5 months of age revealed
abnormally silver-colored hairs, pili torti (hair shafts twisted
180°), nodosa trichorrhexis (transverse fractures of the hair
shaft), and monilethrix (Figure 2). Blood tests indicated no
significant acidosis or hyperammonemia. However, serum
levels of both copper (2.94 umol/L; normal range 4.35-9.18
umol/L) and ceruloplasmin (5.9 ng/dL; normal range 20—60
ng/dL) were low. Levels of amino acids and organic acids
were within the normal range. Brain magnetic resonance
images showed delayed myelination and diffuse brain atrophy.

Figure | Clinical findings.

The cerebral blood vessels were tortuous on magnetic
resonance angiography (Figure 3). Electroencephalography
(EEG) showed cortical dysfunction with epileptogenic activ-
ity in the right frontotemporal region. Abdominal ultrasono-
graphy revealed mild left hydronephrosis.

On the basis of clinical, radiologic, and biochemical find-
ings, the child was diagnosed at 6 months of age with MD.
Treatment with 100 pg/kg/day of copper-histidinate was initi-
ated, although treatment was sometimes interrupted because
of difficulty obtaining the drug in Colombia. However, after
10 months of continuous treatment, the copper and cerulo-
plasmin levels normalized, and his hair characteristics and
muscle tone were mildly improved. A video-EEG suggested
West syndrome. At 2 years of age, he had recurrent respira-
tory infections attributed to a swallowing disorder and gas-
troesophageal reflux, requiring tracheostomy. The frequency
of seizures decreased, but brain magnetic resonance images
showed disease progression with increased brain atrophy and
a middle cerebral artery aneurysm.

Notes: (A) Dolichocephaly, alopecia, and hypopigmented skin; (B) kinky, hypopigmented hair; (C) pili torti observed during dermatoscopy.

Figure 2 Microscopic hair analysis.
Notes: (A) Trichorrhexis nodosa; (B) monilethrix.
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Figure 3 Radiologic findings.
Notes: (A) Diffuse cerebral atrophy; (B) tortuosity of cerebral blood vessels.

Molecular studies identified a novel missense mutation
c.4067G>C (pArgl356Pro) in the ATP7A4 gene. The same
mutation was found in his mother, who was asymptomatic
and had normal copper and ceruloplasmin serum levels. The
patient’s sister had urologic abnormalities (duplicated collect-
ing system) but no other findings of MD. Genetic analysis
for the sister was pending at the time of writing.

Discussion
Pathogenic mutations in A7P74 result in a variety of clinically
recognizable phenotypes associated with copper transport
disorders. The degree to which residual ATP7A function is
maintained determines the severity of the phenotypes.’ To
date, more than 311 different mutations have been reported in
patients with MD.* Approximately 22% of the ATP74 muta-
tions are gross deletions. The rest are intragenic mutations:
deletions or insertions (22%), duplications, missense (17%),
nonsense (18%), and splice junction mutations (18%).?

Truncating variants, such as exon deletions or nonsense
variants, result in severe classical MD with death in early
childhood.>® Missense and aberrant splicing mutations
produce a hypofunctional protein because of incomplete
truncation, resulting in milder phenotypes.”® In our patient,
a novel heterozygous missense mutation in the A7P7A4 gene
was identified: ¢.4067G>C (pArgl356Pro). This variant has
not been previously reported in the literature, and in this case,
it was associated with findings of classical MD.

ATP7A gene mutations reduce copper absorption, lead-
ing to copper deficiency. This results in reduced activity of

copper-dependent enzymes, leading to connective tissue
abnormalities, tortuosity of blood vessels, and peculiar hair.>
These clinical features were present in our patient and support
the diagnosis of classical MD (Table 1). The natural history
of epilepsy in MD, a major clinical feature of the disease,
has three stages: 1) an early stage at the age of 3 months with
focal seizures progressing to epileptic spasms; 2) an interme-
diate stage (6—11 months) with epileptic spasms including
West syndrome; and, finally, 3) a late stage characterized by
multifocal seizures, tonic spasms, and myoclonus (at a mean
age of 20-25 months).!® Our patient had epileptic spasms
with EEG evidence of hypsarrhythmia and required three
different anticonvulsants to control the seizures. Respiratory
infections, including pneumonia, are reportedly one of the
causes of severe morbidity or mortality in MD.* At 2 years of
age, our patient had suffered recurrent respiratory infections,
with severe respiratory failure on one occasion requiring
tracheostomy and supplemental oxygen.

The ATP74 gene, located on locus Xq21.1 of the human
chromosome, contains 23 exons distributed over approximately
140 kb of genomic DNA. It encodes a TM copper-transporting
P-type ATPase of 1,500 amino acids. ATP7A contains six
copper-binding sites in the cytoplasmic N-terminal. Similar
to other members of the P-type family of ATPases, the ATP7A
protein contains three additional cytoplasmic domains: the
activation (A), phosphorylation (P), and nucleotide-binding
(N) domains. The protein contains eight TM domains, form-
ing a copper-transporting channel.’* The catalytic activity of
ATP7A is likely to be mediated through coordinated action of
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Table | Copper enzymes, their role in MD, and the features in our patient

Enzyme Biological role

Cytochrome oxidase Cellular metabolism

Dopamine B-hydroxylase Catecholamine production
Lysyl oxidase Collagen and elastin cross-
linking

Sulfhydryl oxidase Keratin cross-linking
Free radical scavengers

Pigment formation

Super oxide dismutase
Tyrosinase

Associated symptoms of MD Reported patient
CNS degeneration Present
Hypothermia, hypotension, diarrhea Absent
Dysmorphic facial features, arterial defects, skin, bone, Present

and joint abnormalities

Hair abnormalities Present

CNS degeneration Present
Hypopigmentation Present

Abbreviations: CNS, central nervous system; MD, Menkes disease.

the N, P, and A domains. The N and P domains reside between
TM6 and TM7, and the A domain is located between TM4
and TM5.6 The mutation identified in our patient was located
in exon 21, causing an arginine-to-proline substitution in the
highly conserved TM7 domain at the C-terminal end of the
protein. This mutation was not found in the 1,000 Genomes
Project, EXAC, and EVSor in-house database and is therefore
considered to be previously unreported. On the basis of the
American College of Medical Genetics and Genomics vari-

1 it is classified as a variant of

ant interpretation guideline,
uncertain significance. However, it is predicted to be probably
pathogenic, with a DANN score of 0.996 and validated by
Mutation Taster, SIFT, and FATHMM. This variant occurs in
a genomic position that is highly conserved in vertebrates and
is predicted to have deleterious effects.

Similar mutations have been reported in exon 21 in associa-
tion with OHS and the milder form of MD.!? These mutations
are thought to affect conserved residues in the TMD7 domain
and to have a number of effects. They might affect copper
transport, have a decrease in normal activity, and affect trans-
location of the protein and fail to redistribute toward the cell
periphery in response to copper, remained in transportation
Golgi network.!* A similar ATP74 mutation (c.4085C>T),
causing an alanine-to-valine substitution, has been reported.'*!3
The phenotype in that case included cerebellar ataxia, pili
torti, and vascular tortuosity. On follow-up, the patient had a
predominant motor delay with extreme dysarthria requiring
a communication board until age 7. He had commenced cop-
per treatment at age 21 months and, from 3 years on, was on
copper-histidinate injections. At 34 years of age, the patient
had mild intellectual impairment. He has tolerated copper-
histidinate injections for more than 30 years and demonstrated
a slow improvement in his dysarthria and ataxia. His cerebral
vascular tortuosity also lessened over time."> Although his
mutation was in the same exon as in our proband, the disease
severity is different, with our patient having features of classi-
cal MD rather than the milder form in the other case.

In summary, we report a Colombian patient with develop-
mental delay, neurologic degeneration, and hair abnormalities
who had a novel missense mutation in the ATP7A4 gene. This
finding adds to the spectrum of pathogenic ATP7A variants
causing classical MD, in contrast to other reports suggesting
that mutations in the TMD7 domain of the ATP7A4 gene are
linked to OHS or mild MD.'? According to clinical find-
ings in our patient, we propose that a variant in this domain
can generate a seriously dysfunctional protein, resulting in
classical MD. Additional reports are needed to confirm our
observation.

Informed consent

Written informed consent was obtained from the patient’s
parents for publication of his images and clinical data for
scientific purposes. Data were collected in the context of
studies performed in accordance with the Declaration of
Helsinki Good Clinical Guidelines and protocol no 509 “reg-
istry of surveillance and survival of congenital defects of the
Colombian South-West” approved by the Ethics Committee
of Universidad Icesi (Act 192/2011).
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