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Abstract

Menkes disease (MNK) is an X-linked recessive disorder. Incidence of live-born infants with MNK is 2.8 per million live births in
Japan. The aim of this study was to observe congenital malformations (CMs) in MNK patients. Subjects comprised 35 Japanese
male patients with classical MINK who received copper histidine treatment. Patient clinical data were obtained anonymously from
medical records or medical record summaries by pediatrician’s retrospective review through a survey. We observed 21 different CMs
in 14 patients. Eight of these had a single CM, while six had multiple CMs. The most frequent CM was higher arched palate with
other CMs found in five patients. There was no relationship between CMs and mutations in the ATP7A gene. Using Mann—Whitney
U tests, age at death was also significantly lower in MNK patients with CMs (P < 0.05), compared to those without CMs, even
though there was no significant difference of age onset, age at diagnosis and age at start of treatment with copper histidine between
both groups of patients. Sudden death occurred in three MNK patients with CMs only: two with congenital heart disease, and one

with microphallus.

© 2012 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.

Keywords: Copper; Inherited metabolic disease; Menkes disease; Congenital malformations; Japanese

1. Introduction

Menkes disease (MNK, #OMIM 309400) is an X-
linked recessive disorder. The combined frequency of
live-born MNK patients in Denmark, France, the
Netherlands, the United Kingdom, and West Germany

Abbreviations: MNK, Menkes disease; CMs, congenital malforma-
tions
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was 1 per 298,000 live-born babies in the period 1976—
1987 [1]. Incidence of live-born infants with MNK is
2.8 per million live births from 1990 to 2003 in Japan
[2]. In Japan, three to four individuals with MNK are
born every year [2]. Onset of MNK occurs within three
months of birth in 52.2%, and within 4-9 months after
birth in 47.8% of patients with MNK [2]. While most
classical MNK patients die by the age of three years,
some survive until their teens with continued treatment
[3]. The gene responsible for MNK is 4ATP7A4 (GenBank
L06133.1), which is located at chromosome Xq13.3 and
encodes a copper-transporting ATPase (ATP7A) [4-6].
Mutations in the ATP7A4 gene or other abnormalities
in the genome or chromosomes associated with the
ATP7A4 gene were found in most, but not all MNK
patients [7-11]. In affected cells, copper transport by
ATP7A from the cytosol to the Golgi apparatus is

0387-7604/$ - see front matter © 2012 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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disturbed, resulting in a reduction of copper efflux, and
consequent reduction of activities of copper-dependent
enzymes. This can lead to neurological symptoms, hair
changes and abnormalities of connective tissue including
arterial tortuosity, bladder diverticula, gastrointestinal
polyps and abnormalities of bone. As orally-adminis-
trated copper cannot be absorbed due to ATP7A
dysfunction and accumulates in the intestine, a copper
deficiency in various tissues arises. Subcutaneous injec-
tions of copper-histidine complex, the currently
accepted mode of treatment, may prevent neurological
degeneration in some patients when treatment is initi-
ated soon after birth and prolong lifespan of patients
[3]. However, the current treatment does not help to alle-
viate connective tissue disorders caused by low activity
of a copper enzyme — lysyl oxidase.

To date, congenital malformations (CMs) in MNK
patients have not been reported details. In OMIM
(http://omim.org/entry/309400) head and neck of
MNK patients were described as microcephaly, brachy-
cephaly, Wormian bone and pudgy cheeks. The present
study analyzed CMs in MNK patients, which were con-
sidered to be unassociated with complications caused by
reduced activity of copper enzymes, such as lysyl oxidase
under current knowledge, and observed the relationship
between CMs and the genetic mutation. We compared
lifespan of treated MNK patients with and without
CMs.

2. Methods
2.1. Subjects

A total of 35 Japanese MNK patients were investi-
gated in the study. These patients were referred to the
Department of Pediatrics of Teikyo University School
of Medicine from 18 prefectures for counseling, copper
histidine treatment, and biochemical and/or molecular
pre- and post-natal diagnosis of MNK during 1990-
2009 [7-10,12-15]. These patients were treated for clas-
sical MNK, which was diagnosed by clinical examina-
tion, measurement of the copper concentrations in
cultured cells, and/or genetic mutation as previously
reported [7-10,12-15]. Genetic analysis performed in
the 5'-upstream region, each of the 23 exons, and the
adjacent intronic sequences of the ATP7A4 genes, as
described previously [7]. In Japan MNK patients were
supported by medical aid programs [16], and received
detail examinations including head magnetic resonance
imaging and computed tomography scan.

Three pairs of patients were siblings, while the
remaining patients were unrelated. Patient mortality sta-
tus included dead (n = 23), alive (10) and unknown (2).
Preparation of copper-histidine complex was according
to the same protocol [3]. The dose of copper histidine
parenterally administrated for one time was that could

keep serum copper and ceruloplasmin within a normal
range. The period of treatment with copper histidine
was 26-183 (mean 4+ SD: 64.2 + 39.9 months, n=17)
months.

2.2. Clinical data and data analysis

Clinical data for all patients were anonymously
obtained from medical records or medical record sum-
maries by retrospective review of pediatrician in charge
of.

The study protocol was reviewed and approved by
the Ethics Board of the Teikyo University School of
Medicine. All participants provided a signed written
informed consent.

To compare age differences between patients with
CMs and those without CMs, the Mann—-Whitney U test
was performed, using the statistical package PASW®
Statistics 17.0 (SPSS Inc., an IBM Company, Chicago,
IL, USA).

3. Results

Among the 35 MNK patients, we observed a total of
21 different CMs in 14 MNK patients (Table 1). Eight of
these (8/14, 57.1%) had a single CM, while six (6/14,
42.9%) had multiple CMs. Eight CMs (8/21, 38.1%)
were minor, and the others (13/21, 61.9%) were major
anomalies. The minor anomalies included higher arched
palate, single transverse palmer crease, flat occiput,
micrognathia, congenital microblepharia, undescended
testis at birth, microphallus and accessory spleen
(Table 1). Most frequent CMs were higher arched palate
(five patients), single transverse palmer crease (three),
micrognathis (two), flat occiput (two), and congenital
microblepharia (two) (Table 1).

Age at onset, age at diagnosis, age at start of treat-
ment with parenteral copper histidine, age at death,
and age of alive patients (on August 31, 2009) are pre-
sented in Table 2. A comparison of MNK patients with
CMs and those without CMs revealed no significant dif-
ferences in age at onset, age at diagnosis, and age at start
of treatment with parenteral copper histidine, but age at
death was significantly different between these two
groups (P <0.05, Table 2).

Two unrelated patients with the same mutation
(R986X) were both born at 38 gestational weeks weigh-
ing more than 2500 g. They both received parenteral
copper histidine treatment at 6.5 months of age. One
had CMs and died at 32.5 months due to a bladder hem-
orrhage (Patient 3 in Table 1). The other had no CMs
and died at 59.0 months due to apnea. Another two
patients were siblings who had a mutation of Del
2429-2430delTT. Both were born at 36 gestational
weeks and weighed approximately 2300 g. The younger
brother, who was diagnosed prenatally with having a
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Table 1

Spectrum of congenital malformations (CMs) and mutations in the ATP7A4 gene in 14 patients with classical MNK.

Patient Congenital malformations Cause of death Age at death Mutation in the ATP74 gene

number (Month) [References]

1 Higher arched palate, congenital Unknown 17.0 IVS20+5G>A [7,9]
microblepharia, entropion, flat occiput,
and single transverse palmer crease

2 Higher arched palate, micrognathia, Sudden death 34.5 2491insA (F781FS826X)
patent ductus arteriosus, and accessory
spleen

3 Higher arched palate and single Bladder 32.5 3101C>T (R986X) [7-9,12]
transverse palmer crease hemorrhage

4 Higher arched palate and undescended Unknown Unknown 1730G>T (E529X) [7-9]
testis at birth

5 Higher arched palate, hypertrophic Alive - Not found, 46 XY [15]
pyloric senosis and hydrocele

6 Single transverse palmer crease, Stomach 57.5 IVS9+12insAATTG [9]
congenital microblepharia and flat hemorrhage
occiput, hypoplastic corpus callosum,
aplasia of inferior vermis

7 Cystic malformation in white matter of Infectious disease ~ 22.5 2429-2430delTT (S761FS770X) [9]
brain

8 Congenital complete A~V block Sudden death 45.0 IVS9+5G>C [8,9]
Microphallus Sudden death 13.0 Not found

10 Club foot Infectious disease 19.5 4177T>A and 4178A>T (S1344R and

11345F) [7,9]

11 Cystic malformation in lung Infectious disease  22.5 1474delC [9]

12 Micrognathia Infectious disease ~ 43.0 2298-229%insAluYa5a2 [9,10]

13 Cystic malformation in arachnoid mater  Alive - Not detected yet

14 Cerebellar hypoplasia Infectious disease 186.0 Not found

CM (Patient 7 in Table 1), died at 22.5 months due to
sepsis and overall bad health from a tumoral lesion in
his stomach. His older brother did not have any CMs,
but died at 69 months of age from an infectious disease.

No relationship was found between CMs and genetic
mutation (Table 1).

4. Discussion

In OMIM (http://omim.org/entry/309400) head and
neck of MNK patients were described as microcephaly,
brachycephaly, Wormian bone and pudgy cheeks. Horn
et al. mentioned high-arched palate as one of the MNK
symptoms [17]. However, to date, CMs in MNK
patients have not been reported details yet. This is the
first documentation of CMs in MNK patients in detail.
This information can be added to what we know about
MNK patients, which is that they often exhibit kinky
hair, hypopigmentation, a higher arched palate, micro-
gnathia, flat occiput and single transverse palmer crease.
These minor and major anomalies presenting at birth
are as clues for early diagnosis of MNK.

In this study, higher arched palate was most
observed, and micrognathia and flat occiput were also
observed. Along with the fact that microcephaly,
brachycephaly, and pudgy cheeks described in MNK
patients, it is considered that abnormal craniofacial

growth and development occurred during pregnancy,
although flat occiput was often considered as subjective
judgment.

The main causes of death among MNK patients with
or without CMs were infectious disease and abnormali-
ties of connective tissues, such as hemorrhage and rup-
ture of abdominal aorta (Tables 1 and 2). However,
sudden death occurred in MNK patients with CMs only,
especially in patients with congenital heart disease
(Table 1). Moreover, MNK patients often exhibit con-
nective tissue complications associated with lower activ-
ities of copper enzymes, such as osteoporosis, bladder
diverticula, gastroesophageal reflux disease, which
require surgical treatment [14,18,19]. It was reported
that micrognathia made intubation and anesthesia
extremely problematic [18,19], such that surgical inter-
vention for MNK patients with CMs is avoided or diffi-
cult, although micrognathia was a minor CM. MNK is a
rare disease, although we did not have enough number
of patients to do statistical analysis, it was easy to
understand that some CMs, such as congenital heart dis-
ease and micrognathia, lead to an inevitably shorter life-
span in these patients compared to patients without
CMs. Pediatricians should pay extra attention to com-
plications and CMs when treating MNK patients.

As some MNK patients do not have mutations in the
ATP74 gene (Table 1) [7-9,11], we wonder if CMs in
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Table 2

Median age (range) at onset, diagnosis, start of parenteral copper histidine treatment, at death and cause of death in MNK patients who had died.

Congenital Median age (range) months Cause of death (number of patients)
malformation At At At start of At Of alive
onset” diagnosis”  treatment with death”™ patients
parenteral copper (as of August 31,
histidine” 2009)
Yes 2.0 6.0 7.0 32.5 68.5 Infectious disease (4); Infectious disease
(n=13)* (0.0-9.0) (3.0~12.0) (3.0-15.0) (13.0-186.0) (n=1) and hemorrhage (1); sudden death (3);
(n=13) (n=12) (n=13) (n=11) bladder hemorrhage (1); stomach
hemorrhage (1); unknown (2); (n = 12)
No 2.5 4.5 6.5 49.5 42.0 Infectious disease (5); central apnea (2);
(n=21) (0.0-6.0) (0.0-33.0) (0.5-34.0) (38.0-97.0) (17.0-104.0) respiratory failure (1); rupture of
(n=18) (n=18) (n=19) (n=238) n=9) abdominal aorta (1); sputum obliteration

in cannula (1); unknown (1); (n = 11)

# Data from patients who received prenatal diagnoses were excluded, with the exception of data pertaining to median age at death and cause of

death in patients with CMs.
" P>0.05, Mann~Whitney U test.
™ P <0.05, Mann-Whitney U test.

MNK patients may provide some clues regarding the
pathological causes of MNK. However, even if patients
1-5 had the same CM in Table 1, that is, a high arched
palate, mutations in their ATP74 genes were not consis-
tent. Therefore, there was no association between CMs
and mutations in the ATP7A4 gene.
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A NOVEL THERAPY, COMBINATION THERAPY WITH INJECTIONS
OF COPPER AND ORAL ADMINISTRATIONS OF DISULFIRAM, IN
PATIENTS WITH MENKES DISEASE ANS OCCIPITAL HORN
SYNDROME

Kodama H' , Ogawa E* , Hiroki T*

"Teikyo Heise Univeristy, Tokyo, Japan

Teikyo University School of Medicine, Tokyo, Japan

The current therapy for Menkes disease (MD) is a parenteral administration of
copper-histidine. However, the treatment is less effective for neurological distur-
bance and connective tissue disorders. Disulfiram, a lipophilic chelator, has
shown beneficial effects in the macular mouse, an animal model of MD. These
results led us to treat MD and OHS patients with disulfiram in combination with
copper-histidine. Disulfiram was orally administered in two patients with MD
and a patient with OHS after approval of the ethical committee of Teikyo
University Hospital, with maintenance dosage of 100 mg/day. Supplementation
of copper-histidine was unaltered during the study period in patients with MD.
Serum levels of copper and ceruloplasmine tended to increase in a MD patient,
and he showed enriched emotional expression and behavior more often after
disuifiram administration. Bone mineral content was increase by dusilfiram
administration in the MD and OHS patients. No Adverse effect was found.
These results suggest that copper-disulfiram complex is transported to neurons
resulting in neurological improvement. Moreover, the therapy may be effective
for the connective tissue disorders in MD and OHS patients.



