KA Y —FHKP - 14]

Menkes disease, an inborn error of
copper metabolism:
pathogenetic mechanism and
therapeutic strategy

Noriaki Yoshimura, MD."’ Ichiro Hatayama, MD.?
Kouji Nanmoku, MD. ¥ and Kazuyuki Kida, MD.*
1) Aomori University of Health and Welfare
2) Aomori Prefectural Institute of Public Health and Environment
3) Tokyo Women' s Medical University School of Medicine

4) Hirosaki University School of Medicine

Key Words : Menkes disease in humans and mice, In-
born error of copper metabolism, Brindled
mouse, Copper-dependent enzyme,Copper-
injection therapy, Gene therapy

I. Background and Purpose
Menkes disease is an X-linked recessively inherited

disorder of copper (Cu)
metabolism, characterized by kinky hair, hypocupremia
and progressive brain
degeneration. The basic abnormality due to the genetic
defect has become evident to be impaired intracellular
Cu transport. This results in Cu deficiency of the pe-
ripheral blood, brain and liver, and Cu accumulation in
other organs such as the intestine and kidneys. In con-
nection with this deficiency, activities of Cu-containing
enzymes such as cytochrome oxidase (CCO) and supet-
oxide dismutase (SOD) in tissues are decreased. This
has been known to be responsible for most of the clini-
cal manifestations of this disease. Patients die at age 12
months on average, usually after repetitive attacks of
epileptic convulsions. The brain is severely atrophied.
There is marked atrophy of the cerebral cortex with fo-
cal or diffuse neuronal loss, in addition to diffuse atrophy
of the white matter. There is also severe atrophy of the
thalamus and red nucleus. The cerebellar cortex shows
a specific change to this disease, which indicates inhib-
ited development of Purkinje cells, i.e., somatic sprouts
and dendritic arborization. A universal change seen in
those degenerated lesions is mitochondrial abnormali-
ties which include ballooning, vesiculation of cristae, and
sometimes dense body formation.

The brindled mouse is an excellent animal model for

Menkes disease in humans. They are equivalent to each
other in clinical symptoms, biochemical and pathological
changes and causative genes. Animal models are very
useful, because they enable us to study what we cannot
put into practice with patients. The purpose of the pre-
sent study is to elucidate the pathogenetic mechanism
and develop the therapeutics of Menkes disease by us-

ing its mouse model.

II. Subjects and Methods

Subjects

1. Non-treated group: 1-day-postnatal to 13-day-postna-
tal brindled mice (BM) and age-matched normal con-
trol male mice (NM)

2. Treated group: individual age groups that could sur-
vive by a single subcutaneous injection of CuCl2
(10ug/g(b.w.)) on postnatal day 7.

Methods 1. Light microscopy including enzyme histo-

chemistry and immunohistochemistry.

(JEM2000EX)

immuno-electron microscopy and enzyme-electron

2. Electron microscopy including
MiCroscopy.

3. Electron probe X-ray microanalysis (Hitachi H600
total system electron microscope linked to an X-ray
microanalyzer).

4 . Enzyme activity assay (CCO and SOD).

5. Determination of element concentrations of various
tissues by flameless atomic absorption spectropho-

(Hitachi AAS 170-70) after low

temperature-reducing to ashes.

tometry

Il. Results and Discussion

Progressive ballooning of mitochondria of neurons be-
came evident after postnatal day 7, and many neurons
in the cerebral and cerebellar cortices showed marked
vacuolar change and BM invariably died on postnatal
day 14 or 15.

However, when BM received a single subcutaneous in-
jection of CuCl2 (10ug/g(b.w.)) on postnatal day 7, the ef-
fect was so dramatic that the animals became vivid and
could survive as long as the NM: the fur became light
gray and they could make females pregnant, and there
was no neurological or other signs but their whiskers re-
mained kinky. The activity level of CCO of the brain of
non-treated BM showed only 30% of that of NM. The en-
zyme activity of treated BM, however, recovered gradu-
ally and reached the normal level full 6 months later.
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The same was true for SOD, though its activity level of
the brain tissue of BM on postnatal day 13 was approxi-
mately 70-80% of that of NM. The enzyme electron mi-
croscopy of the brains from non-treated 13-day-old BM
revealed marked ballooning of mitocndria with a strik-
ingly reduction of CCO activity. In contrast, that of the
brains from 7-month-old BM and age-matched NM dem-
onstrated that there was no difference between the two
in the activity level of CCO as well as the morphology of
mitochondria. Nevertheless, the recovery of tissue Cu
levels of those BM was insufficient: cerebrum 58%, liver
82%, kidney 380%, small intestine 173%, and peripheral
blood 89 % in BM/NM ratio, respectively.

Recently, therapy with Cu-histidine injection has modi-
fied the severity of Menkes disease and permitted sur-
vival into adolescence. However, patients generally
cannot live beyond 30 years of age and neurological
manifestations cannot be prevented. The difficulties to
start Cu-injection therapy as early as it is possible and is-
sues of Cu-intoxication leading to renal failure remain to
be solved. Because there is no other way to take over,
clinicians even now have to use the Cu-repetitive injec-
tion therapy. ,

The mouse atp7a gene that is analogous to human
ATP7A gene has been identified

at the X-linked mottled locus so far. The mutation of
this gene causes Menkes disease in mice. Therefore, by
infecting retroviral vectors to targeting tissues and cells
which mouse Menkes gene was introduced into, it could
be possible to cure Menkes disease in mice, because the
viral vectors are integrated in chromosomes and the
gene is expressed permanently. This gene therapy for
mouse Menkes disease will be the herald of those for hu-
man Menkes and Wilson diseases.
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