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Background: Menkes disease is an inherited disorder of copper metabo-
lism caused by dysfunctional ATP7A. Copper deficiency causes multisys-
temic disorders with severe neurodegeneration. Although subcutaneous
mjection of histidine-copper is a mainstay of treatment of Menkes disease,
neurclogical improvement remains limited. Furthermore, accumulation of
injected copper in the kidney potentially degrades renal function.
Objectives: We investigated the effects of two copper chelators on biodis-
tribution of injected copper by using microPET.

Materials and Methods: C3H/He mice were used as control groups and
macular mice were used as Menkes disease model. Mice were pretreated
with chelators (disulfiram and/or penicillamine) for 30 minutes before
copper injection. Continuous microPET imaging was performed for 4 hours
after 64CuCl2 injection.

Results: Injected copper barely distributed to the brain, and accumulated in
kidney without urinary excretion in macular mice. Pretreatment with the lipo-
philic chelator disulfiram markedly increased copper uptake to the brain of
macular mice. Pretreatment with the water-soluble chelator penicillamine en-
hanced urinary excretion and reduced copper accumulation in the kidney. Con-
comitant treatment with disulfiram and penicillamine retained the same effects.
Conclusion: MicroPET imaging was useful to evaluate the effects of
chelators on copper-biodistribution. Combined use of disulfiram and pen-
icillamine may improve clinical outcomes of Menkes disease.



Effects of chelators on copper biodistribution in
Menkes disease model mice by using microPET

Shiho NOMURA! Satoshi NOZAKI?, Taisuke TAKEDA! Eichi NINOMIYA!,
Satoshi KUDO!, Takashi HAMAZAKI! Hiroki FUJIOKA! Emi
HAYASHINAKAS3, Yasuhiro WADA3, Tomoko HIROKI, Chie FUJISAWA?, Hiroko
KODAMA?, Yasuyosh1i WATANABE?, Haruo SHINTAKU!

! Department of Pediatrics, Osaka City University Graduate School of Medicine, Osaka, Japan
2 Department of Pediatrics, Teikyo University School of Medicine. Tokyo, Japan
3RIKEN Center for Molecular Imaging Science, Hyogo, Japan

Background (1)

v' Menkes disease (MD) is an inherited disorder of copper
metabolism caused by dysfunctional ATP7A. Copper shortage

causes multisystemic disorders with severe neurodegeneration.

v’ Subcutaneous copper-injection is mainstay of treatment for MD
but has limited clinical efficacy.
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Background (2)

v In recent years, our group and others propose that
combined use of copper with disulfiram (lipophilic

chelator) 1s effective for neurodegeneration m MD*.

v Long-term copper injection is known to cause copper
accumulation in the kidney of MD and potentially

degrades renal function.

* Kodama et. al. Current Drug Metabolism. 2012,13,237-250

Objective/hypothesis

We investigated the effects of two types of chelators on
copper biodistribution in MD model mice by using
microPET.




Wild type mouse Macular mouse
(C3H strain) (MD model mouse)

About microPET (PET for small animals)

microPET Focus220
(Siemens, USA)
Spatial resolution
1.4mm

v" The molecular imaging by using microPET progresses by
improvement of resolution and tracer fabrication techniques.

v MicroPET can analyze the quantitative molecular dynamic state in

the living body noninvasively.




Materials & Methods

-30 min 0 min microPET imaging L, 4 hours
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Injection of Intravenous injection
chelator of *CuCI(30MBq)
[ Animals]

- Wild type mice (Male, 4 to 5 weeks)
= Macular mice (Male, 4 to 8 weeks)

[ Anesthesia]
Inhalation anesthesia used isoflurane and N,O

[ Copper chelators]

« Disulfiram(Lipophilic chelator) was mjected
traperitonealy. (100mg/kg/dose)

« Penicillamine(Hydrophilic chelator) was mjected
subcutaneously. (100-200mg/kg/dose)

Macular mice showed abnormal copper accumulation
in the kidney.

ild type mouse




Disulfiram induced liver accumulation whereas
penicillamine enhanced urinary excretion.

Combined use of disulfiram and penicillamime
improved abnormal copper-biodistribution of macular
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Combined use of disulfiram and penicillamine also
mcreased copper accumulation in the brain.
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Summary

v" Macular mice showed abnormal copper accumulation

in the kidney.

v" Disulfiram increased copper accumulation in the brain

and the liver.

v Penicillamine enhanced urinary excretion and

decreased copper accumulation in the kidney.

v Combined use of disulfiram and penicillamine

mmproved abnormal copper-biodistribution of macular
mice.




Conclusion
v" MicroPET imaging was useful to evaluate the
effects of chelators on copper-biodistribution.

v" Combined use of disulfiram and penicillamine
may 1mprove clinical outcomes of MD.
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Menkes disease (MD) is an X-linked disorder characterized by progressive
neurodegeneration and connective tissue abnormalities due to the defect of
a copper-transporting ATPase (ATP7A). In affected cells, copper transport
by ATP7A from cytosol to Golgi apparatus is disturbed, resulting in
reduction of the activities of copper-dependent enzyme such as lysyl oxi-
dase (LOX). Connective tissue disorders are caused by the reduced LOX
activity. The current subcutaneous administration of copper histidine does
not improve connective tissue disorder, because the administered copper is
not transported into Golgi apparatus due to ATP7A defects. In this study, we
investigated the effect of Diethyldithiocarbamate (DEDTC), a lipophilic
chelater on LOX activity using the cultured skin fibroblasts from MD
patients. The skin fibroblasts were cultured with or without 0.2 pM DEDTC
for 48 hours and LOX activities in culture media were assayed. Without
DEDTC, LOX activities in the culture media of MD fibroblasts were
significantly lower than those of control fibroblasts. With DEDTC, LOX
activities in the culture media of MD fibroblasts were remarkably increased
and there was no significant difference in LOX activities between MD and
control fibroblasts, suggesting that DEDTC can improve copper transport
from cytosol to Golgi apparatus and consequently the activity of copper-
dependent LOX.
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Standard value of urine HVA/VMA ratio in the early neonatal period to
screen for Menkes disease. M. Yagi, N. Kusunoki, T. Lee, H. Awano, T.
Yokota, A. Miwa, A. Shibata, |. Morioka, Y. Takeshima, K. lijima. Dept
Pediatrics, Kobe Univ Graduate Sch Med, Kobe, Hyogo, Japan.
[Background] Menkes disease (MD) is a lethal, X-linked recessive disor-
der of copper metabolism dominated by neurodegenerative symptoms and
connective tissue disturbance. Early treatment with parenteral copper-histi-
dine has been shown to improve clinical outcomes. However, early detection
is difficult because clinical abnormalities are subtle in early neonatal period.
Previously, it was reported that decreased activity of dopamine B-hydroxyl-
ase, a copper-dependent enzyme, leads to increased urine homovanillic
‘acid/vanillylmandelic acid (HVA/VMA) ratio in MD patients, and the urine
HVA/NMA ratio (cut-off value:4.0) is a useful screening method for MD
[Matsuo et al. J Inherit Metab Dis. 2005]. However, there is no data of urine
HVA/NVMA ratio in neonates. [Purpose] To examine the standard value of
urine HVA/VMA ratio in early neonatal period. [Methods] Concentration of
urine HVA and VMA from 54 neonates with a gestational age from 32 to
41 weeks at 1 or 4 days of age were measured by high-performance liquid
chromatography. [Results & Discussion] Among all samples, HVA concen-
trations ranged from 5.0 to 245.1ug/mg creatinine (mean + SD=26.4 + 43.0),
VMA concentrations ranged from 3.9 to 23.7u.g/mg creatinine (mean = SD=
7.34 + 2.93), and HVA/VMA ratios ranged from 0.725 to 29.1(mean = SD=
3.35 + 4.28). Three samples had extremely high HVA/VMA ratios; 9.21,
17.7 and 29.1. All of three were collected from the cases treated with
catecholamine on their collection date. The treatment with catecholamine
influences HVA and VMA measurements. Among 51 samples except the
three with catecholamine treatment, HVA/VMA ratios ranged from 0.725 to
4.66 (mean + SD=2.45 + 0.75). These values were similar to previously
reported urine HVA/VMA ratios at 6 months of age which was used as a
control data to determine the cut-off value. These data suggest that the
urine HVA/VMA ratio can be an effective screening method for MD in early
neonatal period as well.
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