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Copper supplement therapy based on a developmental change in copper metabolism
in Menkes disease.
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Menkes disease is a severe X-chromosome-linked disorder caused by mutations
in a copper transporter, ATP7A. Parenteral administration of copper-histidine for treatment of the
disease has been burden of prolonged injections. Oral copper supplementation via glyoxal-bis(N(4)
-methylthiosemicarbazonato)-copper(11) (Cu-GTSM), a lipophilic copper rescued male hemizygous
macular mice (MoMI/y), a mouse model of Menkes disease. However, in suckling macular mice, the
Cu-GTSM treatment transiently induced diarrhea, accompanied by extreme copper accumulation and
altered villus morphology in the ileum. Combined oral administration of disulfiram (DSF), a
precursor of diethyldithiocarbamate, a copper chelator, enable reducing a dose of Cu-GTSM and
ameliorated Cu-GTSM-induced diarrhea. The combined use of Cu-GTSM and DSF may decrease the chance of

adverse enteral effects in oral administration of Cu-GTSM.

Menkes macular mouse Cu-GTSM



ATP7A

Cu-GTSM Cu-PTSM Cu-ATSM

Taniuchi et al.

Biol Pharm Bull,1995
Cu-GTSM

Cu-ATSM
(
Cu-PTSM

B hydroxylase cytochrome oxdase

ATP7A

1980

Cu-GTSM Cu-PTSM Cu-ATSM

H H H
w @) @
) N

VAR
AN AN

N - N N s N
| Cu

i ‘

ch\u,.u\s/ \s/-.u,cm HEC\H"\‘S/CU\S/\N/CHa mc.‘ﬂ,/\s/ \S,-\ﬁ_,cm
BOBLETEA BB LR B
STOMBTHERL [ ] {EEESR T OIS THE S
BB IEWICHER

1 R &GS E R

Cu-PTSM

dopamine
Cu-PTSM

(Munakata et al., Ped Res, 2012)

Cu-GTSM
Cu-GTSM
Cu-GTSM
Cu-GTSM
ATP7A
Cu-GTSM
Cu-GTSM 2
Cu-GTSM Cu-GTSM

2
26y § W sEn R sl
'@ OMy=os=oR (68 : @5mL)
:L—P(’ 40 B My =75%92 (Cu-GTSM #5)
Bk *P <005 vs. HEBFERT VR
= $p <005 vs. WBBTH ST IR
H 20
&
=
=
Cu-GTSM- -  + -+ - 4+
+y Mify +y My +y  Mily
15 B 3 Bk 8 v Al

M2 [HEsTEEEORRICH OEL

Gingras et al., Can J Chem, 1962

standard suspension vehicle (SSV)

5 8 11 17 23 32

5 8 11 3

Cu-GTSM (10 pg/g b.w.)




(+/y) M17y) Cu-GTSM (vehicle )
15 3

(1CP-MS)
15 10
Cu-GTSM
< BRI > <@BEREFL— ME>
disulfiran(DSF) DSF cusTsM Disulfram
2 DEDTC — HiC CHs
- AN HaC~ N — N_CHa
Cu-DEDTC, e O o T T
KO s |
LY, AR \4
HaC- CH3
Cu-GTSM N/“{?iﬁ‘\N HaCa AN S\n/N\/CH;;
Cu
17 Cu-GTSM Hac\uis/ Sty S 45 pEDiC
(10 pg/g b.w.) H i e o
Cu-GTSM &FA%
N N HO— s 8 O
Hsc\u)l\s . SJ\H’CHS HSCJN_<\S’CU\S/>- N\_CH3
cu CuDEDTC,
3  Cu-GTSM & Disulfiram ORZE,
15 3 (€] Kruskal -
Wallis test 2 Mann-Whitney test
+=i5h 7ofs [El57
N 304 P
2 W 5s2 sws58L5Y)
23 27 O=s3=vz gasmL)
{11_;( 20 Bl =<r5<va Ggg58Y)
b
@ 45 *p < 0,05 vs. WMEHEUT IR
% 8P <005 vs. BB LS
og 104
o
E{BJE 5 *§ *
O_
Cu-GTSM - + - + - + -+ - + - + -+ -+ -+
+ly Mity  +iy Mty +y Miry +y Mily +y Mity  +ly Mity
15 A% 3 s B 1588 3788 15 A 3 - Al
F4 SHEERBRPEREOIMAREE
(+7y) Cu-GTSM /
Cu-GTSM
Cu-GTSM 15
ATP7A
Cu-GTSM

Cu-GTSM

Cu-GTSM



+y Mify  Mily +CuGTSM

w0y
*
g 200 *§ E 60 *
“Tlg D‘:-"; 40
\%‘ 100 g
20+
0= 0-
Cu-GTsSM - - + Cu-GTSM - = +
+ly Miry +ly Mify
5 ZEERRMEMEEROLH 6 MERLEOHA
Cu-GTSM
(0.3 mg/g b.w.) Cu-GTSM (3 pg/g b.w.)
Cu-GTSM
17 Cu-GTSM (10 pg/g b.w.)
1
Cu-GTSM

Cu-GTSM

Munakata M, Kodama H, Tani N, Kimura K, Takahashi H, Maruyama K, Sakamoto Y, Kure
S, Menkes disease: Oral administration of glyoxal-bis(N(4)-methylthiosemicarbazonato)-
copper(11) rescues the macular mouse, Pediatric Research, , 84 , 2018, 770-777
DOI: 10.1038/s41390-018-0116-7

3
CuGTSM
139 2019 3 20-23
Menkes
(Macular mouse) 22
2018 5 12
Menkes
58

2016 10 27-29



¢y

Kodama Hiroko

8 00093386

Takahashi Hideyo

8 10266348

@



