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[FEZE ] Menkes fig /& —Fh WA X GEBIBRPMEREHT, M T ATPTA LA 9848 3 SO S e fite, H AH G
BT REHPE, T2 RG IR . 1ZSCIUE XS 3 ] Menkes J5 (8 JLIIG RZ 5 R ATP7A PR 58728 43 B 4T 1%
FESEATHIESE, IEXE 1 B R E IR T A2 o . 3 18 BT 8~9 S A ik Binkis, B BILMIRR, £
R AR T sk I, PUBRBIRYTOR, mEAs i, BAME . B, NSk, MR R NESE
FIBTSRH  FRIE T HE RO A TR AL, SRR 4 1 B AR, 43510 70.2. 735, 81.0 mg/L ( Z%1H
210~530 mg/L.) , FFE 2R ML Menkes I ARZE R, 5] 1 F1 2 B9 ATPTA FEHAETE ¢.3914A>G (p. D1305G ) X7E,
%13 49 ¢.3265G>T ( p.G1089X ) 848 , B M= A8 . ¢.3914A>G (p. D1305G ) HEAIZAE, ¢.3265G>T (p.G1089X )
H A, BRI AR . B 1 BJLAREE RS, TARNR 20 AR IBCE K IR, G L ATP7A JEPE %
O, FEATIRTS M. KA ATPTA JEPIR I ¢.3914A>G, /R I6 LA B S EIEE MR EoR .. 16 LA
JRRBIEH . [ HESRILRIEE, 2014, 16 (6) : 624-628 ]
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Clinical and ATP7A gene analysis of three infants with Menkes disease and prenatal
diagnosis for a fetus at risk

WANG Qiao, DING Yuan, WANG Jing-Min, HUANG Qiong-Hui, ZHAO Cheng-Feng, LIU Yu-Peng, LI Xi-Yuan, WU
Tong-Fei, SONG Jin-Qing, WANG Yu-Jie, YANG Yan-Ling. Department of Pediatrics, Peking University First Hospital,
Beijing 100034, China (Yang Y-L, Email: organic.acid@]126.com)

Abstract: Menkes disease is a rare X-linked recessive disorder characterized by multi-systemic disorder of
copper deficiency caused by ATP7A gene mutation. In this study, the clinical and laboratory features of three patients
with Menkes disease were analyzed. Prenatal diagnosis had been performed for a fetus of a family. Three patients were
admitted at the age of 8-9 months due to severe epilepsies and marked delayed psychomotor development. Significantly
light complexion, pudgy cheeks and sparse fuzzy wooly hair were observed. On their cranial MR imaging, cortical
atrophy, leukoencephalopathy, basal ganglia damage and tormesity of the intracranial vessels were found. Their plasma
ceruloplasmin decreased to 70.2, 73.5 and 81 mg/L, significantly lower than normal range (210-530 mg/L). c.3914A>G
(p. D1305G) was detected on ATP7A gene of case 1 and 2. A novel mutation, ¢.3265G>T (p.G1089X) was found in case
3. Both of them were firstly found in Chinese patients of Menkes disease. The mother of case 1 was tested at 20 weeks
of pregnancy. Karyotype and ATP7A gene studies of the amniocytes were performed for the prenatal diagnosis of her
fetus. Normal male karyotypes without ¢.3914A>G mutation on ATP7A gene was showed. Postnatal genetic analysis and
normal development confirmed the prenatal diagnosis. [Chin J Contemp Pediatr, 2014, 16(6): 624-628]
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Menkes 35 ( MIM#309400 ) & — F 5= UL 1) X
BB AL, BT ATPTA £ N R S EUMg
B A e B L PR, AR R, A S
filg Y THBEBREG 51 2 R G I fEpats. A 1962 4
Menkes 25 " AR E LIK, E45LREME T
T 400 PR H1 . 4 SCHERRE BRI Menkes % 2 9 R
2924 1/300000, H A2y 1/3600007, F& [ 5% F
Menkes J& FORIFFE 550/ B2 B2 AT AT I8 B9k
Menkes i (1) LG IR K e RGEE | 4540
AR SNk PR W AR A K
AHEW, ZTHRYILEIT-. Menkes J5 112 W
FEARYE ST IR IR R, FRE B AR, i
TR ] R 24 R AR T B Y AR IS B R
X . kB MRI. 3l ks 52 787 BT % 5012 .
ATP7A J IR 512 Menkes %5 (4 G5 A 1,
YEAENANE K FRZ) 300 FhgeAs 7, e R TR
PR e A SURYY, TR ESCERETE Y, A
&, BT BIL R 2ikIR , B MELIRISRTT .
A SCHE 2012 4F 4 H Z 2013 4F 1 H e Beis iy 3
1] Menkes Ji HBLAYIR IR 20 . A fb 2 BRI (K 2
AHATHISE, R Menkes R I R4 5. 215
PRI, HEEIAR,

1 #RERE

1.1 HRIH

3L BB 2012 4F 4 H & 2013 4F 1
ATREEILRS, T 8~9 M H IR 2K, 3
BILABIT AR 2. 4, 5 AR, FEIRE
RIS Nz hik G . BILACRE AR
SEEES, BIRMERE. A1 BIEBIL (B 1) ARER
s, HARESE 1 IREEYR 4 4 A i & BB LB 1S,
g1,

1.2 FHik

XT3 BIEJLIEAT T EEAmIG R A . — Ak |
L7 6 2 R R BRI

ATP7A FERAGIN . 78 B LS @ 0 e W) = i
2T, SRERJLAHACHE: EDTA Tt 4 3~5 mL
PEAT I 43 Mro FEFE P .l F BloodGen Midi
Kit ( CWBIO, China ) & HU JL M AC B 42 5 [ 4
DNA. A4 A 2835 PR 2H 5500 1 P AR AR 1) ATPTA 3
HFH). WA A Primer3, B3 T

145519, BT %R 23 Mo B (%
1) o 519 LR RAEMBEARNF G, HIE
ATP7A JEH P51, R PCR kit AT
4, PCR LW &M 95°CHIZEHE 5 ming 95°C7F
P 30s, 55°CIE K 30s, 72°CHELEM 1 min, 1
30 MIEER; ) 72 °CAMFEAEM 10 min, PCR [Y{A
FRIBR 50 pLo FEHFHHT: ATP7A &5
T PCR P44 7=4, Fi ABI 3730XL U34S,
W59 K H IR PCR 519, 3K 51 43 #1 % H
DNASTAR BRAFHEATF 50 53 B F1 LR

Bl 1 BILEEEA, FiRh BEBE i,
FoRMAT IR LW, T242 20 ERTAE BEESIF T
SE G RS 2R 0], ECEK 20 mL,  HOHLE O S
Iy BUE K 4L, {8 FH BloodGen Midi Kit ( CWBIO,
China ) $2HURJLFE/KMET5 2000 DNA, #5417 ATP7A
FEPRAGEI

Fz1 ATP7TAERESHEIHFS
el

GIL e 7 L7 51) S/ (bp)
ATP7A-1-F GGACCTTGTTGGCTGTTGTAA
ATP7A-1-R AGTGTGTCTGCTTCTATCTCATTG 624
ATP7A-2-F CTCTTCTTGAATGTGGTGTGATGA
ATP7A-2-R  CTGGCTACCTCCATAGGACATAT 1944
ATP7A-3-F ATGCTAACGGATAGTAGGAACTTG 507
ATP7A-3-R AACACTAAGGCTTCCAGGACAT
ATP7A-4-F GCCAAGTATTATGAAGCAAGGTGA
ATP7A-4-R CCATGCTTGAAGAGTACCATTAGA 636
ATP7A-5-F GCTCCTCACGCAGTCATTCT
ATP7A-5-R GTGGTTCTAACTTGTTTGCTCCT tie4
ATP7A-6-F  AATCAAGAGCAGGAAGCACAT 2420
ATP7A-6-R  ATAGCAAGGGAATATGGGTGAA
ATP7A-7-F TCTCTGGTTCATGGTACAAGTTG 2400
ATP7A-7-R CCTTCTCCTCCACCATGATTAC
ATP7A-8-F GCCAACAAGAGCTACCATACAG
ATP7A-8-R  ATCACTCTCCCACTCCAAACC 78
ATP7A-9-F GGAGCACTTATATTCAGTCCATAG
ATP7A-9-R  GCTAGGATAGGAGTCCAGGTT 694
ATP7A-10-F GGAGAGCTGTTGTGTATAACTAAG 665
ATP7A-10-R  CTGAACTATCTGAATTGTCCTACC
ATP7A-11-F  ATCCACTGTCAAGTAGGCAATATG
ATP7A-11-R  TCAGCTAAGGCTAGACCTCATC 370
ATP7A-12-F TCACTGTTGGAGGCTATGTTCTA
ATP7A-12R  CTTGAAGGAACCAGATAGGACTAC 2 0
ATP7A-13-F  TCTCCACATCCTTGCTATCACTA 1131
ATP7A-13-R  ACATTACCTCTCACCATACCAGTA
ATP7A-14-F CCACCAAGAGGATAAATGCTGAA 1470

ATP7A-14-R  CACTGCTCTACCTTATCTGTTGTT
. B JGREE R 550,
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o #= 41 TU/L ( B8 0~40 TU/L) , A PNH:E [ 48 TU/L
(% (H 0~451U/L) . 3 ] HL Il 3% 4 5 25 1 24

21 KRR WEREE, 3 702, 735, 81.0 mg/L, W 2,

3 o1 £ Lot [P 5Bk ol =B R B, 43031
T24H 44 H A 5A A BLeE , brstmzs e ( #
Z&.mE4 . SRS ) RITE R, R s
SEER, IR, 3 G LR AN S
12, 1 3 8 P I T s E R R A I (559.3 TU/L,
1E 5 X IR 40~150 TU/L ) Ko 25- #2484 2 D FEAIK
(29.2 nmol/L, 1E% X1 47.7~144 nmol/L ) Hi5E12
b MR, YRR Dy 2 H R B
TAE ARSI, % BT FERE. kB
B 3 4 B L RN - E R J1iE sh s, AEERS
%, AN, BREH, SUEIERE, kAMRE . Bl
M. TEZW, WEAEEIIET, ISR, 61
HIAmiaE S, B 2 PUE RS 3 BB LG IR
FEELE 2,

22 LWEWRE

SR JUACRE il 3% ] 5 AR VR DU 4 TR
23 HEBEFERE

3 {51 b L e R AT i S s AS [V R B R ik 12
i o 1 s AU AR SR 2 SR
AR T, 3K B SRS, K B/ 2=
4, WA T 19 3 U B AR S S
NGRS, P (B 1) .
2.4 ATP7A EERTHHT

3 il LI AEAE ATPTA SR 245, i) 1 Ffs]
2 #5°4 ¢.3914A>G (p. D1305G ) A, NERIE %
25 1) 3 09 ¢.3265GST (p.G1089X ) 2878, R
WARGE B 9728 . XHT ¢.3265G>T, FefiTim it T A
FEHH K] (www.1000genomes.org ) HEBRZ A,
Jf H B BLAST XFHE T p. G1089 1EAS A4 iy
TSFE, RIS FL S i B RS . I

3 5 L v 5 AL 56 B R B EE AL, IR #x2, K2,
kAR WL S5 ) 2 BT P, A R A
*F2 3BIBRILNERFSMEEZHMOELER
miH St 1 st 2 Sl 3
53] 3 % 3
IR (H ) 2 4 5
BWHAEE (H) 9 8 8
S (em) 40 40 43
I RN &, Bhisshign &, Bzl &, iz shfEiR
FUEZEE W et DU BRI RRARR VU i AL ) REARR U R ALK 7 FRAR
i EiiTE =k ] XA SR K AR R s, I T SR HiE ;s AEES; Mk ey ST i
T % 1 (me/L) 70.2 73.5 81.0
ATP7A FEH 248 ¢.3914A>G ¢.3914A>G ¢.3265G>T
(p.D1305G) (p.D1305G) (p.G1089X)
e MRS S %N 210~530 me/L,
fﬂj’j G TG [ cCCccCc TCT G G [ G CC T CcC
/ O A
: J
2 YW sA /\ /\[\ M /\A
A\ Bt 5.1 | A
} & G TG C cCccCcTCT T G [ G C C T ooC
N AMARAR o
i3 # L

1
T2 AF 7R AU - |
45 ) o ) 3 LRGSR T2 AR AU (HER RO FRPE K T2 555 (7
KPR .

BILRHEERRERERI 011 BILRIHR
MU-ARFRGA /N, R B TE (7 ks i 28

2 ATP7TAE A FF %] 3 L ¢.3265G>T
(p.G1089X ) Z87%, ik Tty c.3265 fi i,
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35 B LACEE ATP7 A 5 RSN I ARAG H 2847
TESE 3 Bl B LI AR A 848
25 RITSHEA

3 i B L5 & 42 LAY Menkes #5512 W7 . 22
JUBREHR , B Rt [P . Y 138 SRR
PR 7% S B R S E I R W R A
ATP7A BEH AR o3 Afr 5 it — 25 B 79 . i
F H T E N TG A0S A R I, 3 48
JL¥ AR BEMEA T A R i 7 91697, A AYUEORIA
JPAEXPRET WM 3, SARRET HL,

BEDTZE R 3BT TR IERE . B 1 BLTE 2
2 3AH, PARRERSL, i E MR, A S5 min 4
BRAE—IR, R8P IE HBh SR, Marat kAR
UEE I, B2 F 1 SR, SERE, Tk
mR10d JEETS. B3 EAE 1 2 6 AN H, fEK
Bow/b, B2 8k F i, THE
2.6 FEHIZHT

B 1B 5 2 7K 40 i e 4R 53 e SE iR LA
WL A% R 46,XY, ATP7A 3% K % 43 47 oK 46
H c.3914A>G A5, FEoR iR LA B 561 1 A0 [F
Menkes %5, B35 THEUR 39 A F R R, fRIL&
HlE A, B4 S 1 min, 5 min A1 10 min Apgar
V¥R 10 43, IMVEH 8 e s, BEFLERSE,
BIBE M KB IER , S Ris Wi R AT
3 itig
Menkes Ji X R A LA AE, & ATPTA BBk
SR AR . ATPTA e AR PN 2 A
2, S ESh s R " ATPTA B
S 585 AW B RUK ATP, S#id 8 N Hi/K iR
SERE L B B P ST, KA A AR B TR
BEANMT ", ATPTA JEH 52 S5 ATPTA 5k
B3, o Z8h BB Ko R A e A, T) st 4 v R 4 AS e
3 23 A0 M ) 9 R VR, ot R R R I AR K
SRR, BRI C AL . AT b
Mk MR . WERL A L, 2Ok -8 - FHILEEEE
B AR S MERGTE ME R R S EUR I L RS RE R
i, SZURANMIITE R . dh 2 AR A R . A 3
B IRIEA . MEAA B ERAR",

R B E IR LI, Menkes Ji5 70 W4 LR
BRRVRIRL B LR AAE . 2 MR Menkes 3 H 5 Il

IRERIEFHE, BEZT3IZHNT. HiEL
WIRE T P AR L IR . PRFERINE
TF B M VAT A . 1~2 A H B FF UG R AR
WS RS, K R, MR L R, TEDBUERE
FERRAE F o 2~3 AN H B AT & A o, RS
MBIz iz lm S miR, EaEE . kiR IR
LY 2 DN DN EE N ik R 3 N
B . BRI E A Sk R AU B A
PN B SR I A A Y e B R R S
WAL 3 % RS | A I R E sl ph 28 R 48 U g
RMLIET . BB H FERI N PN T
BEEIE, A EBK. KRS, Shlkisse T i
AT o MERA IR LA MIAAL X 7 ULRL
HAMEEYE, BER Bl R SRS,
ZAE AT A R M AR 3 ) R LA e 2L
KA, TR LG DR B ki [P A a2 Bk
e, R, RIEHEA A BRRARRIE M AR,
)@ T4 Menkes J5. 1] 1 A1 2 FEA4 B85 L
(g s SN ) o 3 LAY IiRE R )
B 5, W W T R T
F, Frh ] LB ks 2 s I A i, A
A Menkes Ji i i L% mifg 28 1,

ATP7A FE R J& H i 2 0 1) ' — 5 Menkes ¥
OGN, B AT Xq21.1, & 23 4~4h i
T U YE A B ARE Y 300 FhOR[EIZE ALY ATPTA %8
A, LRI E e (549% ) | BRI (29%) . HE
2 (8%) . HiA (2% ) FfEINL (0.1% ) %5, A
F 75 3 1) £ )L ATP7A 3[R 349 46 ) 1) 20 28 2%,
B 1 F1 2 2~ ¢.3914A>G (p. D1305G) , 6] 3 &
¢.3265G>T (p.G1089X ) , 2011 4F Gourdon %5 ' ¢
WA IE T ¢.3914A>G (p. D1305G ) . p. D1305 i
THMNE T 20, TEARYF SRS, 5 ATPTA
IR AL S5 M A G, 20 RS AT R 3L
ATPTA FEFTEALSZ R, 2 mas & 1 itz &
B, A IRE MR IE LIRS, AR
HRAAS, B 1. B2 Rk AT AR A, TG
MZKFR, EH AR RS, #E c.3914A5G
(p. D1305G ) ATREN [ Menkes i £ 4 585 LAY
RAZ . .3265G>T (p.G1089X ) g [ Py 4P AR 4R 3E Y
HIRAE, ¢.3265G5T (p.G1089X ) 2875 it il Jh At Jik
HEZE 1089 (4RATZA L, HIEH REED T 412 MR
HR. G1089 i TAME T 16, X — X I F 561 5%
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it ATPTA | H IMWAZF ERSS & 7, 2845 nT g
S ATPTA 5 BRI T AZE 6. TR
412 N HEER T2 5T 1 ATPTA i 0 1R fh 45
P RN K S PR 2 AR 0 7. 8, Bl ] ik S 2k g
HELEMIIREES , DT i s, B0 .
3 51 £ L it S ] B T A I AT, 5 B R
RFBL, R 3 Bl ILAY ATPTA R 2248 1 35
ATP7A BTG PERTEREAS, Mz EUR =A%

2 ML Menkes JiimFE M UEEVE, HUSE2E,
BILZ TRIWPILEIIIET . 2R IRYT 3 2K
B FAN SERNXTAETRYY . 728, B F Menkes f 34
o T A R WA R T AR 7R TEARR [ A R B UE S
ZH 2R B2 T TS R AR Menkes 9 A 5002
BR3E. HA S RGBS T RIFW A&
7, HArE N oS A E R R, FEA
JEA LIXHRE R IT R B 32, A SC 3 il L
BUGAK, 1 BIHRJLTE 1 FEFET, HAame L
JCHH RS, ) 1 Sl AR

XFTH Menkes 552 SR, = RATZ W&/
PRI R O H S It . 1994 4F Tiimer %5 7' 3 o 3
HZWr, B IREIIHETT T Menkes 5 P2 RIZ W,
Menkes Jj5 P2 BRI 2 Wi B9 vk E2A LUF =fp. FER
AR RSN E K AR X 64Cu (AU DL K A6 4%
B 00 0 A - B O el R I v A R
DL R AR I AR P, SRR A B R o
i, ATERE, FESCIEE HE P S AR B S LR, X
FRAMPIEAT ATPTA PS4 il BHAR G LS 75k
Menkes Jii S8 % o AAF5E T 1 B Z G L B4,
FIKAMML ATPTA FEBF MR W, Il G
KEIEHR, WUE T F=aiiswiss

ARFFEREERAIHT T 3 B2 3L Menkes J5
LG IR R ML Z 2 W, KT —Ff ATP7A
B RAE ¢.3265G>T (p.G1089X ) , HIRMHE
BAK T ¢3914A>G (p. D1305G ) , #H—#F
B T 3RIE Menkes J5 (3L FI 284558, R B — K
FAT T HILBY 72 Wr, 31 K il L 1X 1 16
Menkes J 7= R iZ W 255 .
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