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Lic, APNTEBSEERAIcHY, 2MABRIUMMOEREEHTLHTES, GO
+ 1 #lix chondrodysplasia punctata #{£5 Conradi FEEEETH Y, & 5 16k Conradi FEEHE
CUEEER 2R T, 46, Y, —X, +der(X) X Y) (p22; ql1) OREHEBEFETH - 7e0 >
TayF gk BEFTCIE, STS @ cDNA #7'vn— 7+ LB E, 6fleflcXfetto
STS BEFORBEMNED bR, STS BEFOEBICELET HRETHRICE 2RETIE, A

BEMACRMOBETREEZZ DR - 128, E

EHE AT oA T 261 bic STS EEF

B L RET O RIB LB, 8L CRIBLAETER, STS BET (pSTST6), DXS89
(pPTAK10a), DXS31 (M1A) T -2, BLEDERE Y, HAAEMIC ST b BIETFRHEA STS
RABEOEERFR L 2> TV B LB L bR, X bICEETRERBOREASERERDSR
Ric< B LT\ B2 LaURah, STS REBERH S EENABBIETERRL LTEL
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XEHELHHOBEHR &> steroid sulfatase
(STS) KIBAE i3 F el 2 45 1 &+ B L RERBERE
THH®, REEEHAL L 42 Kallmann fEERY,
Conradi fEfEEY, Rud EREF? 7 L O~ OIEBER
REBTB LML AT VD GEREESHAD, ¥
£, STS ® cDNA 7 v—= 7 &h, £OEETF
Hh Xp223 vy F¥NBE L LD, STS KB
fE T STS BETOREVPEBERFERCTCHBZ N
HFEIRTELSLENE, xh STSREEZESE
A OEBEFETIE, ToRE BHEL CTFET 2HED

By o oG FoRSE (BERETFEERR CXd2
LAHESh TV AW 5, FIEINTRD -1,

&0, FBHABRERG 4 6] & ERF A 2 6
DE 6 Gl STS RIBEEIZ B\ T X DEET /RKIBOH
BEEE L. HAAEFIZK\ T STS #EEZFD
R4%H STS RIBIENTBARFRATH -7, ET, E
EFEE AT STS B FECHET ZHRENRET
DR&ERL, BEACTERHEOBEICAS L0
BEEBLOTHRET S,

Alphabetical list of abbreviations in the text

CDP  :chondrodysplasia punctata

DMD :Duchenne muscular dystrophy

MR  :mental retardation

RFLP :restriction fragment length polymorphism

STS  :steroid sulfatase

Xcen :centromere of X chromosome

Xpter :terminal end of short arm (p) of X chromosome
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Table 1. Clinical findings of six patients with STS deficiency

Short Shortening  Nasal

gz(x)s‘es Sex Age Ichthyosis Stature gf{ tt:?:mities gﬁ%?é CDP MR Karyotype
1 Male 3 year + - - nd - nd
2 Male 4 year + - - nd - nd
3  Male 6 year + - - nd - nd
4  Male 7 year + - - nd - nd
5 Male 9 year + + + + - 46, XY
6 Male 2 year + + + nd +  46,Y,-X,

+der(XH(K; Y)(p22;Q11)

Abbreviations: CDP, Chondrodysplasia punctata; MR, Mental retardation; nd, not done.

p22.33 P>

Fig. 1. High-resolution GTG-banded sex
chromosomes of Case 6. His karyotype was 46, Y,
-X, +der(X) t(X;Y)Xp22;q11). Arrow indicates a
break point of the translocation (Xp22, 33).

MHEEFE

1) &

REELH, BREOBRERICLY STS RIBEL
ZEEIN 6 EOFREX G L L, STS KIBAE
CIEFIDEERE % Table 1 (2wt HEH145 4%
BEREMOITH D, EF S ZABELICESE,
PUf£afE, #: 8, chondrodysplasia punctata (CDP)
Z4fvs Conradi FEEREE 2 bhic, REFSHET
46, XY oEEE PR L, BBESHICLs2RET
HXRERERORKIED N T, EH6
i, 46, Y, —X, +der(X) t(X;Y) (p22; ql1) o %

Table 2. Steroid sulfatase (STS) activity in
mononuclear leukocytes!®

STS activity
(pmol DHEAS/h/mg protein)*
Patient Father Mother

Case 1 0 nd 100
Case 2 0 184 148
Case 3 0 141 30
Case 4 0 nd 61
Case 5 0 nd 110
Case 6 0 nd 188
Control**

Male 176.8-+ 57.6
Female 257.9+138.5

* STS activity was determined by the method of
Shapiro, and expressed as product of dehydroe-
piandrosterone sulfate (DHEAS)24,

**Results were expressed as the mean + SD from 5
normal male subjects and 5 normal female sub-
jects.

Abbreviation; nd, not done.

L, BEE, MEEE S8, MEET2REH28,
A OBRELR R IR T W7o CDP o& iz T
H{TH - 7219, ethidium bromide 2 L 2 EBE D
B OB Fig. 1 iR,

STS EHOAERAMBROEZEEZHB .,
Shapiro & @5 IZEE U TIT AR b, Table 2 iz
T X EPINBIRELDLT TH - 7219,

2) $¥rIJ0oyrad

FIEF O~ o 10~15ml &EEE, oA
MmERGEL Y DNA ZHH 7S, 2o DNA 10 ug
F, BRICEHLCHRERC LYV ELICHEAL, 0
#0.8%7 e —2 X VESRUEBICE Y SELT, +
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Ay 74 NF -7y Ty L2, Fa-7
it Xp wHFET S DNAMK (KkEig) &2 ¥P T~
ML, 5XSSC (20xSSC: 3M NaCl, 0.3M trisodium
citrate), 50% F /LT 2 K, 5X Denhardt’s, 20
mM Y B b Y v 4 (pH6.5), 100 ug/ml 4 7T
DNA, 10%F¥ R +Z »H L7 x2— NOBERFT
T4 B — AT 42°C-— BN TY EA E—
3 &R -7, O, 2X8SC, 0.1% SDS Ti15
S 21E, 0.2xSSC, 0.1% SDS <154 1 BlO#k
%% 65°C TiT\w, A— b 53U FF 74— (8
A DBEFOREBOFE LSRR L,

3) 7no-7

Table 3 2R3 X 5 ic Xp21l-Xpter IcFEET 5108
o DNA Wil & #r— 7L LCHEMA Lk, pD21®,
pXUT23» , 782 , dic56?V , pTAK10al jx X Hfa
FIC RN LIEEEYITH B, pSTS76%, MIAW
b X R RN IEERSIThH 505, Y Rtk L
L HEREED D BEERTIAFET B, pSGLY,
pDP411a®» % L T pDP230% T v b @ 3
pseudoautosomal region'” IZ7FEZEL, X, YWHE
fEEica—- FI3nTv3,

pD2 X Japanese Cancer Research Resources
Bank #3 U, pDP230, pDP411a, pSG1, dich6, 782,
pXUT23 ix American Type Culture Collection %3
UCHtE 2% -, MI1A i Dr. J-L Mandel L b,
pTAK10a X Dr. T. A. Kruse L b, pSTS76 i Dr.

P. H. Yen X5 2S00, u—70 %P |2k
535 ~biE, Multi-prime™ (Amersham) %\ 7z,

] R

GREBIDFHF v T ry hOFER S Table 3 217,
pSTS76 % Fu—7L LiEE, 6EMETTXHE
fatkbic = — R & hi: STS AEFRAEERET, Fig
2 ORI FRENS 20kb OYRBHELFOBERETF
(Pseudogene) DAY FORNRD b, BEEE
BEIOEML, 2, 3, 4T, o 9BHETOT
n— FICRT B AL FAFEL, STS BEFEHED
RIBIIEED bhvim»ic, EEFEHACERS, 6
Tk, 2EME i EDSF 7 A DNA 1€ MIA &
pTAK10a #5R#+ 2B EE S & KT (Fig. 3),
Ehie, fEF 6 dich6 kT HAL FORELR
» ot (Fig. 4), 7vw—7782, pXUT23 LT
pD2 #FEALIBE, 2EMALb T - LR
BRDOA L FOEE LT, %7, pSGL & pDP411a T
L20ERE b3 b r—A LR CEERD AL FER
B 6T,

pDP230 # 7w — 7L LTHIREESE EcoRl TH1L
LcBIZiEf D k= v b e — A ERE UEERED VK
w7 Lichy, FEGI 6 Tik restriction fragment length
polymorphism (RFLP) #4& U, B % /4 DNA
RV CREmkOXRAF ECHEET S pDP230
DEEFR I KT B FOXRIER D - 1o (Fig. 5),

Table 3. Southern blot analysis of DNA from patients with steroid sulfatase deficiency using the cloned

segments of the region Xp21-Xpter as probes

locus Probes Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
DXS20 pDP230%) + + + + + X, +Y)*
DXS28 pDP411a® + + + + + +
MIC2 pSG19 + + + + + +
DXS31 M1A» + + + + _ _
DXS89 pTAK10a® + + + + - _
STS pSTS76Y - - - - _ _
DXS5143 dich6 + + + + + _
DXS85 7829 + + + + + +
DXS16 pXUT232 + + + + + +
DXS43 pD22 + + + 4+ + +

*:An allelic deletion of a pDP230 locus on the X chromosome.
1+, Presence of DNA sequence; -, absence of DNA sequence.

a):X chromosome specific probe

b):X chromosome specific, Y chromosome homologous probe

c):X, Y chromosome specific probe
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EcoRI digested DNAs from patients were
hybridized with pSTS76 probe. Lane 1-6; case
1-6,lane 7; normal male, lane 8; normal female.
Arrow indicates a 20 kb fragment hybridized
with Y chromosome-encoded pseudogene. Case
1-6 show the signal for Y encoded-pseudogene
only.

pTAK10a

Fig. 3. DNA analysis with M1A and pTAK10a.
DNAs from patients were digested by HindIII
and hybridized with M1A and pTAK10a probes.
No band was detected in case 5 and case 6: lane
1-6; case 1-6.

dich6

Fig. 4. DNA analysis with dic56. HindIII
digested DNAs were hybridized with dic56
probe. Case 6 has no band: lane 1-6; case 1-6.

pDP230

Fig. 5. A southern hybridization of pDP230
probe with EcoRI digested DNAs from the family
of case 6. Lane 1; patient, lane 2; father, lane 3;
mother. X; X chromosome-encoded segment. Y;
Y chromosome-encoded segment.

% £®

BT, 680 STS RIBEBEEZEDY / 4
DNA T©&flic STS BEFOREEZRED, HEAE
Bz B\ T HEEFRES STS REBEOFERFER
THDHIEERBOMT LI, 3B, EREFGHEIT
%, STS BETHELLEETORELRD (Fig.
6), BRDOELEFRIENZHRREROFEIICES LT
WBLEDEE L bR,

LgiX v, STS mE{EFEHNX—Y recombination
DA U9\ pseudoautosomal region ;E I
TrZ Ao Twi®, i, REYREGKER
iz STS ORBETIEET D ZEVBREIL T
28, thb0ERS, XY THROBE STS o
BETEORE A2 THHEESITEIN TS, E
Bg, STS KIBEDEFIIC BT STS EEFOKE
B LIHETE 0008 HrnfERIFERETH
~ T, BIEFRED STS RIBEOETERFEHLEE %
bhb, LaL, ZhET STS RIBEY &ieERE
D LB TETORBICX B &GO HET R,

Solet LR RBEE PO, fEF 5 I3migE e
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Fig. 6. Location and order of DNA segments used as probes in this study, and ranges of DNA dele-
tions in X chromosome in the six patients. Open bars indicate deletions of DNA segments; shaded bars
show the segments where DNA exist; and closed bars mean those undetermined.

G CRELERRSA RO » T 5T, EETEN
kb STS B{ETE (pSTS76), DXS89 (pTAK10a)
% LT DXS31 (M1A) ¢ interstitial deletion #3¥]3
Uiz, fEGI 6 DBE, ToREFgE 46, Y, —X,
+der(X) t(X; V)p22; qll) L » BETITXEEEE
A Xpter) D RENEZ b b, BEFETOHK
Bix, EEOYEA LY pter fllEEZHRD
DXS143 75 DXS31 T Fu—7TAY FDR
B2 U 25, pseudoautosomal region [ZHFTE
< % MIC2 (pSGl) , DXS28 (pDP411a), = L C
DXS20 (pDP230) TR AV FIZFEL Wz, Th
LDOAY FXYREE EOHRED S ZEERTIZ X
BEL T3 &E %2 6h, DXS20 Tk RFLP 2k
Xk EnEERT IO RIBENBRE I (Fig. 5.
Thebt, EM6OBETREBORHMIZ DXS143
(dic56) 76 Xpter ¥ THLEIR /KRB EEZ SR,
DExy, zo2fEfoLGo/BHEL STS &
= THE (pSTS76), DXS89 (pTAK10a) % LT DXS31
(M1A) T - 7= (table 3, Fig. 6), % i, &z

T STS FiMHRELT Th Y, ORI
DERPBEE L STS EHoEICL VHHAT I &
R o, TR DR S STS KiBfER I
WT LB ETRIBOHEIE 2 OERPRET SRR
ThDHIENTRBIN, I5IEBOEETFREBN
EHE, UEERH B2 LTsT56 <1k CDP &4
CxeldtndsEz ohd,

1984481z Curry 5% IEBESHIcL v Xp22.32
OB EREF G, BEEE CDP 22LC2KF
DB REFHEEL, CDP 0BEFEY Xp22.32
<=y FLTEY, ZOZELEHSEOBRE—F LT
B, Elo, WEEETHEFS L, EA6ICERD
Lhais, FER6ICkTik DXS31 (M1A) kv
EACROBIL T R B R RIECER L w50
L L, ZhbofERrb, STS ERETEEA
PR LIOBETFORIBIC L VL DERBENETS
LV EERNEEEIND, P &b STS RIBIE
IR A SERB O —EE Schmickel DIRIET 5 pEEE
EFERED ORIBICAZ DO EFE 2 bR,
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I ETIZ, hybridoma 2B VAo HRRRFAE
mEICL B, STS BEFER &M Xp2l—Xpter
D EBETFE R 0BG TFEORIIOHRE X H 519,
RIEHEEN L SOk, Wirth 52 3, Zo/F]
# Xcen—DXS9—-DXS143—STS/DXS16—DXS89—
Xpter & L, Yates 527 ¥, Xcen—DXS43—DXS85
—DXS143—STS/DXS237—-XG—Xpter & L T \»
5, %z, Ahrens 5 i, DXS89 4% pseudo-
autosomal region DFABZHBH T LEHELTEHED,
BrOBHETHREBRFEAIH O 2 /T STS BEETHE
&bz DXS89 mxiBriEw i, SEOEMDERZ
FREAF—EonEToREr L, KERTHL
7o Xp21 76 Xpter I HFET 2 EFUA OBEFIIX
KD ESICE L 5T Xeen—DXS43—DXS16—=
DXS85—DXS143—-STS—DXS89/DXS31—MIC2—
DXS28—DXS20—Xpter (Fig. 6),

1%, DMD (Duchenne muscular dystrophy) %18
HAFEEX I U E LTXEEELNDETTFNY
R—= 73N, TORANEAINOCHB, SE
DWE Tk, STS RIBER BV TXRAEFDOERET
TEBEE O SRFEIERO SIS LV 3FR
2B, SBREXEAEOFMREETHROFR
2 CDP # EOBBFOI/v—=0 FOiedhicd, o
NHDEFATOREOERESLE L BEhh b,

) &

FRERDLBEAFRILOMEIEE, HEMEZE -
RLERFEEHPDEBEHE - bH—EERcEE
RABEERLET, T, AMRETCHLY, B
BB RL L RBREOWMEBITEE, <M
BIE, Hph B EAMELE, BAREZEER
BHEOBERLET, BELRKRE EAG6) &\ o
TE LBAKRFERESHRRS D RESEHE - 4AaH
T, FEM 6 OEBEREATH ERT LT 227w
LRIEBRFEFHINEREEEEM R ERETR
- EHEEEE, 7e— 7 2EESE 72 Dr. T,
A. Kruse, Dr. P. H. Yen, Dr. J—L. Mandel & X (8
Japanese Caneer Research Resources Bank iz ¥t
LET,
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Contiguous Gene Syndrome Due to X-Chromosome Deletion

Part I: Contiguous Gene Syndrome Associated with
Steroid Sulfatase Deficiency

Shin-ichiro NISHIMURA

Department of Pediatrics, Hiroshima University School of Medicine
(Director: Prof. Kazuhiro UEDA)

We have studied 6 unrelated males affected by steroid sulfatase (STS) deficiency. Four patients had
isolated ichthyosis, one patient had ichthyosis associated with chondrodysplasia punctata (Conradi syndrome)
and the remaining patient whose karyotype was 46, Y, -X, +der(X) t(X,Y)(p22;q11) represented a phenotype
similar to Conradi syndrome. DNAs from these patients were analyzed by Southern blotting using 10 cloned
fragments mapped in the Xp21-Xpter region in order to investigate gene deletions. Four patients with isolated
ichthyosis only lacked a fragment of STS gene and two patients with complex symptoms had contiguous gene
deletions including STS locus with the fragments commonly absent in both patients being STS locus
(pSTS76), DXS89(pTAK102) and DXS31(M1A). These data suggest that the observed wide spectrum of
clinical manifestations of STS deficiency results from contiguous gene deletions.
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IEBERFELHDRBSEE (EF  EE—EHE)

ZH FR1E9HA98
B FR1%1A8A

HImER glycerol kinase JEED{EF & congenital adrenal hypoplasia (AHC) #Z2# % complex
glycerol kinase deficiency (CGKD) 4 iz 3\~ T, X$AEEROBEFREOEKEXFE L,
Duchénne muscular dystrophy (DMD) # 2 A 3F — i3 1 fliciR o, il 1 GlUREEERIER T 70\ 45,
BERIC L DIERRMI A AF—0@BMEX B oI, BYO2FARAMTH Y, HERI L
WICOBEREEIT IR T, Xp2l KFEETIREFHHE e 7L L ¥Fr Ty vk
2k ATk, DMD #3325 — 45861 DMD BEFO—#HOXBZRD, FEEHIA
NF— & T DMD BRFERED DXS67 (pB24), DXS28(C7), DXS68 (L1-4) »EEFX
BOFE LI, Ak, EETFRERZTEH CE -, 2ho0ERL Y, GKD & AHC »
BETFEEIL Xcen-(DMD)-(GKD/AHC)-DXS68-Xpter & 72 » 7, F7-, CGKD jz %\~ DMD
BIAAF— e HOERRRO SRR RAGRIBEEO S HICHEE L TV 22 LATE S

2o

Key words: B#E L TEREEE, Glycerol kinase deficiency, + ¥ > 7 r v hE

ERESRECEALIR, MMLRBERTEOFE
PHHEBL, ERTHTH > LEREREECRRO %
SR EERKCERT B LRS- TE
7o, 19864F, Schmickel iz X b #R18 X h B &Rz
FREMREE (contiguous gene syndrome) i, RfaffR
HER LU EROBETHBE L CEEL, $
BERE (XL LTREARRK) DD YUETETH
PRELTETBERBECTH B, BAEE T, B
YR BEREICHET SANOEKRESRE IR, F
O—EHITELEF LV TOBRF LR IR TV B,

complex glycerol kinase deficiency (CGKD) %%
BERBTERFOVELDEEZ HN, Zhid glycerol
(GKD), adrenal
hypoplasia (AHC), mental retardation 3 X ¢
Duchenne muscular dystrophy (DMD) % % & 3F —
2T 5 XHEMLHBREEETH 5% CGKD nfE
TEHREEGTH CLIELITX etk p21 (HEDRE
B, BIEFLALTOXREE p21 DXREHIO
WELHHZ Lk y GKD & AHC 0EETFER
Xp2l.2 =y 78hTWw5%9, Lil, £&

kinase deficiency congenital

Alphabetical list of abhreviations in the text
AHC  : congenital adrenal hypoplasia
BMD : Becker muscular dystrophy
CGKD
CPK  : creatin phosphokinase

: complex glycerol kinase deficiency

DMD : Duchenne muscular dystorphy
GKD : glycerol kinase deficiency

MR : mental retardation
Xcen : centromere of X chromosome
Xpter : terminal end of short arm (p) of X chromosome
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glycerol kinase (GK) ;&= TFHE? cDNA 7 w-—=
YRR ERT AR, kT, DMD BEFER
GKD & AHC 0BG THEOEFICHEET 52 05
bh&7 Y, CGKD lc&h#7 % DMD I A4 35—
~¢ DMD BFZFOBE HB Lo0bH 5%

4, B4k DMD #3245 — &0t - &t
Bl z&ir CGKD4 #lizks\T, DMD &EZEZT &9
7o Xp2l WHFET EEFERE 7 n—T L LTH
FrruyT g rFECLY, TOREFRIEBEOZHHE
PEEL, FERERLOBGRICOVTERE LICOTH
EHT 5,

M EHE

1) &

B IMmER glycerol kinase & FEIC L Y, GKD

LEWENICBRAGIENERE L, CGKD4 flnfg
Rig% Table 1 i2nd, fEFI 1L, 4 SFciEe: -
BBESL PORIBEETSER TRIE L, M Na,
Cl EfE, K&EEsE, m~+~ ACTH RES(E, R+
B MA glycerol BESHEAR Y OBERR LY
GKD 7gebitfz, HIMERD glycerol kinase #HHEiL,
H5%EEVICEMfTHY, GKD r2lishi, I
EF' creatin phosphokinase (CPK) @ F&id7eh 7

, BEETE-HREOMT L EEY, FEEREM
z‘»% OREE LTI, B, SEEEOEL
PHRHOLNT B, T, REMEHEEI46, XY T,
EEESHTY Xp oORBECIBD N1
Fe¥, REGI2 b, 5mMICEIBBRET &ER I TRE
L, BIEk glycerol kinase HED{EE L v GKD &
B I, BEORMAEZEE,SH 5, EOI3 IE
Fl2 oREFIT, HEML Y BERP=Z LY A=
DEEIEBENTERY, GKD b T, &
BOBET, GMmE glycerol kinase IEMENE T HEY

bol, 2RBEE THEPREELEERED TR

Vo SEF2, 3 Ebic CPR EIEH Th b 4L
ST, &, BBESHICE > T REMSFE
Xp ORBIRAd -1, EF 4%, A% 3EMTEE
& L FEENTREDO DAL Lic, AREEOBRAERT
Ry, M9 Na, Cl {&f8, K&fE, M+ ACTH &fd,
e CPK Z%E{#E, Kok glycerol %
EfE % L1z, AMmEk glycerol kinase & iZ B D
#W1%THhHy GKD LWidhic. 47 AROHE
BT, BivAbr 74— 27BT5AEEL, $§
kb Xp o RBIERRD b hied -1,

2y 4¥rFoyF ey

FIEFIE D ~o2) i 10~15ml REERE, +0
HmEksE L Y DNA ZHith L7212, X512 DNA
10pg EBFRICHELCFHRBERCLVTE2HELL,
0.8%7 Hr—2 S NVEKKEIC LY SELT, 4
¥Ry T4 v TEN IV e T o M E— 1T
DNA #BLboic, "M TV EFAE—-T 3 i Xp
CHTET S5 DNA Wil &P T~ L7 m—7& L
T, BXSSC (20xSSC: 3M NaCl, 0.3M trisodium
citrate), 50% 4/ 57 2 K, 5XDenhardt’s, 20mM
UL EEF Y 7 A (pH6.5), 100ug/ml ¥ 7 B+
DNA, 10%F* A bF ¥ 7= — bOERPT, 42
C- 1BERTR 1. TOHE, % 2XS5SC, 0.1%
SDS T155f 2B, 0.2XSSC, 0.1%SDS T15%fE
1EID6CTIT, A= FF3VF 7T 74—l THEL
DEGTOREBOEEERN L,

3) 7uo-7

SEOWFT T, Xp2l HEET 5148 EH» DNA
iR (Table 2) # 7w —74+ LTHER LK, pD2,
p99-6, pB24, C7, L1-4, J66-HI, p20, J-Bir, 75413 X
R R A 4 7 A DNA TH 3%, cDMD &
) — Rk, Koenig 50 gk r7u—=v 7 Enk

Table 1. Clinical findings of four patiens with CGKD

CPK
Cases GK . Histology ACTH
Sex Age . activity MR
No. activity™® of muscle (pg/ml)
(Ic/n
1 Male 8 year 0.239 50 NM 1, 600 +
2 Male 7 year 0.132 63 nd 656 +
3 Male 2 year 0.032 75 nd 570 -
4 Male 9 month 0.087 7,490 MD 320 —

* Glycerol kinase activity in leukocytes shown as nmol/h/mg protein.

Normal GK activity was 4, 12541, 817 nmol/h/mg protein (mean+SD).

Abbreviations: CGKD, complex glycerol kinase deficiency; MR, mental retardation: MD, muscular dystrophy;
NM, non-specific myopathy; nd, not done. CPK, creatin phosphokinase
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DMD &EF® DNA &% 77 m—=1 7 Lt bo
<, T %5 mRNA @ 5’ K& 5 IEI ¢<DMD1,
Dyeeneere , M -TwW3, ChbDBEFEOLE
F EORFIR, “hE TomE L vs61w Table 2,
Fig. 3 0k 5ic#Ex bh, kb oIE X REEEN
@ terminal end (Xpter) #>& centromere (Xcen) 2
BEFLTH 5, pD2, p99-6 I Japanese Cancer
Reseach Resources Bank #:%, ¢DMD Y — =,
pB24, 754}% American Type Culture Collection 76
5 %57, C7 i Dr. J-L Mandel X v, J-Bir,
L1-4 X Dr. L. M. Kunkel X v, p20, J66-HI }3Dr.
E.Bakker k9 #5137, 7u—70%Pick 5
Z i, Multiprime™ (Amersham) # V72,

& S

4EFIOF ¥ T ry FoERY Table 2 12577,
ER 1 AR TRIEFEN I ARF—2FTELOD
FRREVIZ DMD # 2 A 3 F —fERM 220, 204
/5 DNA %, B24, C7, L1-4 %7 u—7k L1-55
BIZAY FORENED b (Fig. 1; a3, b, ¢), L
#>L ¢cDMD 11, 12a, 12b-14 7 ¥ DMD B{ZF %
EHlho e - T TREGTOXRBIX Ao
(Fig. 2; a, b, ¢), DMD 3 4 F— eV R
BIOEF2 - 3%, SEBVEZETO e — Tt L
TAY FAFEEL T (Fig. 1, 2), Lo L, Bt
% - BRIKG L bic DMD #3415 — %2+ 25EH
412k Tik, DMD #EETTH3 cDMDIL, 12a,

12b-14 OB TOREFOZLRENED bl
(Fig. 2; a, b, ¢)o X Bz, WEED cDMDI-10 ==
cDMD10 i Lt-4 / & DNA Tk % ]66-HI
(DXS268) # 7w — 7k Li-BaI2i, BEFOKIE
FEH LT, BETXREO Xcen floHIK S
cDMD10 & ¢DMDI11 DDA v b e o EIKEE 2
Hhitc, DMD EETFE L Y Xpter o pB24
(DXS67), C7 (DXS28), L1-4 (DXS68) & 7u— 7 &
Lictsa, WEhb oAy FoRBIZRD -7 (Fig. 1
a, b, ¢ LT Fig. 3 ®4I0RT X 540G
BRK BRI cDMDI0 35 5 DXS68 oiifs %
TEELLNB,

e 5

SEME Lc4ABITit, ¥ ¥ oo my MEIREY 2
Bliz Xp21 oS BEFREBERD (Fig. 3), 40
P DMD # 3 A4 <5 — & BIOEF 4 T3 K IBEFE
5 DMD BEFEICEL TV, 4, Witk b
BRI A5 28 5EM 1 04, DMD #EF
BEORBRIBDR OO IABEOBRETFTH S
DXS67 (pB24), DXS28 (C7), DXS68 (1.1-4) »/xig
DBEEL O, ZhbDT bid, RifriBosa
WEFRERD 2400 CGKD (cff5 DMD #: 3 A4 ¢
F—-DERFERIZIE DMD BEFHECEE LWL
HTERRLTLB,

FloZhE COHE Tix, mental retardation
(MR) #fEbie~ CGKD4 T Xp2l DBEFOK

Table 2. Southern blot analysis of DNA from patients with CGKD using the cloned segments of the region

Xp21 as probes

Locus Probes Case 1 Case 2 Case 3 Case 4
DXS43 pD2 -+ + + +
DXS41 p99-6 + + + +

. DXS67 pB24 — + + +
DXS28 C7 - + + +
DXS68 L1-4 — + + +
DMD cDMD12b-14 + + + -
DMD cDMD12a + + + -
DMD ¢DMD11 + + + -
DXS268 Je6-HI + + + +
DMD c¢DMD9-10 + + + +
DMD cDMD8 + + + +
DXS269 p20 + + + +
DXS270 J-Bir -+ + + +

_DXS84 754 + + + +

:¥, Presence of DNA sequence; —, absence of sequence.
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pB24
a
c7
b
1. 2 3 4 5
Li-4

c

Fig. 1. Southern blot analysis of DNAs from pa-
tients with complex glycerol kinase deficiency.:
lanes 1-4; Cases 1-4, lane 5; normal male. (a): Pst
1 digested DNAs were hybridized with pB24
probe. (b): EcoR I digested DNAs were hybridiz-
ed with C7 probe. (c): Eco RI digested DNAs
were hybridized with L1-4 probe. Case 1 had no
bands with each probe.

BATEH IR CEHP5W, GKD, AHC EEFED
EFICHFET 3EEFOREN MR OoXBIcE<HE
ELTwBEEZLRT V3, SEOER T, EE
FTREOFERCTE RIS IEM 2, 3Tk, EER
715 GKD, AHC EEFE L b Xpter HloEETXR
BERDHEMN 1 CHRETOREZ XY -7,

& 5iz GKD, AHC BEZEFHEL Y Xcen filo DMD

BETEORBEH IEM4 BTk MR 386

» T, —ikic DMD BEFOXRBLEDHIB
DMD fEFTH MR @&z el Zh&0MEH

cDMD11

¢DMD
12a

cDMD
12b-14

Fig. 2.Analysis for deletions of DMD genes.:
lanes 1-4; Cases 1-4, lane 5; normal male. (a):
Pvu II digested DNAs were hybridezed with
cDMD 11 probe. (b); Msp I digested DNAs were
hybridized with cDMD 12a probe. (c): Eco RI
digested DNAs were hybridized with cDMD
12b-14 probe. No signals were observed with
c¢DMD 11, 12a and 12b-14 in Case 4.
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75, CGKD 2 &8f+ % MR ofERER T GKD,
AHC BEFE LD Xpter floEEFRBIFEET
HHZEDNTREENS, U EXY, CGKD ERIC T
O AERRERO HEM Y, TOBETFRIBEREBO S
HicEET S EEZ NS,

19874 Francke & LISk, CGKD ToEET
RBIZBET 2HEN ML o0 B B, BT,
GKD rAHC oEETFEx DXS68 (L1-4) &
DXS270 (J-Bir) ¢ ol FEET A EE LY, L
L, 0% DMD BT cDNA / v—=27i
X v Zo cDNA o&BEEFINRESh, DMD &
RTOTRBLTWIREFEF Th 5 DXS270 i
DMD EETAREET S EHNELN LRSI,
%7, DMD # 34 F— &80 CGKD EHiX
DMD B FEAORBERD 32, A
DMD BEEETEAORBERD R EORE DY,

Xp pter
pter
22.33 q ~ DXS43
2932 MWM J7Dxsi1
/ |-DXS67
22.31 /
; |Dxs2s
222 mﬂﬂﬂm ,' - DX S68
22.13 L cDMD12b-14
22.12 (i
/
9211 - - cDMD12a
23 |ff] -CDMDIL
21.2 - - DXS268
a1 (il  owpe-10
114 l . cDMDS
113 - DXS269
- DXS270
11.23
\ F-Dxs84
ez [ \

cen

cen

AHC i<z GKD & AHC o&fflicib~T
Xcen MlEETFORIBHREBL VD I & ORELD
Yrv, BETE GKD & AHC OEETFHEXKRD
I 5ieEr bATV3 : Xeen-(DMD)-(GKD)~(AHC)
-DXS68-DXS28-Xpter, & [E, BEF O REAERE
Wi 2 AL /RIBEMEAEE T AR RENDH 5T IX
DMD #EFH#EE DXS68 oflTHy (Fig. 3), =d
BFIEI. —8 LT\ %, B TiE, pulse field gel
electrophoresis 12 & ) BEFRBOGELIFAEL X
S L+ 5RAGRINTERY, —HOEF ClE/RIBEHE
BREEOHE G H DY, L L, SEOHEH T
glycerol kinase HAEDEEZFEFR L T2 Towd,
b OBETF /KBS glycerol kinase LI DEET
OFE - HEORE» oEENIC GKD #4£LS¥
FATREME B BE T E RV S 64, BRFA T DMD
BETFHE L DXS68 DENEEELTHCHY, BE

Fig. 3. Location and order of DNA segments used as probes in this study, and
ranges of DNA deletions in X chromosome in the four patients. Open bars indicate
deletions of DNA segments; shaded bars show the segments where DNA exist; and

closed bars mean those undetermined.
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FERINT 3 7w — 7Tl RIB O IE B H R # 72 5
LEETHI L LD, +_To CGKD fEFMBEL
TBEBETOKIBIZ X 205 ¥ 5 6%, glycerol kinase
BROBELTFEOREL & HICSHOBETH 5,
Koenig itk v 7 v — = 7 &ni: DMD &ETF
® cDNA (cDMD1-14) i34&& 14 Kb TA 010, 7n
#% dystrophin L\ 3 EEAZRI— FLTV 22 &2
BL7%, 2o cDNA #HV I E8ETERCL Y,
DMD 3 & (* Becker muscular dystrophy (BMD) o
HI60% I BETFORBEAELMTE, LDHNDI%IE
cDMD1-2a, 72\ 38 CHEETEL 50, &
7z, cDND12-14 #/x4{8i3 DMD % BMD —Ci3dEs
KHTHY, BRIEFOXRBEE L EEE & 0HEBIZA
Mofe®, 2 A, DMD BIF4 SF— %445
CGKD T xkBEHMIZ GKD 2 AHC mEEZEFED
BELEZ 505 cDMD14 Ly Xcen flieo ¢cDMD1
DHRTE D » TIEH DD, T /RIBERITERE &
HE LT3 LB ENLINEY, oz bk, B
U DMD #&fZFoEFic&EE LY, DMD 2 BMD
& CGKD iz#£5 DMD B A A5 — TIEET LR
BT DEHEENFEL, CGKD 25 DMD #
SASF-BBEELCERTORBOBRE CHBZ L
ETBELT\%, LasL—757T, DMD #3 A NF—
Z&BF Lic CGKD FlodT 4 gD DXS68 ¥ Tn
RBEIFELTEH, cDMD14 OfEIZ RIENED 5
NRER S TFAET 2, Zoffi», DMD BET

@ point mutation LEAETFRIEORET - HHORE v

WKEBEDNESHIREDE AT TH B,
ABIE Tk, CGKD4 Il CEIETF RIBOHEE % FE
L, SERO SR BT EO RBEFE O %5418
54 2R EBL, UL, BEOHE CILEETR
BOR20h 62 WAOREDIEHL DMD &EF0
R EDOBE, S5tk GKD © AHC 0EEF+
DEDDY v —= 2 FDIDIC b S HE N OEST
DF MBIV ETCHLBE EEL HRD,

E #

FEe#b 3 CEBARRLOMEE, MEMEYH -
RIEBRFEFH O RBEHE - A—S&ScER
REBREERLET, £, APIEETFTICHLY, B
BEEEE LRV ERRZEOMERTEE, £ 08
BE, @Bl chahits, BARERER
RAORERLET, HERKE (EF4) 2uvrer
& L KEMRARDER - KEE %4, Fo—
7 &5 /- Dr. E. Bakker, Dr. L. M. Kunkel,
Dr. J-L. Mandel % X ¥ Japanes Cancer Research
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Contiguous Gene Syndrome Due to X-Chromosome Deletion

Part II: Contiguous Gene Syndrome Associated with
Glycerol Kinase Deficiency

Shin-ichiro NISHIMURA

Department of Pediatrics, Hiroshima University School of Medicine
(Director: Prof. Kazuhiro UEDA)

Four cases with complex glycerol kinase deficiency were studied to detect gene deletions of X
. chromosome. They all had congenital adrenal hypoplasia (AHC). By Southern blot analysis, using fourteen
DNA fragments of Xp21 region as probes, the case with Duchenne muscular dystrophy (DMD)-like myopathy
showed the deletion .of the DMD gene, cDMD11, ¢DMD12a, cDMD12b-14. DXS67 (pB24), DXS28 (C7),
DXS68 (L1-4) loci, which were near a DMD locus, were deleted in genomic DNA from the case with non
specific myopathy and mental retardation (MR). No gene deletion was demonstrated in the other two cases.
Both patients associated with myopathy had deletions of loci including or near a DMD locus. The gene dele-
tion extended to more terminal end of short arm (p) was present in DNA from the patient with MR. These
results suggest that the loci of glycerol kinase deficiency (GKD) and AHC may be mapped between DXS68
and a DMD locus; Xcen-(DMD)-(GKD/AHC)-DXS68-Xpter, and that the heterogeneity of symptoms, in-
cluding GKD, AHC, DMD-like myopathy and MR may be correlated with the extents of gene deletions.





