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Abstract : X-linked adrenal hypoplasia congenita (AHC) is characterized by primary
adrenal insufficiency caused by deletion or mutation of the DAX-1 gene and frequent

association with hypogonadotropic hypogonadism (HHG).

Furthermore, this form can occur as a part of Xp21 contiguous gene syndrome together

with glycerol kinase deficiency (GKD) and Duchenne muscular dystrophy.

We report a 4-year-old boy with X-linked AHC with GKD. He presented a generalized
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hyperpigmentation at birth and was admitted to our hospital at the age of 0 day because
of convulsion attacks.

Laboratory finding on admission revealed marked hypoglycemia (0mg/dl), mild metabolic
acidosis and normal electrolytes.
(>
3000pg/ml) and plasma renin activity (8.6ng/ml/hr.), low serum concentration of cortisol

Endocrinologic examinations showed elevated plasma ACTH concentration

(1.1pg/d1), aldosterone (33pg/ml), 17a-hydroxyprogesterone (17¢OHP) and dehydroepian-
drosterone sulfate (DHEA-S). Computed tomography scan of the abdomen did not show
an adrenal gland. Serum glycerol level was also elevated. With these findings, we made a
diagnosis of AHC with GKD.

Genetic analysis by fluorescence in situ hybridization (FISH) revealed the deletion in
the Xp21 region including DAX-1 gene in both the patient and his mother.

He was treated with the supplement of hydrocortisone and fludrocortisone acetate and
showed normal growth and development without any symptom of myopathy at the age of
4 years.
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SERMRIBMEIZEL (LLF AHC) 13, £ < 13 X Skt
BEERE L), EREOREREREASLKTFF
b BB AR T E (LY HHG) 12z, 779 &8
— )b ¥ F — ¥ XKABJE (LLF GKD), Duchenne #l#; 2 A b
a7 4 —(LLF DMD) % o0& wmE s, nb
X gt kBB A TREMERE L L THen s, SFkA
13 GKD % & 0F L2 AAED 1 6% #8572 O TN E
BEMAmET 5.

fiE il

JEBNE 4 OB IR TEFRITHERO L G EEFELE
EVTVNAFME. REFIFRINEI LR L. BURE
R 10 4R 6 A 17 B, bl THERG 41 8, SEAREIE S
W CHiE, HUEMKE 3740g, 7S — A3 7 1459 A
HARE L ) 20k aRitE o, HAERKEIC
AEFE Y, EH 12 FEEE, TOWARIESHB L 72
72@, YR NICU IS4 Btk & % o 72, ABEREBUE R
& 5 53.6cm, fKIE 3603g, kiR 36.8°C, MRi154/ %7,
IR %5 60/ 43, IfLFE 63/36mmHg T&Hh - 72, &FIIHE
OBFRE RO, ERREE R, LMRELL.
8 SR TP TR A3, AR IR IE R B R TR
R L., TOMANRGFEIEALNL»r o7,

M B (Table 1) I3 KM ML CIIRED LM% A7z, 4

LM ¢ CK 13 12381U/1 & EA L, F72-GTP I
22551U/1 L ¥ L Tz, ML Omg/dl & & W, &
fEH1Z K5 AmEq/1 L B 15 LTz, MM R
7 <, IR A A Tid pH7.232, BE-6.5mmol/1 & ¥2 D
RFHET7V F—v 22 2L TV, BRICEFEZL. N
s ATl ACTH > 3000pg/ml, PRA8.6ng/ml
& BH L Twiz28, cortisoll.lpg/dl, 17¢-OHP0.6ng/ml,
17-OHCS0.5mg/day, 17-KS< 0.2mg/day, 7 )V KA 7 H
v 33pg/ml LAMET, BB R ELBIC Dbz HERIT %
. T ) v a—)uid 47mg/dl L BETH -
7z.

ABet4#%8 (Fig. 1) @ ABE®R T N EOZREIRIIE S
EREET ¥ F = AOHIER ATV, DIRITWILASSME
d A5 N o 72, ACTH & fif 3 Bk (Fig. 2-1) T i
cortisol , 17-OHCS , 17-KS & K, CRF &y
RE% (Fig. 2-2) Ti3 ACTH IFRIMED S & H I LA L72s
ZHUIx T 5 cortisol D LFIEA SN D o7z, FH
BRAETIEE IR ST, LEOKR» 5 GKD %
APF L7 AHC L3 L7-.

i 12E2HENa @B K MEZ 2T 5 X912% 0,
NaCl &7 R ERE A I Vv 7 (BNafkK I Vv 7) % Bs,
F7-H# 3525 23— 1) )L 30mg/mm?/day, 7 2 ) &7
0.05mg/day D5 % flG L, ZO®BKMYE, EFERE
Hh, BEREREDHEI L. HEws2, BFE L7, BiE
%, 3= M) VIEEEICEWE S E L2 Wi L, 15mg/day
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Table 1. Laboretory data (on admission)
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[C.B.C] Na 140 mEq/! [Hormonal examination]
WBC 12700/ ul K 5.1 mEg/I GH 25.7 ng/ml
MMC 1% c 104 mEq/I PRL 130 ng/ml
St. 13% Ca 9.5 mg/dl LH 10 miu/ml
Seg. 48% P 7.5 mg/dl FSH 8.7 miu/ml
Eo. 6% glycerol 47 mg/dl TSH 10 pU/mi
Ba. 0% T3 1.3 ng/ml
Lym. 31% [Serological examination] Ta 10.0 wg/dl
Mo. 1% ACTH >3000 pg/mi
RBC  5.83X105/ul CRP 0.6mg/dI cortisol 1.1 wg/d
Hb. 20.6g/dl IgG 1289 mg/di 172-OHP 0.6 ng/ml
Ht. 60.9% lgA Omg/dl 17-OHCS 0.5 mg/day
Plt.  257X10%/ul IgM 8 mg/dl 17-KS  <0.2 mg/day
Toxoplasma (=) DHEA-S 35 ng/ml
[Blood chemistry] . testosterone 200 ng/dl
T5i 5.3m [Blood gas analysis) PRA 8.6 ng/mi/hr.
-Bil. .3 mg/dl
D-Bil. 1.0 mg/dl pH 7.232 aldosterone 33 pg/mli
GOT 48 1U/1 pO2 53.3 mmHg
GPT 81U/l pCO2 47.5 mmHg
LDH 508 IU/1 BE -6.5 mmol/I
CPK 1238 1U/1 HCO3 21.7 mmol/I
ALP 438 1U/1 . .
r-GTP 2255 1U/I [Urinalysis]
BS 0 mg/dl Prot. =)
TP. 5.8 g/dl 1z (=)
Alb. 3.3 g/d keton (=)
BUN 10 mg/dl urobilinogen  (N)
Cre. 0.8 mg/dl OB (=)
98 '99 '00
birth
617 8 9 10 11 12 1 2 3 4 5 6 8 9 10 11 12 1 2 3 4

Therapy

Hydrocortisone

Fludrocortisone

admission’
R

H)}pokaIemic-hypernatremic elemental fomula

0.05mg

- 20mg

15mg
10mg
8mg

Clinical symptom

vomiting/anorexia - - a A A

hypoglycemia l l l

convulsion l l

Labo data ? ®l ¥@DACTH stimulation test (Fig.2-1.) . @CRH stimulation test (Fig.2-2.)

ACTH(pg/ml) >3000 2300 78 11 1 9 <5 <5
cortisol( ug/ml) 1.1 14.4 10.0 26.3 35.2 11.8 26.3 16.4
17 a-OHP 0.6 <0.1 0.1 0.1 <0.1
17-0HCS 0.5 4.9 11.2 18.7 15.1
17-KS <0.2 1.4 1.2 1.5 2.4
PRA 8.6 1.6 0.1 0.3 150 8.3
aldosterone 33 29 <10 <5 <10 <10
Glycerol(mg/dl) 47

Fig. 1. Clinical course
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) 17-0HCS 6000 +-
o (ro/day) 3/
17KS
1 (mg/day) + 15
15 i (ng/dh)
4000 +
(mg/day)
0T TS5  acm 4 T
toamD) cortisol
o—o0 ¢ °
2000 +
5 T T 5
I T T T T T T I 1
before 1 2 3 (days) before 30 60 90 120(min.)

ACTH (cortorosyn-z) 0.25mg(8hr.)

Fig. 2-1. ACTH stimulation test(Day13)

CRH6ug

Fig. 2-2. CRH stimulation test(Day34)

Table 2. Classification of adrenal hypoplasia congenita

1. Primary:Caused by abnormal development of adrenal gland

a)Autosomal recessive

b)X-linked recessive

b-1)Adrenal hypoplasia

b-2)Complex glycerol kinase deficiency

2. Secondary:Caused by hyposecretion of ACTH

a)Hypoplasia or defect of pituitary gland

b)Congenital hyposecretion of ACTH

T ACTH, cortisol B X OEME L b Bifica> b
—VENRTWz, P12 E 2 B~ 3 BICHh, BRAE %
R ICERZR SISO 2D ST, BB ) —¥ORES
HTztzth, BT — % % Kaup {88k &% 82 12FH 14
42 B BUE 22mg/day S THEE L, 20HKIZ7 ) —¥%
ABHZERL, BE, RELLIFIFEFICREL,
FEEB)FEERT D RO TV AW,

% HEEAT L7 FISH B & 5, BIR L BEOBETHR
W ORERZRT (Fig. 3). ROY 7 FIEX 7213 Y 4
R ERR R %, D 7 Fvid Xp2l Lo AHC HE
WIET % & % 3#3 5 ADSEL) 70— 72K 7.
B X B KORO Y 7 F vk 2 DDA, X
Yk LD 7 Vid 1 2 Lhdk bt (Fig. 3-1),
BIREXBLUOY REARROKROY 7 F V% 2080
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Fig. 3-1

Fig. 3-2

Fig. 3. The analysis by fluorescence in situ hybridization. Red signals reveal the Xq or Yq region(red arrows) and
green signal reveals the Xp21 region including DAX-1 gene(green arrow). Fig. 3-1 shows the deletion in
Xp21 region at one allele in the patient’s mother, Fig. 3-2 shows no green signal in the, patient and indi-
cates the deletion of DAX-1 gene.
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Fig. 4. Schematic presentation of AHC gene and the surrounding loci. AHC : adrenal hypoplasia congenita, GKD:
glycerol kinase deficiency, DMD : Duchunne muscular dystrophy.

1208, KRD T 7 FVITHERR S N h o 72 (Fig. 3-2). 7
BEAFHBIIIEE TH o7z, UELrSBBERRE LT
% X HEEHME AHC & HEE LT,

Z ES

AHC (FHERH F N N EE T, BB BAROFED
BEIZLAEEEDOL O L, TEED S D ACTH 57 WA
SIS DD O LIRS, BiE I E R EAS
B Z R T b O L XEHEESTEEEEZ R T b O L2
HEIN T2 (Table 2)1). X #EHEA TR Z R T H D
D 7% 72121& GKD, DMD, A5HiEEhSs 8 74 & % &0
T RWEDAHFAELY 2, BEREIGKD LN 5. T4,
N5 A Xp2l I (E TR K% b D BEER IR T 5
HTHAHZEFHALPIZR Y, AHC BEfE#fZ L LT
DAX-1(dosage sensitive sex reversal-AHC critical
region on the X chromosome, genel) %% [d] % & 41 7249
(Fig. 4).

EBRfEIEE ACTH MUEISIN Z, RIB B &fEIch7 5

BRI T A A SN2 &, BERAEICTRIBESHE S
ThholzZ s, AHC LEERZHI L7, FERICE S
b Oo— VIMEZEDI Eh5, GKD &b L72X
Gt AR B R FIEMIE 2 & 2, FISH EIC L 2 X et
RomFEEITV, BREBHICDAX-1 ORKERD S
Lk, BEERRE LTS X @M AHC LEES
L7z,
HERBIO Z L (AR GKD 0fFfl % & 5 AHC 1,
30 BBl oG A B, FOIEIR (FHE) LB BT RE
OHRPF L & —FT Y. BEETIE I AT -, K
SEENFSERIE, K& E, HHG, SHMERIEL &EOEA#H
HINTWD, KIFESOIERIH 14 B2 4EETHL, 55 12
BB SRR PERE KR CK LA %, 11 Bl EB) 5%
BIEE, 4B TRERZROILE LTS,

HERBNITEAER: &, REBTIEIEL L L7221 —
Y HIBIREC S FPREIMEE 272 L, PHRAER~NDE
ErBeIn/. L2 LBEAR 11 T ATHL0H 50
BEERIEE KD I LR (B L TWwA, T4 Xp2l
WAV O OREHE T IR T OIS IRE SN TH
T8 AHENZ 33U A AT B FE G B U O B R AMEC LR | &
LHFE LD D, F@METORKICLZRERERIET S

bOLEbND.
¥ 72 HEBRBITIE I A3 F —ERRP A EToO CK EA
HALNT, H D HE 104.1ecm (-0.44SD), KT 17.5kg
(4+0.0SD), BEPA51.0cm (47% 6 ~ 12 % A H9f# 50.7cm)
CIERICEBLTWA, RETORGREOREIZHS H
TIE7% W78, DAX-1#ETRE B LU DAX-1 & GKi#
ETOEHREBTIHESRIRDOZVE SN, BER
BT ORIETFREOHMIZ, AHC #5225 GKD
BEIEFHEBICERB L-b 0 g L. L LEGIH O
SERO BB & Z ORE I ESALNY, Fl& &
HELFRBBESLELE Bbh.
7% B X P AHC TSI HHG 2 603 5.
H 2 DAX-1 EIETEEMEH S N, BHEIIGELZIE
1246 T HHG &2 RO TwALe W, S5 EHERFIT
b EAMRTC LH-RH BB &1 & 5 T g - P
FEfEDF & hCG - hMG BEFLE L EZ b,
& B

1) 7)o —)L¥&F—BRIBEE & L7 RIERE
IR 1 5 B 6% REER L 72,

2) ADSE10 71— 7% 7z FISH #:12 & % 47 T
HEBIBO X JefRIIREERD 2.

3) AR TF F b o AR IR T RE O SES T
AN, % A ThCG - hMG #E R L& #Et L Tw
CEDD D,

% BAGR L OFEE 25 38 [0l H AH LR F RS - 24l
FRITTHRELL.
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