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Abstract =

X-linked Adrenoleukodystrophy in Childhood

Eun Jung Yoo, M.D., Eun Young Kim, M.D., Hoon Kook, M.D.", and Young Jong Woo, M.D.
Department of Pediatrics, Kwangju Christian Hospital, Chonnam National University
Medical School, Gwangju, Korea

Purpose: X-linked adrenoleukodystrophy(ALD) is a rare disorder that shows a great deal of
phenotypic variability. We subdivided chidhood X- linked ALD patients into several
phenotypes by the age at onset, the sites of most severe clinical involvement and the rate of
progression of neurologic symptoms.

Methods: Thirteen patients who had been diagnosed as X- linked ALD and followed up for at
least one year were enrolled from 1996 to 2003.

Results: 1. Ten had childhood cerebral ALD, who showed first neurologic symptoms at 7.02
years and progressed rapidly: interval between first symptoms and vegetative state was 1.35
years, and interval from initial symptoms to death was 3.35 years. Treatment with Lorenzo's
oil did not prevent neurologic progression. Two patients who underwent umbilical cord blood
transplantation died. 2. Two had adolescent cerebral ALD. They had first symptoms at 11.5
years, and showed tendency to progress less rapidly than childhood cerebral form patients. 3.
One "Addison only" patient who had adrenal insufficiency without nervous system involvement
remained asymptomatic during Lorenzo's oil treatment. 4. All cerebral form patients except one
showed the lesions in both parieto-ocipital white matter in brain magnetic resonance imaging.

Conclusion: The cerebral ALD was the most common form in childhood and was asoociated
with a serious prognosis.

Key Words: X-linked adrenoleukodystrophy, childhood, phenotypes, childhood cerebral,
adolescent cerebral, "Addison only"
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X A AF FAI¥ o] J ¥F(X-linked
adrenoleukodystrophy, ©]% X-linked ALDZ
okgh& #Haksla Al (peroxisome) ] AHAE tiA}
o= A3t 23} FH A 4iHsaturated very
long chain fatty acid (VLCFA), C22:0 ©]’d]o]
AABA L Tz FA A FAHH o7 7}
A AR FAI FA 7% AstE UEE
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Table 1. Clinical Features of X-linked Adrenoleukodystrophy Patients”

when they were asymptomatic. Abbreviations CCER,

UCBT, umbilical cord blood transplantation

: means age of diagnosis
childhood cerebral ;
parietooccipital white matter; PWM, parietal white matter; OWM, occipital white matter;

POWM,

1st . . C26:0 Cortisol
Case Phenotype symptom 1st symptom to 1st symptom to Family  Brain (ug/mL) / ACTH
vegetative state . (Nr.: (ug/dL)
No. (years) (years) death (years) history MRI 015-051)  (pg/mL)
1 CCER 533 1.67 4.83 Yes POWM - -
2 CCER 483 05 0.67 Yes POWM - -
3 CCER 7 2 2.83 Yes PWM 0.96 16.9/95.1
4 CCER 6 1.42 2.25 Yes POWM 1.5 8.8/510
5 CCER 6 0.5 15 No POWM 238 4.7/489
6 CCER 883 2 8 No POWM 1.21 5.8/65.4
7 CCER 817 Ambulatory Alive (17) No POWM  1.03 5.5/15.3
g Amplomatc 3 Ambulatory Alive (14)  Yes POWM 125  41/269
Asymptomatic * _ B
9 s CCER 5.83"/10 2 2.25 (UCBT) Yes OWM
Asymptomatic + B
10 2 CCER 45'/6 1 (UCBT) Yes POWM 1.25 19.4/14
Asymptomatic 966"/
11 — Adolescent . 7 Alive (26) Yes POWM - -
11.66
CER
Pons,
internal
12 Adolescent CER 1133 Ambulatory Alive (19) Yes  capsule, 0.83 11.1/106
’ cerebral
peduncle
13 Addison only 5 Ambulatory Alive (8) Yes Normal 1.02 9.3/217.8
" : means age of diagnosis when they were asymptomatic. Abbreviations : CCER, childhood cerebral ;

POWM, parietooccipital white matter; PWM, parietal white matter; OWM,

umbilical cord blood transplantation
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%«J (Table 2)

£ 18(EE 13)8 A9
51 1279 &olo A Agtsta FHrigs, JFY
29 59 dF Fol, AY Azt B3 Felr}
ztzt 3ell A AAT L 9 A1g Ast D AR,
7d@o] 2#, poor hand writing, A5 A A8}
7b 242+ 180l A

Table 2. First Neurologic Symptoms in 12
X-Linked Adrenoleukodystrophy Patients

Symptom No. of Cases (%)
Behavior Disturbance 3 (20)
Auditory Impairment 3 (20)

Gait Disturbance 3 (20

Visual imp.airment & 2 (13)
Strabismus

Seizure 2 (13)

Poor hand writing 1@

Decreased 1Q 1

2. ALDO| 758

1079 ool ALDE 7Hd 71EEo0
=, g2 A9} i, olF A FoE B
AZ FAHAPT AR Lof dHF oA,
189 AMN2 2 A2 E it

3. &N HElof OE 27

AAEH 4o #d Al7]9 MRI &4, T4
o] Xy Ao wel EFINE W 2o} diH
Y Had ¥, "Addison only’ 5oE TE

& 5 %3 7 FEY JAEEE OS5 2
=2
1) 2o} tj3 3 (childhood cerebral ALD)

2ol gz Add FolEd F 1082
Z 89 AGAUE o|AF A 28 ¥
Hatdx, 29 dA7A AEH Aok A A
A8 Zae Bd A7|E Hi 7.02+1.67A),
Ad AHFE 1602 A FHLERH AHE
Q) 7ke] o]2E 7|7k 1350699, A FA-A
Wl ol2& 7|7HE Fi 335+268"4°i w2
A APk AEH Je FotE A 17
A, 4NZ B3R EFOR éa T e
itk ALD 7HEol o F54 AEielM A
gEd 38(F4 8 9, 1005 xof UHFe
2 Y3t
2) 23 U3

(adolescent cerebral ALD)

Aad gHge 2d8(FdE 1L12)2, A 349

W A7 115/‘1]951‘:} IERS %“’E} e ol A
Aggroy 2d 3 HFad gHFgoez wdy
Aok 73F A8 Az AR APHUY &
A 2642 A& ok UHA lde A 3
5 s F22 Ug, A9 B3z @A 194
2 13 Jhesta AE U
3) "Addison only”
g 5 o] ALDE &3 & AFelA 544
BA 71% Ashet ¢lE "Addison only’Z gk
ot 1EE 334 AATH F4e HE glo]
AW Sl

4. 5 XP|BHYY 47
g A F gue 3= TAGE F79
LECIE U EF L G E DL e

(Fig.1), > % (corpus callosum)® W (internal
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capsule), ™3 Z(cerebral peduncle), *3L(pons)
T FAZE HAo] THtHAL. A T A
P A WHET FE a2 AYste F
< B3t H2d dYy lde 45 Uy, o
H7Zh Huel g5 Ay

5. 88 E3l IMXLM HA

A A T 23 FHATAA(C6:0)=
B 127:046 ug/mL(B%: 015-05D% A5
o} itk

]

(A4 3-21 ug/dl), ACTH 10-60
pg/m)E A 8Ad FAsAL, AANAE &
T AAJ™E 98 F 6a867%)ANAN 715 Adrt
ST EFA cortisol A& B HAZ
FAHHEA ACTHY Z5=HAth AAAE &
T 999 28(Fd 2, 9% steroid XFEE P9
AOE Hol Rl 7% Azt dUd o=
AZhdd. dRAA g7 A oo A JF
Aste] AL A, 5dA steroidE F
Hkoket.

(3

7. XE ¥ H

8ol A A" Ao]& 1WA Lorenzo's oil
< T8 =d, 1d o4 Lorenzo's oils F¢F
A AAEH F4 2 ¥ MRI 33 HAPE
7Fedd 4#8(F4 6, 7, 8 13)F 3#ENA F4
o A& Btk dHF 28 1Y, F5Y1
d= d¥ ALDE A3, "Addison
only” 18l& 349 FoF T ANAEH 34 8l
of AUz itk H¥A FF ANE o]

(unrelated allogenic umbilical cord blood

transplantation)& AlFPH Lo} diHF 23
T AAgH oz ZPd A (performance 1Q
44) oA AP 18(FH 9E ALDY I¥
o g3 o4 1d ¥ 1 FHSH F #A
o2 AP, 1H((EHE 10 F 2 F A%
74 °od¥ o &F uk3(graft versus host
disease)oll <J8] Alg3rsich

Fig. 1. Brain MRI of case 7. (A) Axial T2

weighted image shows high signal

intensity in the parieto-occipital white
matter and splenium of corpus callosum.
(B) Postcontrast MR

enhancement in the

shows marked
leading edge of

inflammation

a

X-linked ALDE #d 4%, 7P A% 4
AR Al 29, AAEH F4 Y A=
of wet gt A 7Y 44 FEl(clinical
phenotype) 2 EFETh xorld & F Qe
P 2E A% S WE APE Holn
WA ARE Hate o Uy s
Z gEA a, 19 Fahd gHd, #4217
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5 A3 9= "Addison only”, FFAe A
$+ 5o gk AdArlddle z—’]-rﬂ- 1z N73E
A e A4S Hola A3 APste= Fal

HE Aol U3 (Adult cerebral),
E7A A= olivopontocerebellar

Zol diHye IAYIEE ALDY 31-35%

2 iﬂﬂ 1, P 2y AEe 72:L7AR o
34 o]F 104 o] F4de] wEHETH

75& *1743‘31 e ARAHLE ASHAY A

& oI AE FoE s gt A --X%l
7P?¢l°‘” A7t B3, didel #Hde] giF
FRASFE Wdd YAst] HY Az A “i‘.
Agt 2 AR T& 3hde AeE St 2
Axpe] AFNME v AFHE BHAL Lo}
BAFeNA FF5E 29 A P& ZPOHE A&
sttt 2 ojH|dEH, AHAE AA %
S7¢ wskth 2 9 B et 73% —o—°l
ZAoz vy " 4 Qo) ANAEH ZAfo| ut

>2‘.’. ol

I~

99 P " A S olF AE Uzt
el o]2E 7]zl 1.9+2d(05-109), AME
B AL 94+273(G1-194)e2 Hugg
ow gy oﬂ*t. A AR F4e) FE Al
71 it 7024, A FHLZRE AE Azt
o2& 7|7+ 1.3, AA AHE A F-A
o] o]2& 7|7k F 33BHoE wEA
Patdch. WY 27 HuARY g5z
Mg dFo] A" ADFA 8-90%01A H
A 7% Astg Bagh,

Aad gH ¥ e 4-7%E BugEd, 11-21
Ao st 98 FFE hotdHE S 2a
g o] =gz I}, B ARER 29
o] Fad diHy Fols AYsIAh

> o} NAEH 715 Aoy FAl

7% A3tqtk 9l "Addison only“e] WMEE A
A dEA A g2, Loprlde 50%7}
A BuEgsE Yo7t E8A tE JHzE 1Y
7] Wi W=rt ZAaddt gRES A
AMNeZ, dRE 2ol gugoz APHT,
ag]a ol Addison diseased] Uo=E
X-linked ALD7} F8.38 H]&(35-80%)< A4
e, do} Addison diseased ZA$olE
VLCFA #AIE AlgsioF 30, 32 ALD7ME
o)A extended family screeningS Al33}
VLCFA® 37159 Qle 754 #otse A
£o] Eolxlet), Dubey 570 WEW o5 F
80%°l A1 ek FAI(H 454) ofn] FAl 7]
S At AfeH, wE B A5 674
A 7% AstsE EAua sk 9i(28%)
oA FHE ZA o]gel| R4l 7T Aste FA
< ok wEkA "1733—}@ T4 oA Fal
7% Aat7t A&, =EA adrenal crisis®
Tt A4k %lil'ii z7] A3 HA-%
Az7F Fast At AxEY A9 189
"Addison only“ ot X9EJ1, FFA &
Blol A Aghgld 48l EF dHPoz g
=

A H & (Adrenomyeloneuropathy)
40-46%"% AA 89 AAZE ALDIA 7t
g Felott 204 o]Fe wdst=d],
F ARG 2 ABE %‘ﬁo}‘ﬂ 5-153¢ A=A
AA3 ZPste A
w7 At & EHE“‘; "a‘% "% 3715

_/]\_

. v}n] (paraparesis),

Aske U

el He oo gE g5l
= 4 ﬂ(axonopathy)'g Btk 20-40%
oA tix o] FwE = (AMN-cerebral),

a9 A$E AMNED 2 33 oI E
z2) 2. 50-70%4 LAY AN 7)5AE,
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BA 7% Astrt e,

A9l dl= ¥ (Adult cerebral ALD)E 2-5%
oA S, 204 o]Fe] BAZEFoIY A
o 59 i F4E Jebdth. Addison Hel
AE BAAA FAHA FAdol gl& | 754
< AzsjoF g,

Olivopontocerebellar ALDE ¢ =& )
2(1-2% 2A), AF7AA Bud 84 F 77}
RN BuHUT AA7]el i AxFo
2 4gdsy ¥ MRIA Hu, &4 5%
A2 AYe nay,

H3A g =EEL B 94 e o
E N9 Hol7t A3 gloH, of e
o] ¢ AMNET & ZoZ Hig A47t
o %o} 3 e AMN, "Addison only” <}
T34 A% ol TF AgHARAA &%7]
fEroz Mg’ HZ JB Biudre

19803 el mls) 199030 £ ALD X& =
A7} Fu) ol FUkskA R ARleA Fdd A
271 30%9A 5%E FrtetgEd ol YAt
E9 ALDe| tig o] F7bEi = MRIS
FHAAGAE AAE e AR 710 Ao
2 2asa’. FUe A$E d9E ofyo
A Hug FHEo] tiFE Aot dHFo|n
0 ANNE 28296 Babai ol ALD
7F ARzl F4o] dEEHE A9 o Bue
A& AXE T, JdAHE F$ VLCFA HALE
Algste] o B2 AN Jdd F YUEF
s oFzict.

ALD Zeto] A HF EsPgajA it
ZAAHC26:0, C26/C22 ratio, C26/C24 ratio, and
C24/C22 ratio)e 1981'd o|FHH 7Isdiz<e
g, Fote] A9 A FEEH F7HHY 9
ARzl = o] 7bssith. 22v B

9l ofote] Aol 20%NA M-S UE
B2 o] Afde FHAHABCDD) E4WO
Aol Hasitt Ag7b4 Eu" ABCDI
ALo] EdWolE 5007 o]de®E dEA Sl
U, 7FE3ke AFelA e fAx 2%E b
A= 94 el A 2 AR B
1¥o] modifier geneoltt ¥EAA FL 873
Az FF Fol ARHT JoH, FA AH
9 AAM] Ha Yo,

el 4% = MRI BHL F2(80%°l
A) FRAFFEEAS giPH oz s, ¥
Fo| AR, Az HE B2 FAZ T 9
o] % wukdrh Alzbo]l Aol wet TAF
oA FHEZ HolA ¥oF HHe] Y3
Ao e o 950l AU 15%AM e AFH
Aol wWHo] WAL MRI BWW¥Y ALZES
AP o2 H75H= Loes MRI score?} 7]
o dFu Mg tF BgS Friske A=
43t olg4sm Y. Kennedy Krieger
Instituted] A 377%4-& Hi 38/HE F3 st &
HAHT Loes MRI scoreS Z§3le AFE
AHEY MRI o] §lo] 104e] oj=d tj+
e w4 54l sudta g’
godolinium enhancement”} ¢l o] W=
oz S, Hzde o] g3
multislice magnetic resonance spectroscopy
(MRS)7} ¥¥E& Agsted MRIET <78t
o, W APS dEe d: 783 AL
2 R399 (intial NAA: choline ratio <5:
predictive of ds progression with a sensitivity
of 1009, specificity of 83%, positive predictive
value 66% and negative predictive value
100%)"°.

ALD9]

o @& M 2

protons

AgAZ 1569 o AHHA™
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Lorenzo oil [41 mixture of glycerol
trioleate(C181) and trierucate(C22:1)1¢] 7%,
olu] AATH Fdol Y= Ao tiHF A F
oAl AAEA Ads =A| Rate AR ¥
R ARse ALE 2#A 2L AP
gelatgdth. g8 E “Addison only”E ¥33}
of AAEH F4e] fle A5+ Lorenzo oil
Fold osf A4 P& ZFAY HE F
Ae AR RuFAEdH, 8F VLCFAXE
Hoj 2id o] B 28EF WA oY R ¥
Fol fA8tE R0l T AT

Peters &< 1932- 1999ki o 4374¢] o] ﬂEM]
A FF o]ag wokd Aojuley 94w el ]
Aol F& ZAB}ES BHEHA, early cerebral
mvolvement(0 or 1 neurologic deficits,
performance IQ>80, ALD-disability rating
scale level of 0 or 1, Loes MRI severity
score<9)A] e F7t Fha Gtk wEkA 9
o 20& W& A T oS FHFFHL
2 18 § 3 5 o9 &) k3t

& 7HHeE 7Ide # dEA A
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°l t By on A8t g
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&=
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o
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1 rr
S

= MRI (104°]d 6714, 1040]F 13 2H3),
ARBTE AR, AT AF AAE FHIFEA
AHRE AARG dEFPoz JPspd x7]d
F4 o2& Aldsjof gty Wwe] Fdgd o
H¥ge Edd X5 W] gle AFe=
Lovastatin, 4—pheny1butyrate 5ol 7ted e
GEZ AANHAG F FE EF ALDIAE
AfrotAE wjdolut ALD mouse E@olA
VLCFAX & w33%, ABCD2 #4AF 23
71X A ABCDI(ALDP)Y ZA3He ¥
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S ELEEEEREEREDT
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