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X-linked adrenoleukodystrophy; Recent Advances in
Classification, Diagnosis and Management

X-linked adrenoleukodystrophy (X-ALD) is caused by mutations in the ATP binding
cassette subfamily D member 1 (ABCD1), a gene that encodes peroxisomal mem-
brane located on ABC half-transporter named adrenoleukodystrophy protein (ALDP).
X-ALD is characterized by a highly variable clinical spectrum, including progressive
cerebral type, adrenomyeloneuropathy, and addison-only phenotype. No genotype/
phenotype correlation has been established. Thus, unidentified modifier genes and
other co-factors are speculated to modulate the phenotypic variation and disease
severity. Recent advanced sequencing methods and reprogramming technologies
not only offer an affordable and applicable approach to investigate the pathophy-
siological mechanisms of adrenoleukodystrophy, but also provide means to develop
therapy. A causal therapy of X-ALD is lacking. Lorenzo's oil therapy is recommended
for asymptomatic boys, but the longest study found that the oil was not beneficial
at all to symptomatic X-ALD patients. Hematopoietic stem cell therapy has a relevant
chance of success when performed during this early stage of cerebral type X-ALD.
Recently, it has been insisted that lentiviral-mediated gene therapy of hematopoietic
stem cells can provide clinical benefits in X-ALD. This review describes current know-
ledge on the clinical presentation, pathogenesis, diagnosis and management of X- ALD.
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Fig. 1. Aberrant VLCFA metabolism. Mutations in the ABCDT gene, which
encodes the peroxisomal ABC half-transporters ALDP, cause VLCFA accu-
mulation. VLCFA, very long chain fatty acid; ELOVLT, elongation of very-
long-chain-fatty acids 1; ABCD7, ATP binding cassette subfamily D member
1; ALDP, adrenoleukodystrophy protein; ALDR, adrenoleukodystrophy-
related protein; PMP70, 70 kDa peroxisomal membrane protein.
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Fig. 2. Phenotypic diversity of adrenoleukodystrophy. (A) The progress of
cerebral type and AMN, (B) The progress of adrenal insufficiency. ABCDT,
ATP binding cassette subfamily D member 1; AMN, adrenomyeloneuropathy.
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Fig. 3. Three-hit hypothesis on the physiopathogenesis of X-ALD. Adapted
from the reference (Singh | and Pujol A. Brain Pathology 2010;20:838-
844). ABCD1, ATP binding cassette subfamily D member 1; VLCFA, very long
chain fatty acid.
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Table 1. Loes Score*
Category
Parieto-occipital white matter

Subcategory Score
Periventricular 1
Central 1
Subcortical 1
Focal atrophy 1
Periventricular 1

Anterior temporal white matter

Central
Subcortical
Focal atrophy
Frontal white matter Periventricular
Central
Subcortical
Focal atrophy
Corpus callosum Genu
Focal atrophy of genu
Splenium
Focal atrophy of splenium
Optic radiations
Lateral geniculate body
Meyer’s loop
Optic tract
Medical geniculate body
Brachium to inferior colliculus
Lateral lemnis cus

Visual pathway

Auditory pathway

W N — — 4 4 4 4 4 4 4 4 4 4 A 4 4 4 4 4 4 A 4 4 4 4

Pons (trapezoid bodies)
Frontopontine-corticospinal projection fibers Internal capsule
Brain stem
Focal atrophy of brain stem
Others Basal ganglia
Cerebellum
Focal atrophy of cerebellum
Anterior thalamus
Global atrophy Mild
Moderate
Severe
Total 34
Supplements
3" ventricle diameter 5-10mm 1
>10mm 2
Bifrontal horn-to-inner tale ratio >50% 2
Max 3

*Adapted from the reference (Loes DJ, Hite S, Moser H, Stillman A, Shapiro E, Lockman L, et
al. American Journal of Neuroradiology. 1994;15(9):1761-6.)
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Diagnosis
(VLCFA, ABCDI¥*)

|

Check adrenal function /

Repeat brain MRI+ If adrenal insufficiency,
every 6 months until 12 replace corticosteroid
years old
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Yes | lentiviral mediated gene
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therapy (?)

I A

Age > 12 years old i Yes (?)8
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. ___________________________________________________________________________|
Fig. 4. Flow chart for follow-up and therapy in regard to the different X-
linked adrenoleukodystropy phenotypes. HSCT, hematopoietic stem cell
transplantation. * All patients should be offered genetic counseling. "If cere-
bral demyelination with gadolinium enhancement is noticed, immediately
recommend allogenic HSCT or if without gadolinium enhancement, check
brain MRI every 3 months. "The recommendation for Lorenzo's oil therapy
in the neurodegnerative forms of X-ALD (Adrenomyeloneuropathy, Addision
only and symptomatic heterozygotes) might be based on the physician's
personal opinion. °In adult-onset cerebral adrenoleukodystrophy, treatment
experiences with HSCT are not enough and therapeutic decision in these
patients has to be based on individual assessment.



76 Jung ES, et al. ® X-ALD; Recent Advances in Classification, Diagnosis and Management

http://www.cns.or.kr

7ol EAxol7t B aE itk htp://www.x-ald.nl). kL (missense)
EdAHo)7} 49%, Eo]%(frame shift) SHo]7} 30%, =] (non-
o7} 1293 Ba1He] glom, EAveld] #1107
9] el Thefa EEh Utk ABCDIS X GAA| o] glel| =
AA) 29, 109, 16W, 2210l e 79-100]] FAKsE A7 ES- 7}
A3 glort ghuld Fa5Eo] gl 941 (pseudogene) 310
7144 220& frelatotof Bk mak A A 7199 B4
(next generation sequencing)©] A@3 X1 7|&o] sl ule}
o2 ¢37]14Y EAH(exome sequencing), A Al 7144 &
2 (whole genome sequencing)ol] &JaA % Falulzo]edoFzo]
Qs 397k ek ool 19 AFat At ol o)
S quéol'ﬂl FAsI] AALE W gste]of s,

O]Q“SH 0@"’”"1
Gadolinium 2% 7} oj4-of] ujg} A3 £E= A5 QE}(Fig
3 =M T1 SW(sagittal) G2ollA HERA ) A 7
Lo WS WA ¥, T2 FLAIR W (axial) /gl A 22+
AW ARl W2 A4S AT WHS ISl o] F T2 I
(coronal) G4l A Y& Z=Al(centrum semiovale)S 13t} o
2 T1 29 gAollA Gadolinium %8 2742 1) dutxo s
HHH-L FZol| A 0 2 FERA| HARE 94 o] 5 1A E =W
Hel Aol e v A o2 AS T YEr| = gith o] e =
o Z7ko] AL A7) 3 BF(MR perfusion)””,
A7 B 5344 (MR spectrometry)’ o] | TE o&al=t] EL0]
Hrh= Ba= 9o oA ¥ A o9 ohE AR f-&
gL ST A B2 djelch

kA Bx
ULk =3, o7
& HGsHA A
} @A v Eoe .
(diffusion tensor image)o|l A= A4=2] 2]t o] do] WA
o SRk T Aol Shatel g @G ] vk
UZEHA F3led ool tlejAl= F o A7 Besh,

uki
o
T
2
-
i
§
o[N
k
Nv il
Q“
1
X
1«1

Gadolinium &

30 o o o do
N
E
0,

tlo

4) AMOF MEEZIAL

A ol A= 2ol Slo] AFE ThE Amo] glon,
Frolae 27] Ugel ] A go) 7bg Eom, AaE B9l
AEgo] gash A0 B ol g gge WA AFe
Y2 o 7l HEn Gu9E BEs) B Sl

G 97t wow, 343 AYsk Aol 478 A 9

L 357k ok o149 el F 7k hubd i} gl oleldk SHol
Aol AL P 710 WA 4 51 7191% Ag et
= SwlolA 2 ol4lo] Ytk e A3 AP F Y AFS =

710l Wske] A7 4= qlrks Holl Ak o]3e] itk ojel| whe} vl
Irof| A= 20144 RUSP (Recommended Uniform Screening Panel)
o FAludo|dYSS 2FAIF o, AA 78, IEA, Ay
ofollA] A3 Folm Hx} FHE& Hal7He Tl Ao} A}
+ dried blood spot®] C26
AALE A A,

:0 lysophosphatidylcholine-2&- ©]-&3}o]

oL O
BAIO)FE ARSI FFEE X A3k Tl ho g

A7A| 2 =% (X-linked ALD neurologic severity scale)E 713
A}-£-3k)(Table 29 27 o] AF¢]l AHQ-oll= AlAEHA Q] o]4}o)
Atk wekE sHA Hok A4l eARl Bk EElsiA B7HE o
A B, 5744 (o), A7 AT, Z1elE, A1) =
o] {7FE sHA| =t 0ol AAdolgtal dekS Skal 10%0]

AukA] o 2= T ZshFol| A 220]= Kurtzke Expanded Disa-
bility Status Scale (EDSS) 7} 7} @o] 291t} o]9]o]| = Spastic
Paraplegia Rating Scale (SPRS)*”1} Severity Score System for Pro-
gressive Myelopathy (SSPROM)® 5 0] 43 o] A= A7
2kt 2= 9t} 71 ¥hol| %= 6 Minute Walking Testt Timed Up and Go
WS o= ks 7k 5 vk

6) 241 715 ZA}
Bl go]goFEo A= Kl 7)) By} wieA] 1 gsie), o
©

A 559 v, Aol A A B W ]
E oz A Y, Al Ae Arkehs s
% ACTHS} 714 TE|&-< B7hehs WP} 4 ACTH A3 74}
£ 54 WHo] Itk ACTH, TEE-L 4% WEo 98 % gon

Table 2. Adrenoleukodystrophy Neurologic Severity Score*

Hearing/auditory processing problems
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*Adapted from the reference (Melhem ER, Barker PB, Raymond GV, Moser HW. AJR
American journal of roentgenology. 1999;173(6):1575-81).
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