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Subject Review: 

Adrenoleukodystrophy 

SUMMARY: Adrenoleukodystrophy 
(ALD) is an X-linked degenerative disease 
characterized by progressive demyelination 
and adrenal insufficiency. Several pheno-
types are described. In post-mortem tissues 
there is an accumulation of saturated or 
mono-unsaturated very long chain 
fattyacids (VLCFA) in the cholesterol es
ter fraction of adrenal cortex and cerebral 
white matter. The accumulated fatty acids 
are unbranched with carbon chain length 
between 23 and 32 with most containing 25 
or 26 carbons. Determination of VLCFA in 
readily accessible tissues such as skin 
fibroblasts and plasma allows for reliable 
detection of patients and carriers. 

RESUME: La surrenaloleulodystrophie est 
une maladie degenerative liee au chromo
some X et caracierisee par une demyelini-
sation progressive et une insuffisance surre-
nalienne. Nous decrivons plusieurs phe-
notypes. Dans le tissu post-mortem nous 
trouvons une accumulation d'acides gras a 
tres longue chaine (VLCFA) satures ou 
mono-nonsatures, dans la fraction d'esters 
de cholesterol du cortex surrenalien et de la 
substance blanche cerebrate. Les acides 
gras accumules sont sans chaine laterale 
avec des chaines de carbone entre 23 et 32, 
le plus souvent 25 ou 26 atomes de carbone. 
La determination des VLCFA dans les 
fibroblastes ou le plasma permet la detec
tion fiable des patients et des porteurs. 
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Adrenoleukodystrophy (ALD) is a 
progressive neurologic disorder 
thought due to a defect of fatty acid 
metabolism inherited as an X-linked 
trait. First described by Siemerling and 
Creutzfeldt (1923), ALD is manifested 
by adrenal atrophy and demyelination 
of central and peripheral myelin. 
Adrenal cortical cells and macrophages 
in brain white matter contain 
characteristic trilaminar cytoplasmic 
inclusions (lamellar lipid profiles, LLP) 
suggesting a lipid storage disorder 
(Ghatak et al, 1981; Powers et al, 
1980). ALD is currently classified as a 
dysmyelinating disease or leukodys
trophy. Very long chain, unbranched, 
saturated or mono-unsaturated fatty 
acids (VLCFA) of carbon length 20 to 
30 accumulate in cholesterol esters and 
gangliosides of cerebral white matter 
and adrenal cortex (Moser et al, 
1980b). 

Several phenotypes of ALD have 
been described (Table 1). These are: 1) 
progressive cerebral degeneration of 
young males often with cortical 
blindness (Schaumburg et al, 1975); 2) 
progressive spinal cord degeneration in 
adult males (Griffin et al, 1977; 
Schaumburg et al, 1977); 3) an in
termediate form in juvenile or adult 
males with both cerebral and spinal in
volvement (Weiss et al, 1980); 4) a con-
natal form in male infants (Ulrich et al, 
1978; Manz et al, 1980); 5) X-linked 
Addison's disease without neurologic 
disease (O'Neill et al, 1982b); and 6) 
spinal cord disease in female carriers 
(O'Neill et al, 1982c). For this review, 
we use the term adrenoleukodystrophy 
or ALD to refer collectively to these 
varying manifestations. 

The duration of illness or the therapy 
of adrenal insufficiency correlates 
poorly with the extent of pathologic 
change (Blaw, 1970). In typical ALD, 

demyelination is usually widespread, 
symmetric, and predominant in the 
posterior quadrant of the centrum 
semi-ovale but sparing a narrow strip 
of subcortical white matter (Schaum
burg et al, 1975). This predilection for 
parieto-occipital white matter may ac
count for the early cortical blindness, 
the EEG slowing posteriorly and the 
lack of cortically-evoked EEG re
sponses. It also correlates with the dis
tinctive CT image of decreased at
tenuation of the cerebral white matter 
beginning in this region and extending 
anteriorly (O'Neill and Forbes, 1981; 
Lane et al, 1978). Microscopically, the 
lesions are those of severe demyelina
tion with a perivascular mononuclear 
cell infiltrate (Schaumburg et al, 1975). 
Typically, this infiltrate is intense at the 
advancing edge of the lesion and cor
relates with contrast enhancement on 
CT scanning (Furuse et al, 1978). The 
CT scan is usually normal or non-
specifically abnormal in the myelo-
neuropathy variant where pathologic 
involvement of the brain is minimal 
(O'Neill and Forbes, 1981). 

The mechanism of the myelin loss is 
unknown. The LLP are seen only in 
brain macrophages as membrane-
bound inclusions. Although occasional
ly seen in Schwann-cells, these inclu
sions have not been described in 
oligodendroglia. Their presence in 
brain macrophages is thought to reflect 
removal of myelin debris because the 
intensity of the macrophage response is 
most marked in regions of active 
demyelination (Schaumburg et al, 
1975; Ghatak etal, 1981). 

In most cases of ALD, clinical and 
laboratory evidence of hypoadrenalism 
can be demonstrated at some time dur
ing the illness (Blaw, 1970). Adrenal 
symptoms may be present for as long 
as ten years before the appearance of 
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TABLE I 
PHENOTYPES OF ADRENOLEUKODYSTROPHY 

Typical ALD 
Myeloneuropathy 

(AMN) Mixed 
Connatal 

(Neonatal) 

Addison's 
Disease 
(AD) 

Symptomatic 
Heterozygote 

Sex 
Age at onset 

Duration 
Neurologic 

manifestations 

Endocrine 
manifestations 

CT scan 

Male 
4-8 years 
1-10 years 
Cortical 

blindness, 
deafness, pro

gressive de
mentia 

Mild-moderate 
adrenal insuf

ficiency 

Posterior quad
rant hypoden-

sity, ± 
enhancement 

Male 
2nd-3rd decades 

> 2 decades 
Spastic para

paresis, 
peripheral 

neuropathy 

Moderate adrenal 
insufficiency, 
azoospermia, 

hypotestostero-
nemia 

Normal or 
non-specific 

Male 
lst-2nd decades 

1-10 years 
Seizures, de

mentia, spastic 
paraparesis, 
peripheral 

neuropathy 

Moderate adrenal 
insufficiency, 

hypotestostero-
nemia 

Posterior 
quadrant 

hypodensity 

Male 
soon after birth 

1-5 years 
Psychomotor re

tardation, fail
ure to thrive 

None; adrenal 
cortical atrophy 

Frontal-temporal 
hypodensity, 
enhancement 

Male 
5-10 years 

— 
None 

Moderate 
adrenal in
sufficiency 

Normal 

Female 
3rd decade 

— 
Spastic para

paresis 

None 

Normal 

neurologic disease (Schaumburg et al, 
1976). In one family, Addison's disease 
was seen in men of several generations 
without evidence of neurologic disease 
(O'Neill et al, 1982b). On pathologic 
examination, the adrenals are atrophic, 
the cut section revealing a normal 
medulla surrounded by a thin cortical 
rim, mainly the zona glomerulosa 
(Schaumburg et al, 1975). Microsco
pically, there is a mixture of cells in
cluding ballooned cortical cells contain
ing non-membrane-bound LLP 
(Schaumburg et al, 1972; Powers et al, 
1980; Ghatak et al, 1981). Similar 
microscopic changes have been noted 
in testes which correlates to reports of 
azoospermia and diminished testoster
one in adults (Schaumburg et al, 1977). 

The pattern of familial incidence sug
gests that ALD is inherited as an X-
linked trait. The combination of 
neurologic and endocrine disease has 
been demonstrated only in men and no 
example of male-to-male transmission 
is known. Heterozygous females may 
have mild myelopathy (O'Neill et al 
1981), and occasionally severe myelo
pathy, but a progressive cerebral syn
drome has not been described (Moser 
et al, 1980b). In one study of 15 
women proven to be carriers by clinical 
and biochemical criteria (O'Neill et al, 

1982), neurological signs were present 
in 10. Since no carrier has been ex
amined pathologically, the full extent of 
involvement is unknown. Reports of 
wel l -s tudied ca r r i e r s did not 
demonstrate endocrinopathy (Davis et 
al, 1979; O'Neill et al, 1981). A 
progressive neurologic disease with 
adrenal failure in women has been 
reported, but this appears to be an im
mune disease different from ALD (Pilz 
andSchiener, 1973; Dyck et al, 1981). 

Restricted expression of the pheno-
type in women may be explained by the 
Lyon hypothesis of inactivation of the 
X-chromosome (Lyon, 1961). The ease 
of detection of myelopathy by ex
amination may partly explain the fre
quency of appearance of disease in car
riers. The "reserve" in the normal 
adrenal gland may similarly explain 
why mild hypoadrenalism is not also 
encountered even though adrenal 
pathology may exist. If the ALD trait 
is transmitted as an X-linked recessive, 
then according to the Lyon hypothesis, 
carriers should be found to have two 
populations of cells. Fibroblasts cloned 
from skin biopsies of ALD carriers 
were found to have morphological and 
biochemical characteristics typical of 
normal or ALD cells. Inactivation of 
the X-chromosome appeared to favor 

the mutant gene, partly explaining the 
high prevalence of neurologic disease in 
carriers (Migeon et al, 1981). 

Different phenotypes occur in the 
same kindred, suggesting interaction of 
the abnormal gene with host and en
vironmental factors. A hormonal in
fluence on phenotypic expression has 
not been examined. Some of the ac
cumulated VLCFA may be of dietary 
origin (Kishimoto et al, 1980), sug
gesting that environmental factors may 
influence gene expression. Whether dif
ferent phenotypic expression reflects 
one or more mutations remains 
speculative until the molecular defect in 
ALD is clarified (Rosenberg, 1981). 

The accumulation of VLCFA, par
ticularly hexacosanoate (C26:0), a 
saturated 26 carbon unbranched fatty 
acid, appears to be unique to ALD. 
These fatty acids may account for up 
to 40% of the total fatty acid of the 
cholesterol esters and gangliosides of 
the cerebral cortex and the adrenals 
(Igarashi et al, 1976; Menkes and 
Corbo, 1977; Ramsey et al, 1979). 
Similar accumulations of VLCFA have 
been demonstrated in cultured skin 
fibroblasts (Moser et al, 1980a), culture 
muscle cells (Askanas et al, 1979) and 
plasma (Moser et al, 1981). These 
observations suggest that ALD is 
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related to a generalized metabolic 
defect present in all cells but which has 
functional effects in only certain tis
sues. 

The striking increase of VLCFA in 
the cholesterol ester fraction suggested 
a defect of a specific cholesterol es
terase. However, the activities of 
mitochondrial-, microsomal- and 
myelin-associated cholesterol esterases 
from post-mortem ALD brain are nor
mal, as is cholesterol lignocerate 
hydrolysis in ALD fibroblasts (Moser 
et al, 1980b). These results do not ex
clude a defect of an as yet unidentified 
cholesterol esterase, but other observa
tions argue against it. VLCFA ac
cumulation is observed in other lipid 
classes such as gangliosides, sphingo
myelin and free fatty acids (Igarashi et 
al, 1976;Kawamuraet al, 1978; Moser 
et al, 1980b). Plasma cholesterol esters 
are also normal (Igarashi et al, 1976). 
These observations are more compati
ble with the hypothesis that the basic 
defect involves the metabolism of 
VLCFA per se. The accumulation of 
these fatty acids in the cholesterol ester 
fractions of brain white matter and 
adrenal cortex would then be a secon
dary phenomenon. 

Fatty acid degradation occurs 
through one of several oxidation 
pathways. Aw-oxidation system is like
ly of minor importance (Antony and 
Landau, 1968). Phytanic acid is 
degraded by a-oxidation and is 
deficient in Refsum's disease (Stein
berg, 1978). Another mechanism de
grades a,-hydroxy fatty acids to odd-
numbered fatty acids. These are not in
creased in ALD (Kishimoto et al, 
1979). A specific (3-oxidation system 
resides in the peroxisome and is active 
towards VLCFA (Osmundsen et al, 
1979). In ALD the abnormality in
volves mainly 25 and 26 carbon length 
fatty acids with no alteration of those 
of 20 and 22 carbons in length. The 
metabolic defect in ALD may reside in 
a 0-oxidation system specific for these 
VLCFA (Moser et al, 1980b). 

Diagnostic assays using readily-
accessible tissues have been developed. 
Cultured skin fibroblasts accumulate 
VLCFA and the increase may be ex
pressed as C26:0 /C22:0, the ratio of 
hexacosanoate to behenic (C22:d) acid, 

a 22 carbon fatty acid not increased in 
ALD. Increased ratios of up to 10 fold 
over normal and neurologic disease 
controls have been demonstrated in 
ALD. No false-positives have been 
described and nearly 90% of 
heterozygotes are detected (Moser et 
al, 1980a). Little differences are noted 
in the ratios derived from patients with 
the various phenotypic expressions 
(Moser et al, 1980a, O'Neill et al, 
1982a; O'Neill et al, 1982b). The 
similar accumulation of VLCFA from 
the cultured medium in these forms 
may in part reflect the proliferative ad
vantage of the mutant cell (Migeon et 
al, 1981). 

A significant increase of plasma 
VLCFA, particularly 25 and 26 
carbon-linked fatty acids, and of the 
C26:o/C22:0 ratio is demonstrable in 
ALD patients and carriers (Moser et al, 
1981). Using gas-liquid chromatogra
phy with capillary columns, accurate 
values are obtained with as little as 
1 ml of plasma. Elevated values have 
been found in asymptomatic male sibl
ings of ALD patients who may repre
sent presymptomatic ALD. Interpreta
tion of values for heterozygotes as 
false-negative may be diminished if 
both plasma and fibroblast assays are 
performed since several obligate 
heterozygotes with normal or 
borderline plasma values had abnormal 
values in fibroblasts (Moser et al, 1981; 
O'Neill etal, 1982c). 

In summary, ALD is an X-linked 
degenerative disease characterized by 
progressive demyelination and adrenal 
insufficiency. Determination of 
VLCFA in readily accessible tissues 
such as skin fibroblasts and plasma al
lows for reliable detection of patients 
and carriers. 
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