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X-linked adrenoleukodystrophy: are signs
of hypogonadism always due to testicular failure?
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ABSTRACT

We present the clinical and hormonal findings of a young male with X-linked adrenoleukodystro-
phy (X-ALD), with special emphasis on the biochemical and clinical pattern of hypogonadism.
A patient, with primary adrenal insufficiency since the age of 5 years, developed progressive
neurological symptoms at the age of 29. Diagnosis of X-ALD was established by elevated serum
very long chain fatty acids (VLCFAs) and genetic testing. His sexual body hair was sparse.
Hormonal investigations revealed normal testosterone and inappropriately elevated LH levels.
Androgen receptor gene analysis was negative for mutations or polymorphic variants associ-
ated with decreased receptor activity. Signs of hypogonadism in patients with confirmed X-
ALD are not exclusively due to primary testicular failure. Tissue specific androgen resistance
represents an alternative possibility. Since no loss-of-function mutations were detected in the
androgen receptor, it is speculated that the patient’s androgen resistance could be part of a
functional defect mediated through VLCFA accumulation at the testosterone receptor and/or

post-receptor levels.
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INTRODUCTION

X-linked adrenoleukodystrophy (X-ALD) is a
peroxisomal disorder caused by defects of the ATP-
binding cassette subfamily D, member 1(4ABCDI)
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gene located in Xq28.! The gene product, ALD
protein (ALDP), a member of the ATP-binding
cassette transporter superfamily, is localized in the
membrane of peroxisomes and participates in the
peroxisomal degradation of very long chain fatty acids
(VLCFAs).? Prevalence of X-ALD hemizygozity is
estimated at 1:42,000 and that of hemizygocity and
heterozygozity together at 1:16,000.° The biochemi-
cal abnormality underlying its clinical phenotype is
impaired peroxisomal f3-oxidation and accumulation
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of saturated very long chain fatty acids in the central
nervous system white matter, adrenal cortex and
testicular Leydig cells.

The clinical spectrum varies from a rapidly pro-
gressive cerebral childhood form, comprising about
35-40% of all cases, to a slowly progressive spinal
adult form, adrenomyeloneuropathy (AMN), found in
about 45% of patients. In 10% of affected males the
only manifestation is adrenal insufficiency (Addison
disease), while approximately half of the heterozygous
females develop an AMN-like syndrome at an older
age.* The childhood cerebral form may present with
behavioral problems such as vision disturbances and
cognitive impairment and may lead to total disability
and death within 2 to 5 years from diagnosis.” AMN-
affected males present with mild spastic paraparesis,
impaired vibration sense, sphincter dysfunction or
impotence in their third to fifth decade. Approxi-
mately 70% of AMN patients have already developed
adrenocortical insufficiency® when neurological signs
become apparent and an equal percentage have signs
of testicular insufficiency.’

In this report we present the case of a young man
diagnosed with adrenomyeloneuropathy. Sparse
sexual hair, high normal testosterone levels and inap-
propriately elevated LH levels, indicating androgen
resistance, were the main manifestations of impair-
ment of the hypothalamus-pituitary-testicular axis.

CASE REPORT

A 29-year old patient was admitted to our depart-
ment because of easy fatigue, weakness and progres-
sive difficulty in walking of at least one year duration.

He was the first offspring of non-consanguineous
parents of Caucasian origin (Figure 1). The patient
was initially diagnosed with adrenal insufficiency
when he was 5 years old. He visited our endocrine
department 9 years ago and he was since re-evaluated
annually. He was on replacement therapy with 20 mg
hydrocortisone and 0.05 mg fludrocortisone daily. At
his last visit he complained of easy fatigue and gait
disturbance. He had no symptoms of cortisol excess
(buffalo hump, weight gain, bruising, etc.) and no
complaints of decreased libido or erectile dysfunction.

From his medical history he was found to be a
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Figure 1. Genealogical tree of the studied family. Patient (ar-
row) is indicated by filled symbol and his heterozygous mother
by a semi-filled one. Numbers under symbols indicate family
members’ ages. His brothers have not yet been checked.

hepatitis B carrier, as were his father aged 55 years
and his younger brother aged 25 years. His mother
aged 54 and a middle brother aged 27 years, who is
married and has two young boys, aged 3 and 1 years
old, were all healthy (Figure 1). The rest of his family
history regarding first and second degree relatives
was unremarkable.

On admission, physical examination revealed
hyperpigmented skin lesions without stigmata of
cortisol excess. Height was 166 cm and weight 59
kg with a BMI of 20.32 kg/m®The thyroid gland was
unpalpable. His blood pressure was 100/60 mmHg in
the upright and supine position. Sexual body hair was
sparse (pubis: Tanner stage 4, axilla: Tanner stage
2); there was no facial hair (Figure 2). Testicular

Figure 2. Patient’s pictures: Terminal hair is sparse on axilla
(A) and absent on face.
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volume was estimated at 25 cc bilaterally. Penis and
scrotum were normal. The mammary gland was not
palpable bilaterally. On neurological examination,
upper motor neuron signs of mild pyramidal pattern
weakness affecting predominantly the lower limbs
with brisk tendon reflexes and sustained knee clonus
were observed. No sensory deficits were evident from
examination.

Routine laboratory investigations revealed nor-
mal electrolyte profile suggestive of adequate min-
eralocorticoid supplementation. On blood counts,
hemoglobin (Hb) was 14.3 g/dl, white blood cells
(WBC) were 9.17 X 10°/ul (neutrophils: 42%; lym-
phocytes: 44.7%) and platelets (PLT) were 282,000/
ul. Liver enzymes were found elevated: aspartate
aminotransferase was 177 IU/I (normal up to 37 IU/I)
and alanine aminotransferase was 503 IU/l (normal
up to 40 [U/1). Viral serology profile was compatible
with chronic hepatitis B [hepatitis B surface antigen
(HBsAg)+; hepatitis B core immunoglobulin G (anti-
HBc IgG) +; hepatitis B e antibody (HBeAb)+] and
measured viral load was found elevated; hepatitis
B virus DNA (HBV-DNA): 2, 983, 900 copies/ml).
On hormonal evaluation thyroid function tests were
normal [free T4:1.27 ng/dl (16.34 pmol/l) with normal
0.9-1.7 ng/dl, TSH: 2.12 mIU/ml (normal 0.3-4 mIU/
ml)], prolactin (PRL) was 19.9 ng/ml (0.85 nmol/;l)
with normal up to 12.3 ng/dl, plasma ACTH levels
were found profoundly elevated, 10,920 pg/ml (2,402
pmol/l) and active renin was 24.5 pg/ml (0.58 pmol/];
with normal 3-33 pg/ml). Notably, both adrenocortical
and thyroid auto-antibodies were negative, Mantoux
skin reaction was also negative and adrenal computed
tomography (CT) revealed no pathology.

The constellation of neurological symptoms in this
patient with Addison’s disease led us to reconsider
the cause of his adrenocortical insufficiency. In view
of the late neurological deficits, AMN had to be
considered as a possible diagnosis. We proceeded
to the measurement of serum saturated VLCFAs
which indeed was diagnostic of AMN [(hexacosa-
noic acid (C26:00): 4.89 umol/l; tetracosanoic acid
(C24:00): 70 umol/l, normal ranges 0.45-1.32 umol/l
and 33-69 umol/l, respectively). In order to evaluate
central nervous system involvement, conventional
brain magnetic resonance imaging (MRI) includ-
ing T1-weighted (T1W), T2-weighted (T2W), fluid-

attenuated inversion recovery (FLAIR) images and
cervical and lumbar spine MRI were performed.
T2-weighted brain MRI revealed symmetrical de-
myelinating lesions involving the parieto-occipital
white matter bilaterally (Figure 3A), whereas no
gadolinium-diethylene triaminepentaacetic acid (Gd-
DTPA) enhancement was observed on T1-weighted
images. Atrophy of the thoraco-lumbar cord was
evident on spinal MRI (Figure 3B). The patient
also underwent sensor and motor conduction stud-
ies, which showed reduced amplitudes of compound

Figure 3. Brain and spinal cord MRI. A: Axial T2-weighted
image showing increased signal in the parieto-occipital white
matter bilaterally (arrows), indicating symmetrical demyelinat-
ing lesions. B: substantial atrophy of the thoracolumbar cord
just above the conus medullaris (arrow) evident in a sagittal
T2-weighted image.
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motor action potentials (CMAP) and a prolongation
in F-wave latencies of the peroneal nerve bilaterally.
Diagnosis of adrenomyeloneuropathy was further
confirmed by molecular genetic testing. Mutational
analysis of the ABCD1 gene revealed the point muta-
tion ¢.521A>G in exon 1, causing the substitution of
the amino acid tyrosine by the amino acid cysteine at
codon 174 (Figure 4A). This is a previously reported
missense pathogenic p.Tyr174Cys mutation.® Both
brothers and the mother’s first and second degree
male relatives were scheduled for plasma VLCFAs
determination. As expected, according to the pat-
tern of inheritance, the mother was a carrier of the
detected mutation and her serum very long chain
fatty acids levels (C26:00 levels: 1.76 umol/l; C24:00
levels: 80 umol/l) were compatible with heterozygosity
(Figure 1). His younger brothers who live in Canada
and Albania have not yet measured plasma VLCFAs.

Assessment of gonadal function

In view of the patient’s hypogonadal signs (Figure
2) and the known association of X-ALD with testicular
dysfunction, detailed assessment of testicular func-
tion was performed. Testosterone levels were high
normal: 760 ng/dl (25.8 nmol/l; normal 240-1000 ng/
dl), with free testosterone 16pg/ml (55.5 pmol/l; nor-

A.ABCD1: p.Y174C

mal 5.8-18 pg/ml), and dihydrotestosterone (DHT)
0.45 ng/ml (1.5 nmol/l; normal 0.1-0.5 ng/ml). Serum
SHBG was 65.2 nmol/l (normal 10-70 nmol/l), FSH:
4.1 mIU/ml (normal 4.1-18.1mIU/ml and, LH was
inappropriately elevated, 28 mIU/ml (normal 1.5-9.3
mlU/ml). Estradiol was 35 pg/ml (128 pmol/l; normal
10-40 pg/ml). Sperm count was 29X10%ml.

Mutational analysis of the androgen receptor
(AR) gene, an X-linked gene located in Xq12, by
PCR amplification and direct sequencing detected
the ¢.2319-78T>G (Figure 4B) polymorphic genetic
variant in intron 5; this variant is of no clinical sig-
nificance.” No pathogenic mutations were detected.
Polymorphic CAG tandem-repeat number was 26
(data not shown).

DISCUSSION

VLCFAs are toxic to axonal and neuronal mem-
branes, resulting in axonal loss and eventually neu-
ronal degeneration.”” Regarding adrenal involvement,
VLCFAs were also suggested as being toxic to the
adrenal cortex, resulting in apoptotic cell death.!!
Interstitial Leydig cells may be similarly affected.’> An
additional scenario might be that membrane rigidity

p.Y174C
c.521A>G

l

CCTACCGC T CTT CTGCTTT CTTCT CTCAGTCATG

B. AR. ¢.2319-78T>G

Figure 4. Results of the mo-
lecular analysis of the patient:

cc TG 6 CG A 6 GG A G G G C

c.2319-78T>G

A

AT € A G A 6| A. ATP-binding cassette, su-
perfamily D, member 1 gene
(ABCDI) point mutation. The
substitution of one base (TAC-
TGC) results in the exchange
of tyrosine for cysteine at co-
don 521 in exon 1 of ABCDI. B.
Androgen receptor gene (AR)
¢.2319-78T>G polymorphic ge-

netic variant in intron 5.
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is increased by the incorporation of VLCFAs in cell
membrane lipids, thus interfering with the receptor
binding of ACTH, and possibly of FSH and LH."
Levels of VLCFAs, particularly C26:0 and C24:0,
are elevated in all male patients and in most female
carriers, although false negative or equivocal results
occur in up to 20% in heterozygotes.'

In our patient, VLCFAs were elevated and mo-
lecular analysis further confirmed the diagnosis of
X-ALD. The point mutation ¢.521A>G in exon 1
of the ABCD1 gene found in this patient causes the
substitution of the amino acid tyrosine by the amino
acid cysteine at codon 174. The ABCD1 gene located
on chromosome Xq28 contains 10 exons encoding
745 amino acids. The ABCD1 domain consists of a
hydrophobic transmembrane domain (TMD) con-
taining 6 a-helixes and a nuclear binding domain
(NBD)."" Mutations have been found throughout the
entire gene, although there is a clustering of mutations
in the NH2-terminal half of adrenoleukodystrophy
protein (ALDP) including TMD1-6 and loop1-5
(40%), NBD (30%)'® and exon 16, which has been
identified as a mutational hot spot.'” In the X-linked
adrenoleukodystrophy database'® to date 13011 mu-
tations have been identified of which 610 (47%) are
non-recurrent. Missence mutations represent 61%
of all mutations. Different amino acid substitutions
of the tyrosine 174 have been reported, namely,
p.Tyr174His, p.Tyr174Asp, p.Tyr174Ser (www.x-ald.
nl/accessed Oct 12, 2012).

There is no correlation between ABCD1 gene
mutations and clinical phenotypes.’ The childhood
cerebral form usually manifests between ages 4 and
8 years as attention deficit disorder or hyperactivity
and progresses to impairment of cognition, behavior,
vision, hearing and motor function. The second phe-
notype, adrenomyeloneuropathy, manifests commonly
in the late twenties as progressive paraparesis, sphinc-
ter disturbances and sexual dysfunction.!” Adrenal
insufficiency manifests early often before the onset
of neurological symptoms, most commonly between
5 and 10 years of age with weakness, unexplained
vomiting and increased skin pigmentation due to
excessive ACTH secretion.” Cerebral involvement
is characterized by inflammatory myelinopathy with
typically symmetrical parieto-occipital white mat-
ter lesions,”** whereas in adrenomyeloneuropathy

the main pathological feature is spinal cord long-
tract distal axonopathy.??* For adrenal insufficiency
hormone replacement therapy is mandatory. For
neuronal involvement therapeutic potentials include
Lorenzo’s oil,>* bone marrow transplantation (BMT)
when cerebral involvement is at an early stage,? up-
regulation of other genes encoding proteins involved
in alternative B-oxidation [adrenoleukodystrophy
related protein (ALDRP), peroxisomal membrane
protein 70 (PMP70), peroxisomal membrane protein
69 (PMP69)] by agents such as phenylbutyrate and
lovastatin® and gene therapy.”

ALD-related hypogonadism has only been studied
in a limited number of reports.”>%*% Clinical mani-
festations include decreased libido, erectile dysfunc-
tion and failure of the testes to descend. Half of the
patients have diminished body sexual hair, one third
gynecomastia and 12% testicular atrophy.? Although
data are sparse, impairment of spermatogenesis is
connected with the degree of progressive disorders
but? with no significant decrease in fertility.** Assies
et al” retrospectively studied 26 men with X-ALD and
found that only 12% of them had low testosterone
levels, the majority of whom exhibited an inadequate
testosterone response to hCG stimulation. LH was
elevated in 16% of the patients and FSH in 32%. LH
response to GnRH administration was exaggerated in
half of these patients.”’ Focusing on our patient, FSH
levels were normal (4.1 mIU/ml) and testes were also
normal both on physical examination and on ultra-
sonography; the patient’s sperm count was 29X10%ml.
Normal FSH levels reflect normal spermatogenesis
compatible with the normal sperm count, although
even in cases with elevated FSH/LH levels and low
testosterone levels integrity of seminiferous tubules
is sufficiently maintained.*

We highlight the sparsity of terminal sexual hair
along with testosterone levels close to the upper
limit of the normal range [760 ng/ml (25.8 nmol/l)]
and inappropriately elevated LH levels (28.3 mIU/
ml) as the main findings of testicular dysfunction.
Elevated LH with high normal testosterone levels
along with diminished sexual body hair are consist-
ent with decreased androgen action at least at the
level of hypothalomo-pituitary feedback inhibition
and sexual hair growth. In view of the normal penis
growth, these findings are compatible with a tissue
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specific pattern of androgen resistance. Mutational
analysis was negative for pathogenic mutations of the
androgen receptor (AR) gene located in the proximal
long arm of the X chromosome; only a benign poly-
morphism (¢.2319-78T>G) was detected in intron
5. In addition, the polymorphic CAG tandem-repeat
number of 26 in exon 1 excluded spinal and bulbar
muscular atrophy (Kennedy’s disease), a rare X-linked
recessive disorder where mutated AR (CAG-repeat
number >40) results in androgen resistance and
neurotoxicity.!

Although in our case the speculated defect might
be independent of the X-linked ALD, for ALD pa-
tients with normal testosterone levels clinical signs of
hypogonadism may be explained by the accumulation
of VLCFAs in the cell hampering testosterone recep-
tor and post-receptor events,” but this issue has not
been fully elucidated. Treatment with Lorenzo’s oil,
despite significantly lowering the plasma concentra-
tion of VLCFAs, improved neither adrenocortical
nor gonadal function.” An intratesticular accumu-
lation and toxicity of VLCFASs not reflected by the
concentrations in the circulation might explain this
phenomenon.* It has also been suggested that some
of these patients may benefit from androgen replace-
ment therapy.”** However, as in our case, androgen
resistance may be a confounding factor.

In summary, we report a young man diagnosed
with cerebral adrenomyeloneuropathy, highlighting
that this rare disease merits consideration in all young
males with Addison’s disease, especially in those with-
out other concurrent autoimmune disorders and in
the presence of positive family history for neurologi-
cal disorders. In addition, signs of hypogonadism in
patients with confirmed X-ALD are not exclusively
due to primary testicular failure. Androgen resistance
represents an alternative possibility. It is speculated
that this type of androgen resistance could be part
of a functional defect in certain tissues mediated
through VLCFA accumulation at the testosterone
receptor and/or post- receptor levels.
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