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A clinical case of X-linked adrenoleukodystrophy in a 9-year-old boy
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ABSTRACT

X-linked adrenoleukodystrophy belongs to peroxisomal disorders characterized by combined damage to the ner-
vous system and adrenal glands and often leading to death. This hereditary disease results in mutations in the
ABCDI gene, leading to ineffective 3-oxidation of fatty acids following a decrease in the activity of acetyl-CoA
synthetase of their long chains. Accumulation of acyl-CoA derivatives of fatty acids takes place, which affect the
physicochemical properties of cell membranes.

We have described a clinical case of X-linked adrenoleukodystrophy in a 9-year-old boy with the primary
manifestation of the disease at the age of 7 years and 10 months in form of enterovirus encephalitis.

Early diagnosis, prenatal screening of adrenoleukodystrophy for performing gene-specific therapy, slowing the
progression of the disease, and prolonging the life of the patient with the diagnosis of a rare hereditary disease are
required.
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KnuHnuecknin cnyyanm X-cuenneHHon agpeHonenkoaucrpopum
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PE3IOME

X-creruieHHast aipeHONeHKOTUCTPO(USI OTHOCHTCS K MTEPOKCUCOMHBIM OOJIE3HM, XapaKTePU3yeTcsl COYETaHHBIM
[Opa’KeHUEM HEPBHOM CHCTEMBI U HaIMOYEYHUKOB, 4YaCTO IPUBOIAIIUM K JIETATbHOMY UCXOAY. DTO HaCcJIEeICTBEH-
Hoe 3a0oyeBaHue BhI3bIBaeT MyTaluu reHa ABCDI, onpeaensiomuM HedPHEKTHBHOCTh [B-OKUCICHHS KUPHBIX
KHCJIOT, B Pe3yJIbTaTe CHIKCHUSI aKTUBHOCTH aLeTuI-KoA cuHTeTa3bl MX JUIMHHBIX Lenel. [IporcxoauT Hakorte-
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HHEC a]_lI/IJ'I—KOA—l'IpOI/BBO)leIX KUPHBIX KUCJIOT C Hapr_IeHI/IeM (1)1/131/IKO—XI/IMI/IquKI/lX CBOMCTB KJIETOYHBIX MEM-
OpaH.

Hamu onmcan kinuHMYeCKUi ciydaidl X-CIEIUICHHON aJpeHONeHKOIUCTPOGHN y MAIbUUKa 9 JIET ¢ NMepBHYHON
MaHudecTanuei 3adoneBanus B Bo3pacte 7 jietT 10 Mec 1o THITy SHTEpOBUPYCHOTO 3HIIe(haIuTa.

Heo0xoamMa paHHsIsSI TUarHOCTUKA, PEHATATIBHBIA CKPUHUHT TSI TPOBEICHHS CIeNN(UUECKON Teparuu, 3aMe/i-
JICHHS TIPOTPECCUPOBAHNS 3a00JIeBaHU, IPOUICHHS KU3HN OOJBPHOMY C PEIKHM HACIeCTBEHHBIM JHAarHO30M.

KoroueBrble ciioBa: X-creruieHHast aipeHoIeHKoucTpodusl, HAAIOYSIYHUKOBAsI HEJOCTATOYHOCTD, TJIFOKOKOKOP-
THUKOUJIbI, MUHEPAIOKOPTUKOU/IBI, JIEHKOIHIE(aroMalIsIius

KondaukT nunTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTEHIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaKeil HaCTOSIIEeH CTaThH.

HUcTounuk (l)HHaHCHpOBaHI/IH. ABTOpLI 3asIBJISIOT 00 OTCYTCTBUU (bPIHaHCI/IpOBaHI/ISI Ipyu OPpOBEACHUU UCCIIENO0-
BaHUA.

CooTBeTCTBHE NPUHIHUIIAM 3TUKH. vy ponnTeﬂeﬁ pe6eHKa TIOJIYy4Y€HO pa3pClICHUEC Ha Hy6HI/IKaHI/IIO AHOHUMHBIX

JaHHBbIX.

[ nuruposanus: ['vpm S1.B., Sxumosa K.A. Kinunnueckuii ciaydail X-clemieHHON agpeHoneikoaucTpopun
y Manbuuka 9 ner. Biontemens cubupckou meouyunst. 2022;21(1):197-202. https://doi.org/10.20538/1682-0363-

A clinical case of x-linked adrenoleukodystrophy in a 9-year-old boy

2022-1-197-202.

INTRODUCTION

X-linked adrenoleukodystrophy (X-ALD) belongs
to the group of hereditary metabolic diseases associ-
ated with impaired peroxisomal function. Adrenoleu-
kodystrophy (synonyms: Zimmerling — Creutzfeldt’s
disease, Schilder — Addison’s disease) was first de-
scribed by German neuropathologists Ernst Zimmer-
ling and Hans Gerhard Creutzfeldt in 1923. This dis-
ease is not as rare as it was previously thought to be,
it occurs everywhere, and its incidence rates prevail
over other peroxisomal diseases [1].

The onset of the disease is associated with muta-
tions in the ABCD] gene in the terminal region of the
long arm of the X chromosome (locus Xq28) [2]. This
gene encodes synthesis of a transmembrane carrier
protein called adrenoleukodystrophy protein (ALDP),
which is located on specific cellular organelles in-
volved in oxidation reactions, peroxisomes, and is
responsible for transport and further degradation of
very-long-chain fatty acids (VLCFAs) [1]. With a
structural defect in the peroxisomal transport protein,
it becomes functionally incapable, which leads to ac-
cumulation of toxic compounds in the tissues.

Currently, more than 2,600 ABCDI mutations as-
sociated with the replacement of DNA nucleotides
and loss of loci have been identified [3]. Many of them
cause structural changes in ALDP. Adrenoleukodys-
trophy develops when there is a recessive gene in the
genotype (in hemizygous men) or two of its variants
(in heterozygous women). X-ALD is more common in

boys; in girls, the disease is asymptomatic. The inci-
dence of adrenoleukodystrophy is 1: 17,000 live-born
boys [1, 3]. The disease is manifested by two groups
of clinical symptoms: primary adrenal insufficien-
cy and demyelinating disease. These disorders are
caused by mutations in the ABCD/ gene encoding the
transmembrane protein ALDP, leading to ineffective
B-oxidation of fatty acids following a decrease in the
activity of acetyl-CoA synthetase of their long chains.
Primary adrenal insufficiency is clinically manifest-
ed through hyperpigmentation of skin folds and mu-
cous membranes, cicatricial changes, fatigue, weight
loss, dizziness, increased anxiety, chronic nausea, and
vomiting. Damage to the nervous system is clinically
manifested through autistic behavior, learning prob-
lems, memory loss, attention deficit, convulsive syn-
drome, blindness, and deafness [4].

CLINICAL CASE

Patient S., born in 2011, was admitted to the De-
partment of Pediatric Neurology of the City Clinical
Hospital for the first time in March 2020 with com-
plaints of weakness, lethargy, drowsiness, and disori-
entation.

Anamnesis vitae and anamnesis morbi. A boy
from a second pregnancy that ended in childbirth
by caesarean section at 39 weeks due to breech pre-
sentation. The first pregnancy ended in spontaneous
abortion. The child was born with a weight of 3,200
g and a height of 52 cm, the Apgar score was 8 / 9.
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The patient’s health in early childhood was normal.
The patient is vaccinated according to the calendar.
The patient had rare respiratory infections and chick-
en pox. Until the age of 7, the parents did not report
any complaints about the development of the boy. At
the age of 7, mother began to notice periodic urinary
incontinence in her son. According to his parents, the
boy did not go to the toilet for a long time, and then he
would not manage to get there in time. Therapy with
oxybutynin was prescribed with appropriate water in-
take schedule. A positive effect was achieved.

At the age of 7 years 10 months, while the child
was in a camp in Anapa, he complained of nasal con-
gestion, single vomiting, weakness, and body tem-
perature increase to febrile values. He was examined
by a doctor, then he was isolated, an ambulance was
called. Before the arrival of the ambulance, there was
repeated vomiting, paroxysm developed in the form of
a short-term loss of consciousness, eyes rolling back,
and twitching of arms and legs. The boy was hospital-
ized in Krasnodar with the diagnosis of enterovirus en-
cephalitis. He was administered carbamazepine (200
mg 3 times a day), and a positive effect was achieved.

During the autumn, the child did not feel well, he
had continued weakness, lethargy, and rapid fatiga-
bility. The body temperature occasionally rose up to
37.2°C. It was recommended to consult a neurologist.
Magnetic resonance imaging (MRI) of the brain was
performed (December 16, 2019). According to MRI,
for the first time, signs of leukoencephalomalacia
were noted with symmetrical lesions in both parietal
and temporal lobes, the posterior third and splenium
of the corpus callosum, posterior parts of the basal
ganglia, cerebral peduncles in midbrain, and pons.
The boy was observed by a neurologist and an epilep-
tologist in a local clinic. Diagnosis: “epilepsy”? Given
the absence of epileptic seizures, therapy with carba-
mazepine was canceled. Aminophenyl-butyric acid
was prescribed, which the patient took until the end of
January 2020, therapy was then canceled according to
the recommendation of a neurologist.

On March 28, 2020, immediately after waking up,
the boy felt unwell. A single vomiting, weakness, and
lethargy were noted, the child became distracted, inat-
tentive, and disoriented in space. Paroxysm was noted
in the form of fading (the patient did not respond to
the mother) and eye movements. An ambulance was
called. Before the arrival of the ambulance, a parox-
ysm developed in the form of eyes rolling back, lip
twitching on the right, extended right arm and right
leg. The patient did not respond to the people around

him. Diazepam was administered. The child was ad-
mitted to the hospital for a comprehensive examina-
tion.

Objective clinical examination. An examination of
the patient in the emergency room showed the follow-
ing: a state of moderate severity, impaired conscious-
ness, poor orientation in space and time, difficulties in
make contact with the patient, he answered questions
slowly and not always. His skin was dark and dry. The
patient’s skin on the elbows, in the armpits, and in the
area of the buttocks was much darker (up to a choc-
olate brown color). In the right frontal region, a light
brown spot of an irregular shape was noted. On the
upper and lower extremities, 4 small (1-5 mm) light
brown spots of an irregular shape were detected. A
neurological examination did not reveal any changes,
except for bad mood. The boy has phenotypic fea-
tures: curly hair, protruding ears, deep set eyes, wide
interdental spaces, dolichostenomyelia.

When the child was in the hospital, the following
was revealed: hearing impairment, impaired under-
standing of addressed speech, and deterioration of
handwriting. In the dynamics, child’s space orienta-
tion became worse, and his gait became unsteady.

Laboratory tests and instrumental diagnosis were
conducted. Blood test: ESR — 13 mm / h, other pa-
rameters were within the reference range. In the blood
biochemistry test, the following parameters were in-
creased: creatine phosphokinase 377 U / 1 (0-247),
lactate dehydrogenase 426 U /1 (0-378), glucose level
was within the reference range: 4.36 mmol/1(3.3-5.9).
The cortisol level was low: 01.04.2020 at 8 am — 25
nmol /1, at 10 pm —31.5 nmol/ 1; 08.04.2020 at 8 am —
12.6 nmol / 1, at 10 pm — 3.2 nmol / I (reference range
is 83—580 nmol / 1). The level of adrenocorticotropic
hormone was elevated: 127 pg / ml (with the reference
range of 0—46 pg / ml).

Ultrasound examination of the thyroid gland: right
lobe 24*9*9 mm, V — 0.9 cm 3, left lobe 28*8.5*9
mm, V — 1.0 cm 3. Contours were clear and even. No
lesions were detected. The volume of the thyroid gland
was 1.9 cm?3. Conclusion: thyroid hypoplasia. Electro-
encephalography (EEG) revealed no clear signs of
impaired bioelectrical activity in the brain. Focal, par-
oxysmal, and epileptic activities were not registered
in the study. Moderate cerebral changes with irritative
zones were detected. On the basis of objective clini-
cal examination data and the results of laboratory tests
and instrumental diagnosis, the following diagnosis
was made: demyelinating disease of the central ner-
vous system, X-linked adrenoleukodystrophy.
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The therapy was prescribed: valproic acid (Depa-
kene) 180 mg 3 times a day, methylprednisolone 250
mg, thiamine 1 ml intramuscularly once every two
days. The treatment had a positive effect, improving
the patient’s conditions, stopping psychotic states and
seizures, and improving the child’s mood. To carry
out substitutive therapy, hydrocortisone (Cortef) was
prescribed orally 10 mg per day in 3 divided doses (5
mg in the morning, 2.5 mg at lunch, 2.5 mg in the eve-
ning). The patient’s discharge record was sent to the
Department of Medical Genetics of the Russian Chil-
dren’s Clinical Hospital of Pirogov Russian National
Research Medical University, to which the child was
admitted in April 2020. At the time of hospitalization,
the patient complained of visual and hearing impair-
ment, lack of voluntary coordination of muscle move-
ments, falling, dark skin, and periodic involuntary
urination; the patient could not write in a straight line.

Objective clinical examination. Upon admission,
he was in a state of moderate severity. Phenotypic fea-
tures of the patient included dark skin, high forehead,
wide nose bridge, wide set eyes, transverse palmar
crease, and claw sign. The skin was dark without rash.
The elbows and knees were hyperpigmented. There
was a hyperpigmented area on the forechead on the
right. Neurological status: convergence insufficiency
on the right. Exotropia, more on the right. The face
was slightly asymmetrical: the nasolabial fold on the
right was somewhat smoothed. The patient had hear-
ing impairment. The pharyngeal reflexes were re-
duced, without a clear difference in sides of the body.
The patient had positive pyramidal signs. The gait was
wide-based and atactic with polyneuropathy. Muscle
tone — dystonia, more in the arms, D > S. Ankle jerk
reflexes were reduced. The plantar reflex or Babinski
sign was positive on both sides. Coordination tests:
the patient tried to reach the hammer with intention
tremor and slight asymmetry. Sensitivity was difficult
to assess (due to hearing impairment). The patient
almost did not execute commands. Speech was with
dysarthria, slow and phrasal. It looked like speech and
mental retardation.

The results of the conducted tests. Endocrine pro-
file (29.04.2020): cortisol 82.92 nmol / I (reference
value 83-580 nmol / 1), adrenocorticotropic hormone
(ACTH) 476 pg / ml (reference value 0—46 pg / ml).
With continuous substitutive hormone therapy for
a month, the level of cortisol increased, while the
ACTH level remained high. The changes in the levels
of blood electrolytes were the following: the level of
sodium ion increased from 118 mmol /1 to 138 mmol

/1 (reference value 135-148 mmol / 1); and the level
of potassium ion decreased from 4.5 mmol / 1 to 3.3
mmol / 1 (reference value 3.5-5.3 mmol / 1).

Electrocardiogram (ECG) showed dysmetabolic
syndrome in the myocardium (inverted T wave in V3,
AVF), myocardial dystrophy. Electroneurography
(27.04.2020) revealed several disorders in the muscle
tone regulation: suprasegmental nature, signs of de-
myelination of peripheral nerves n. Peroneus, n. Tibi-
alis, nn. Suralis, nn. Medianus, S > D. At that moment,
no pathology of motor neuron disorders was observed
at the level of cervical and lumbosacral enlargement.
According to a video sleep EEG (28.04.2020), there
were no data on continued regional, diffuse, and gen-
eralized epileptic activity (Table 1).

Table 1

Dynamics in the instrumental diagnosis of the brain

MRI
CT (August 2019) MRI (December 2019) (March 2020)
Signs of reduced | Leukoencephalomalacia with
density areas in symmetrical lesions in both
. . Leukoenceph-
the splenium of parietal, both temporal lobes,
alopathy of un-

corpus callosum posterior third and splenium
and the area of the | of corpus callosum, posterior
posterior horns basal ganglia, cerebral pedun-
of the lateral cles of the midbrain, and pons
ventricles (corticospinal tracts)

known origin.
No dynamics
from 12.2019

The disease progressed rapidly, which was mani-
fested through an aggravation in neurological symp-
toms: unsteadiness when walking, visual and hearing
impairment, epileptic seizures, and intellectual disor-
ders. Widespread demyelinating process on MRI of
the brain (Lewis scale 11 out of 32 points) and adrenal
insufficiency were also noted.

The primary diagnosis: a degenerative disease of
the nervous system from the group of peroxisomal
diseases (G31.8). X-linked adrenoleukodystrophy,
cerebral form (E71.3). Symptomatic epilepsy. Atactic
syndrome. Cortical visual and hearing impairments.
Chronic primary adrenal insufficiency. Speech and
mental retardation. Secondary diagnosis: myocardial
dystrophy.

The following treatment was prescribed: low-
fat diet, Lorenzo’s oil in the 4 : 1 ratio of oleic acid
and erucic acid triglycerides. Medications included
substitutive therapy with glucocorticoids and
mineralocorticoids: Cortef 5 mg in the morning,
2.5 mg at lunch, 2.5 mg in the evening; Cortineft %
tablet twice a day in the morning and in the evening;
valproic acid 3 ml three times a day. Allogeneic stem
cell transplantation was not advised when the boy
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was hospitalized to the Russian Children’s Clinical
Hospital of Pirogov Russian National Research
Medical University, given the rapid progression of the
disease in the patient.

After hospitalization to the Russian Children’s
Clinical Hospital, the child was observed by a pedi-
atric endocrinologist and a neurologist at the place
of residence. The prescribed hormonal therapy with
hydrocortisone upon discharge was increased for the
summer period to 30 mg / day, taking into account
a progressive decrease in cortisol levels: 09.2020 —
0.7 nmol / 1; 10.2020 — 3.65 nmol / 1 (reference value
8.7-22.4 nmol / 1). The level of adrenocorticotropic
hormone also remained high: 09.2020 — 458 pg / ml,
10.2020 —390.8 pg / ml (reference value 857 pg / ml).

In September 2020, the child’s condition worsened
significantly, which required a further increase in the
dose of hydrocortisone to 40 mg / day. In dynamics,
the ACTH level decreased to 390.8 pg / ml, and the
cortisol level increased to 3.65 nmol / 1. The blood
biochemistry test showed moderately pronounced
changes in all parameters (Table 2).

Table 2
Blood biochemistry test
Parameter October 2020 Reference

value
AST,U /1 77.8 0-50
ALT,U/1 54.8 0-50
Iron, pmol /1 5.8 9-21.5
Chlorine, mmol / 1 90.58 98-107
Calcium, mmol / 1 2.04 2.2-2.7
Potassium, mmol / 1 2.88 3.5-53
Sodium, mmol / 1 132.7 135-148
Total cholesterol, mmol /1 6.79 3.3-5.2
Alkaline phosphatase, U /1 49.75 86-315
Gamma-glutamyl transferase, U / | 23.86 3-22
DISCUSSION

Adrenoleukodystrophy is characterized by a
pronounced phenotypic polymorphism, which is
associated with differences in the penetrance and
expressivity of the abnormal gene. There are several
forms of the disease, the development of which is
determined by the time of onset, main manifestations,
and the rate of aggravation. In this case, the patient
had a cerebral form of the disease, the main symptoms
of which are neurological disorders. According to the
time of the disease onset, this is a childhood form,
which occurs more often (almost in 50% of cases)
[5-7]. This form generally occurs between the ages of
five and ten [8].

In the present clinical case, the first moderately
pronounced symptoms (enuresis) appeared at the age
of 7 years, and after 10 months, more manifestations of
the disease appeared. Cerebral adrenoleukodystrophy
is characterized by rapid progression [9—11], which is
clearly shown in the present clinical case — 8 months
passed from the onset of manifestations to a severe
condition.

In most patients, neuropsychiatric disorders
precede signs of adrenal insufficiency. At the onset of
the disease, the child was diagnosed with convulsive
disorder, which required differential diagnosis with
epilepsy. The child was admitted to the neurological
department with complaints of impaired hearing
and understanding of addressed speech, worsening
of handwriting, worsened space orientation, and
unsteady gait. Changes in the skin color in the form
of increased pigmentation and brown spots were first
detected in the hospital, earlier, parents and doctors
did not pay attention to these changes. Manifestations
of adrenal insufficiency were confirmed by the
endocrine test. The prescription of substitutive
therapy with hydrocortisone led to an improvement
in hormone levels without affecting the severity
of clinical manifestations. In the dynamics, there
were manifestations of behavioral disorders, motor
functions, thinking, and unmotivated aggression
appeared.

Presymptomatic therapy is particularly important
in the treatment of adrenoleukodystrophy. At
this stage, diet was effective [12]. In this clinical
case, diet therapy is not justified due to the already
developed clinical presentation of the disease. The
use of substitutive therapy with glucocorticoids and
mineralocorticoids is indicated for symptoms of
hypocorticism [13]. However, these drugs do not have
a pathogenetic effect on the pathological process in the
central nervous system [14]. Symptomatic treatment
of myelopathy is conducted with neurometabolic
agents, muscle relaxants, and vitamins.

The main treatment method at early stages of
adrenoleukodystrophy in childhood and adolescence
is allogeneic stem cell transplantation, which can stop
the progression of demyelination [15, 16]. Additional
methods that do not affect the mechanisms of pathology
development include acupuncture, transvertebral
micropolarization, massage, and exercise therapy,
which are also used at initial stages of the disease
to relieve spastic symptoms and muscle stiffness.
Patient S., 9 years old, was diagnosed at the stage of
severe clinical symptoms, so the effectiveness of the
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prescribed treatment is extremely low. The prognosis
is poor.

CONCLUSION

Currently, there are no specific methods for pre-
vention and treatment of adrenoleukodystrophy. Rec-
ommendations aimed at preventing the occurrence of
this genetic pathology have been developed. Prenatal
diagnosis of the disease is conducted. Treatment that
is recommended at early stages of the disease involves
bone marrow transplantation from a donor to a patient.
Early diagnosis of adrenoleukodystrophy and compre-
hensive therapy significantly slow down the develop-
ment and progression of the disease, prolonging the
patient’s life.
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