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Complex glycerol kinase deficiency — long-term follow-up of two patients
Ztozony deficyt kinazy glicerolu — dtugofalowa obserwacja dwéch pacjentéw
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Abstract

Complex glycerol kinase deficiency (CGKD) is a rare genetic syndrome which belongs to the group of contiguous gene syndromes and
is caused by microdeletion of genes located in Xp21. Patients with CGKD present with features characteristic for adrenal hypoplasia,
glycerol kinase deficiency, Duchenne muscular dystrophy and sometimes intellectual disability. We present a long-term follow-up of
two unrelated boys with molecular diagnosis of complex glycerol kinase deficiency. Genetic examinations in both patients revealed
a deletion on Xp21 chromosome including complete deletion of NROBT and GK genes. Additionally in patient 2 ILTRAPLT genes
were deleted. In separate MLPA test DMD gene deletion was diagnosed in both patients as follow: in patient 1 whole gene while in
patient 2 the C-terminal region of DMD was deleted. Although the first symptom in both was salt loss syndrome, the course of the
disease was different for them. We share our experience resulting from the opportunity of caring for patients with this rare disease
from the beginning of their life to the end of pediatric care.
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Streszczenie

Ztozony niedobor kinazy glicerolowej (CGKD) to rzadki zespét genetyczny nalezacy do grupy zespotéw genéw sasiadujacych, spowo-
dowany mikrodelecjg genéw zlokalizowanych na chromosomie Xp21. Pacjenci z CGKD maja cechy charakterystyczne dla hipoplazji
nadnerczy, niedoboru kinazy glicerolowej, dystrofii miesniowej Duchenne’a, a czasem niepetnosprawnosci intelektualnej. W pracy
przedstawiono dtugofalowa obserwacje dwéch niespokrewnionych chtopcéw z rozpoznaniem molekularnym ztozonego niedoboru
kinazy glicerolowej. Badania genetyczne u obu pacjentéw wykazaly delecje na chromosomie Xp21, w tym catkowita delecje genéw
NROBT i CK. Dodatkowo u pacjenta 2. wystepowata delecja genu ILTRAPL. W oddzielnym tescie MLPA u obu pacjentéw rozpozna-
no delecje genu DMD: u pacjenta 1. cafego genu, u pacjenta 2. regionu C-koicowego DMD. Chociaz pierwszym objawem w obu
przypadkach byt zespét utraty soli, przebieg choroby u obu pacjentéw sie réznit. Dzielimy sie naszym doswiadczeniem wynikajacym
z mozliwosci opieki nad pacjentami z ta rzadka choroba od poczatku ich Zycia do konca opieki pediatrycznej.

Stowa kluczowe:

deficyt kinazy glicerolu, wrodzona hipoplazja nadnerczy, dystrofia mieSniowa.

What is already known on this topic? What this study adds?

The genetic background is well known despite the rare oc- This is the first report on the full pediatric care of two unre-
currence of complex glycerol kinase deficiency. The first clini-  lated patients with complex glycerol kinase deficiency. It em-
cal signs are related to congenital adrenal hypoplasia, while  phasizes the diversity of the clinical course of the disease. We
glycerol kinase deficiency and Duchenne muscular dystrophy  hope it will prove to be of help to other endocrinologists to the

manifest later in life. benefit of our patients.
Received: 21.03.2021 Beata Wikiera 227
Accepted: 12.06.2021 Department of Endocrinology and Diabetology for Children

Conflict of interests: none declared. and Adolescents Wroclaw Medical University

Chalubinskiego 2A, 50-368 Wroclaw, Poland
tel. +48 770 31 19, fax: +48 71 328 06 82
e-mail: wikierab@wp.pl



Pediatr Endocrinol Diabetes Metab 2021

Wikiera B., Jakubiak A., taczmanska I., Noczyriska A., Smigiel R.

Introduction

Complex glycerol kinase deficiency (CGKD, OMIM: 300679,
ORPHA: 261476) is a rare genetic syndrome which belongs to
the group of contiguous gene syndromes and is caused by
microdeletion of genes located in Xp21 critical chromosomal
region. The clinical image of the disease depends on its size
and range of deletion [1]. CGKD is inherited as the X-linked re-
cessive disorder, therefore predominately affects males. To the
group of genes involved in this syndrome belong: DMD (OMIM:
300377, ORPHA:), GK (OMIM: 300474, ORPHA:), NROB1
(OMIM: 300473, ORPHA:), ILTRAPL7T (OMIM: 300206) [2]. In
order to diagnose CGKD at least two genes should be located
in chromosome deleted region but in most cases deletion of
three following genes is found — DMD, GK and NROB1 [3]. The
frequency of ILTRAPL1 deletion in CGKD patients is not known.

Patients with CGKD present features characteristic for adre-
nal hypoplasia, glycerol kinase deficiency, Duchenne muscular
dystrophy and sometimes intellectual disability [4]. Up to date
more than 100 cases (mostly boys) of CGKD were described [5].

The aim of study is to present unique long-term observa-
tion of two unrelated boys with molecular diagnosis of complex
glycerol kinase deficiency from the beginning of life to the end
of pediatric care.

Clinical report

Patient 1.

A male infant was born after 37 weeks of gestation from
first pregnancy with birth weight 2950 g, length 53 cm, 9 Apgar
score. His parents were young and unrelated. He was referred
to hospital in 5" week of life due to failure to thrive, loss of body
weight, athrepsia, dehydration, weak muscle tone, and clinical
features of the respiratory tract infection. Results of laboratory
tests revealed severe dyselectrolytemia (sodium 116.6 mmol/l,
potassium 6.13 mmol/l), and metabolic ketoacidosis. A prelimi-
nary diagnosis of the adrenal insufficiency was confirmed by
the results of hormonal tests. Basal concentrations were as fol-
lows: ACTH 162 ng/l, (normal value < 45), cortisol 46.92 nmol/I
(17-hydroxyprogesterone (170HP) 0.11 nmol/l, aldosterone
0.9 nmol/l, plasma renin activity (PRA) 153.8 mlU/I. After ACTH
stimulation cortisol response was poor and has reached the
value 77.28 nmol/I. Urinary steroid profile (GC-MS, gas chro-
matography — mass spectrometry method) was performed
unfortunately on first hydrocortisone administration and con-
firmed excessive excretion of THS (tetrahydrosteroids), THDOC
(tetrahydrodeoxycorticosterone), reduced excretion THAIdo
(tetrahydroaldosterone). Ultrasound imagining did not reveal
any abnormalities in the cerebral structures, normal picture of
the abdominal cavity, scrotal location and normal structure of
the testicles. After starting fluid, electrolyte, hydrocortisone and
fludrocortisone treatment, the patient’'s condition improved,
normalization of laboratory results was observed. Neurological
examination found muscle tension within normal limits but po-
sitional asymmetry was noticed and rehabilitation was recom-
mended.
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During first year of life several infections of respiratory and
urinary tract without adrenal decompensation have been re-
ported. This may explain the rare occurrence of follow-up visits
and irregular rehabilitation but does not explain irregular hor-
monal substitution. As the result at the age of 1 year, the patient
weighed only 5.88 kg with length 67 cm. Psychomotor devel-
opment was delayed. His sodium level was low (132 mmol/l).
The child was admitted to hospital for revision of the diagnosis.
Primarily celiac disease has been suspected, and excluded.
Because of high level of serum creatine phosphokinase (CPK
13126 U/I, normal value < 154 U/l) and abnormal electromy-
ography (correct sensory conduction, motor conduction: lower
amplitude of the response from both peritoneal nerves) Duch-
enne muscular dystrophy was considered. The examination of
lipids confirmed hyperlipidemia with concentration of cholester-
ol 5.49 mmol/l, and triglycerides 7.2 mmol/l. Using the GC-MS
method excessive excretion of urinary organic acids (glycerol)
was found in a sample from 24-hour urine collection. Based on
the clinical condition and the obtained results, there was a sus-
picion of complex glycerol kinase deficiency.

The boy started to sit at the age of 22 months, to stand one
month later. At this age, he could speak only single syllables.
He was still gaining little weight, at the age of 2 years his weight
was 8.3 kg and height 75 cm. At 2 years the bone age was
9 months. Thyroid function was correct. At the age of 2.5, he
began to work held by hand.

Magnetic resonance imaging (MRI) of the head at the age
of four showed delated cerebral fluid spaces in the frontal re-
gion to 0.4 cm otherwise, the correct image of the brain. The
boy demanded frequent hospitalizations for respiratory tract
infections in subsequent years. No occurrence of adrenal crisis
was observed. At the age of eight calf muscle hyperplasia and
upper limb muscle atrophy was visible. A loss of walking ability
was preceded by contusion of the left ankle at the age of 10.
Values of CPK fluctuated (6617-29861 U/l), as well as CK-MB
(326-598 U/I, normal value < 25 U/l). However, electrocardio-
gram and cardiac ultrasound were normal until the age of 10.
Progressive muscular atrophy led to the development of dilated
cardiomyopathy and was the direct cause of the patient’s death
in the course of sepsis at the age of 13. Puberty did not start.

Patient 2

This patient was a son of healthy, unrelated parents. Prena-
tal period was uneventful. The boy was born from second preg-
nancy, after 41 weeks of gestation, through cesarean section,
with normal birth parameters (weight 2900 g, length 52 cm,
Apgar score 9). After birth no problems were observed, except
mild intraventricular hemorrhage found in head ultrasonogra-
phy. In the 5" week of life, dehydration, adynamia and failure to
thrive occurred. During hospitalization low sodium (123 mmol/l)
and high potassium (6,1 mmol/l) level, metabolic acidosis and
anemia were found. On a base of elevated plasma ACTH level,
subnormal cortisol level, low aldosterone level and analysis of
urine steroid profile diagnosis of primary adrenal insufficiency
was established. Fluid, electrolytes, and hydrocortisone treat-
ment led to the improvement of patient’s condition as well as to
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normalization of laboratory results. Ultrasound imagining of the
cerebral structures and the abdominal cavity did not revealed
any abnormalities. Despite the therapy and rehabilitation, pa-
tient’s psychomotor development was delayed: he started
walking with support at the age of 23 months and spoke only
single syllables. In the following years, the condition was stable
and he regularly reported for health checks.

At the age of five, the boy’s condition deteriorated suddenly
with vomiting, hypovolemia, disturbance of consciousness. He
demanded therapy in the intensive care unit. Magnetic reso-
nance imaging (MRI) of the head showed an ischemic stroke of
the left hemisphere. At 6" year of life, elevation of serum creatine
phosphokinase (CPK 4236 U/l) and triglycerides (6.66 mmol/l)
was detected. The patient’s electrocardiogram and cardiac ul-
trasound examination were normal. Decrease of muscle strength
was observed but without calf muscle hyperplasia. However, the
patient remained under the control of a neurologist, cardiolo-
gist, and gastroenterologist. An additional problem constitutes
esophagitis requiring treatment with proton pump inhibitors.

The pubertal development started at the age of 13 years
and was scant: pubic hair 2 stage according to Tanner scale,
and testicular volume below 4, without progression of puberty.
Low plasma level of LH (1.08 1U/I; normal range 0.8-9.0) FSH
(1.31 1U/I; normal range 1.2-7) and testosterone (2.84 nmol/l;
normal range 9.09-41.64). Lack of progression of puberty in
the following years indicated hypogonadotropic hypogonad-
ism requiring testosterone substitution.

The patient was switched do endocrinologist for adults at
the age 18.

Molecular report

Genetic examinations (series MLPA tests described below)
in both patients revealed a deletion on Xp21 chromosome in-
cluding complete deletion of NROB7 and GK genes. Additional-
ly in patient 2 ILTRAPL1 genes were deleted. In separate MLPA
test DMD deletion was diagnosed in both patients as follow: in
patient 1 whole gene while in patient 2 the C-terminal region of
DMD.

Multiplex Ligation-dependent Probe Amplification was per-
formed using the SALSA MLPA probemix P106-B2 MRX (MRC-
Holland, Amsterdam, the Netherlands), that contains MLPA
probes for 16 genes located on the X chromosome, described
as associated with non-specific X-linked mental retardation
(MRX): RPS6KAS3, ARX, IL1RAPL1, TSPAN7, PQBP1, HUWET,
OPHN1, ACSL4, PAK3, DCX, AGTR2, ARHGEF6, FMR1, AFF2
(FMR2), SLC6A8 and GDI1. The MLPA reaction was prepared
using the TC512 thermocycler (Techne Inc. Burlington, NJ)
strictly according to the producer’s protocol.

The MLPA products were separated during capillary elec-
trophoresis using the ABI 310 Genetic Analyser with the Gen-
eScan Analysis software version 3.1.2 (ThermoFisher Scientific,
Waltham, MA, USA), the POP-4 Polymer (ThermoFisher Scien-
tific, Waltham, MA, USA) and the GeneScan™ 500 LIZ™ dye
Size Standard (ThermoFisher Scientific, Waltham, MA, USA).
The analysis of obtained results was performed using the Gen-

eMarker software, version 1.85 (SoftGenetics LLC). For male
the lack of signal for a probe and for females 35-50% reduction
in relative peak height were considered as a deletion.

Discussion

NROB1 gene belongs to the nuclear receptor superfamily in-
volved, among others, in formation of the adrenal glands as the
coordinator. NROB1 function is to restrain transcriptional activity
of other nuclear receptor genes. Mutations in NROB7 result in
adrenal hypoplasia with hypogonadotropic hypogonadism [6].
First symptoms are present in the infancy as failure to thrive,
loss of salt leading to adrenal crisis manifested as vomiting and
dehydration. ACTH hormone concentration in plasma increas-
es, while concentration of glucocorticoids, mineralocorticoids
and androgens are considerably decreased. Hypogonado-
tropic hypogonadism clinically demonstrates in childhood as
small testes or cryptorchidism, in adolescents delayed puberty
and lack of secondary sexual signs or pubertal arrest at third
Tanner stage is observed. Males are always infertile [7].

Complex glycerol kinase deficiency was firstly described by
McCabe et al. in two brothers with glyceroluria, growth retar-
dation, strabismus, osteoporosis and intellectual disability [1].
In 1985 two different groups of scientist revealed a deletion
of Xp21 chromosome region in patients with combination of
glycerol kinase deficiency, adrenal hypoplasia and Duchenne
muscular dystrophy [8]. Genes located in region Xp21 were
mapped as following ILTRAPLT, NROB1, GK, DMD [2]. The
symptoms of particular patient depend on size of deletion and
the list/sort of included genes. The disruption of GK gene is
responsible for glycerol kinase deficiency. Mutations and dele-
tions in this gene correlates with variable clinical effect ranging
from hyperglycerolaemia and pseudohypertriglyceridaemia in
asymptomatic males to severe metabolic crisis with vomiting,
metabolic acidosis, hypoglycemia, loss of consciousness,
seizures accompanied with growth retardation, delayed psy-
chomotor development, bone dysplasia in childhood. Crisis
appears during episodes of increased catabolism like for ex-
ample: fasting, exercise or infections [9].

In both patients at the beginning, primary adrenal insuffi-
ciency was established. Also in both presented patients com-
plete deletion of GK and NROB1 genes was diagnosed. The pa-
tients needed multiple hospitalization and showed symptoms
of metabolic crises in infancy.

DMD gene encodes dystrophin, large protein present in all
skeletal muscles, heart and brain and responsible for proper
functioning of skeletal muscles. Mutations in DMD gene af-
fect especially skeletal muscles and a heart and result in two
diseases: Duchenne muscular dystrophy or Becker muscular
dystrophy [10]. Duchenne muscular dystrophy is more com-
mon and more severe than Becker muscular dystrophy. Usually
symptoms are visible for parents in 2"-3 year of life as abnor-
mal gait, problems with climbing and toe-walking. Weakening of
muscles is progressive and leads to lose ability of walking usu-
ally in 12" year of life and also to dilated cardiomyopathy and
severe weakness of respiratory muscles. Patients die because
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of respiratory or cardiac distress in their early twenties. Some
of them present learning difficulties or intellectual disability. In
serum, creatine kinase is highly elevated. Electromyography
shows myopathic abnormalities [11].

In patient 1 whole DMD gene deletion, while in patient 2
partial DMD gene deletion was revealed. Both deletions lead to
complete inactivation of DMD protein, and are responsible for
severe course of the disease. Both patients presented delayed
psychomotor development, problems with walking, abnormal
myopathic electromyography and high levels of creatine ki-
nase. Patient 1 had more severe course of the disease, with
progressive muscular atrophy, complete loss of ability to walk
and severe cardiomyopathy. Patient 2, despite deterioration of
muscle strength, during the course of observation did have nei-
ther calf hypertrophy nor cardiomyopathy.

ILTRAPL gene is a member of the interleukin-1 receptor fam-
ily and encodes protein which is expressed in brain neurons.
IL7TRAPL is involved in outgrowth and functioning of neurite. Dele-
tion of ILTRAPL gene is responsible for intellectual disability [12].

However, intellectual disability may occur even with pres-
ence of this gene, as a result of deletion of DMD gene or brain
damage caused by episodes of hypoglycemia or constant hy-
perglycerolemia [13]. Only patient 2 had deletion of ILTRAPL
gene, although both of them presented delayed speech devel-
opment and intellectual disability.

Lifetime of affected males with CGKD is often shortened.
The first critical period is infancy or early childhood because of
manifestation of adrenal dysfunction which might be misdiag-
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