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Xp21 contiguous gene deletion 
syndrome presenting as 
Duchenne muscular dystrophy 
and glycerol kinase deficiency 
associated with intellectual 
disability: case report and 
review literature
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and University of Campania ´Luigi Vanvitelli´, Naples, Italy; 2 Telethon Institute of Genetics 
and Medicine, Pozzuoli, Italy; 3 Cardiomyology and Medical Genetics, University Hospital and 
University of Campania ´Luigi Vanvitelli, Naples, Italy
* These authors contributed equally to the study

The contiguous gene deletion syndromes (CGDS) are rare genomic disorders resulting from the 
deletion of large segments of DNA, manifested as the concurrence of apparently unrelated clinical 
features. A typical example of CGDS is Xp21 contiguous gene deletion syndrome that involves GK 
and its neigh-boring genes (usually DMD and NR0B1) and results in a complex phenotype, which 
is related to the size of deletion and involved genes. Development delay and intellectual disability 
are almost a constant feature of patients with CGDS.
We report the case of a boy with Duchenne muscular dystrophy (DMD) and glycerol kinase defi-
ciency (GKD) as part of the contiguous gene deletion syndrome Xp2.1, in association with intel-
lectual disability (ID) in whom multiplex ligation-dependent probe amplification (MLPA) test first 
identified a hemizygous deletion involving the entire dystrophin gene. Subsequently, the array 
CGH study identified a maternally inherited hemizygous deletion of the Xp21.2-Xp21.1 region of 
approximately 3.7Mb that included both DMD and GK genes confirming the diagnosis of Xp21 
CGDS. Moreover, we report a review of the cases published in the literature over the last 20 years, 
for which a better description of the genes involved in the syndrome was available. Intellectual 
disability does not appear as a constant feature of the syndrome, reiterating the concept that 
complex GKD syndrome results from small deletions that affect closely related but separate loci 
for DMD, GK and adrenal hypoplasia, rather than a single large deletion including all genes.
This case highlights the importance of more in-depth genetic investigations in presence of ap-
parently unrelated clinical findings, allowing an accurate diagnosis of contiguous gene deletion 
syndromes.
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Introduction

Human glycerol kinase deficiency (GKD) with hyperglycerolemia and glyceroluria, alone or 
in association with psychomotor retardation, spasticity, dystrophic myopathy and osteopo-
rosis, was first described in 1977 1,2. In the subsequent decade, many reports appeared in 
which the disease was associated with additional phenotypes such as congenital adrenal 
hypoplasia (ACH), chronic granulomatous disease (CGD), retinitis pigmentosa (RP), Mc-
Leod syndrome and/or severe mental retardation, and the disease was named as complex 
glycerol kinase deficiency (cGKD) 3-8. 
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In 1985, both X-linked glycerol kinase and X-linked adrenal hypo-
plasia were mapped to the short arm of the X chromosome, on the 
region Xp2.1 9; the cause of cGKD was attributed to the deletion of 
the X chromosome 10,11 and the molecular-genetic evidence provided 
by Franke et al. in 1987 12. In 90s the term “contiguous gene deletion 
syndrome” (CGDS, OMIM 300679) was used to indicate rare genom-
ic disorders that result from the deletion of large segments of DNA 
that involve multiple adjacent gene loci on a specific chromosome 13-

29. They present as the concurrence of apparently unrelated clinical 
features, each due to the single gene involved. 
Xp2.1 contiguous gene deletion syndrome is due to the partial 
deletion of the Xp2.1 region  13-29. Depending on the size of the 
deletion, other genes responsible for multiple distinct diseases 
may be involved. Among them, NR0B1 causing adrenal hypopla-
sia congenita (AHC), GK causing glycerol kinase deficiency (GCD) 
and DMD causing Duchenne muscular dystrophy are the genes 
most frequently involved. However, the loci for Aland Island eye 
disease  27,28, chronic granulomatous disease  7, McLeod pheno-
type  7, retinitis pigmentosa  7, ornithine transcarbamylase defi-
ciency, CFAP47 (cilia- and flagella-associated protein 47), CYBB 
(gp91), XK (Kell antigen), RPGR (retinitis pigmentosa GTPase reg-
ulator) 26 have also been reported. 
As CGDS first description involved GK (OMIM 300474) and the neigh-
boring genes NR0B1 (OMIM 300473) and DMD (OMIM 300377), it 
was also called complex glycerol kinase deficiency (cGKD), char-
acterized by hyperglycerolemia and glyceroluria associated with 
signs and symptoms of congenital adrenal hypoplasia (AHC) and/or 
Duchenne muscular dystrophy (DMD) 5,7,11,12,19,21-24. 
Glycerol kinase deficiency (GKD) is a rare X-linked recessive metabol-
ic disorder1,4,30 for which three clinical types are described, based on 
the age onset of the symptoms: infantile, juvenile and adult form 17. 
The clinical findings may vary and include metabolic crisis during 
starvation, hypoglycemia, seizures, growth restriction, and develop-
mental delay. Childhood GKD, the most common form, may show a 
more complex clinical presentation, depending on the genes involved 
along with GK 14-16,25. Juvenile or symptomatic GKD and adult or as-
ymptomatic GKD are instead isolated forms. The clinical features of 
the former consist in vomiting, acidemia and central nervous system 
deterioration, including stupor and coma while the latter is detected 
incidentally with pseudo-hypertriglyceridemia 17.
X-linked AHC, caused by deletion of NR0B1 gene, is characterized by 
primary adrenal insufficiency and/or hypogonadotropic hypogonad-
ism (HH) 31. Adrenal insufficiency has acute infantile onset (average 
age 3 weeks) in approximately 60% of affected males and childhood 
onset (ages 1-9 years) in approximately 40%. HH typically manifests 
in a male with adrenal insufficiency as delayed puberty 31-33.
Duchenne Muscular Dystrophy (DMD) is the most frequent and more 
severe muscular dystrophy in children. The age of onset is between 3 
and 5 years, with delay in the motor skills 34. Since adolescence, both 
heart and respiratory muscles are involved in the dystrophic process 
with evolution towards severe dilated cardiomyopathy and respiratory 
failure 35-37. In the vast majority of cases, the patient’s mental abil-
ities remain unaffected, though the presence of mental retardation 
or attentional/autism spectrum disorders has been reported in some 
studies in up to 30% of patients 38,39, especially in those with dele-

tions located at the 3’ of DMD gene. Creatine kinase can increase up 
to 100 times the upper normal limit 40.
Developmental delay has been reported in males with Xp21 dele-
tion when the deletion extends proximally to include DMD or when 
larger deletions extend distally to include both IL1RAPL1 and DMD 
genes 41-43. IL1RAPL1 gene deletions are often associated with intel-
lectual disability (ID) and, sometimes, autistic spectrum disorder 42-43. 
Female carriers of the syndrome may present symptoms related to 
the specific phenotypes. Two girls have been reported with develop-
mental delay and myopathy, without adrenal dysfunction, due to an 
Xp21 deletion involving DMD, GK, NR0B1, and IL1RAPL1 genes 44. 
Usually, the diagnosis is based on clinical and biochemical findings, 
and confirmed by genetic analysis.
We report the case of a boy with Duchenne muscular dystrophy 
(DMD) and glycerol kinase deficiency (GKD) as part of the contiguous 
gene deletion syndrome Xp2.1. Intellectual disability (ID) was also 
present. Moreover, we report a review of the cases published in the 
literature in the last 20 years, for which a better description of the 
genes involved in the syndrome was available.

Case report

The proband is the only child of non-consanguineous parents with 
no relevant family history. The pregnancy was complicated by threat-
ened miscarriage during the first trimester. He was born premature-
ly, at 38 weeks by elective caesarean section and showed a birth 
weight, length and head circumference of 3200 g (25-50th centile), 
51 cm (50-75th centile) and 34.5 cm (50th centile), respectively; the 
Apgar score was 8 at 1 minute, and 9 at 5 minutes. He presented cy-
anosis and respiratory distress at birth and a delay in the acquisition 
of physiological motor milestones: at 7 months, he was still unable to 
hold his head and to sit up unassisted. 
At 10 months the child was addressed to the Pediatric Neurology Unit 
of the Santobono-Pausilipon Children’s Hospital due to global devel-
opmental delay associated with high blood transaminases levels. The 
neurological examination revealed diffuse hypotonia, in particular in 
the upper and lower limb muscles. The laboratory tests confirmed 
the elevation of transaminases, CK and lactato-dehydrogenase. Elec-
tromyography disclosed a myopathic pattern, while muscle biopsy 
evidenced a dystrophic pattern with absence of dystrophin staining 
on immunohistochemistry. Brain MRI showed cerebral periventricular 
white matter’s abnormalities, likely related to immaturity and altered 
myelination. The detection of hyperCKemia, up to 40 times the upper 
normal limit, guided the diagnosis of DMD, for which genetic analysis 
of DMD gene was requested. The analysis performed by MLPA tech-
nique evidenced the deletion of the entire DMD gene.
At the age of 13 months, the child was sent to the Cardiomyology and 
Medical Genetics of the Luigi Vanvitelli University Hospital for taking 
care. Physical examination revealed diffuse hypotonia; the child was 
able to maintain the sitting position, but not to move from supine 
to sitting position nor to maintain upright position.ECG and echo-
cardiogram were normal. The neuropsychiatric evaluation revealed 
an IQ score of 25 (< 1st centile), leading to the diagnosis of severe 
ID. The laboratory findings showed CK: 14576 U/L (normal range: 
60-190 U/L); lactate dehydrogenase (LDH): 1742 U/L (normal range: 
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240-480 U/L); aspartate aminotransferase (AST): 248 U/L (normal 
range: 5-32 U/L); alanine aminotransferase (ALT): 334 U/L (normal 
range: 5-33 U/L) and triglycerides 405 mg/dl (normal range: 20-175 
mg/dl). The high concentration of serum triglycerides without turbid 
appearance of the serum sample led to the suspicion of pseudo-hy-
pertriglyceridemia. The patient’s urinary glycerol excretion analysed 
by using gas chromatography-mass spectrometry, was 1082 mM/
Mcreatine (normal range: < 1 mM/Mcreat), confirming the suspicion 
of a CGDS. 
After informed consent of parents, an array CGH was performed on 
the proband and their mother, previously identified as a DMD gene 
carrier. The informed consent is a routine part of clinical testing at 
Luigi Vanvitelli University Hospital. The consent encompasses testing 
as well as collecting and using individuals’ clinical data for research 
or publication purposes. The array CGH study identified an approxi-
mately 3.7 Mb maternally inherited hemizygous microdeletion of the 
Xp21.2-Xp21.1 region that included DMD and GK genes, consis-
tent with the diagnosis of Xp21 contiguous gene deletion syndrome 
(Fig. 1). The patient started therapy with deflazacort, antioxidants and 
ACE inhibitors; low-fat diet, physical and speech therapy were rec-
ommended. Since then, he did periodic checks every six months and 
acquired autonomous walking at the age of 4.11. At last observation, 
at the age of 8.5, he presented waddling gait, lumbar hyperlordosis, 
mild scoliosis, bilateral Achilles tendon contractures, positive Gowers’ 
sign; moreover, he was unable to run and needed support in stand-
ing up from the chair and climbing and descending steps. Cardiac 
investigation remained normal until 8 years, when myocardial fibrosis 
of the left ventricular posterior wall was noted at the ECG. He still 
speaks a few words. Triglycerides remained elevated (two times the 
upper normal limit).

Discussion

The most common combination of the Xp21 contiguous gene dele-
tion syndrome is the lack of DMD, GK and/or NR0B1 genes (complex 
GKD). AHC, due to deletions of NR0B1 gene, is usually the first con-
dition to appear in the cGKD with symptoms of adrenal insufficien-
cy 14-16. 
The lack of DMD and GK genes only represents a minority of cas-
es, affecting less than 5% of patients of complex GKD 4-7,15-16. The 
diagnostic suspicion of the infantile form of GKD can be in presence 
of complete deletion of the DMD gene together with the incidental 
finding of increased serum triglyceride levels, and confirmed by array 
CGH study.
Elevated serum triglyceride levels and glyceroluria are caused by the 
deficiency of glycerol kinase, the enzyme responsible for the phos-
phorylation of glycerol resulting from the breakdown of triglycerides 
leading to accumulation of glycerol in the blood 24. Hyperglycerolae-
mia can lead to hypoglycemia and osmotic dehydration 45.
The Xp21 contiguous gene deletion syndrome is often difficult to di-
agnose in its early stage because of different clinical characteristics 
attributable to the single-gene involved in the deletion 45,46. The phy-
sicians should consider the Xp21 contiguous gene deletion syndrome 
in infants with dystrophinopathy and pseudo-hypertriglyceridemia. 
Global developmental delay and intellectual disability often occur 
with GCDS. Table I lists the fourteen cases of the syndrome pre-
senting with the DMD phenotype and published since the 2000s. In 
almost all the reported cases the sequencing of genes involved in 
the Xp21 region, spanned distally the DMD gene and included GK 
(3 documented cases), NR0B1 (3 cases) and IL1RAPL1 (3 cases)
genes (Fig. 2). The deletions of the DMD locus were all located in the 
distal part of the gene after exon 44 (1 case) and after exon 62 (2 
cases). DMD patients who present these mutations generally are at 

Figure 1. Array 4x180K CGH analysis. The values of the positive or negative Log2 ratio (Y-axis) for each probe in this specific chromosome range (X-
axis) are represented by blue and red dots. The red bar corresponds to the deletion of about 3.7 Mb (hg19:ChrX:30615032-34345109), detected with 
261 probes in our proband and his carrier mother. The wide deleted region includes the GK and DMD genes. Array CGH profiles shows: the hemizygous 
deletion in the proband (A) and the heterozygous deletion in his carrier mother (B).
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higher risk of developing cognitive or other /signs of interest of the 
CNS 38,39. A decrease in full-scale intelligence quotient (FSIQ < 70) 
has been reported in about 30% of DMD patients compared with the 
population’s mean, while a severe impairment with a FSIQ < 50 in 
approximately 3.0% 38. Zhang et al. showed that nearly all patients 
with deletions involving DAX1, but not DMD, had mental retardation 
if IL1RAPL1 (interleukin-1 receptor accessory protein-like gene 1) 
gene was deleted  41. IL1RAPL1 is highly expressed in the postna-
tal brain, specifically in hippocampus, suggesting a specialized role 
in memory and learning abilities. However, despite such extensive 
deletions, cases who do not present the phenotypic manifestations 
associated with the lack of the related genes have been reported 
in the literature. For example, in the patient described by Seltzer et 
al. in 1989  8, the specific activity and kinetics of muscle GK were 
normal, but the subcellular distribution of muscle GK was altered; 
on the contrary liver GK had less than 10% of normal activity and 
showed markedly altered kinetics, suggesting that muscle and liver 
GK are genetically distinct. Based on these findings, they suggested 
that complex GKD syndrome results from small deletions that affect 
closely related but separate loci for DMD, GK and adrenal hypoplasia, 
rather than a single large deletion including all genes 9. In our patient, 
in which the deletion is limited to the Xp21 region including DMD 

and GK loci, we retain that the clinical picture of a severe intellectual 
disability can be the result of multiple concurrent causes, such as the 
complete deletion of DMD gene, prematurity and brain suffering due 
to neonatal respiratory distress. 
In conclusion, determining the extent of the deletion by an appro-
priate molecular analysis has relevant implications on establishing 
the appropriate medical management that demands the need for a 
multidisciplinary team approach. Making the exact diagnosis is also 
useful in the identification of the female carriers and in the genet-
ic counselling. The case here reported highlights the importance of 
more in-depth genetic investigations in presence of apparently unre-
lated clinical findings, allowing an accurate diagnosis of contiguous 
gene deletion syndromes. 
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