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Diverse clinical outcome of Hunter syndrome in patients with 
chromosomal aberration encompassing entire and partial 
IDS deletions: what is important for early diagnosis and 
counseling?
Aleksandra Jezela-Staneka, Paulina Pokorab, Marlena Młynekc,  
Marta Smykd, Kamila Ziemkiewiczd, Agnieszka Różdżyńska-Świątkowskae and  
Anna Tylki-Szymańskab

Our study aims to delineate the syndromology of Hunter 
syndrome (MPSII), by presenting three patients with 
different clinical courses, caused by different genetic 
mechanisms. Single-nucleotide variants (SNV) or small 
deletions encompassing the iduronate-2-sulfatase (IDS) 
gene are identified in the majority of affected individuals, 
while deletion of contiguous genes or whole IDS gene 
(described herein) has been reported rarely, mainly in 
patients with a severe Hunter syndrome presentation. 
There is; however, lack of reliable genotype–phenotype 
correlation, especially regarding anthropometric 
parameters, and thus our understanding of MPSII 
pathophysiology is not complete. On the basis of our 
observations, we would like to draw attention to the fact 
that neurological manifestations observed in patients 
with contiguous gene deletions, encompassing the IDS 
gene, may significantly differ from those observed in 
SNV. The phenotype is; however, difficult to predict and 
depends on the type (deletion/duplication), size (small/

large) of aberration, and gene content. Moreover, it also 
has implications for genetic counseling, and recurrence 
risk in those families differs from the usual situation and 
must be clarified by parental chromosomal studies. Clin 
Dysmorphol 30: 76–82 Copyright © 2020 Wolters Kluwer 
Health, Inc. All rights reserved.
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Mucopolysaccharidosis type II (MIM #309900), also 
known as Hunter syndrome, belongs to the group of lys-
osomal storage disorders and is caused by a deficiency of 
iduronate-2-sulfatase (I2S, IDS), which results in storage 
of heparan and dermatan sulfate (Neufeld and Muenzer, 
2001). The primary causative defect lies in mutations in 
the IDS gene, located on chromosome Xq28 (Hopwood et 
al., 1993). In the majority of affected boys single-nucle-
otide variants or small deletions are identified (Froissart 
et al., 2007; Scarpa, 2018), while deletion of contiguous 
genes or the whole IDS gene has been reported mainly 
in patients with severe Hunter syndrome presenta-
tion (Brusius-Facchin et al., 2012; Zanetti et al., 2014; 
Vollebregt et al., 2017).

Patients diagnosed with partial or entire IDS gene dele-
tions presented neuronopathic, severe phenotype (Gort et 
al., 1998; Brusius-Facchin et al., 2012; Zanetti et al., 2014; 
Vollebregt et al., 2017). There is; however, a lack of relia-
ble genotype-phenotype correlation, especially regarding 
anthropometric parameters, and thus our understanding 
of molecular pathology is not complete. In this article, 
we present two individuals carrying chromosomal aberra-
tions, and a further patient with partial deletion encom-
passing IDS gene, whose mucopolysaccharidosis type II 
(MPSII) was rather mildly expressed but with significant 
developmental delay (unusual even for severe Hunter 
syndrome).

We present molecular data and draw attention to the fact 
that neurological manifestations should not be defined as 
severe mucopolysaccharidosis as such, but rather classi-
fied as MPS as part of a chromosomal aberration where 
the phenotype results from the type (deletion/duplica-
tion) or size (small/large) of the aberration and of the 
gene content.
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Case presentation
Medical histories with diagnostic results of the three pre-
sented probands are shown in Table 1. Both patients with 
a chromosomal deletion, including the entire IDS gene, 
came to medical attention because of profound develop-
mental delay. In patient 1, karyotyping was performed 
when he was 6 months of age (because of unspecific facial 
dysmorphism; parents gave no consent for photographs), 
while in patient 2 (diagnosed with Hunter syndrome 
at the age of 7 years), a cytogenetic test was performed 
because of neurodevelopmental delay.

Patient 3, diagnosed with pathogenic rearrangement 
between the IDS gene and IDS-2 pseudogene, presented 
developmental delay as well, but – notably – not as severe 
as the other two patients, and unlike them, he had no 
hearing disability. His chromosomal analysis was normal. 
His phenotype; however, was very suggestive of storage 
disorders (distinctive facial coarseness, umbilical hernia, 
skeletal anomalies with joint contractures, together with 
hepatosplenomegaly and ventriculomegaly) already at 
the age of 2 years.

Methods and results
All diagnostic procedures were approved by the probands’ 
legal guardians and done following ethical principles.

Array comparative genomic hybridization (array-CGH) 
was performed on DNA extracted from peripheral blood 
cells of patients by using commercially available arrays 
(patient 1 – CytoSure, ISCA 8 × 60 K v2.0, Oxford Gene 
Technology, Oxfordshire, UK; patient 2 – SurePrint G3 
ISCA V2, 8 × 60 K, Agilent Technologies, Santa Clara, 
USA), according to the manufacturer’s protocol.

In patient 1, array-CGH showed a duplication of ~1.1 Mb 
in chromosomal region 8p22 encompassing exons 2–8 of 
SGCZ gene [arr 8p22(13468298_14572671) × 3] (Fig. 1a) 
and an interstitial deletion of ~9.27 Mb of Xq27.2q28 
[arr Xq27.2q28(140414526_149682984) × 0] (Fig.  1b) 
[University of California at Santa Cruz (UCSC) Genome 
Browser; build hg19, March 2006] including 23 OMIM 
genes: AFF2, CXorf40A, FMR1, IDS, MAGEA11, MAGEA8, 
MAGEA9, MAGEA9B, MAGEC1, MAGEC2, MAGEC3, 
MAMLD1, SLITRK2, SLITRK4, SPANXA1, SPANXA2, 
SPANXD, SPANXN1, SPANXN2, SPANXN3, SPANXN4, 
TMEM185A, and TMEM257. Four of these genes are 
OMIM morbid (AFF2, FMR1, IDS, and MAMLD1, Table 
2, supplement digital content 1, http://links.lww.com/CD/
A14). Additionally, the Xq27.2q28 deletion encompassed 
seven non-OMIM genes: CXorf40B, CXorf51A, CXorf51B, 
FMR1NB, HSFX1, HSFX2, and UBE2NL. Telomeric end 
of the deletion is located ~50 kb from MTM1 gene.

In patient 2, array CGH revealed an approximately 
~2.11 Mb hemizygous deletion within Xq27.3q28 [Xq2
7.3q28(147089971_149204436) × 0; hg 19] (Fig.  2). The 
deleted region encompassed nine OMIM genes: AFF2, 
IDS, CXorf40A, MAGEA9, MAGEA9B, TMEM185A, 

MAGEA11, LINC00850, and MAGEA8, two of them 
(AFF2, IDS) are OMIM morbid (Table 2, supplement 
digital content 1, http://links.lww.com/CD/A14). In addition, 
there were 9 non-OMIM genes (FMR1NB, LINC00893, 
HSFX3, HSFX4, HSFX2, HSFX1, MAGEA8-AS1, 
CXorf40B, and LINC00894) within the deletion. Further 
microarray investigation showed that the same deletion 
was present in the mother of the patient.

Analyses of the IDS gene (PCR and gel electrophoresis) 
in Patient 3 were performed in Centogene AG (Rostock, 
Germany) and revealed hemizygous pathogenic rear-
rangement between intron 3 and intron 7 of the IDS gene 
and IDS-2 pseudogene.

Anthropometry
Measurements of weight, height, and head circumfer-
ences of our patients are presented in Figs. 3 and 4. They 
concern data at the age of 0–36 months for patients 1 and 
3, 0–8 years for patient 2.

Discussion
Hunter syndrome manifests with a recognizable clinical 
picture but with a wide range of severity. At the clini-
cally most severe presentation, it shares many features 
with Hurler syndrome (MPS I, OMIM 607014), the 
most severe type of mucopolysaccharidosis I. These may 
include abnormal facial appearance (full cheeks, low nasal 
bridge, anteverted nostrils, broad nasal tip, full lips, and 
hypertrophy of alveolar ridge), thoracolumbar Gibbus 
(evident by 4–6 months of age), hepatosplenomegaly, car-
diovascular disorders due to mucopolysaccharide depos-
its (Kampmann et al., 2011), dysostosis multiplex with 
short stature, hypoacusis, and neurocognitive delay (evi-
dent by 12–24 months of age) (Wraith et al., 2008; Burton 
and Giugliani 2012). The latter refers especially to male 
patients with the complete absence of functional enzyme 
as a result of gene deletion or complex gene rearrange-
ments (~17% of affected individuals), who invariably 
manifest the early progressive central nervous system 
(CNS) presentation of the disease (Wraith et al., 2008).

The progression rates in Hunter syndrome vary between 
affected individuals and this is evident in patients 1 and 
2. Both these probands were referred to genetic coun-
seling because of developmental delay and unspecific 
facial dysmorphism. Thus, the diagnostic tests were 
started with chromosomal analysis. These allowed for the 
identification of complex chromosomal rearrangements, 
encompassing the deletion of the entire IDS gene (Figs. 1 
and 2). In both boys, MPS was ultimately confirmed. The 
only physical features that drew attention toward lyso-
somal storage disorders (LSDs) were a combination of 
lumbar kyphosis, large tongue, and hernias, with a his-
tory of recurrent otitis media/hearing loss in patient 1. 
In patient 2, phenotypic manifestation was more severe 
and joint contractures developed during early childhood. 
Recognition of Hunter syndrome in early childhood 
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requires really careful attention and experience, espe-
cially with the subtle facial features.

Compared to other cases with IDS deletion and com-
plex chromosomal rearrangement from the literature, in 
patient 1 we did not observe: hydrocephalus, obstruc-
tive pulmonary disorder, and pulmonary hypertension 
(Brusius-Facchin et al., 2012), claw hands, hepatosple-
nomegaly (Zanetti et al., 2014). His clinical course was; 
however, definitely severe, marked by profound neu-
rodevelopmental delay and congenital hypoacusis. The 
clinical course must be influenced by aberrations within 
other genes (Table 2, supplement digital content 1, http://
links.lww.com/CD/A14): for example, in patient 1 deletion 
of FMR1, and in patient 2 deletion of the FMRE gene. 
Several other deleted or duplicated genes are concerned 
but it is difficult to attribute causation.

In contrast to patients 1 and 2, patient 3 presented with 
marked physical features of MPS II. Because of devel-
opmental delay he underwent chromosomal testing, to 
exclude Beckwith–Wiedemann syndrome (because of 
umbilical hernia), which revealed no anomalies. On the 
basis of clinical suggestions, further tests to identify MPS 
disorders were undertaken and led to the identification 
of recombination between the IDS gene and IDS-2 pseu-
dogene. Bondeson et al. (1955) firstly characterized the 
IDS pseudogene, located approximately 25 kb telomeric 
to the functional gene. The authors suggest that at least 
intron 2, exon 3, and the 3′-half of exon 2 of the func-
tional IDS gene are present in the human genome as part 
of a nonexpressed IDS gene, called a pseudogene. Its 
96% homology with intron 7 of the IDS gene, explains 
the susceptibility to complex recombination events. This 
mechanism is the cause of disease in an estimated 13% 
of the Hunter syndrome patients (Bondeson et al., 1995).

Fig. 1

Partial array-CGH results, focusing on the 8p22 duplication (a) and the Xq27.2q28 deletion (b) that is present in patient 1. CGH, comparative 
genomic hybridization.

http://links.lww.com/CD/A14
http://links.lww.com/CD/A14
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Fig. 2

A microarray result showing the hemizygous deletion on the X chromosome in patient 2 (a) and graphic representation of part of Xq27.3q28 
including the deletion area and genes contained in this region (b).

Fig. 3

Anthropometric parameters concerning height, weight, and head circumference of patients 1, 2, and 3.
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In this latter situation, we would like to point out that 
developmental delay, which otherwise is not a charac-
teristic of MPSII, is observed and thus it is not limited 
to chromosomal aberrations resulting in complete IDS 
deletion. Moreover, the mucopolysaccharidosis pres-
entation in such cases may be even more striking and 
recognizable, leading to an earlier diagnosis. We do agree 
with the general conclusion stated by Vollebregt et al. 
(2017) that the IDS gene deletion primarily causes the 
CNS phenotype in patients with MPSII. Otherwise, the 
clinical course may be atypical (like in our patients 1 
and 2). Thus, in every patient with features suggestive 
LSDs but with a neurodevelopmental disorder, chromo-
somal aberration should be excluded (in microarray anal-
yses). In every child with a proven aberration, physicians 
should be cautious with counseling regarding prognosis. 
In all cases of Hunter syndrome caused by contiguous 
gene deletions or, the more, complex chromosomal rear-
rangements, other genetic factors likely contribute to the 
phenotype.

This is illustrated in Figs 3 and 4, where anthropomet-
ric data are presented. The most significant reductions 
of weight and height were noted in patients 1 and 2 
(with deletions resulted from chromosomal aberrations; 
Fig. 4). The same parameters in patient 3 increased with 
age. Such a noticeable difference refers primarily to our 
probands’ heights in Fig. 4, which steadily decreased in 
patients 1 and 2, while in patient 3 (nondeleted) increased 
(to 30 months).

Conclusion
We do not generalize with reference to other patients 
described in the literature but, based on two presented 
patients (1 and 2), we would like to emphasize that in the 
case of IDS gene deletion associated with complex chromo-
somal rearrangement, the MPSII phenotype may not be 
recognizable (or severe) itself, and neurodevelopmental dis-
orders which likely are associated with other deleted/dupli-
cated genes in the rearrangement dominate the patients’ 
clinical picture. The prognosis is not straightforward and 
often difficult to predict. For genetic counseling, including 
recurrence risk, analysis of parental karyotypes is important.

Ethical approval and informed consent has/have been 
obtained and mentioned in the text.
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