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Letter to the Editor 
Diagnostic Genetics

Skewed X-Chromosome Inactivation in a Korean Girl 
with Severe Mucopolysaccharidosis Type II
Hwa Young Kim , M.D.1, Man Jin Kim , M.D., Ph.D.2,3, Moon-Woo Seong , M.D., Ph.D.2,3,  
and Jung Min Ko , M.D., Ph.D.1,3

Departments of 1Pediatrics, 2Laboratory Medicine, and 3Rare Disease Center, Seoul National University Hospital, Seoul National University College of 
Medicine, Seoul, Korea

Dear Editor,

Mucopolysaccharidosis type II (MPS II, Hunter syndrome, OMIM 

309900) is a multisystem disorder caused by deficient produc-

tion or activity of the lysosomal hydrolase iduronate 2-sulfatase, 

encoded by the IDS gene [1]. Most affected individuals are males 

owing to the X-linked inheritance; however, females, while rare, 

can also be affected due to chromosomal rearrangement or skewed 

X-chromosome inactivation (XCI) [1]. The rarity of MPS II inci-

dence in females has contributed to the limited experience re-

garding the use of enzyme replacement therapy (ERT) in only 

five female patients, who experienced short-term outcomes (ERT 

duration from 7 months to 2 years and 8 months) [2-5]. Here, 

we describe the case of a girl with a severe MPS II phenotype 

resulting from IDS-IDS2 recombination and skewed XCI and treated 

with ERT for over six years (initiated immediately after diagno-

sis). The Institutional Review Board of Seoul National University 

Hospital (SNUH), Seoul, Korea approved the current study (IRB 

No: 2012-108-1197), and informed consent was obtained from 

the parents of the patient.

A 41-month-old girl was referred to the genetics clinic of SNUH 

for investigation of dysostosis multiplex. The patient was the first-

born child of healthy non-consanguineous parents. At the time 

of visit, the patient showed delayed speech development and 

was noted to have coarse facies, multiple persistent Mongolian 

spots, a mild umbilical hernia, multiple joint contractures, and 

hepatosplenomegaly. Echocardiography revealed mild mitral re-

gurgitation with anterior mitral leaflet thickening and prolapse. A 

magnetic resonance imaging brain scan revealed an enlarged 

perivascular space in both the genu of the corpus callosum and 

periventricular white matter. The urine glycosaminoglycan anal-

ysis result was positive, and plasma iduronate 2-sulfatase activ-

ity was very low (1.8 nmol/4 hours/mg protein; age matched con-

trol: 496.3±165.7 nmol/4 hours/mg protein). Enzyme test results 

for α-iduronidase, α-N-acetylglucosaminidase, β-galactosidase, 

arylsulfatase B, and β-glucuronidase excluded MPS I, MPS IIIB, 

MPS IV, MPS VI, and MPS VII, respectively.

The chromosome microarray analysis results revealed that the 

karyotype is normal. Sequence analysis of IDS revealed no vari-

ants. IDS-IDS2 recombination was identified using a PCR assay 

[6]. The identified variant resulted from a recombination between 

IDS and the IDS2 pseudogene, leading to an inversion between 

sequences in intron 7 of IDS and sequences near exon 3 of IDS2 

(Fig. 1A). The proband’s mother was a wild-type homozygote, 

indicating a de novo event in the patient. X-inactivation analysis 

was performed using PCR to evaluate a highly polymorphic CAG 

repeat in the first exon of the androgen receptor (AR) gene [7]. 
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The PCR conditions was as follows: initial denaturation at 94°C 

for 5 minutes, 35 cycles consisting of denaturation at 94°C for 

30 seconds, annealing at 55°C for 60 seconds, and extension 

at 72°C for 90 seconds, and a final cycle of 72°C for 5 minutes 

and 60°C for 45 minutes (Table 1). PCR products of both digested 

and undigested DNA were subjected to an ABI PRISM 3130 Ge-

netic Analyzer (Applied Biosystems, Foster City, CA, USA) and 

analyzed using GeneMapper Software v.3.7 (Applied Biosystems). 

The methylation pattern of HpaII sites close to the highly poly-

morphic CAG repeat revealed an extremely skewed XCI pattern 

(>95:5) (Fig. 1B).

At the age of 3 years and 7 months, the patient started ERT 

that continued for 6 years and 7 months. The treatment was 

well-tolerated and resulted in disease stabilization at follow-up. 

At the age of 10 years and 2 months, the hepatosplenomegaly 

was resolved, and physical endurance was maintained with im-

provement of the joint contractures. However, the patient exhib-

ited growth retardation, mild left ventricular systolic dysfunction 

requiring medication, and persistent intellectual disability.

There have been few reports regarding female patients with 

MPS II, most of which have been caused by preferential XCI of 

the non-mutant allele. High genetic heterogeneity is observed in 

females with MPS II, including intragenic sequence variants, in-

version variants, indels, and chromosomal translocation [3, 5, 

8]. The IDS-IDS2 recombination found in our patient, which is 

the most frequently observed variant in Korean patients with MPS 

II, has been commonly associated with severe forms of the dis-

order [2, 4, 9]. The extreme variant and skewed XCI in our pa-

tient were likely responsible for her severe phenotypic manifes-

tation. ERT using recombinant human iduronate 2-sulfatase has 

resulted in improvement of lung function, organomegaly, joint 

mobility, and physical endurance, and is more effective when 

started early [10]. Similar improvements as those reported for 

male patients have been reported in a few studies that treated 

female patients, which is in accordance with our patient [2-5]. 

However, enzyme delivery to the brain and other tissues with 

low vascularization, such as cardiac valves, bone, and cartilage, 

is limited, resulting in limited efficacy of ERT in those organs. 

This is also consistent with the results demonstrated in our pa-

tient. ERT administered via intrathecal injection and gene ther-

apy are currently under investigation in effort to overcome these 

limitations [1]. 

In conclusion, we report a case in Korea of a female patient 

with MPS II and a severe phenotype caused by skewed XCI. This 

report highlights the importance of considering a diagnosis of 

MPS II and the early initiation of treatment in any female pre-

senting with the related clinical symptoms. Further studies are 

needed to elucidate the molecular pathogenesis of preferred in-

activation of the non-mutant allele in female patients with MPS II.

Table 1. Sequences of PCR primers used to amplify the polymor-
phic CAG repeat in the first exon of the AR gene

Locus Primer sequence

AR Forward: 5´-TCCAGAATCTGTTCCAGAGCGTGC-3´

Reverse: 5´-GCTGTGAAGGTTGCTGTTCCTCAT-3´

Fig. 1. Genetic analysis of IDS-IDS2 recombination and X-chromosome inactivation. (A) PCR amplification of the inversion junctions shows 
recombinant fragments containing the proximal (2.8 kb) and distal (1.7 kb) junctions. Lanes 1 and 2: PCR amplification from a normal fe-
male [1: proximal region (2.0 kb), 2: distal region (1.0 kb)]. Lanes 3 and 4: PCR amplification of the current patient (3: proximal recombi-
nation, 4: distal recombination). (B) X-chromosome inactivation analysis shows extremely skewed X-inactivation. Before HpaII: undigested 
DNA; After HpaII: HpaII-digested DNA.
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