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Hunter syndrome, an X-linked disorder, results from deficiency of iduronate-2-sulfatase (IDS). Around 40%
of independent point mutations at IDS were found at CpG sites as transitional events. The 15 CpG sites in
the coding sequences of exons 1 and 2, which are normally hypomethylated, account for very few of
transitional mutations. By contrast, the CpG sites in the coding sequences of exon 3, though also normally
hypomethylated, account for much higher fraction of transitional mutations. To better understand
relationship between methylation status and CpG transitional mutations in this region, the methylation
patterns of 11 Hunter patients with transitional mutations at CpG sites were investigated using bisulfite
genomic sequencing. The patient cohort mutation spectrum is composed of one mutation in exon 1 (one
patient) and three different mutations in exon 3 (10 patients). We confirmed that in normal males,
cytosines at the CpG sites from the promoter region to a portion of intron 3 were hypomethylated.
However, specific CpG sites in this area were more highly methylated in patients. The patients with p.R8X
(exon 1), p.P86L (exon 3), and p.R88H (exon 3) mutations had a hypermethylated condition in exon 2 to
intron 3 but retained hypomethylation in exon 1. The same trend was found in four patients with p.A85T
(exon 3), although the degree of hypermethylation was less. These findings suggest methylation patterns
in the beginning of IDS genomic region are polymorphic in humans and that hypermethylation in this
region in some individuals predisposes them to CpG mutations resulting in Hunter syndrome.
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Introduction
Methylation of cytosine is the only known endogenous

modification of DNA in mammals and occurs by the

enzymatic addition of a methyl group to the carbon-5

position of cytosine. In 98% of the genome, CpGs are

present approximately once per 80 dinucleotides. In

contrast, CpG islands, which comprise 1–2% of the

genome, are approximately 200bp to several kb in length

and have a frequency of CpGs approximately five times

greater than the genome as a whole.1,2

The epigenetic modification of eukaryotic DNA by the

methylation of cytosine residues modulates access to and

regulation of genetic information.3 This process is impli-

cated in the regulation of gene expression, oncogenesis,

imprinting, and X-inactivation. Moreover, one of the most

significant and well-known aspects related to DNA methy-

lation is mutability. DNA methylation is a major con-

tributor to point mutations leading to human genetic

disease as a consequence of deamination of 5-methylcyto-

sine present within CpG dinucleotides.4,5 In spite of the

relative paucity of the number of CpG dinucleotides and

the presence of a sophisticated repair system, more than

one-third of all point mutations causing human genetic

diseases are derived from C-to-T or G-to-A transitions at a

CpG site.4

The methylation status of specific CpG sites does exhibit

significant inter-individual variation, although differences

in site-specific methylation patterns between different

ethnic groups have not so far been apparent in studies of

a variety of DNA sequences.6 –8 Most methylation analyses

in housekeeping genes, imprinted genes, or oncogenes

have been limited to the 50 flanking sequencers. However,

direct and specific observations of CpG methylation at the

sites of recurrent mutations in a portion of genes have been

described.9–11 To gain a better understanding of the

frequent transitional mutation events at CpG dinucleo-

tides, studies on pattern of cytosine methylation covering

the promoter region and the whole coding region have

been performed.12,13 These studies showed a high muta-

tion frequency at methylated CpG sites and definition of

the boundaries between unmethylated and methylated

regions. However, to date no study has compared differ-

ences at the methylation level of specific CpG sites

between the normal population and a patient group in

which CpG transitional mutations lead to an inherited

genetic disease.

Hunter syndrome (or mucopolysaccharidosis type II) is

an X-linked recessive disease caused by the deficiency of

the enzyme, iduronate-2-sulphatase (IDS; EC3.1.6.13,

MIM#309900). In humans, this deficiency leads to accu-

mulation of heparan sulfate and dermatan sulfate in

lysosomes and their excretion in the urine. Clinically,

the phenotype varies from severe to mild, depending

on the different mutations at the IDS gene. IDS cDNA and

its full genomic DNA sequences have been isolated

and characterized.14–16 At least 307 independent point

mutations (160 different nucleotide changes) have been

described in Hunter patients17–28,32 (mutations are cited in

www.hgmd.org).28

At least 40% of point mutations were C-to-T transitional

mutations at CpG sites.28 The 56 CpGs represent only 3.6%

of the IDS gene sequence. These finding indicate that the

incidence of transitional mutational events at CpG sites in

the IDS gene is about 30 times greater than expected. The

methylation pattern in five normal healthy males showed

that cytosine methylation at the CpG sites was extensive,

except for sites in the promoter region to exon 3.29 The

CpG sites in exons 4–9, where over 90 independent

transitional mutations were found, were completely

methylated in healthy male control samples. Only two

transitional events were observed in exons 1 and 2, which

were unmethylated or hypomethylated. These findings

support the importance of CpG cytosine methylation in

predisposition to C-to-T transition mutation in the IDS

gene. Exceptions were the CpG sites in exon 3, which were

unmethylated or hypomethylated in healthy male con-

trols, yet associated with a high rate of transitional

mutations in Hunter patients. This lack of correlation

between transitional mutations at CpG sites in exon 3 and

the methylation status in this region in normal healthy

males might be explained if there was some polymorphism

in the degree of methylation of CpG sites in exon 3 in

humans and CpG mutations in exon 3 occur predomi-

nantly in those patients who show greater than normal

methylation in this region.

To test this hypothesis, we compared methylation

patterns of specific CpG dinucleotides between normal

healthy males and Hunter patients with CpG transitional

mutations. Our results support the hypothesis that the

CpG sites in this region are more highly methylated in

exon 3 of Hunter patients with mutations in this region.

Materials and methods
Sample preparation

Genomic DNAs of 11 Hunter patients with the transitional

mutations and five normal healthy males were isolated

from peripheral blood samples and analyzed to determine

the distribution and the percentage of methylated cytosine

residues at the IDS gene locus encompassing the upstream

region of initial codon ATG and exon 1 to a part of intron

3. The 11 patients included one with p.R8X in exon 1

(Patient 11, 28 years old, referred as JS27), four with p.A85T

(Patient 4, 15 years old, referred as HT65;25 Patient 9, 6

years old, cousin of HT65; Patient 10, 5 years old, cousin of

HT65; Patient 23, 9 years old, referred as H624), three with

p.P86L (Patient 1, fetus, referred as Fe 1;30 Patient 14, 1 year

old, referred as CC;27 Patient 28, 1 year old, referred as no.

623), and three (Patient 2, fetus, referred as Fe 2;30 Patient

17, 6 years old, referred as No. 7;22 Patient 33, 2 years old,
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referred as no. 823) with p.R88H in exon 3. Patients 4, 9,

and 10 were in the same family tree. Mutation analysis of

the patients was described previously.22–25,27,30 Peripheral

genomic DNAs from five unrelated healthy males were also

isolated.

Sodium bisulfite treatment and sequencing
Bisulfite conversion of genomic DNA was performed using

the protocol described previously with minor modifica-

tion,31 as we recently described for analysis of the b-
glucuronidase and IDS genes.12,29

The following regions were sequenced and analyzed:

approximately 700bp upstream of initiation codon ATG,

418bp of exons 1–3 in the coding region, 741bp of intron

1, 666bp of intron 2, and 2273bp of intron 3, covering 49,

23, 9, 11, and 12 CpG sites, respectively (Figure 1).

The following nucleotide (nt) numbering scheme was

provided throughout the text. The þ1 of nucleotide

number was counted from the transcription starting point,

namely the first nucleotide of the 50UTR. Thus, the A of the

transcription starting point was as 1 with this numbering

system, while the A of ATG initiation codon was desig-

nated as 301. Accession numbers of GenBank used here

were NM_000202.2 and AF_011889.1.

PCR primers and conditions are described in Table 1 and

its legend. PCR primers were determined by using GenBank

sequence modified for predicted changes following bisul-

fite treatment.

Cloning and sequencing

DNAs for PCR came from the 11 patients (one with p.R8X,

four with p.A85T, three with p.P86L, and three with

p.R88H in exon 3) and five normal male controls. The 12

PCR fragments (sense strand; F1–F6, antisense strand; aF1–

aF6) were generated from each individual with the nested

primer pairs (Table 1). The amplified fragments were run

on a 2% agarose gel. Each isolated fragment was ligated

into Easy T-vector and the ligation product was trans-

formed according to the manufacturer’s protocol (Prome-

ga). In all, 10 randomly selected clones from each

transformant were sequenced. The percent methylation

at individual CpG sites was determined from the frequency

of clones having a cytosine residue at each site in the

sequence analysis. In Figure 2, the average of methylation

pattern analyzed in the same group (normal males, p.R8X,

p.A85T, p.P86L, or p.R88H) is shown. Namely, methylation

pattern in Figure 2 shows the average of 50 clones derived

from five normal healthy male DNA, 10 clones from one

p.R8X, 40 clones from four p.A85T patients, 30 clones from

three p.P86L patients, and 30 clones from three p.R88H

patients.

The methylation status of CpGs was divided into five

groups according to percentage of methylation as pre-

viously described:12,13,29 briefly, unmethylated (0%),

slightly methylated (0owr25%), lightly methylated

(25owr50%), moderately methylated (50owr75%), and

heavily or completely methylated (75owr100%). The

term ‘partially methylated’ was used when the results of

sequencing at an individual CpG site showed even one

methylated clone among investigated alleles and the term

‘hypomethylated’ was used for CpG sites defined as wr50%

in the text. The term ‘hypermethylated’ was used for CpG

sites defined as 50%ow in the text. The CpGs in the exons

and the introns are described by number in the order of

upstream to downstream direction, such as ‘e1, e2, e3y,’

and ‘i1, i2, i3y’ (eg, the first CpG in exon 1 is e1 and the

tenth CpG downstream e1 is e10). The CpGs in the

promoter region are p-7 to p-1 (relative to the start of

exon 1).

Results
Comparison of methylation patterns between Hunter
patients and normal male controls

We previously established that there were demarcated

methylated, unmethylated, and partially methylated re-

gions of the IDS gene in normal healthy controls.12 In the

present study, the methylation status of the patients with

transitional mutations at CpG sites in exon 1 or 3 was

examined (Figure 2). Figure 2 describes the average of

methylation profiles of five controls and the patients

with the same mutation at both sense strand and antisense

strands. The figure shows the classification of the average

methylation status for the population of molecules at

each CpG dinucleotide. Namely, the p.R8X comes from

Patient 11, the p.A85T from Patients 4, 9, 10, and 23, the

301
Initial transcription site
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Figure 1 Locations of PCR fragments used in genomic sequencing
analysis of the human IDS gene. Locations of PCR fragments used in
genomic sequencing analysis of methylation status of the human IDS
gene. The numbered boxes represent each exon and the horizontal
bars show the position of respective PCR fragment. The upper bars
analyze the sense strand and the lower bands analyze the antisense
strand, respectively. Primer sets to amplify the fragments are described
in Table 1. CpG density plot of the human IDS (�718 to 1778
nucleotide position) CpG sites and their distribution covering the
entire gene are indicated as small vertical lines.
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p.P86L from Patients 1, 14, and 28, and the p.R88H from

Patients 2, 17, and 33. A total of 10 clones from each

fragment were sequenced and the percentage of methyla-

tion was calculated. In the case of the p.A85T, total 40

clones from the four patients were sequenced and used for

calculation of the average of methylation. In all, 10 clones

Table 1 (a) Primers used for methylation study on IDS (sense strand) and (b) Primers used for methylation study on IDS
(antisense strand)

(a)

Primer Sequence (sense strand) Localization Fragment

mH40 TTGAATTTTTGTTGGGAAAAGTAAGTGGAGGTGT Promoter F1
mH41 TTGAAGAAATAGGGGGATTTTATTGA Promoter F1
mH42R AACCAAACCCAACCAAAAAAAACCTCAA Exon 1 F1
mH43R ATAATCAAATTAACCTACATTTCAAATCCAAAA Exon 1 F1
mH7’ GAAGGGTAGGGTTTTTAGGTGAAAGGTATAGT Promoter F2
mH8’ TATTTTTAGTAGTTTTATATTTAGGGGTT Promoter F2
mH4R’ AAATTAAACTTTAATCATAACCTCCAACCTAAA Intron 1 F2
mH5R’ AACTAAACCCTACACCTTAACCTAACCAAA Intron 1 F2
mH9 AGGTTGGAGGTTATGATTAAAGTTTAATTTTGT Intron 1 F3
mH10 TGTTAAGGTGTAGGGTTTAGTTTTGGGTT Intron 1 F3
mH11R CACAATCTATACCATCTAACAATAACTA Intron 2 F3
mH12R CCAAACTATACTTCCCTCTAACAAAATATCCCA Intron 2 F3
mH49 TTTTGGGTTGTTATGGGGATAAGTTGGTGAGGTTT Exon 2 F4
mH50 AGGTATGTTTGGGAATTTTTAGTTGTGGGTGTGTGTTGT Exon 2 – intron 2 F4
mH51R CAAAACATATCTACCATCTCTTAAATAACCAAA Intron 2 F4
mH52R TACAAACAAATAATATCAAATCTCCTACCAATA Intron 2 F4
mH13 TGGTTTGAGTTTTGTATGATTTAGTTATTAAGT Intron 2 F5
mH14 TTGTTTGGTTATTTAAGAGATGGTAGAT Intron 2 F5
mH15R TCAAACACCACAAACCAAAAAAACCCAA Intron 3 F5
mH16R AAAAAACTCTACAAAAACAACCCCATCCCCAAA Intron 3 F5
mH15 GTTTGGGTTTTTTTGGTTTGTGGTGTTTGAATTT Intron 3 F6
mH16 TGGGGATGGGGTTGTTTTTGTAGAGTTT Intron 3 F6
mH44R ATAAAACTAAATACACTCTCAACCTAA Intron 3 F6
mH45R ATTCCTAACAAATTCACCTCTAAAACTAACCTA Intron 3 F6

(b)
Primer Sequence (antisense strand) Localization Fragment

aH52 AATTCTCAAAATTAAAAATCAAACTATATTTACAA Promoter aF1
aH53 ATATAAAACTAAATTCCATCTCCCCACAATTACTA Promoter aF1
aH54R GTGGTATTGGGGTTTTATGTTTTTGTTTTGGTGGAGT Exon 1 aF1
aH55R GTTATTTTTTTTTTATGAGGTTTTTTGAGAAAGTT Exon 1 aF1
aH7 ACTCCACCAAAACAAAAACATAAAACCCCAATA Promoter aF2
aH8 CTATACCCCTAACAATTCTACACCTAAA Promoter aF2
aH4R GTGGTAGGGTTAGGTTTTGGTTATGGTT Intron 1 aF2
aH5R GTGTTAGGTTATTAAGAGGTTTAAGGTTGGATT Intron 1 aF2
aH9 AACCATAACCAAAACCTAACCCTACCACCCAAA Intron 1 aF3
aH10 AAACCTCTTAATAACCTAACACCTACCATAAA Intron 1 aF3
aH11R TTGTGTTATTTGATAATAGTTGAAGTTT Intron 2 aF3
aH12R TTGAAGGTTAAGTTTTTTTATGAGTGGAAAATT Intron 2 aF3
aH48 AAACTAATAAAATCCCCCAAATATTACCAACTAA Exon 2 aF4
aH49 CAACTAACATCCCACAACCTCCTCTTCCAAAATA Exon 2 aF4
aH50R AAATTAGATATTGGGATTTGGGTGTTATTTAGGT Intron 2 aF4
aH51R TAGTAAATAGTTTGGTAGTTGAGTTATGTAGAGT Intron 2 aF4
aH13 TTACCTAAATAACACCCAAATCCCAATATCTAA Intron 2 aF5
aH14 CTACATAACTCAACTACCAAACTATTTA Intron 2 aF5
aH15R TTAGGATGGGAATGTTGGATTTAGATAT Intron 3 aF5
aH16R TTTAGTTAGAAGAGGGTTTTGTAAAGATAGTTT Intron 3 aF5
aH15 GTTTGTGATATCTAAATCCAACATTCCCATCCTA Intron 3 aF6
aH16 AACTATCTTTACAAAACCCTCTTCTAACTA Intron 3 aF6

Notes: PCR amplification was performed in reaction mixtures containing bisulfite-treated genomic DNA, 200mM dNTPs, 1mM primers, 10mM Tris-HCl,
pH 8.3, 1.5mM MgCl2, and Taq DNA polymerase. PCR amplification was done under the following conditions: 941C for 5min for one cycle; 951C, 45 s,
60–651C for 30 s, 721C for 45 s for 35 cycles. After purification of the 1st PCR product, the second PCR proceeded in reaction mixture from the first PCR
product and the same reaction buffer. The primers used are a new set of two nested primers or a set of one primer used in the first PCR and one new
nested primer. Namely, two sets of nested primers were synthesised to get one fragment. PCR amplifications were performed for both strands by use of
each strand-specific primer. To include the promoter to part of intron 3, fourPCR fragments were prepared for one strand (16 primers of PCR amplification
for each strand). The 32 different primers were used for PCR amplification. The sequence information on human IDS for each primer was from GenBank
(AF011889.1). The original GenBank sequence was modified with bisulfite treatment. Primers sequences were based on the modified sequences.
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from each fragment of one individual control were

sequenced and the percentage of methylation was calcu-

lated. Total 50 clones from the five controls were

sequenced and used for calculation of the average of

methylation.

Overall, we found that the sense strand of DNA of some

patients with a transitional mutation had higher methyla-

tion compared to that in the normal male controls. Most of

the difference was in exons 2 and 3. Greater methylation in

the antisense strand correlated well with the greater

methylation status of the sense strand except for a few

sites (Figure 2). In both strands of patient DNA, all CpG

dinucleotides between positions �418 and �303 (p-11–

p-7) were hypermethylated as in normal DNA (Figure 1).

This pattern was followed by the sequences where both

strands had similar partial methylation of the first

boundary, positions �284 to �2 (p-6–p-1). The extent of

methylation in the first boundary in patient DNA was

similar in pattern with that from normal controls. In the

next region downstream, all the CpG sites from nucleotide

positions 21–1016 (e1–i9) were completely unmethylated

in both strands, identical with the finding of the normal

male controls.

From CpG site i22 (nucleotide 2232) in the IDS gene, all

CpG sites were completely methylated in both strands

without exceptions, as in controls. However, upstream

from this point through exon 3, differences were seen

between DNA from normals and Hunter patients. The

second boundary area between CpGs e48 and e59 (around

1000bp), which was broader than the first boundary area

(200–300bp), showed a pattern of higher methylation in

Hunter patients than controls.

The average methylation level at CpG sites (e48–e59) in

patients with p.A85T, p.P86L, or p.R88H (exon 3) muta-

tions was compared (Figure 2). The CpG sites in the three

p.P86L patients were the most methylated, while those

from p.A85T patients were less hypermethylated. Except

for e48 and i18–i21, all CpG sites in the three patients with

Figure 2 Methylation analysis of 50 gene flanking region and exon 1 to intron 3 at human IDS gene locus. Figure 2 describes the average of
methylation profiles of five controls and the patients with the same mutation at both sense strand and antisense strands. The figure shows the
classification of the average methylation status for the population of molecules at each CpG dinucleotide. Namely, the p.R8X comes from Patient 11,
the p.A85T from Patients 4, 9, 10, and 23, the p.P86L from Patients 1, 14, and 28, and the p.R88H from Patients 2, 17, and 33. Methylation pattern of
an individual patient is not shown here (available on request). It includes the promoter, exons 1–3, and part of intron 3, with methylation of both
strands. The PCR fragments of F1–F6 for the sense strand (or aF1-aF6 for the antisense strand) were amplified from DNAs after bisulfite treatment and
cloned. The PCR fragment incorporates CpG sites p-11 to i25 corresponding to the coordinates base numbers from �418 to 2378. Each fragment was
independently cloned, and the methylation status from p-11 to i25 was not continuous over each fragment. The degree of methylation is indicated as
follows: where the open rectangle is 0%, the vertical striped one is 0owr25%, the diagonally striped one is 25owr50%, the crosshatched one is
50owr75%, and the black one is 75owr100%. The sequence numbering used here is relative to the transcription starting site. The CpGs in the
promoter, exons and the introns are described by number in the order of upstream to downstream direction, such as ‘p-7, p-6, p-5y. p-1’, ‘e1, e2,
e3y,’ and ‘i1, i2, i3y’ (eg, p-7 to p-1 is relative to the start of exon 1, the first CpG in exon 1 is e1 and the tenth CpG downstream e1 is e10). The
accession number for the sequence is AF011889.1.

Methylation studies in MPS II
S Tomatsu et al

842

European Journal of Human Genetics



a p.P86L mutation were completely methylated. The CpG

sites in p.R88H patients were hypermethylated except for

e48, e49, e52, and e53, while the CpG sites in p.A85T

patients were less hypermethylated at CpG sites of e48,

e49, and i14–i21. Thus, the CpG sites near the p.A85T

mutation were less hypermethylated, but still more highly

methylated than controls (Figure 2).

When the individual methylation patterns in four

patients with a p.A85T mutation were compared, the

methylation patterns in Patients 4, 9, and 10, who derived

from the same family tree showed differences from each

other at several CpG sites (e50, e51, i11, i13, i17). Increased

methylation in Patient 4 was observed at the CpG sites

(i12–i15) of the sense strand (not antisense strand).

Methylation was also increased at CpG sites (e48, e50,

e51, i11, i13, e53, e54, e56, e57) in unrelated Patient 23.

Individual hypermethylation patterns in three patients

with the p.P86L mutation and three patients with the

p.R88H mutation were similar except for a few CpG sites.

However, some individual CpG sites in each patient

showed a clear difference in the percentage of methylation

between the strands (data not shown). For example,

reduced methylation of the antisense strand relative to

the sense was noted in position e55 in Patients 17 and 33.

These strand differences in methylation status at certain

sites could reflect hemi-methylation. The methylation

pattern of Patient 11 with a p.R8X mutation in exon 1

showed the area surrounding the mutation site to be

completely unmethylated, unlike the other 10 patients

with mutation sites in exon 3 (Figure 2). However, the

secondary boundary area (e48–i13, e56–e59) in this

patient was more methylated than in normal male

controls.

Discussion
The correlation between CpG hypermethylation and

transitional mutations was described previously.9 –13 Ex-

cept for studies in tumors, no prior study has compared the

methylation pattern on the causative gene in affected

patients with that of normal controls. We have demon-

strated that specific CpG sites in areas of exon 2 to intron 3

were more methylated in Hunter patients with a CpG

transitional mutation in exon 3 than to the corresponding

CpG sites in normal males. This finding is consistent with

our hypothesis that the pattern and level of methylation of

the IDS gene would be different between these Hunter

patients and normal controls.

The CpG sites in exons 1 and 2 in normal controls were

hypomethylated. The CpG sites in exon 3 were also

hypomethylated in normal controls, but were associated

with the highest rate of transitional mutations producing

Hunter syndrome except for the CpG sites in exon 9. The

finding that all four mutations in exon 3 happened

recurrently (over five times) is surprising given that this

exon is normally hypomethylated in normal controls. An

explanation for this discrepancy is suggested by our results

indicating that the patients with p.P86L and p.R88H

mutations showed hypermethylation in exon 2 to intron

3. The same trend was true for the patients with p.A85T,

although the degree of hypermethylation was less in this

region than in patients with other CpG transitional

mutations. It is impossible to provide direct proof that

these CpG sites in Hunter patients were actually methy-

lated before introduction of the mutation, since the

nucleotide change leading to the disease had already

occurred. However, the higher methylation status in the

surrounding CpG sites compared to the normal controls

suggests that methylation of this region preceded the

mutation and may have predisposed it to CpG transitional

mutations.

It is also noteworthy that the methylation status of some

specific CpG sites shows marked inter-individual variation.

This was true even for CpG sites in exon 3 in these patients

with p.A85T from the same pedigree. These studies of the

variability of the methylation level at IDS gene locus

(especially, the boundaries between unmethylated and

methylated region) need to be extended to additional

Hunter patients and control peripheral DNAs. It would be

ideal to also extend them to both sex germlines, if possible.

It is interesting that the unmethylated status of CpG sites

in the area of the p.R8X mutation site (exon 1) was no

different between the patient with p.R8X and normal

males while the patient showed hypermethylation in the

area of exon 2 to a part of intron 3. Whether this p.R8X

mutation might have occurred on an ectopic methylated

CpG site remains unknown. A second p.R8X mutation has

been reported previously, but this patient’s DNA was not

available to be examined.32

Why mutations occurred only at these four CpG sites

within exons 1–3 (not at the other 18 CpG sites in this

segment of the coding region of the IDS gene) remains a

puzzle. Absence of mutations in the other 10 CpG sites in

exon 1 (other than p.R8X) could be explained by the

paucity of methylation and possibly also by the absence of

an effect of these possible transitions affecting only the

leader peptide region on the clinical phenotype. Absence

of transitional mutations at CpG sites in exon 2 is of more

interest, since all four CpG sites are somewhat more

methylated in Hunter patients than in normal controls.

However, these also may involve a region of the IDS gene

that is not critical for function. Absence of CpG transi-

tional mutations at methylated CpG sites (e55–e59) in

exon 3 again could reflect a small impact of these

mutations on the structure of the IDS protein, since these

sites encode amino acid residues that are not conserved

among the sulfatase family proteins (Figure 3). By contrast,

the CpG sites of e52–e54 are in codons close to cysteine 84,

the highly-conserved catalytic site common to all sulfatase

proteins. Cysteine 84 is the site of the post-translational
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modification, which is required for producing catalytically

active sulfatases.33–35 Mutations at this site impair activa-

tion of IDS and result in clinical disease.

The current study provides the first evidence for a

definite difference in the methylation pattern at certain

CpG sites between normal controls and patients with

Hunter disease. It raises the possibility that individuals

who inherit the pattern of higher methylation of exon 2 to

intron 3 are at greater risk for IDS mutations producing

Hunter syndrome.

Some questions still remain: (1) What determines indivi-

dual differences in overall methylation pattern of certain

genomic regions like the IDS which appears to be

polymorphic? How frequent is the hypermethylation in

exons 2 and 3 in the normal population? Hunter syndrome

occurs in roughly 1 in 105 births and 10% of those cases

result from CpG mutations in this region. How large a

population may be at risk due to hypermethylation in this

region is an interesting question. A much larger study of

control patients will be needed to estimate this frequency.

It is known that differences in methylation can be

inherited, suggesting either the persistence of certain

methylation at all stages of development or the encryption

of methylation pattern information.10,11 It will be inter-

esting to determine whether the hypermethylation of

exons 2 and 3 in these type patients with Hunter syndrome

is found in other tissues – for example, cultured fibroblasts,

and whether it is true in the maternal DNA of such

proband.
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