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Mucopolysaccharidosis type I: identification of
novel mutations that cause Hurler/Scheie
syndrome in Chinese families

Guey-Jen Lee-Chen, Tso-Ren Wang

Abstract
The complementary and genomic DNA
segments of the a-L-iduronidase gene
from two Chinese mucopolysaccharidosis
type I Hurler/Scheie (MPS IHIS) patients
were amplified by polymerase chain reac-
tion (PCR) and DNA sequencing was done
to study their molecular lesions. Patient
W3 has heterozygous mutations; the ma-
ternal allele has MII (G to A transition in
the initiation codon ATG) and the pater-
nal allele has Y343X (C to G transversion
in exon 8 leading to in frame deletion of
codons 325-343 from the mRNA owing to
false splicing). Patient W2 is homozygous
for mutation T364M (C to T transition in
codon 364). The mutation was paternally
inherited. A de novo deletion or gene con-
version event may have resulted in appar-
ent homozygosity for T364M. Expression
of Y343X and T364M showed trace
amounts of a-L-iduronidase activity com-
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Table 1 Specific PCR conditions

Annealing
Amplified Primer pairs and temperature Product size
fragment postition * (C) Conditions (bp)

5' cDNA ID60 (76-99) 58 1.5 mmol/l MgCl2 841
ID61 (906-883) 10% DMSO

3' cDNA ID69 (857-880) 57 1.5 mmol/l MgCl2 1293
ID63 (2149-2126) 10% DMSO

Exon 1 ID58 (496-519) 66 2.5 mmol/l MgCl2 245
ID65 (740-717) 10% DMSO

Intron 2 ID53 (1061-1080) 65 2.5 mmol/l MgCl2 630,715,800
ID54 (1853-1834)

Exon 3 ID49 (97-116) 66 1.5 mmolA MgCl2 444
ID36 (540-519)

Exon 8 ID106 (1760-1783) 65 1.0 mmol/l MgCl2 699
ID89 (2457-2434)

Exon 9 ID90 (2434-2457) 61 1.0 mmol/l MgCl2 370
ID109 (2804-2781)

*The nucleotide positions for PCR were from reference 2 for 5' and 3' CDNA amplification, ref-
erence 3 for exons 1,2,3,8, and 9 amplification, and reference 11 for intron 2 amplification.

and Scheie syndromes.' Recently the IDUA
gene was cloned and the cDNA sequence
determined.2 3 The 2.1 kb cDNA contains 14
exons spanning approximately 19 kb on
chromosome 4pl6.3.4 Mutation screening in
patients with MPS I identified a number of
mutations underlying the disorder. The re-
ported heterogeneity of MPS I includes
common mutations, W402X and Q70X, and
other rare mutations, such as single base
substitutions, deletions, insertions, and splicing
site mutations.5 Characterisation of gene muta-
tions is an important prerequisite to analysing
genotype/phenotype correlation and patient
selection for therapy such as bone marrow
transplantation.6

In this study, the molecular lesions of two 10
year old Chinese MPS IH/S patients with short
stature, coarse face, and severe skeletal de-
formities were investigated. Both patients
showed normal intelligence based on their
good performance in school. Poly(A)+ RNA
from the patients and a normal subject's skin
fibroblast cells was prepared. Two pairs of
primers that encompass IDUA cDNA se-
quences 76-906 and 857-2149 (table 1),
respectively, were used for PCR amplification
on reverse transcribed cDNA. The amplified
cDNA fragments were subcloned and se-
quenced by automated online DNA Se-
quencer. The results are summarised in table 2.
In patient W3, one IDUA allele has M1I (a G to
A transition in initiation codon) and an in
frame deletion of the whole of exon 2, whereas
the other allele has Y343X (an in frame
deletion of nt 1061-1117 in exon 8). Patient
W3 is heterozygous for M1I (fig 1, lane 2). The
mutation MII also appeared in the patient's
mother (fig 1, lane 3). The deleted exon 2 in
MlI was the result of alternative splicing since
MII appeared in the PCR amplified product
containing exons 1-2 (data not shown). With
MlI and deleted exon 2, the expressed IDUA
protein has a deletion of N-terminal 132
residues that constitutes signal peptide. It is
possible that this alteration prevents correct
cotranslational transport of the protein into the
endoplasmic reticulum and its further process-
ing and transport to the lysosome. The
recurrent Y343X was the result of a C to G
transversion at nt 1117 leading to an in frame
deletion of 19 residues in exon 8.7 Patient W3
is heterozygous for Y343X (fig 1, lane 5). The
mutation Y343X has been inherited from
patient W3's father (fig 1, lane 4). Expression of
Y343X in COS-7 cells showed retention of a
very low level of IDUA activity (table 3).
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Table 2 Summary of the mutations and predicted protein alterations in the MPS IHIS patients

Mutation Nucleotide alteration Protein alteration (residue No) Patient Allele Comments

M1I ATG- ATA (exon 1) No initition at codon 1 W3 1
Deletion of 47 aa (54-100) Alternative spicing of exon 2

Y343X TAC- TAG (exon 8) Deletion of 19 aa (325-343) W3 2 False splicing
T364M ACG- ATG (exon 8) Thr-Met at codon 364 W2 Homozygous In addition to

R105Q (CGG-CAG)
A361T (GCG-ACG)
V454I (GTC-ATC)

A

ID121

ID122

B

Figure 1 DNA PCR and restriction analysis of mutations
in the MPS IHIS patients. The amplified 245 bp DNA
fragments containing exon 1 (lanes 1-3) or 699 bp DNA
fragments containing exon 8 (lanes 4-6) from patient W3's
father (lanes 1 and 4), W3 (lanes 2 and 5), and mother
(lanes 3 and 6) were digested with NlaIII (lanes 1-3) or
HaeII (7anes 4-6) andfractionated on a 1.8 % agarose gel.
Mutation MlI eliminates a NlaIII restriction site on the
PCR product so that, on digestion, 237 and 8 bpfragments
appeared instead of wild type 154, 83, and 8 bp fragments.
Mutation Y343X creates a new HaeII restriction site on
the PCR product so that, on digestion, 381, 168, and 150
bp fragments appeared instead of wild type 531 and 168 bp
fragments. The amplified 699 bp DNA fragments from
patient W2's father (lane 7), W2 (lane 8), and mother
(lane 9) were digested with SphI andfractionated on a
1. 4% agarose gel. The mutation T364M creates a new
SphI restriction site on the PCR product so that, on
digestion, 444 and 255 bp fragmnents appeared instead of
wild type 699 bp fragment. Lane M (HinfI digest of
pGEM4 DNA) is used as a size marker.

In patient W2, only T364M (a C to T tran-
sition at nt 1179 in codon 364) was detected.
Patient W2 is homozygous for T364M (fig 1,
lane 8), a non-conserved amino acid substitu-
tion at position 364 of the IDUA protein.
Threonine at 364 is reportedly conserved
across species in the human,2 canine,8 and
murine9 IDUA genes. Expression of T364M
showed retention of 1.3 % IDUA activity (table
3). The mutation T364M was detected in the
patient's father (fig 1, lane 7), whereas the
mother has no T364M (fig 1, lane 9). The

Table 3 Expression of a-L-iduronidase activity in transfected COS-7 cells

a-L-iduronidase activity Total
Transfection vector (nmoll/lmg protein) (% of normal)

pcDNA3 80.9 0.0
pcDNA3-IDUA 445.8 100.0
pcDNA3-IDUA/Y343X 84.8 1.1
pcDNA3-IDUA/T364M 85.6 1.3

A wild type IDUA cDNA was subcloned into pcDNA3 (Invitrogen Corporation) to give
pcDNA3-IDUA. The pcDNA3-IDUA/Y343X was derived from pcDNA3-IDUA by replacing a
EarI-BstEII fragment (nt 944-1453) with a fragment excised from the 3' cDNA clone of patient
W3. The pcDNA3-IDUA/T364M was derived from pcDNA3-IDUA by replacing a AlwNI-FspI
fragment (nt 1076-1233) with a fragment excised from the 3' cDNA clone of patient W2. COS-7
cells were transfected with plasmid DNA by lipofection procedure.15 Cultures of transfected cells
were collected, and extracts prepared and assayed for IDUA activity."1 The activity of endogenous
a-L-iduronidase in COS-7 cells was subtracted before the percentage of normal was calculated.
Efficiency of transfection was similar in all dishes by 3' IDUA cDNA PCR amplification of trans-
fected genomic DNA (data not shown).
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2 2
2 2
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Figure 2 (A) Allele specific oligonucleotide (ASO)
hybridisation ofA631 Tpolymorphism and restriction
analysis of V4541 polymorphism. The A361 T was detected
by ASO ID122. The duplicate membranes containing
amplified 699 bp DNA fragments from patient W2's father
(lane 1), W2 (lane 2), and mother (lane 3) were
hybridised with DIG-ddUTP labelled ID121 (upper panel)
or 122 (lower panel). The V454I creates a new SfaNI
restriction site. The amplified 370 bp DNA fragments
containing exon 9from patient W2's father (lane 4), W2
(lane 5), and mother (lane 6) were digested with SfaNI
andfractionated on a 1.8% agarose gel. Lane M (HinfI
digest ofpGEM4 DNA) is used as size marker. (B)
Pedigree and haplotype analysis of W2's family. Haplotypes
for polymorphic markers Q33H, VNTR, R105Q, A361 T
and V454I are shown under each person. The Q33H was
detected by Nsp(7524)I restriction on PCR amplified
DNA using primers ID58 and 65. The VNTR was
examined by 1.2% agarose gel electrophoresis ofPCR
amplified DNA using primers ID53 and 54. The RJO5Q
was detected by AlwNI restriction on PCR amplified DNA
using primers ID49 and 36. For Q33H, Rl05Q, A361T
and V454I, numbers 1 and 2 represent alleles without (1)
or with (2) polymorphic change. For VNTR, numbers 1-3
represent alleles with 800, 715, and 630 bp PCR amplified
product. Haplotypes cosegregating with the disease
phenotype are indicated by bold numbers.

genotypes at five polymorphic sites Q33H,'0
VNTR," R105Q,2 A361T,12 and V454I13 in the
IDUA gene in patient W2's family were deter-
mined (fig 2A) and used to generate their hap-
lotypes. The paternal allele 1,3,2,2,2 cosegre-
gated with the mutation T364M (fig 2B).
When the maternal allele from the patient was
compared with the alleles of the mother, a dis-
crepancy in V454I was found (fig 2A, lanes 5
and 6). The patient was homozygous for poly-
morphisms A314, T388, T410, and R489
(data not shown) in addition to A361T and
V454I. The homozygosity for polymorphisms
in exons 8-10 and the discrepancy in T364M
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and V454I between the patient and the mother
suggest the possibility of hemizygosity of this
region of the IDUA gene in the patient. Alter-
natively, a double stranded break'4 gene
conversion event might have resulted in
homozygosity for T364M.

In conclusion, we have identified novel
mutations in the IDUA gene in two Chinese
MPS IH/S patients. The new missense muta-
tions expand the heterogeneous spectrum of
MPS I. Further characterisation of mutant
alleles will provide a useful tool for diagnosis,
counselling, and assessment of experimental
protocols for MPS I syndrome.
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