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The Lesch-Nyhan syndrome which is caused by the deficiency of hypoxanthine guanine phosphoribosyl-
fransferase s an X-linked recessive disorder characterized by hyperuricemia, choreoathetosis, mental
retardation and compuisive self-injurious behavior. Clinical management of the patients with the Lesch-
Nyhan syndrome is frustrating and requires burdensome medical freaiment since i cripples the patient
and shortens the life span by progression of neurclogical symptoms, but there are no cures or measures
for relieving relentiess natural course of the disease yet. Therefore, prenatal diagnosis of the affected fetus
is important in genetic counselling for the family at high risk. In this studly, four different mutations in the
HPRT gene of four probands have been identified in four unrelated families; K215, @109%, nf.631 AA, and
nt.289 AGT. Two mutations among them alfered restriction enzyme sites; Spel for Q109X and Mae! for
nt.289 AGT. Based on their molecular defects, prenatal diagnoses of 3 the fetuses were successfully made
between ninth and eleventh week of gestation by polymerase chain reaction (PCR), restriction digestion
and DNA sequencing using cDNA cofained from chorionic villus samples (CVS), We predicted the outcome
of all fetuses prenatally. Among the three fetuses two were male and one was female according fo the
idenfification made by PCR amplification of the sex determining region of the Y chromosome (SRY) gene.
Each carred o wid type dliele for the corresponding mutant aliele. They were also tested postnatally for

the mutations to be unaffected,
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INTRODUCTION

The Lesch-Nyhan syndrome, an X-linked recessive disorder,
leads to hyperuricemia, choreoathetosis, mental retardation
and compulsive self-injurious behavior (Lesch et af., 1964).
This disorder is caused by the complete or virtually complete
absence of the activity of an enzyme involved in purine
metabolism, hypoxanthine guanine phosphoribosyltrans-
ferase (HPRT, EC 2.4.2.8) (Seegmiller et al, 1967). The
HPRT gene lies on long arm of the X chromosome and
containg nine exons distributed over 40kb of DNA, and four
autosomal HPRT pseudogenes are known to be present
within the human genome. This hinders DNA analysis
(Patel ef al, 1986). This gene contains MBENA of 1.6kb
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and produces 217 amino acid enzyme (Wilson et af,, 1982:
Jolly et af., 1983).

When clinically suspected, the diagnosis of the Lesch-
Nyhan syndrome can be made easily on the basis of hyper-
uricemia, choreoathetosis, and compulsive self-injurious
behavior. However, prenatal diagnosis or detection of
asymptomatic carriers has been problematic since biochemical
assay for the HPRT enzyme activity is not valid to clarify the
carrier status. Since the cDNA and protein of the human
HPRT gene was elucidated (Seegmiller et al,, 1967; Patel
et al, 1986; Jolly ef al, 1983; Wilson et al, 1982), direct
identification of molecular defects has been facilitated. A
large variety of genotypes have been reported (Sculley ef
al, 1992), indicating genetic heterogeneity in the HPRT
gene of Lesch-Nyhan patients as in other X-linked inherited
disorders. Therefore, it is important to investigate the mole-
cular defect in each individual family. Once the molecular
defect is defined, accurate prenatal molecular diagnosis of
the fetus can be made in the families at high risk. Otherwise,
intragenic restriction fragment length polymorphism (RFLP)
markers can be utilized for prenatal diagnosis of the selected
families.
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in this study, we characterized molecular defects in the
HPHAT gene of four unrelated Korean families with Lesch-
Nyhan syndrome patlents. We applied these resulis to moniior
the molecular status of {etuses in these families.

MATERIALS AND METHODS

Subjects and clinical diagnosis of Lesch-Myhan
syndrome

The clinical diagnosis has been esiablished in four male
probands from four unrelated Korean families on the basis
of undetectable HPRT activity in red blood cells and typical
clinical features such as self-injurious behavior, hyperurice-
mia, and neurclogic dysfunctions including choreocathetosis
spasticity. All probands have positive family history for
Lesch-Nyhan syndrome.

Culture of skin fibroblasts

Primary skin fibroblasts of probands were grown to confluence
in T-25 culture flask, and were cultivated in DMEM (Gibco-
BRL, Gaithersburg, USA) plus 10% Fetal calf serum (FCS)
{Gibco-BRL, Gaithersburg, USA).

Total RNA isolation

Totai BNA was isolated from chorionic villi from fetuses and
from fibroblast from probands, After treatment with RNAzol,
which contains guanidium- thiccyanide and pheno! solutions,
RNA was pracipitated with isopropanc! according to manu-
facturer's procedures (Bioprobe Systems, Monireuil-Sous-
Bois, France).

Genomic DNA isolation

Genomic DNA was isolated from chorionic villi from fetuses.
After treatment with 0.5% sodium dodecyl! sulfate and
proteinase K, genomic DNA was extracted using phenol and
chloroform and precipitated with cold ethanol according to
standard procedures {Aldridge ef al, 1984).

Preparation of cDNA

With olige (dT)12.18 @s a primer ¢cDNA was synthesized
from total RNA. For each reverse transcriptations, reaction
rixture contained 50 mmol/L. Tris-HC! (pH 8.3), 75 mmol/L
KCi, 3 mmolL. MgCla, 10mmol/L dithiothreitol, 50 ug/mi oligo
{dT)12.18, and 100 unit of M-MLV reverse transcriptase
(Promega Biotech, Madison, Wi, USA). Reactions were
performed at 37°C for 1.5 h and terminated by adding
EDTA,

Amplification of the HPHRT gene and sex
determining region of the ¥ chromosome (SRY}
gene using genomic DNA from CVS

To determine the fetal sex, PCR of the DNA binding region
of the SRY located at the centromeric region of the Y
chromosome were carried out using a set of primers. For
the SRY gene, the 270bp sequence reprasenting the DNA
hinding domain of the SRY gene was amplified with primers:
SRY-1F 5-CAG TGT GAA ACG GGA GAA ACA GT-3,
SRY-AR 5-CTT CCG ACG AGG TCG ATA CTT ATA-Z
{(Nakagome ef g, 1991; Warburton ef al, 1991). Amplifi-
cation of all cDNA of HPRT gene was performed using
two pairs of synthetic oligonuclectide primers designed 1o
span all cDNA; LN-1 5-CAC CGG CTT CCT CCT CCT
GA-T, LN-2 5-CCA ATT ACT TTT ATG TCC CC-3', LN-3
5-CAG ACT GAA GAG CTATTG TA-3, LN-4 B-TTA CTG
GCG ATG TCA ATA GGE-3'. After an initial denaturation of
the template DNA, amplification were performed for 35
cycles which consisted of denaturation at 94°C for 1 min,
annealing at 49°C for 1 min, and extension at 72°C for 2
min. For each reaction, the 50 ul amplification mixiure
comtained 200 ng of prepared ¢cDNA as template, 1 umol/l.
each of sense and antisense primers, 50 mmol/L KCI, 10
mmol/L Tris-HCI (pH 8.8}, 1.5 mmol/L MgCls, 0.1% Triton
X-100, 50 pmol/L dNTPs, 2 units of Tag DNA polymerase
(Promega Biotech, Madison, Wi, USA). The reaction was
performed in a thermocycler (Perkin-Elmer Cetus, Norwalk,
CT, USA).

Direct sequencing of double stranded PCR product

PCH product (10 ul of each) was electrophoresed on 1.8%
agarose gel to examine whether the largeted template was
specifically amplified. When a single specific PCR product
was amplified, double stranded DNA seguencing of each
POR product was performed directly without purification using
sense and antisense primers and a Sequenase version
2.0 Kit (United States Biochemical, Cleveland, OH, USA)
according to manufacturer's instructions with the following
modifications. The original amount of template for individual
sequencing reaction ranged from 5 to 10 ul of each PCR
product. Sequenase DNA polymerase and inorganic
pyrophosphatase were mixed together (1 volume of each)
and diluted with & volumes of glycerol enzyme dilution buffer
[20 mmol/L. Tris-HCI (pH 7.5), 2mmoV/L dithiothreitol, 0.1
mmol/l. EDTA, 50% glycerol]. The labelling reaction mixture
was electrophoresed on 8% denaturing polyacrylamide gel
in 0.8x glycerol tolerant gel buffer (20 x buffer is 216 g Tris
base, 72 g taurine, 4 g EDTA in liter Ho0).
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Hestriction enzyme analysis

The amplified PCR product of the first part of HPRT cDNA
was digested with Mael enzyme at 45°C, the secondary
part of HPRT cDNA with Spel at 37°C for 2 h 1o monitor
the inheritance of mutations in fetuses in the appropriate
families.

RESULTS

Family JJH

in this family, we found a C to T transition in a codon 109
in exon 3, causing a substitution of a stop codon for an
glutamnine in a fernale obligate heterogyzote. This mutation
eliminated Spel recognition site. The pregnancy was
monitored by cDNA analysis of the fetus using CVS at the
tenth week of gestational age. The ¢DNA covering exon 3
was amplified and digested with Spel. The pattern of
restriction fragment lengths indicated that the fetus was
unaffected since the 415 bp PCR product was completely
digested generating 391 bp and 24 bp fragments (Fig. 1).
PCR amplification for the SRY gene was positive (Fig. 4).
Therefore, the fetus was a male hemizygote for the normal
allele.

Family PYM

The cDNA analysis of the HPRT gene in the proband revealed
a GT deletion in exon 3 making a frameshift mutation. This

M 1

2 3

Fig. 1. Prenatol monitoring of the fetus for the presence of the
mutation by Spel digestion analysis in the family of JJH. Lane 1
is Spet digested PCR proguct from a normmal contfrol, 4156 bp;
Lane 2 1s Spel digested PCR product from the proband, 391 b,
Lane 3 is Spel digested PCR product from the fetus, 415 bp,
inclicating that fetus cares the normal aliele resistant to Spel.
The pGEM DNA marker (Promega) was used as o size marker.

base deletion creates a new Mael recognition site. The
pattern of restriction fragment lengths indicated that the
fetus was unaffected since the 355 bp PCR product was
completely digesied, generating 288 bp and 85 bp fragmenis
(Fig.2}. PCR amplification for the SRY gene was positive
{Fig. 4). Therefore, the fetus was a male hemizygote for
the normal allele.

Family MKJ

An A deletion was found at nucleotide 631 in the codon 211,
encoding an threonine residue in exon 8, which resulted in
a frameshift mutation making a stop in the codon 250.
Evaluation of molecular status in a fetus was performed by
direct sequencing of the exon 9 of the HPHT cDNA obtained
from CVS, since this mutation does not alter any restriction
site. The result revealed that mutation site of A was normal
in the fetus cDNA (Fig. 3). PCR amplification for the SRY
gene was negative (Fig. 4). Therefore, the fetus was a
fernale homozygote for the normal allele.

Family KDH

In this family, we identified an A to T transition at nucleotide
643, resulting in a nonsense mutation replacing a lysine
residue with a stop codon (K215X) in the codon 215 in exon
9 (Fig. 5). This mutation terminates the synthesis of the
enzyme prematurely.

M 1 2 3

- 355 bp
—
288 bp

Fig. 2. Prenatal monitoring of the fetus for the presence of the
mutation by Mael digestion andalysls In the family of PYM. Lane 1is
Mael digested PCR product from a normai control, 355bp; Lane
2 8 Moel digested PCR product from the proband, 288bp: Lone 3
Is Moel digested PCR product from the fetus, 355 bp, indicating
that the fetus cares the normal dlisle uncleaved by Mael, The
PGEM DNA marker (Promega) was used s a size marker.



20 Yoo, H.-W. & Kim, G.-H.

¥ Gene Med
March 98

Proband

Fetus

GATC GATC

Fig. 4. Partial nucleotide sequences of PCR-ampliflied cDNA of
the HPRT gene of the family MKJ. When compared with the
proband, hemizygous for A deletion in codon 211, causing
frarmeshift mutation (Nt.631 AAY, the partial nucleotide
sequences of cDNA of the HPRT gene obtained from CVS of
he fetus wos completely normal for this mutated sife,

DISCUSSION

The clinical features of the Lesch-Nyhan syndrome are
mental retardation, spasticity, choreoathetosis, uric acid
urinary stones and compulsive selt destructive biting of
fingers and lips, which results from a complete deficiency of
the purine salvage enzyme, hypoxanthine guanine phospho-
ribosyltransferase (HPRT) (Rossiter ef al, 1995), A number
of clinical signs that precede the onset of self mutilation
are evident in patients with Lesch-Nyhan syndrome. Neuro-
logical abnormalities may become apparent within the first
year as choreoathetosis and spasticity development. The
first signs of hyperuricemia may be uric acid crystaliuria.
Despite these early signs, the clinical diagnosis of the Lesch-
Nyhan syndrome is rarely made before self-mutilating
behavior begins unless there is previous family history of
the disorder (Nyhan, 1873). The family history is positively
documented in about 2/3 of probands. its onset warranis
immediate measurements of cellular HPRT activity and
genetic analysis. In this study, the clinical diagnosis has
been made easily in 4 probands who presented aforemen-
tioned signs. Their HPRT activity were completely absent
(data not shown).

Though biochemical analysis can also be utilized to
detect the presence or absence of HPRT activity in cells
or tissues that normally express the enzyme, DNA-based
mutation detection technigues can be used accurately for
the diagnosis of affected males and for the determination of
carrier status of asymptomatic females prenatally or post-
natally. Mutations at the HPRT locus in the Lesch-Nyhan

1 234

product detived from the SRY gene; Lane 2 is the fetus
family MKJ that shows no PCR product, indicating the fetusis a

female. The 270 bp PCR product is shown inlane 3 and 4,
which are fetuses from the family JJH and PYM respectively,
indicating both males.

MUTANT

G ATC

Fig. 5. Parfiol nucleotide sequences of PCR-omplified ¢
the HPRT gene from the proband KDH. This novel nonsense
mutation results frorn a A o T transition of nucleotide 643 in
exan 9, replacing a lysine residue with a stop codon in the
codon 215 (K215X).

syndrome are so heterogeneous that aimost every affected
family carries its own mutation. About 12% of mutations are
major gene rearrangement detectable by Southern blot
analysis or multiplex PCR of each exon, and the remainders
are point mutations or other minor alterations (Wison et al.,
1986).

We have described four different mutations in four
unrelated families (K215X, Q109X nt.631 AA, and nt.283
AGT). Three of the mutations, Q109X, nt.631 AA, and
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nt.288 AGT, have been reported previously (Ki-Joong et
al., 1997}, However, the mutation K215X is a novel mutation
that has not been described previously. Among them, two
of the mutations (108X, nt.289 AGT) were associated with
alterations of restriction enzyme sites (Spel, Masl). Based
on the alterations of these sites, prediction of the specific
mutation in the individual family has been successfully
carried out in 2 fetuses. Since the other mutation (nt.631 AA)
didr’t change a recognition site, prenatal evaluation of the
fetus was achieved successfully by direct DNA sequencing
reaction using cDNA from CVS in this family. So far, at
least four autosomal HPRT pseudogenes are known 1o be
present within the human genome (Patel ef al,, 1984). This
may hamper mutation analysis at the genomic DNA level,
in this study, we employed cDNA analysis for the mutation
detection using CVS. A large variety of genotypes have
been recognized in the HPRT gene of patients with Lesch-
Nyhan syndrome, including intragenic deletions and point
mutations without predominance of a single particular
genotype (Sculley DG et al., 1992; Tarle SA ef al.,, 1991).
Since genetic heterogeneity is considerable in this disorder,
it is important to investigate the molecular defect in each
individual family. Although this approach is labor intensive,
involving numerous sequencing, the direct detection of the
nucleotide sequence alteration becomes technically feasible
on a routine basis by automation of nucleotide sequencing
or PCR-58CP (single strand conformation polymorphism)
screening.

Even though the specific mutation is not known, mutant
HPRT alleles can be followed within a family by association
with readily identifiable DNA polymorphisms. There are one
intragenic polymorphic site (BamHI) and two extragenic
polymorphisms {Tag I) (Nussbaum et al, 1983: Renwick et
al., 1991). In addition, the polymorphic short tandem repeals
(CTAT)n lies between exon 3 and 4, and 11 alleles have
been observed. This tandem repeat polymorphism is much
more informative than the three RFLPs (Edwards ef al.,
1991). The PCR amplification using primers flanking the
polymorphic (CTAT)n sequence within the human HPRT
gene results in different sized fragments according to the
number of repeat units.

This study report is the first of its kind in Korea that prenatal
molecular evaluation has been successiully undertaken by
direct investigation of specific mutations in fetuses at high
risk whose families were not informative of the intragenic
RFLP markers.
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