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INTRODUCTION
Lesch-Nyhan syndrome (LNS) is a se-

vere X-linked disease typically due to the
absence of the ubiquitous enzyme hypox-
anthine-guanine-phosphoribosyltransferase
(HPRT). The clinical phenotype of male pa-
tients is characterized by hyperuricemia,
learning difficulties, self-injurious behavior
(SIB), choreoathetosis, and spasticity; the
female carriers are usually healthy. So far,
only 5 female carriers have presented a
classic LNS phenotype, probably owing to
a nonrandom inactivation of the X chromo-
some carrying the normal allele (1).

HPRT gene consists of 9 exons span-
ning approximately 44 kb at the Xq26 re-
gion and coding for a 219-aa protein that
converts hypoxanthine into inosinic acid
and guanine into guanylic acid. In the
absence of HPRT, hypoxanthine is de-
graded into xanthine and uric acid in
liver by xanthine oxidase (2).

The first step of LNS diagnosis is the
biochemical analysis of residual HPRT
activity in patients’ erythrocytes; specific
mutations are then discovered by molec-
ular diagnosis by PCR analysis and di-
rect sequencing of HPRT gene (3).

Diagnosis of a healthy carrier is difficult
because HPRT enzyme activity in blood
cells is similar in carriers and healthy peo-
ple; genetic tests can help reveal muta-
tions only when both alleles are amplified
by PCR (from genomic DNA or cDNA),
while gross deletions involving the ends
of cDNA are not detectable by PCR (4).

So far, several approaches have been
used to diagnose healthy carriers bear-
ing large deletions. The first is based on
DNA analysis by Southern blotting and
linkage RFLP analysis (5,6). A second
approach is based on mRNA analysis by
amplification of HPRT cDNA. Samples
from female carriers give rise to 2 PCR

products and both of them can be se-
quenced (7). These methods are insuffi-
cient to identify the deletion of the whole
HPRT gene or deletions including its ex-
tremities. A third approach is based on a
protein study such as the biochemical
test of HPRT activity on hair bulbs (8);
this biochemical/statistical approach
was completely abandoned after the dis-
covery of false-negative results (9). The
last approach is based on a cell-growth
test in a selective medium. O’Neill (10)
developed a test in which only HPRT-
deficient lymphocytes could grow in 6-
thioguanine–enriched medium; the
sensitivity and specificity of this test is
about 99%. The method allows identifi-
cation of carriers even if the mutation
present in the patient’s family is un-
known, and it provides highly accurate
results despite being technically and an-
alytically demanding. Analysis requires
a fresh blood sample and has to be per-
formed by highly experienced personnel
in diagnostic laboratories with the spe-
cific equipment for the cell γ-irradiation.

Here we introduce a new method to
identify carriers with large deletion in
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HPRT gene using semiquantitative real-
time PCR, which has never been used be-
fore in the diagnosis of LNS. We vali-
dated the results with a linkage study.

Semiquantitative real-time PCR is a
very powerful technique for deletion di-
agnosis and allows evaluation of the
amount of target gene amplification by
comparison with a reference gene using
∆Ct method (11), although the choice of
appropriate conditions is fundamental to
minimize artifacts due to nonspecific or
primer-dimer products. Linkage study
performed blindly with many heterozy-
gous markers (12) differentiates one of the
two maternal X-chromosomes carrying
the mutated gene so that it may be fol-
lowed through the family; linkage can be
performed only if samples from members
of all pedigrees can be collected (with par-
ticular exigency of proband and parent
samples), and this is not always possible.

Our experiments were validated in a
blinded manner, comparing results ob-
tained by Italian families previously ana-
lyzed with approved diagnostic methods
(i.e., O’Neill test). In this work, we pro-
pose semiquantitative real-time PCR as
an alternative to the O’Neill test to diag-
nose carriers of large deletions in HPRT
gene. Linkage study permitted us to fur-
ther validate our method and provide
stronger evidence of the reliability of this

approach. We can suppose that in the fu-
ture, real-time PCR will provide a reliable
method for LNS carrier identification.

MATERIALS AND METHODS

Families Study
We performed carrier diagnosis for 2

families already tested by O’Neill proto-
col in the selective medium. The first
family is characterized by a deletion cov-
ering the region spanning exons 1 and 3
and comprises the proband, his sister, his

mother, his father, a female cousin, an
aunt on the mother’s side, and the aunt’s
husband (Figure 1). The second family
presents the deletion of exon 9 and com-
prises 2 probands, their sister, their
mother (father is deceased), a female
cousin, an aunt on the mother’s side,
and the aunt’s husband (Figure 2).

Blood samples were also collected
from 50 healthy subjects deriving from
many Italian regions to study the infor-
mativity of various markers used in the
linkage study.

Genetic Study
To validate our approach, all the ex-

periments were performed blind to the
previous diagnosis obtained by selective
medium growth. Moreover, real-time
PCR results and linkage data were
treated blindly.

Genomic DNA was extracted from
blood by salting out (13). Real-time PCR
was carried out in a 96-well optical reac-
tion plate using an ABI Prism 7700 se-
quence detector (Applied Biosystems).
PCR was performed in a 25-µL reaction
volume containing 2× SYBR Green PCR
Master Mix (Applied Biosystems, USA),
300 nM forward and reverse primers,
and 5 to 40 ng genomic DNA. PCR con-
ditions were according to manufacturer’s
instructions. We chose only the border-

Figure 1. Family 1 pedigree and haplotype. Microsatellites and SNPs are listed in order
of map position. II.3 is the proband, carrier of the deletion from exon 1 to 3 in HPRT
gene. With the use of 3 microsatellite markers and 4 SNPs, the affected allele segrega-
tion can be followed; this affected allele is present only in the proband’s sister and
mother.

Figure 2. Family 2 pedigree and haplotype. Microsatellites and SNPs are listed in order of
map position. II.3 and II.4 are the probands, carriers of deletion of HPRT exon 9. With the
use of 3 microsatellite markers and 4 SNPs, the affected allele segregation can be followed;
this affected allele is present only in the probands’ mother.
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line area of HPRT gene to optimize this
diagnostic protocol, in particular the re-
gion including exons 2 and 9. FANCB
gene was chosen as genomic reference
because it is localized on chromosome
arm Xp but is far enough from HPRT not
to be compromised by its deletions.
Oligonucleotides were projected with
Primer Express software (Applied
Biosystems) and tested for specificity
using NCBI’s BLAST tool. Primer se-
quences of HPRT exon 2: forward 5′-
GAA AGG GTG TTT ATT CCT CAT
GGA-3′, reverse 5′-GCT GCT GAT GTT
TGA AAT TAA CAC A-3′; primer se-
quences of HPRT exon 9: forward 5′-GCT
ATT CTT GCC TTT CAT TTC AGA A-3′,
reverse 5′-ACT CTC ATC TTA GGC TTT
GTA TTT TGC-3′; primer sequences of
FANCB exon 3: forward 5′-TGC AAT
GAA GAT GAC TTA TTT GAA GA-3′,
reverse 5′-TCC TGT TTC TAG AGG TGG
AAC CA-3′. In each assay, 5 normal con-
trols and no-template controls were in-
cluded. Each sample was run in tripli-
cate, and each experiment was repeated
4 times. Standard curves for all primer
pairs were performed using serial dilu-
tion of control DNA. FANCB standard
curves: y = –3.6574x + 23.539; R2 = 0.9979;
HPRT2 standard curves: y = –3.2106x +
23.209; R2 = 0.9955 ; HPRT9 standard
curves: y = –3.4714x + 22.325; R2 = 0.9932.
The ∆Ct method was used to relatively
quantify alleles in the analyzed region.
This formula is based on the assumption
that the rate changes of threshold cycle
(Ct) are identical for HPRT and FANCB
genes. Using this method, a control was
normalized to value 1.

Bioinformatic analysis of chromosome
region Xq26 near HPRT gene was per-
formed with programs available on the
web (UCSC genome Browser http://
genome.ucsc.edu) and led to the identifi-
cation of 3 dinucleotide microsatellites
and 4 intragenic SNP markers for linkage
analysis. The criteria used to select candi-
date markers were the maximum rate of
heterozygosity cited and the minimum
distance from the gene. Microsatellite
PCR was performed in a 15-mL reaction
volume containing 1.5 mM MgCl2, 300
nM forward and reverse primers, 50 ng
genomic DNA, and 0.8 units Taq
Platinum Polymerase (Invitrogen). PCR
conditions were 2 min at 95 °C, 35 cycles
of 95 °C for 20 s, 53 °C (DXS8041 and
DXS8074) or 60 °C (DXS907) for 15 s, and
72 °C for 20 s, and final extension at 72 °C
for 10 min. Primers were projected with
Primer Express software (Applied
Biosystems) (Table 1). Amplification
products were run with 0.5 µL 500 ROX
Standards (Applied Biosystems) on an

ABI Prism 3130 DNA Sequencer (Applied
Biosystems) and analyzed using
GeneScan 3.1. Two of the 3 microsatellites
were chosen according to their heterozy-
gosity and their polymorphism (as de-
scribed in UCSC Genome Browser). To
confirm UCSC heterozygosity data,
DXS907 and DXS8074 were tested in 50
control DNA samples. The unknown het-
erozygosity of microsatellite DXS8041
was tested in 50 control DNA samples.

The sequence of primers used to am-
plify SNP markers were derived from
UCSC Genome Browser. The heterozy-
gosity of SNP markers was analyzed by
direct sequencing or by restriction frag-
ment length polymorphism (RFLP)
(Table 2). PCR for SNPs was performed
in a 25-mL reaction volume containing
1.5 mM MgCl2, 300 nM forward and re-
verse primers, 100 ng genomic DNA,
and 1 unit Taq Platinum Polymerase
(Invitrogen). PCR conditions consisted
of an initial denaturation step of 2 min
at 95 °C, followed by 35 cycles at 95 °C for

Table 1. Features of microsatellites used in the linkage analysis

Average Distance from Range of 
Microsatellite Primers heterozygosity HPRT gene allelic size

DXS907 forward CAGTGTTTCAGTCTTCACCAGGAC 0 ~134 kb 127–140 bp
reverse GCCCATGAATTGAAATGAATGCC

DXS8074 forward TTATAAATTAGCCAGAGGTGTTG 0.60 ~480 kb 221–231 bp
reverse CTAGGTGTGTCTGTAAAGGTAGG

DXS8041 forward GCAAGACTCCGTCTCAAATAATAAC 0.36 ~87 kb 144–164 bp
reverse TTCCTGCTACCTGCAATTCC

Average heterozygosity was calculated on 50 controls; distance between microsatellites and the middle of HPRT gene and size range of
fragments were calculated by UCSC Genome Browser.

Table 2. Characteristics of SNPs used in linkage analysis

Restriction Distance from Average allele Average 
SNP enzyme exon 1 of HPRT frequency heterozygosity

rs6638241 — ~5 kb; in intron 1 C: 0.809 0.219 ± 0.248
T: 0.191

rs6638240 — ~2 kb; in intron 1 C: 0.220 0.219 ± 0.248
T: 0.780

rs1468266 MseI ~22 kb; in intron 3 A: 0.309 0.406 ± 0.195
T: 0.691

rs6634993 HaeII ~35 kb; in intron 6 G: 0.780 0.219 ± 0.248
A: 0.220

Distance from HPRT exon 1 was calculated from UCSC Genome Browser map; average
allele frequency and heterozygosity were obtained from NCBI database.
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20 s, 56 °Cor 15 s, and 72 °C for 20 s, and
a final extension at 72 °C for 10 min. The
amplified products were purified by GFX
PCR DNA Purification Kit (Amersham
Biosciences) and sequenced with BigDye

Terminator Kit v3.1 (Applied Biosystems).
The products were purified with AutoSeq
G50 (Amersham Biosciences) according
to manufacturer’s protocols. Sequences
were analyzed by ABI Prism 3130 DNA

Sequencer (Applied Biosystems). RFLP
analysis was performed by O/N enzy-
matic restriction digestion of products,
according to manufacturer’s protocols
(Fermentas).

Following the segregation pattern of the
maternal allele in the proband, we con-
structed the haplotype and subsequently
analyzed each subject in the family.

RESULTS

Real-Time PCR
The first analysis was conducted in fam-

ily 1 (Figure 3A). Family 1 carries an
HPRT gene deletion between exons 1 and
3. Final standard deviation was calculated
starting from single standard deviations
obtained in each of the 4 experiments.
Control samples were separated in male
and female controls (CN-M1 and CN-F1)
to show that, using FANCB gene as ge-
nomic reference, results were not influ-
enced by genre. Each control bar is the re-
sult of 3 different control-patient results
repeated in 4 experiments. The other bars
represent values obtained from analysis of
other family 1 members in all 4 experi-
ments. In particular, II.3 is the male
proband with deletion between exons 1
and 3; II.2 is his sister and shows a carrier
pattern with heterozygous deletion of the
same region. I.3 is the mother of the
proband, carrier of deletion; I.4 is the fa-
ther of proband, showing normal pattern.
II.1 is a female cousin of the proband; I.2 is
the maternal aunt of the proband and I.1
is the aunt’s husband. All of proband’s rel-
atives showed a normal pattern (Figure 1).

The second experiment was done on
family 2 (Figure 3B), which carries a
deletion involving exon 9 of HPRT gene.
We calculated a final single standard de-
viation from each test (repeated 4 times).
Each control bar is the result of 3 differ-
ent control-patient results repeated in 4
experiments as in the family 1 graphic.
Control samples were separated in male
and female controls (CN-M2 and CN-F2).
The other bars represent values obtained
from analysis of other members of family
1 in all 4 experiments. II.3 and II.4 are 2
affected brothers; II.2 is their sister and is

Figure 3. Semiquantitative real-time PCR results. Bars represents 2-∆∆Ct value calculated by
∆Ct method. Data are normalized to a control DNA. Control samples were divided in
male and female controls (CN-M and CN-F); each bar of male or female control is the
result obtained by 3 different control patients. Male and female controls present the cor-
rect number of copies of HPRT in the region analyzed; on the other hand, LNS-positive
controls (CP) present no copies of HPRT. (A) Real-time semiquantitative PCR results of HPRT
exon 2 analysis. II.3 is the male proband, carrier of the deletion between exons 1 and 3; II.2
and I.3 are the proband’s sister and mother, both carriers of the deletion; I.4 is the
proband’s father, showing a pattern similar to that of normal controls. On the mother’s
side, the female cousin, the aunt, and the aunt’s husband (II.1, I.2, and I.1, respectively)
show a pattern typical of nonaffected individuals. (B) Real-time semiquantitative PCR re-
sults of HPRT exon 9 analysis. II.3 and II.4 are the 2 affected brothers; II.2 is their sister, who
presents a pattern similar to that of normal controls. I.3 is the probands’ mother, who is a
carrier of the deletion. The probands’ relatives (the female cousin, the maternal aunt, and
uncle by marriage, II.1, I.2, and I.1, respectively) show a normal pattern.
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not a carrier for the deletion found in her
brothers. I.3 is the mother of probands,
carrier of deletion. No DNA sample from
the father was available. II.1 is a female
cousin of probands; I.2 is the maternal
aunt of probands and I.1 is the aunt’s
husband All probands’ relatives showed
a normal pattern (Figure 2).

All results of 2–∆∆Ct were collected to
calculate the mean value of each group of
sample (male and female negative con-
trols, positive controls, and carriers) and
the fluctuation range of results (Table 3).
Taken together, data shown in tables and
standard deviation results confirm the
reliability of real-time PCR results.

Microsatellite Analysis
We made haplotypes for each family

using SNPs and microsatellite analysis.
SNPs rs1468266 and rs6634993 are local-
ized in corresponding sites of restriction,
making it possible to perform a rapid
discrimination by restriction enzyme.
SNPs rs6638241 and rs6638240 were ana-
lyzed by direct sequencing. All 4 SNPs
are in intronic regions of HPRT gene to
warrant the lowest recombination fre-
quency between marker and disease-
allele (Table 2). The rate of heterozygos-
ity of all SNPs permitted us to monitor
affected HPRT pedigree transmission.

The fluorescent amplified fragment
dinucleotide repeats are more informa-
tive than SNPs because of their heteroge-
neity among populations. None of them
is intragenic, but we chose those located
less than 1 centimorgan from HPRT gene
to minimize recombination events (1 cen-
timorgan corresponds to about 1 million
base pairs and to 1 recombination event

between 2 loci in 1% of meioses ob-
served). We could confirm the rate of
heterozygosity for DXS8074, but we
couldn’t find any heterogeneity of
DXS907. Data of heterozygosity for
DXS8041 were calculated ex novo in 50
control subjects (Table 1), and 36% of
tested females showed alleles with differ-
ent sizes of these microsatellites.

In family 1, results show that the af-
fected haplotype is not present in the
proband’s relatives; otherwise, both
mother and sister of the proband carry
the deletion.

In family 2, results show that the af-
fected haplotype is not present in the
probands’ relatives; the mother of
probands is a carrier only, and the sister
is healthy. We were able to complete the
investigation even though a biological
sample from the probands’ father wasn’t
available, and the results led to a correct
and complete diagnosis.

DISCUSSION
LNS is a severe X-linked disease

caused by hypoxanthine-guanine-
phosphoribosyltransferase deficiency. To
diagnose LNS, several approaches are
possible, but the biochemical test on red
blood cells still remains the preferred
method. Females in LNS families are at
risk of being carriers, and diagnosis is
very important for their life expectations.
Individuation of these carriers by bio-
chemical diagnosis is difficult because
HPRT activity in their red blood cells is
similar to that in healthy people. New
techniques in molecular biology can help
to detect carriers only in the case that
both alleles are amplified by PCR. Gross

deletions, particularly those involving the
first exons and the last ones, are not de-
tectable because the deleted allele can’t be
amplified on a genomic sample and PCR
gives no results on cDNA. So far, a test
based on 6-thioguanine–resistant pheno-
type of HPRT mutant cells from LNS pa-
tients is the only accepted method for di-
agnosis of carrier of any kind of mutation,
but it is difficult to perform (10).

There have been reports in the literature
that about 12% of American LNS cases are
due to large deletions (14). Because there
is no Italian population study of LNS pa-
tients, we used our cohort of patients to
calculate the national incidence. In this
work, we analyzed more than one fourth
of all the Italian patients, partially already
described (15), based on the specific inter-
national incidence (1/380,000) and the
number of Italian population (6 × 107).
Considering that 8 of 27 total families of
our cohort have a large deletion, we may
estimate that the national incidence of
deletions in LNS patients is around 22.8%
(calculated on mutation number instead
of proband number, because affected
brothers are collected).

Five of 8 families with deletion in
HPRT gene could be of interest for this
study, because their probands had dele-
tions at the ends of HPRT gene. For only
2 of these families, the O’Neill test was
available, so we used it to validate our
approach. Carriers of 2 of the 3 remain-
ing families that couldn’t be studied by
our approach were easily diagnosed with
PCR multiplex protocol on cDNA (be-
cause their probands had deletions in
exons 4 and 5); the proband of the third
family carries a deletion in 5′UTR, so our
primers weren’t suitable, and PCR multi-
plex protocol couldn’t be used.

The method proposed here is based on
the use of semiquantitative real-time PCR
to diagnose female carriers of HPRT dele-
tion. We used samples from 2 families al-
ready tested by the O’Neill protocol (10) in
a selective medium, but the previous re-
sults were unknown to the researchers and
the experiments were performed blind.

In this study, real-time PCR was used
to quantify the genomic copy number of

Table 3. Real-time PCR results.

Range SD of 2-∆∆Ct

Samples n Mean of value t value

Negative male control 6 1.01 0.94–1.08 0.0449
Negative female control 6 1.07 1.00–1.14 0.0602
Positive control 3 0 — —
Carrier 3 0.49 0.48–0.51 0.0173

Average value of the 2-∆∆Ct is the result of each performed experiment. Results fluctuate in
a small range of values. We show standard deviation as calculated for each sample in
each experiment.
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the deleted region of HPRT gene. Because
exon 1 is GC rich and also incompletely
coding, we focused our analysis on exon
2 and exon 9. This protocol was opti-
mized for deletion of these 2 regions of
the gene, but it can be suitable for any
type of deletion.

The first family analyzed had a deletion
between exons 1 and 3. The selective me-
dium test showed that the mother and sis-
ter of the proband are carriers of the mu-
tation, whereas the aunt and the female
cousin were not carriers. Family 2 had a
deletion in exon 9. The selective medium
test showed that only the mother of the
probands is a carrier of the deletion. Real-
time analysis (Figure 3) clearly confirmed
results obtained by selective medium test.
In fact, the mother and sister of the
proband in family 1 and the mother of the
probands in family 2 are the only carriers
of respective deletions. Other members of
the families have been found to have the
expected normal amount of amplification
product, and so they are healthy. The data
is guaranteed by a number of negative
controls (healthy controls) and by stan-
dard curves, repeated in each experiment,
and confirmed in both control and carrier
samples.

To validate the diagnostic pathway and
results obtained by real-time PCR, we pro-
pose a haplotype analysis in blind. The
pedigree analysis was optimized using
data derived from the literature and from
our laboratory experience. We chose 4 in-
tragenic single nucleotide polymorphisms
with high heterozygosity in the popula-
tion. Moreover, we tested 3 dinucleotide
microsatellites, close to HPRT gene, with
high variability among the population.
Results obtained with all these markers al-
lowed us to make haplotypes for each fam-
ily and revealed that there was no recom-
bination between the 2 chromosomes in
the region near HPRT gene. The haplotype
analysis confirmed real-time PCR results,
showing that the affected allele is present
in female carriers and in male probands.

Methods based on real-time PCR can
be used to evaluate gene deletion, al-
though it must be taken in consideration
that relative quantification requires strin-

gent quality control and standardization
of the sample acquisition and process,
and that its reproducibility is inevitably
compromised by the variable efficiency of
the PCR itself. The exponential nature of
PCR amplification means that small vari-
ations in reaction components and cycle
conditions, besides mispriming events
during the early stage of PCR, can greatly
influence the final result. However, there
is no doubt that real-time PCR is signifi-
cantly less variable than any conventional
quantification PCR procedure. On the
other hand, linkage analysis also presents
limitations. A single SNP or microsatellite
is clearly insufficient for analysis, even if
its heterozygosity is high. It is necessary
to use several markers to ensure statisti-
cal efficacy. In these cases, clinical and fa-
milial context should be studied, and
pedigree and heredity should be taken
into account. Moreover, to give signifi-
cant results, this method requires samples
from many family members, and in the
case of Lesch-Nyhan, samples from the
proband and the mother are essential.
Linkage analysis may strengthen diagno-
sis obtained by real-time PCR. Both tech-
niques allow the use of DNA extracted
from peripheral blood (fresh or frozen),
making this procedure accessible to any
laboratory. An approach based on both
methods is clearly preferable to offer a re-
liable diagnosis, but we may suppose
that in the future an accurate setting up
of real-time PCR will permit the use of
this technique alone for the LNS diagno-
sis. Based on our data, our new approach
can be applied to 62.5% overall of the
gross deletions, that is, the 22.8% of total
LNS mutations.

In conclusion, we propose a new ap-
proach to diagnose LNS carriers that is
suitable for a great part of LNS families
with large deletions, as an alternative to
the approved selective medium method,
which is not always applicable.
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