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SUMMARY

Lesch–Nyhan syndrome (LNS) is an inborn error of purine metabolism
characterized by hyperuricemia, severe action dystonia, choreoatheto-
sis, ballismus, cognitive and attention deficits and self-injurious behav-
ior. The syndrome is associated with complete deficiency of hypoxan-
thine-guanine phosphoribosyltransferase (HGPRT) activity. Partial
HGPRT deficiency is termed Lesch–Nyhan variants and includes
patients with HGPRT-related gout and a variable degree of neurologi-
cal involvement but without the complete syndrome. Uric acid overpro-
duction is present in all HGPRT-deficient patients and is associated
with lithiasis and gout. Megaloblastic anemia is also associated with
the disease. Inheritance of HGPRT deficiency is X-linked recessive, and
thus males are generally affected and heterozygous females are carri-
ers (usually asymptomatic). Uric acid overproduction can be managed
by allopurinol treatment. Doses must be carefully adjusted to avoid
xanthine lithiasis. The importance of new hypouricemic drugs such as
uricase and febuxostat needs to be established. The lack of a precise
understanding of the neurological dysfunction has precluded the
development of useful therapies. Spasticity, when present, and dysto-
nia can be managed with benzodiazepines and γ-aminobutyric acid
(GABA) inhibitors such as baclofen. Self-injurious behavior must be
managed by a combination of physical restraints, behavioral and
pharmaceutical treatments. New agonists and antagonists of adeno-
sine and dopamine receptors may play a role in LNS treatment. 

INTRODUCTION

In 1964, M. Lesch and W. Nyhan reported the case of two brothers
with a disorder of uric acid metabolism and neurological dysfunction

(1). The Lesch–Nyhan syndrome (LNS; OMIM 300322) in a first
description included hyperuricemia, mental retardation, self injuri-
ous behavior and motor abnormalities such as spasticity and
choreoathetosis. In 1967, Seegmiller et al. reported a complete defi-
ciency of the activity of the purine metabolism enzyme, hypoxan-
thine-guanine phosphoribosyltransferase (HGPRT) as the cause of
LNS (2). HGPRT is a key enzyme in the salvage of purine metabolism
(Fig. 1). The same year, Kelly et al. described a partial deficiency of
HGPRT activity associated with gout and no neurological involve-
ment (3). This partial deficiency was termed Kelly–Seegmiller syn-
drome or HGPRT-related gout (OMIM 300323). Nowadays it is con-
sidered that a continuous spectrum of neurological involvement is
present in HGPRT-deficient patients (4, 5). The term Lesch–Nyhan
variants has been introduced to include patients with HGPRT-relat-
ed gout and variable degrees of neurological involvement but with-
out the complete syndrome.

CLINICAL DESCRIPTION

Clinical features of HGPRT deficiency include uric acid overproduc-
tion-related symptoms, neurological manifestations and hemato-
logical disturbances (6).

Hyperuricemia-related renal and articular symptoms (acute arthritis,
tophi, nephrolithiasis or urolithiasis and renal disease) are present in
all HGPRT-deficient patients and are not related to the severity of
the enzyme defect (4). One of the first signs of the disease may be
the observation of orange crystals in diapers, crystalluria with
obstruction of the urinary tract, or renal failure in the first months of
life. A spectrum of neurological manifestations that depend on the
severity of the defect may be present in HGPRT-deficient patients.
Neurological symptoms affect the motor sphere, cognitive and
behavioral aspects (5). 

In the complete syndrome, patients are normal at birth.
Psychomotor delay becomes evident within 3-6 months, with
delayed acquisition of sitting and head support with hypotonia. Self-
mutilation, manifested as lip biting or finger chewing, can appear as
soon as teeth are present. The motor syndrome evolves to a severe
action dystonia, superimposed on a baseline hypotonia. Its severity
leads to an inability to stand up and walk, with patients being con-
fined to a wheelchair. Involuntary movements such as choreoatheto-
sis and ballismus are usually associated with voluntary movements
and increase with excitement and anxiety. Dysarthria and dysphagia
are always present and opisthotonus is frequently reported.
Corticospinal tract signs such as spasticity, hyperreflexia and exten-
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sor plantar reflex are generally reported in later years and they may
reflect an acquired defect (7). The first description of LNS included
mental retardation as a characteristic of the syndrome. However,
completely HGPRT-deficient patients, when evaluated with specific
tests for motor difficulties, show mild to moderate mental retarda-
tion (8-10). 

Compulsive self-injurious behavior, the most striking feature of LNS,
is only present in patients with complete enzyme defect. The
patients bite their lips, tongue or fingers, causing important auto-
mutilating lesions. In some instances, the aggressive behavior is also
directed towards family and friends, with patients spitting or using
abusive language. The mutilation is not due to a lack of sensation
(the patients feel pain and are relieved when protected from self),
and recently it has been ascribed to an obsessive–compulsive
behavior. Self-mutilation may start between 2 and 16 years of age
and evolves with periods of different intensity (11, 12). Generally, it is
associated with or aggravated by psychological stress (adolescence,
family conflicts) or concomitant diseases. Despite their periodic
aggressive behavior, LNS patients are frequently happy and engag-
ing children when they are restrained. The neurobehavioral disorder
may be markedly modulated by numerous environmental factors,

among which education is the most relevant. LNS patients present
megaloblastic anemia (13). Microcytic anemia is also frequent and in
some cases associated with hiatus hernia (4, 6).

In LNS variants a complete motor syndrome may be present in the
most severe forms, but self-injurious behavior is always absent (5). In
these cases, generalized dystonia precludes standing up and walk-
ing, and involuntary movements are present. In other variant
patients the grade of dystonia is less severe and appears in the form
of a dystonic gait, speech difficulties and exercise-induced dystonia,
or is unapparent (4). These patients can lead independent lives. They
can present variable degrees of mental retardation or show normal
intelligence, although usually displaying attention deficits.

The prevalence of the disease is estimated to be 1/380,000 live
births in Canada and 1/235,000 live births in Spain (6, 14).

GENETICS

Human HGPRT is encoded by a gene located on the long arm of the
X chromosome and HGPRT deficiency is inherited as a recessive X-
linked trait (15). Thus, males are generally affected and women are
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Figure 1. Purine metabolism. The metabolic scheme shows the first and rate-limiting step of de novo purine synthesis mediated by the enzyme phosphoribo-
syl pyrophosphate (PRPP) amidotransferase, and the salvage pathway mediated by hypoxanthine-guanine phosphoribosyltransferase (HGPRT) and adenine
phosphoribosyltransferase (APRT). The de novo synthesis occurs through a multistep process and requires the contribution of four amino acids, one PRPP, two
folates and three ATP to synthesize an inosine monophosphate (IMP) molecule. HGPRT catalyzes the salvage synthesis of IMP and guanosine monophosphate
(GMP) from the purine bases hypoxanthine and guanine, respectively, utilizing PRPP as a cosubstrate. The HGPRT defect results in the accumulation of the
substrates hypoxanthine and guanine, which are converted to uric acid by means of xanthine oxidase. Elevated APRT activity may also contribute to purine
overproduction. In most mammals the hepatic enzyme uricase, or urate oxidase, transforms uric acid to a more soluble compound, allantoin. In humans, due
to a mutation in the uricase gene, uric acid is the last product of purine metabolism. Allopurinol is a substrate of purine and pyrimidine metabolic enzymes,
such as HGPRT or orotate phosphoribosyltransferase (OPRT). Allopurinol causes inhibition of purine nucleoside phosphorylase (PNP) and orotidine-5'-
monophosphate decarboxylase (OMPDC).



generally asymptomatic carriers. At least five women with LNS due
to a variety of molecular mechanisms have been described in the lit-
erature (16-20). HPRT mutations accounting for HGPRT deficiency
are heterogeneous in type and localization (21-23). More than 300
disease-associated mutations (deletions, insertions, duplications
and point mutations) are found dispersed within the gene (24).  

DIAGNOSIS 

The diagnosis of HGPRT deficiency must be supported by clinical,
biochemical, enzymatic and molecular data. Hyperuricemia with
hyperuricosuria is the biochemical hallmark that prompts an enzy-
matic diagnosis (25). Patients present low or undetectable HGPRT
activity in hemolysates, with increased adenine phosphoribosyl-
transferase (APRT) activity. To better characterize the HGPRT defi-
ciency, in order to find a possible residual activity, enzyme activity
can be measured in intact cells (erythrocytes or fibroblasts) (4, 26). 

The molecular diagnosis of HGPRT deficiency requires analysis of
the HGPRT coding region by RT-PCR, or genomic analysis of the
HPRT gene of each patient in order to find the patients’ particular
mutation (27, 28). In some cases, the HGPRT coding region is normal
and the patients present decreased HGPRT mRNA expression of
unknown origin (29, 30). About 30% of the patients carry de novo
mutations but about 70% of the mothers are somatic carriers.
Molecular diagnosis in HGPRT-deficient patients allows faster and
more accurate carrier and prenatal diagnosis (31).

ETIOLOGY

Uric acid overproduction

HGPRT catalyzes the salvage synthesis of inosine monophosphate
(IMP) and guanosine monophosphate (GMP) from the purine bases
hypoxanthine and guanine, respectively, utilizing phosphoribosyl
pyrophosphate (PRPP) as a cosubstrate (Fig. 1). HGPRT deficiency
results in the accumulation of its substrates hypoxanthine and gua-
nine and PRPP. Hypoxanthine is converted to uric acid by means of
xanthine oxidase and the increased availability of PRPP for PRPP
amidotransferase increases de novo purine synthesis. On the other
hand, there is a decrease IMP and GMP, which are PRPP amido-
transferase feedback inhibitors. This dual mechanism results in an
increased de novo synthesis of purine nucleotides (32). 

Pathophysiology of neurological symptoms

The connection between the aberrant purine metabolism and the
neurological and behavioral characteristics remains unknown.
Imaging studies and post mortem examination of brains from LNS
patients have not disclosed any characteristic morphological abnor-
mality; thus, a functional instead of a morphological alteration is
postulated (33, 34). Clinical data suggest a basal ganglia alteration.
Both extrapyramidal motor syndrome, with involuntary movements
and dystonia, and behavioral disturbances are signs of basal ganglia
damage (35). 

Several neurotransmitter changes seem to be implicated in the
pathophysiology of LNS. Neurochemical analysis of post mortem
tissues and cerebrospinal fluid analysis showed decreased levels of
dopamine and the dopamine metabolite homovanillic acid, whereas

serotonin and 5-hydroxyindolacetic levels show discrepant results
(36-38). Studies with positron emission tomography and ligands
that bind to dopamine-related proteins confirmed an alteration of
the dopaminergic system in LNS patients (39, 40). Dopamine defi-
ciency in the striatum has been confirmed in animal models of
HGPRT deficiency (41, 42). 

Alterations in other neurotransmitter systems, such as adenosine,
have also been implicated in patients with LNS (43). In addition to
their well-known intracellular functions related to DNA and RNA
synthesis, purine nucleotides are released into the extracellular
space, where they act as intercellular signaling molecules (44).
Adenosine has been related to motor and behavioral changes
through its actions on specific receptors on the neuron cell surface.
Self-injurious behavior in rats has been related to adenosine action
on the A2A receptor subtype, which is abundant in basal ganglia (45-
47). Moreover, an A2A receptor agonist has been shown to exert anti-
dystonic effects in a dystonic animal model (48). Adenosine trans-
port and function have been found to be abnormal in
HGPRT-deficient cells (43, 49). Moreover, adenosine and dopamine
receptors are coupled and adenosine agonists and antagonists
modulate dopaminergic neurotransmission, which appears to be
altered in LNS (50). As a consequence of HGPRT deficiency, LNS
patients’ cerebrospinal fluid showed increased hypoxanthine con-
centrations (51). Toxic effects of this metabolite have been implicat-
ed in the pathogenesis of neurological dysfunction by means of an
alteration in adenosine transport, Na+/K+-ATPase activity, serotonin
content and neuronal development (52-59). Deficit of other purine
compounds due to the enzyme defect is controversial and altered
nucleotide concentrations have been postulated as a possible cause
of changes in G-protein-mediated signal transduction (60). Finally,
a defective developmental process of dopaminergic neurons is
thought to be implicated in the neurological manifestations of LNS
(61).

Hematological aspects

Megaloblastic anemia in LNS patients is associated with mega-
loblastic findings in bone marrow. Ineffective erythropoiesis has
been postulated as the cause of anemia in LNS patients and
increased folic acid consumption due to enhanced de novo purine
synthesis has also been implicated in the pathogenesis of anemia
(63). Nevertheless, this anemia is not corrected by folate therapy.

TREATMENT

Uric acid overproduction

Uric acid overproduction is effectively controlled with the xanthine
oxidase inhibitor allopurinol, which blocks the conversion of xan-
thine and hypoxanthine to uric acid. Allopurinol is a purine analogue
that is metabolized to the active enzyme inhibitor oxypurinol by xan-
thine oxidase. Oxypurinol is excreted by the kidney and oxypurinol
concentrations are frequently elevated in patients with renal impair-
ment (64). Allopurinol has no effect on behavioral and neurological
symptoms, but it should be started as soon as the enzyme deficien-
cy has been diagnosed in order to avoid renal damage. In adults, or
when there are great tissue urate deposits, combined treatment
with colchicine prophylaxis is required to avoid gout flares. The
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optimal allopurinol dose for HGPRT-deficient patients has not been
established, but, in our experience, when serum urate is maintained
close to its solubility threshold, urate deposition does not occur and
xanthine lithiasis may be avoided. Recommended doses of allopuri-
nol in LNS patients range from 50 to 600 mg/day. The initial dosage
of allopurinol is 5-10 mg/kg/day and it should be adjusted to main-
tain high–normal serum uric acid levels and a (urinary) uric acid/cre-
atinine ratio of < 1.0. In our experience, treatment with allopurinol
normalized serum urate levels in all HGPRT-deficient patients and
resulted in a mean reduction of serum urate of about 50% and a
74% reduction in the (urinary) uric acid/creatinine ratio. Allopurinol
inhibition of xanthine oxidase accounted for increased hypoxanthine
and xanthine urinary excretion rates ranging from 5- to 10-fold when
compared to baseline levels in these patients (65).

Under normal conditions, allopurinol increases the reutilization of
hypoxanthine for nucleotide and nucleic acid synthesis via HGPRT
activity. The resulting increase in nucleotide concentration leads to
feedback inhibition of de novo purine synthesis. However, in HGPRT-
deficient patients, hypoxanthine cannot be reutilized and there is
increased purine production, as occurs in malignancies and their
treatment. Under these circumstances, the absolute concentration
of xanthine could rise to a level at which deposition in the urinary
tract may occur and xanthine lithiasis may develop as a conse-
quence of allopurinol therapy. In our experience, xanthine lithiasis
may be prevented by sequential determination of urinary oxy-
purines, which should be at a certain balance with uric acid excretion
and by titrating allopurinol doses to maintain high–normal serum
uric acid levels. 

Allopurinol should be accompanied by adequate hydration to
achieve maximum diuresis. Alkalinization, of considerable benefit in
relation to urate stones, may be less so in relation to xanthine
stones. Allopurinol treatment reduces serum urate and urine uric
acid levels, preventing uric acid crystalluria, nephrolithiasis, gouty
arthritis and tophi in LNS patients. With adequate allopurinol doses
and compliance, renal function usually remains stable or even
improves with therapy. 

Allopurinol hypersensitivity has been described in 0.4% of patients
receiving this treatment. The higher incidence of hypersensitivity in
patients with decreased renal function has prompted the adjust-
ment of allopurinol doses according to creatinine clearance.
However, this procedure does not always prevent allopurinol hyper-
sensitivity (66). To our knowledge, no hypersensitivity reaction has
been described in LNS patients despite impaired renal function.

In most mammals, the hepatic enzyme uricase, or urate oxidase,
transforms uric acid to a more soluble compound, allantoin (Fig. 1).
In humans, due to a mutation in the uricase gene, uric acid is the last
product of purine metabolism. Rasburicase, a uricase purified from
Aspergillus flavus, is employed to prevent tumor lysis syndrome in
hematological malignancies, administered i.v. at doses of 0.20
mg/kg/day during a short period of 5-7 days. In HGPRT-deficient
patients, xanthine lithiasis could be avoided by uricase treatment.
However, there is no long-term evidence of the safety of rasburicase
treatment and it is known to be antigenic. Its short half-life (18 h)
and its form of administration (injection) do not appear to be very
convenient for chronic therapy (67). However, rasburicase appears to

be effective in infants with acute kidney injury (68). In our experience,
two LNS patients who presented with renal failure in the first
months of life were treated with rasburicase during a short period of
time at established doses, followed by allopurinol treatment. In both
patients, renal function improved with rasburicase treatment (69). 

A genetically engineered, recombinant, polyethylene glycol (PEG)-
conjugated mammalian uricase (pegloticase) has been developed
with the potential to reduce immunogenicity and have a longer half-
life. This uricase could be administered i.v. every 2-4 weeks to main-
tain serum urate levels within normal limits. Results of phase I stud-
ies showed that anti-pegloticase antibodies were present in 75% of
treated patients and these antibodies were associated with a
reduced circulating half-life of pegloticase in some patients. Infusion
reactions were also frequent (70).

Febuxostat is a novel nonpurine inhibitor recently marketed for the
treatment of hyperuricemia and gout (71). Febuxostat is a potent
inhibitor of both the oxidized and reduced forms of the enzyme xan-
thine oxidase. However, allopurinol and oxypurinol inhibit only one
form of the enzyme. This difference has been postulated to account
for the greater potency and long-lasting effect of febuxostat. On the
other hand, in contrast to allopurinol, febuxostat is not a substrate
for purine and pyrimidine metabolic enzymes such as HGPRT or oro-
tate phosphoribosyltransferase, and it does not inhibit the enzymat-
ic activity of purine nucleoside phosphorylase and orotidine-5’-
monophosphate decarboxylase (Fig. 1) (72). To our knowledge,
febuxostat treatment has not been employed in HGPRT-deficient
patients, but it could be an alternative to allopurinol. 

Motor syndrome

As in many generalized dystonic syndromes, the lack of a precise
understanding of the cause of neurological dysfunction has preclud-
ed the development of useful therapies in HGPRT deficiency.
Rigorous placebo-controlled studies have not been conducted in
LNS patients. Spasticity and dystonia can be managed with benzo-
diazepines and GABA inhibitors such as baclofen (6). No medication
has been found to effectively control the extrapyramidal manifesta-
tions of the disease. 

Dopamine replacement therapy in LNS patients has been reported
in a few noncontrolled studies with very heterogeneous responses
(73). Most of the treated patients presented intolerable side effects.
This could be due to the coexistence in HGPRT deficiency of
dopamine hypersensitivity and high dopamine receptor expression,
in addition to the dopamine content deficit (74, 75). Both adenosine
and dopamine receptor expression is altered in HGPRT-deficient
cells (74). These facts emphasize a pivotal role for disrupted adeno-
sine and dopamine neurotransmission in the pathogenesis of neuro-
logical manifestations of LNS. The safety and efficacy of istrade-
fylline, a selective adenosine A2A receptor antagonist, have been
evaluated in levodopa-treated Parkinson’s disease subjects with
motor complications. In the future, adenosine receptor modulation
could be a potential target for LNS (76).

Today, physical rehabilitation, including the management of
dysarthria and dysphagia, special devices to enable hand control of
objects, appropriate walking aids, and a program of posture man-
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agement to prevent deformities is the key to the management of the
motor manifestations of LNS.

Behavioral manifestations

Self-injurious behavior must be managed with a combination of
physical restraints, behavioral and pharmaceutical treatments.
Benzodiazepines and carbamazapine are sometimes useful for
ameliorating behavioral manifestations and anxiety (6, 11). Stress
increases self-injurious behavior. Thus, stressful situations should be
avoided and adverse techniques should not be employed. Instead,
behavioral extinction methods have proven to be partially effective in
a controlled setting. Some reports have suggested that the
antiepileptic drug gabapentin may improve self-injurious behavior
and no side effects have been associated with its use (77). However,
no controlled trials have been conducted in LNS patients. The atyp-
ical antipsychotic drug risperidone, a nonselective antagonist of
both 5-HT2A and dopamine D2 receptors, has been found to reduce
self-injurious behavior in some LNS patients (78). Recently, the
selective dopamine D1/D5 receptor antagonist ecopipam received
orphan designation from the European Commission for the treat-
ment of LNS and a pilot trial is being conducted in the U.S.

Other treatments under investigation for the management of self-
injurious behavior include local injections of botulinum toxin (79-81).
Several authors have reported the use of repeated botulinum toxin
A injections into the bilateral masseters or into the facial muscles to
prevent tongue and lip biting in LNS patients. In our patients, botu-
linum toxin injection is usually effective for a limited period of time.
When injecting, the masseters toxin could spread to pharyngeal
muscles, causing dysphagia. As self-injurious intensity varies, this
procedure could be useful in the most aggressive periods to avoid
tissue damage. 

Deep brain stimulation in the globus pallidus has been reported to
improve self-injurious behavior in a few LNS patients, but the effica-
cy and safety of this therapy need to be demonstrated in the long-
term management of these patients (82, 83).

Nowadays, the cornerstone of day-to-day management of LNS self-
injurious behavior is still adapted physical restraint to protect
patients from themselves (6). For instance, elbow restraints allow
hand use without the possibility of finger mutilation and dental
guards prevent cheek biting. Patients themselves request restric-
tions and become anxious if they are unrestrained, and sometimes
restraints that would appear to be ineffective, such as a pair of
gloves to prevent finger biting, are very useful.
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