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Abstract Background: Lesch–Nyhan disease (LND) is an X-
chromosomal disorder of purine metabolism characterized by
hyperuricemia, dystonia, and self-mutilation, leading to an
extremely high burden of disease in affected patients and
families. Although allopurinol therapy can control hyperurice-
mia, it has no effect on self-mutilation and neurological
symptoms. Single reports describe a beneficial effect of S-
adenosylmethionine (SAM) on the neurological symptoms,
which motivated us to evaluate this alternative treatment.

Methods: We performed a double-blind placebo-con-
trolled trial to analyze the effects of SAM on self-mutilation
attempts in a male patient affected by LND. The trial lasted
for 282 days and comprised three alternating verum and
placebo periods of 50 days each. The mother of the patient
recorded attempts of self-mutilation during the entire trial.

Results: While verum and placebowere bothwell tolerated,
a total of 1,762 events of self-mutilation were recorded, of
which 1,281 events were in the placebo period and 481 in the
verum period. The daily mean of events was 8.6 with placebo
and 4.5 with SAM corresponding to a 50 % decrease in self-
mutilation events under SAM treatment (p < 0.05).

Conclusion: The results of this double-blind placebo-
controlled single-case trial suggest that SAM can have a
beneficial effect on self-mutilation in patients with LND,
possibly by replenishing the purine pool in affected brain cells.

Introduction

Lesch–Nyhan disease (LND, OMIM #308000) is a severe
metabolic disorder due to a lack of hypoxanthine-guanine
phosphoribosyltransferase (HPRT E.C. 2.4.2.8). The dis-
ease is characterized by hyperuricemia and neurological
symptoms including dystonia, psychomotor retardation, and
self-mutilation. In humans, the main role of HPRT is to
salvage hypoxanthine and guanine and, hereby, to replenish
the intracellular purine pool (Fig. 1). In LND, hypoxanthine
is degraded to uric acid by xanthine oxidase, thus resulting
in hyperuricemia. The disease is X-linked with an incidence
of 1 in 380,000 (Bertelli et al. 2004). The defective enzyme
is encoded by the HPRT1 gene, and more than 615
mutations are known (Fu et al. 2014; Jinnah et al. 2004).
There are several variants of the disease with different
clinical severity (Jinnah et al. 2000, 2010; Puig et al. 2001;
Schretlen et al. 2005). HPRT is expressed in all tissues with
high levels found in many regions of the brain.

The clinical phenotype manifests mainly in males, but
there are also female patients with LND (Chen et al. 2014;
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De Gregorio et al. 2000). Manifestation of LND is often by
developmental delay in infancy, followed by dystonia and
spasticity, which may provoke misdiagnosis as cerebral
palsy. The presence of orange crystals in the diapers may
raise suspicion of hyperuricemia.

LND usually leads to several severe complications along
each of the clinical presentations, and all have a huge
impact on the (social) life of patients and their families. The
movement disorder is often severe and may necessitate the
use of a wheelchair from early childhood. Self-mutilation
and autoaggressive behavior are almost pathognomonic and
may require wearing of gloves and/or dental removal to
prevent bite wounds to fingers/hands and lips/cheeks.
Overproduction of uric acid causes nephrolithiasis leading

to renal insufficiency, which is a main cause of death.
Furthermore, there are several sudden death cases related to
LND (Neychev and Jinnah 2006).

The pathophysiology of LND is not fully understood,
but the general hypothesis includes depletion of adenosine
(Criswell et al. 1988; Green et al. 1982; Kopin 1981; Stone
1981). Lack of purines due to HPRT deficiency in LND
may be rescued by salvaging purines via adenosine !
inosine monophosphate (IMP) ! guanosine monophos-
phate (GMP). S-adenosylmethionine (SAM) is thought to
replenish the purine pool by serving as an adenosine donor
(Fig. 1).

SAM, previously used in another purine deficiency
disease, Arts syndrome (de Brouwer et al. 2007; Duley

Fig. 1 Scheme of the metabolic pathway of purines and their relation
to hypoxanthine-guanine-phosphoribosyltransferase (HPRT). In
Lesch–Nyhan disease (LND), the lack of HPRT activity leads to a
failure in recycling of both guanine and hypoxanthine, thus creating a
deficiency of both inosine monophosphate (IMP) and guanosine
monophosphate (GMP). Hypoxanthine (and guanine) concentrations
are elevated in LND and will be metabolized to uric acid by xanthine
oxidase (XO). With S-adenosylmethionine (SAM, depicted in blue),

an adenosine donor, the lack of purines in LND can be recovered by
turning adenosine to adenosine monophosphate (AMP) by adenine
phosphoribosyltransferase (APRT) and then to IMP. ADA adenosine
deaminase, ADSL adenylosuccinate lyase, AK adenosine kinase,
AMPRT amido phosphoribosyltransferase, ATP adenosine triphos-
phate, GTP guanosine triphosphate, IDH isocitrate dehydrogenase,
PNP purine nucleoside phosphorylase, PPRP phosphoribosylpyro-
phosphate
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et al. 2011), has been beneficial for treatment of self-
mutilation in a single LND patient who initially received
SAM for liver detoxification and elevated transaminases
(Bottiglieri 2002; Glick 2006) and was tested in 14 patients
from the Italian LND cohort with unequivocally opposite
effects on patients (Dolcetta et al. 2013). A recent study in
four additional patients (Chen et al. 2014) demonstrated a
positive effect of SAM on the neurological symptoms,
mainly self-mutilation.

Here, we prospectively investigated the effect of SAM in
a double-blind placebo-controlled trial in a single patient
with LND. From the findings of this trial, we suggest that
SAM therapy could be beneficial for control of self-
mutilation in LND.

Methods

Patient Presentation and Clinical Course

We describe a firstborn male child from unrelated healthy
Swiss parents with normal postnatal adaptation. After
normal development during his first 6 months of life,
parents noticed first signs of developmental delay and
muscular hypotonia. Evolution of dystonia and spasticity as
well as orange crystals in the diapers and elevations of uric
acid in blood and urine led to the suspicion of LND. This
was confirmed by enzymatic testing in leukocytes (Labora-
tory of Genetic Metabolic Disease, Erasmus Medical
Center, Rotterdam) at an age of 18 months. Mutation
analysis of the HPRT1 gene showed a c.319-1G>A de
novo mutation in the patient, but not in the mother,
probably leading to a splice defect of the gene. Allopurinol
therapy was started at a low dose (as the only additional
pharmacological treatment at the time of the SAM trial) and
adapted in relation to the uric acid levels in serum and urine
(Fig. 2). The patient showed first self-mutilation attempts at
age 2.5 years by biting his fingers, and this symptom was
progressive leading to severe destruction of lips and
repeated deep oral wounds. Physiotherapy led to some
improvement of hypotonia and spasticity. The patient
became wheelchair bound at age four years. To prevent
malnutrition, supportive gastric tube feeding was initiated at
age 3.7 years. For treatment of sleep disorders and anxiety,
risperidone seemed beneficial.

Planning of Therapeutic Trial and Study Design

Self-mutilation became the most stressful symptom for
patient and parents and led to restraining of hands and legs
for most of the time during days and nights. In an attempt
to quantify self-mutilation attempts, recording by the
parents was started as a pre-study period (Fig. 2). Self-

mutilation attempts were defined as abrupt arm movements
of the patient aimed at biting his fingers or hands. This pre-
study period comprised 165 days, during which 212 self-
mutilation attempts were documented confirming that
recording of these events was feasible and tolerated by the
parents. Later analysis of these recordings showed a
possible association of self-mutilation attempts with pain
and/or infections. In order to evaluate a possible effect of
SAM on the number of self-mutilation events, a double-
blind placebo-controlled trial was performed over eight
months in which the parents continued to record self-
mutilation events. Informed consent of parents was
obtained. The trial consisted of alternating periods of 50
days on either placebo or SAM (verum) (Figs. 2 and 3).
The patient was given capsules with 100 mg SAM twice
daily (corresponding to 17 mg/kg/day) or placebo via his
nasogastric tube. SAM (Abbot AG, Baar, Switzerland) and
placebo were prepared as capsules indistinguishable by
appearance and smell/taste. As this was a therapeutic trial
with a licensed drug in a single patient, there was no need
to obtain formal approval by the local ethical board.

Statistical Analysis

To analyze results, an unpaired t-student test was used with
average of recorded events � standard deviation. Results
were considered significant in case of p < 0.05.

Results

The study was tolerated without adverse events, and total
study duration was 9 months. All periods of the study
(placebo and verum) could be completed as planned with
50 days each. As the only exception, capsules taken in the
last study period changed appearance and smell probably
because of the high temperature and/or humidity in the air
during summer months. Therefore, the study was finished
slightly ahead of schedule. Before unblinding of the study,
the parents mentioned their suspicion of having lastly
received verum based on the recent smell of the compound
and their impression of a clinical improvement during every
second period.

During the entire study period, a total of 1,762 self-
mutilation events were recorded. Of these, 1,281 events
occurred during the placebo periods and 481 during the
verum periods of the study. This corresponds to a
significant reduction of self-mutilation events from
8.6 � 4.75 mean daily events in the placebo periods to
4.5 � 2.57 mean daily events when SAM was taken
(p < 0.001). Based on this almost 50 % reduction of
self-mutilation events (Fig. 3) and based on the parental
impression of a clear therapeutic benefit of SAM when
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study periods were unblinded, SAM was continued at the
same dose (100 mg twice daily) as long-term therapy.

Along increasing allopurinol dosages, levels of uric acid
in blood and urine decreased, while concentrations of
xanthine and hypoxanthine, the latter the best soluble of
the three, increased (Fig. 2).

Discussion

Treatment of LND is symptomatic and often of only limited
efficacy. The result from our placebo-controlled trial in a
single patient showed a clear reduction in self-mutilation
attempts. Self-mutilation is a key symptom in LND and
most often includes biting lips or fingers (Robey et al.

2003). Most patients experience this as involuntary and
request help or try to protect themselves by wearing gloves
(Nyhan 1976). Our patient started self-mutilation with
about 2.5 years, which is in line with other reports
(Anderson and Ernst 1994).

Although we only studied one patient, we tried to
compensate this with a careful pre-study period and a strict
study protocol. In the pre-study period, we ensured
quantification of self-mutilation events as good as this can
be achieved with this partly subjective symptom that
seemed to be associated with tiredness and pain, which is
typical for LND patients. The study itself was double blind
and placebo controlled, lasted 282 days, and was thus the
optimum we could achieve in this n ¼ 1 situation. Another
limitation of our study is the fact that self-injury varies over

Fig. 2 Details of the patient divided into three main groups: clinical
symptoms, diagnostic interventions, and lab monitoring. In the top in
differently colored bars, the clinical manifestations of the disease in
the patient are depicted. Below another bar shows the pre-study period
followed by the SAM trial. The dotted black line indicates the

adjustments of allopurinol therapy. A small drop in uric acid
concentrations can be seen after start of allopurinol therapy, but the
dose had to be adapted several times until urine and blood uric acid
decreased to therapeutic ranges, while urinary xanthine and hypoxan-
thine increased
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time and some of the changes may not be related to SAM.
Nevertheless, while we are aware of these limitations, we
still consider the improvement of the clinical situation
under SAM therapy, as demonstrated by the significant
decrease in self-mutilating events, as very encouraging
because it relieved the physical and psychological distress
for the patient and his family. The result may be further
valuable for the understanding of the pathophysiology of
LND and may open the way for further improvement of
treatment.

SAM treatment has previously been reported in only few
patients (Chen et al. 2014; Dolcetta et al. 2013; Glick
2006); in some of these, supplementation with SAM led to
a drastic reduction in self-mutilation events and very good
clinical outcome. This was investigated with (Dolcetta et al.
2013) or without (Chen et al. 2014; Glick 2006) formal
assessment tools, and we decided here to base effect on
parental judgment and documentation.

Action of LND is not fully understood, but SAM may
replenish adenosine in cells, which can then be formed into
adenosine monophosphate by adenosine kinase, and adeno-
sine triphosphate. Furthermore, IMP can be formed by
adenylosuccinate lyase, which can then be formed to GMP

by isocitrate dehydrogenase, thus replenishing guanosine
triphosphate purines. Purine depletion in tissue culture
models and selective vulnerability of basal ganglia in
HPRT-deficient mice was shown in several studies (Dunnett
et al. 1989; Finger et al. 1988; Jinnah et al. 1992, 1994,
1999), and SAM could act on this by replenishing adenosyl
stores in LND. Other authors discuss a role of SAM in
neurotransmitter synthesis and metabolism (Dolcetta et al.
2013; Miller 2008), but this clearly needs more studies.

Although self-mutilation events cause most stress in
LND, many patients die from renal failure due to
nephrolithiasis. Prevention or treatment of nephrolithiasis
should therefore be a priority, and a lesson can be learned
from management in our patient. Lowering urinary uric
acid concentration, the main therapeutic goal in LND, is
coupled to an increase of renal xanthine and hypoxanthine
excretion, which are a risk of urolithiasis. However, the
solubility of these three metabolites should guide dosing of
allopurinol: uric acid has by far the lowest solubility in
water (10.5 mmol/L, HMBD, http://www.hmdb.ca/), while
hypoxanthine is much better soluble (95.5 mmol/L,
HMBD; this concentration will even with high-dose
allopurinol hardly ever be reached). We thus suggest that

Fig. 3 Graph illustrating the number of self-mutilation events during
the SAM trial. Panel A: Events during trial periods (a bar above the
graph shows placebo periods in green and SAM periods in blue). For
clarity of presentation, each 50-day period is calculated as 5 parts of

10 days each. Panel B: Daily mean � SD of self-mutilation events;
green column represents placebo periods (total days, 154), and blue
column represents verum period (total days, 128). The difference
between the two periods was significant (p < 0.001)
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a high dose of allopurinol should be administered from the
beginning of treatment in LND.

In conclusion, our n ¼ 1 trial could show that SAM
significantly reduces self-mutilating behavior in LND and
may offer an additional therapeutic means adding to current
symptomatic therapy. Furthermore, the course of purine
metabolites in blood and urine underline the recommenda-
tion for an early start of high-dose allopurinol to prevent
development of kidney stones. Finally, the findings of our
study point toward adenosine depletion as a factor in the
still dubious pathophysiology of LND.
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