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Abstract

Purpose: Lesch-Nyhan syndrome (LNS) is an X-linked recessive disorder of purine
metabolism with a defect in the activity of hypoxanthine-guanine phosphoribosyl
transferase (HPRT). The aim of this study was to describe 2 cases of LNS, who were very
difficult to be diagnosed.

Methods: Two cases of LNS were described: 6-month-old and 13-month-old children with
delayed development, increased muscle tone, and kidney problem (hydronephrosis and
nephrocalcinosis respectively).

Results: Diagnosis of LNS can be missed because 1) it is a very rare disease, 2) the usual
laboratory serum uric acid level is based on adult men, not children, 3)some patients may
only have hyperuricosuria, not hyperuricemia 4) clinical manifestations of LNS vary at
different ages, 5) neuroimaging cannot help diagnose LNS, and 6) normal result of HPRT1
gene cannot rule out the diagnosis of LNS, and an analysis of HPRT activity is further
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Introduction

Lesch-Nyhan syndrome (LNS) is an X-linked recessive disorder
of purine metabolism by mutation in Xq26 with a prevalence of
1:100,000 to 1: 380,000,'? and there is a defect in the activity of the
enzyme hypoxanthine-guanine phosphoribosyl transferase (HPRT).?
It was first described at John Hopkins Hospital in 1964 by Michael
Lesch and William Nyhan who encountered two brothers with unusual
symptoms: severe retardation of motor development, choreoathetosis,
dystonia, crystals in the urine, and self-mutilation.'

Patients with LNS show hyperuricemia-related, neurologic, and
behavioral features.*® These symptoms may manifest at different
periods. Furthermore, the phenotype of LNS varies and depends on the
level of HPRT activity. Classic LNS is observed with a level of HPRT
activity<2%, which involves significant motor and neurocognitive
defects and the characteristic behavior of self-mutilation. The mildest
phenotype of LNS variant is HPRT-related hyperuricemia with the
level of HPRT activity>8%, and only hyperuricemia manifests. The
intermediate phenotype is HPRT-related neurological dysfunction
with 2-8% level of HPRT activity, and problems related to uric acid,
along with varying degrees of motor, neurocognitive, and behavior
problems.®* When the patient shows characteristic features of LNS, it
is relatively easy to diagnose the disease. However, if a patient is very
young and only shows mild symptoms of LNS, a diagnosis of LNS
may be challenging. We described 2 cases of LNS: 6-month-old and
13-month-old children with delayed development, increased muscle
tone, and kidney problem (hydronephrosis and nephrocalcinosis
respectively), who were very difficult to be diagnosed.

Clinical Presentation

Case |

A 6-month-old child visited the outpatient clinic for delayed
development. He was born by caesarean section at the gestational age

of 38+4 weeks and weighted 2600 g. There was no abnormal family
history. On his fetal ultrasonography, both hydronephrosis were
observed, and he was followed up with ultrasonography after birth;
no definite change was observed. His sucking power was relatively
weak, but oral feeding was possible. At 6 months old, he had a height
and weight of 70.2 cm (70 percentile) and 8.5 kg (50 percentile),
respectively, with a head circumference of 45 cm (70 percentile). He
could make eye contact with other people, smile, babble, and hold
objects in his hand. However, he could not control his neck perfectly
or roll his body. He showed head lagging with traction reaction, and
he could hold his head up to 45° in prone position. His sitting balance
was poor, and he had no facial dysmorphism. He showed no primitive
reflexes, and increased muscle tone in the bilateral upper and lower
extremities were observed. Deep tendon reflexes were hyperactive,
and he neither had ankle clonus nor Babinski’s sign.

Results of a Denver Developmental Screening Test performed at
6 months were as follows: personal-social, 3-4 months; fine motor-
adaptive, 4-6 months; language, 6 months; and gross motor, 2 months.
Magnetic resonance imaging (MRI) of the brain at 6 months old
showed mild, diffuse thinning of the corpus callosum, mildly decreased
white matter volume with enlarged extra-axial cerebrospinal fluid
space, and delayed myelination (Figure 1). Since the development of
gross motor skill was poorer than other categories of development
and hypertonicity was observed in physical examination, MRI of the
cervical spine was performed and showed no abnormal finding.

Tandem mass spectrometry screening, chromosome analysis, the
test of microdeletion syndrome, amino acid analysis, and organic acid
analysis in urine showed nonspecific findings. An increased uric acid/
creatinine ratio in the urine (6.19 mg of uric acid/mg of creatinine)
was observed, but the serum uric acid level showed mild elevation
(6.6mg/dL), which was first thought to be within the upper normal
limit (normal range in our laboratory: 3-7mg/dL). Therefore, increased
uric acid/creatinine ratio in the urine was considered associated with
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hydronephrosis. LNS was not considered in the differential diagnosis,
because it is a very rare disease. However, orange crystals in the diaper
were found during history taking, and the serum uric acid level was
considered elevated based on the previous reference’ that a normal
serum uric acid level is 3.6+0.9 mg/dL in children aged <5. With
evidence of crystalluria and an increased uric acid level in the serum
and urine, LNS was suspected. After consulting with the Department
of Genetics, a genetic study was performed, and exon 1 deletion
of the HPRT1 gene was observed, which is consistent with LNS.
Subsequently, treatment with oral allopurinol to control serum uric
acid level and oral baclofen to control hypertonicity were initiated.
Genetic study of his mother showed no abnormality, indicating the de
novo mutation of HPRT1 gene in the patient.

Figure | Brain magnetic resonance imaging showing mild, diffuse thinning of
the corpus callosum, mildly decreased white matter volume with enlarged
extra-axial cerebrospinal fluid space, and delayed myelination.

He underwent rehabilitation for delayed development; however,
his development was very slow. Results of the Bayley Scale of
Infant Development-1I (BSID-II) performed at 12 months were as
follows: mental and psychomotor development indices were<50,
and developmental age was 5 months for cognition, 5 months for
language, 2 months for fine motor skills, and 2-3 months for gross
motor skills. Rolling was possible at the age of 13 months, but head
control was still not perfect. At the age of 14 months, lip biting began,
and serial follow up was decided for mouth guard.

He continues to receive treatments for LNS and to participate in the
rehabilitation treatment program, and is followed up by Departments
of Pediatric Rehabilitation Medicine, Pediatric Neurology, Genetics,
Pediatric Nephrology, and Pediatric Odontology.

Case 2

A 13-month-old child visited the outpatient clinic for delayed
development. He was born by caesarean section at the gestational
age of 39+5 weeks and weighted 2470 g. There was no abnormal
family history. He could control his head at 3 months however,
delayed development appeared after then: roll over at 11 months. At
13 months old, he had a height and weight of 78 cm (15 percentile)
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and 8.9 kg (10 percentile), respectively, with a head circumference of
44 cm (10 percentile). He could make eye contact with other people,
smile, babble, and say mama and papa. However, he could not sit or
creep. He showed no primitive reflexes, and increased muscle tone in
the bilateral upper and lower extremities were observed. Deep tendon
reflexes were hyperactive and he had equinovarus feet.

He had global developmental delay and the results of the BSID—
IT performed at 13 months were as follows: mental development
index was 59; psychomotor development index was below 50; and
developmental age was 6-7 months for cognition, 11-12 months for
receptive language, 11 months for expressive language, 6-7 months
for fine motor skills, and 5-6 months for gross motor skills. Magnetic
resonance imaging (MRI) of the brain at 6 months old showed no
abnormal finding.

Chromosome analysis showed nonspecific findings. Serum uric
acid level showed mild elevation (7.5mg/dL), and an increased
uric acid/creatinine ratio in the urine (4.49 mg of uric acid/mg of
creatinine) was observed. On his kidney ultrasonography, multifocal
intramedullary hyperechoic foci in both kidneys were observed,
which present early findings of medullary nephrocalcinosis. With
evidence of an increased uric acid level in the serum and urine, LNS
was suspected, however, genetic study performed at the Department
of Genetics showed no mutation detected in coding region of HPRT1
gene. Nevertheless, based on his clinical manifestations (delayed
development, more in motor than in the cognitive category, and
increased muscle tone) and laboratory findings (increased serum uric
acid level and uric acid/creatinine ratio in the urine), LNS was still
suspected. HPRT activity in erythrocytes was additionally analyzed,
and it showed total deficient status (0.0 micromol/min/g Hb) (reference
range: 3.5-6.0 micromol/min/g Hb), which is consistent with LNS.
After diagnosed with LNS, treatment with oral allopurinol and oral
baclofen were initiated. Ankle-foot-orthosis was recommended to
control increased muscle tone at both ankles.

Atthe age of 15 months, sitting with two hand support and creeping
were possible. He continues to receive treatments for LNS and to
participate in the rehabilitation treatment program, and is followed up
by Departments of Pediatric Rehabilitation Medicine, Genetics, and
Pediatric Nephrology.

Discussion

LNS can be one of the causes of delayed development in children.
As in the present case, accurate diagnosis of LNS is difficult when
the main complaint is delayed development in a young child. In a
previous literature review of patients with LNS,® The average age at
the time of case description was 9.5 years, with a range of 1 day to
33 years.

There are a few reasons for the possibility of missing the diagnosis
of LNS. First, it is a very rare disease.” Therefore, LNS is not
commonly included in the differential diagnosis when a young child
has delayed development.

Second, physicians should be careful with accepting a conclusion
that the serum uric acid level is normal based on a laboratory whose
norms were established for adult men in whom hyperuricemia is
common.® The normal serum uric acid level in children is different
from that in adults. According to previous literature, it is 3.6+0.9 mg/
dL in children aged <5 years and 4.1+£1.0 mg/dL in children aged
between 5 and 10 years;[7] these led to the conclusion of an elevated
serum uric acid level in the first case of this report.
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Third, although most patients present with hyperuricemia (uric
acid level, usually 9-12 mg/dL), some patients with efficient uric acid
excretion may only have hyperuricosuria, not hyperuricemia.[3-5]
Therefore, not only uric acid level in the serum, but also that in the
urine should be checked in a child with delayed development, and
hyperuricosuria without hyperuricemia should not be missed as the
sign of LNS. Hyperuricosuria can be detected by a 24-hour urine or
spot urine sample. In a 24-hour sample, patients with LNS generally
excrete 40-69 mg of uric acid per kg of body weight per day, compared
to 18 mg in normal children.* However, microorganisms may consume
purines, including uric acid, in a 24-hour urine sample, resulting in an
inaccurate result. In contrast, a spot urine sample is more convenient
to collect and analyze promptly for the uric acid/creatinine ratio.
Three to 4 mg of uric acid/mg of creatinine is observed in patients
with LNS compared to <1 in normal children older than 1 year.* The
increased uric acid/creatinine ratio in the above cases was the key
finding for us to suspect LNS. In our literature review, the finding of a
serum uric acid level>4-5mg/dL and a urine uric acid/creatinine ratio
of 3-4 is known to be highly suggestive of LNS.*

Fourth, clinical manifestations of LNS vary at different ages, and
a child, especially a young child, may not have typical symptoms of
LNS. Most patients with LNS seem normal at birth and during the first
months of life, except a few cases with hypotonia, recurrent vomiting,
and difficulty with secretions.* Clinical manifestations of LNS vary
and include hyperuricemia-related, neurologic, and behavioral
problems. The first sign of the disease is orange sand in the diaper
(crystalluria), and it allows early diagnosis before development of
neurologic or behavioral features, but it is easily missed in the clinical
field. A deficiency of the HPRT enzyme result in hyperuricemia, and
the symptoms related to it include urinary tract calculi, urinary tract
infection, chronic tophaceous gout, renal failure, and rarely acute
gouty arthritis. Regarding neurologic symptoms, defective motor
development is apparent between 6 and 12 months old, and patients
fail to reach developmental milestones with poor head control.[3]
Patients with classic LNS do not learn to walk, and most do not sit
alone. Muscle tone is variable, including hypotonia and hypertonia.
Involuntary movements are seen in almost all patients, usually between
12 and 18 months (range 1 month to 6 years),>** and pyramidal
features are sometimes seen. Impaired mental development is also
observed, but a few patients show normal or near normal intelligence.
Dysarthria, apraxic discoordination of the lips and tongue, and
dysfunction of ocular motor activity are sometimes seen.> Behavioral
features are integral to the disease, and self-mutilation occurs in all
patients with classic LNS,’ usually between 2 and 4 years, with the
most characteristic features of self-destructive biting of the lips and
fingers. Sometimes head banging and mutilation of the eyes and legs
also appears.* There is a tendency for them to improve with age and
the symptoms to disappear by the end of the first decade of life. The
differential diagnosis of self-injury includes the De Lange syndrome,
dysautonomia, fragile X syndrome, Prader-Willi syndrome, and
Smith-Magenis syndrome.’ The most distinguishing features of LNS
appear after 12 months (12-18 months for involuntary movements and
2-4 years for self-mutilation on average); therefore it is difficult to
diagnose LNS around 6 months.

Fifth, neuroimaging including brain computed tomography and
MRI cannot help diagnose LNS, since most of the results are normal,
except in a few cases with brain atrophy.®

Sixth, normal result of HPRT1 gene cannot rule out the diagnosis
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of LNS, and an analysis of HPRT activity is needed in this case.
There are a few methods in diagnosing LNS. First method, which
is an analysis of HPRT activity in erythrocytes,[10] has been used
since the report by Seegmiller et al.,'" in 1967, which showed the
enzymatic activity of HPRT approaches zero in the erythrocytes of
patients with classic LNS. Simple testing of enzyme activity has a
limitation in carrier detection, because activity in heterozygotes is
normal.'? Second method is an analysis of mutation of the HPRT1
gene, which is located on the long arm of the X chromosome (Xq26.1)
and encodes human HPRT. It is about 44-kb long, composed of nine
exons and transcribed into a 1.6-kb mRNA which encodes a protein of
218 amino acids." It has strengths in carrier and prenatal diagnosis.®
However, normal result of HPRT1 gene cannot rule out the diagnosis
of LNS, as in the second case of this report. There were some
previous studies'*'® which reported LNS patients with enzyme proven
deficiency of HPRT and no mutation detectable in the HPRT1 gene, in
whom decreased mRNA expression of HPRT were found. It suggests
that the deficiency of the enzyme might be caused by mutations in
regulating elements that determine gene expression, such as promoter
and intronic sequences. There is a possibility that decreased mRNA
expression of HPRT might be found in the second case of this report,
which was not further investigated.

There is no curative treatment for LNS, but symptomatic
treatments are possible. Allopurinol, which is a xanthine oxidase
inhibitor, is effective in reducing the uric acid concentration and
alleviating all of its direct clinical consequences. However, it has
no effect on the development of the neurobehavioral symptoms of
LNS." To treat neurologic symptoms, rehabilitation and drugs such
as muscle relaxants, benzodiazepine, and carbamazepine can be
used.’ There is no effective treatment for self-mutilation. Encouraging
purposeful activity is recommended to replace self-injurious
behavior, and physical restraints and flexible arm splints are used to
decrease finger biting. Sometimes, the selective removal of teeth is
performed reluctantly.® Treatments with deep brain stimulation'” and
S-Adenylmethionine'® has been reported, and these are promising
methods for treating self-mutilating behavior associated with LNS.
Additionally, pharmacologic approaches to therapy based on the
neurotransmitter imbalance and gene therapy have not yet been
successful in vivo, but this is a promising direction.

With active medical treatment, patients with LNS can survive up
to their 20-30s, but renal failure occurs in 10 years without treatment.’
Causes of death include complications of renal failure and aspiration
pneumonia; however, some patients die suddenly without known
causes.>® The early diagnosis can prevent renal complications;
therefore, finding clues for the disease and making an early diagnosis
of LNS are necessary.

In conclusion, LNS can be one of the causes in a child with
delayed development, and early detection of LNS is challenging when
there are only mild symptoms without typical symptoms. The urine
uric acid/creatinine ratio should be checked in children with delayed
development, and physicians should be careful in interpreting a serum
uric acid level based on the child’s age. When there is hyperuricosuria
with or without hyperuricemia, LNS should be suspected, and to
confirm the diagnosis, both analyses of HPRT activity and HPRT1
gene are sometimes needed. Furthermore, a history of orange crystals
in children’s diapers should not be missed. The early diagnosis and
treatment of LNS would definitely reduce renal complications,
leading to longer life expectancy.
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