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Abstract

Dihydropyrimidine dehydrogenase (DPD) deficiency is an
autosomal recessive disorder of the pyrimidine metabolism.
Deficiency of this enzyme leads to an accumulation of thy-
mine and uracil and a deficiency of metabolites distal to the
catabolic enzyme. The disorder presents with a wide clinical
spectrum, ranging from asymptomatic to severe neurologi-
cal manifestations, including intellectual disability, seizures,
microcephaly, autistic behavior, and eye abnormalities.
Here, we report on an 11-year-old Malaysian girl and her
6-year-old brother with DPD deficiency who presented with
intellectual disability, microcephaly, and hypotonia. Brain
MRI scans showed generalized cerebral and cerebellar atro-
phy and callosal body dysgenesis in the boy. Urine analysis
showed strongly elevated levels of uracil in the girl and boy
(571 and 578 mmol/mol creatinine, respectively) and thy-
mine (425 and 427 mmol/mol creatinine, respectively). Se-

quence analysis of the DPYD gene showed that both siblings
were homozygous for the mutation c.1651G>A (pAl-
a551Th r). © 2014 S. Karger AG, Basel

Dihydropyrimidine dehydrogenase (DPD; McKusick
274270) deficiency is a rare disorder of the pyrimidine
metabolism associated with thymine-uraciluria. The clin-
ical spectrum of patients with a complete DPD deficiency
varies considerably, but the most frequently encountered
neurological symptoms documented in pediatric patients
are recurrent seizures and intellectual disability. Other
features present are growth retardation, unusual facial
morphology, microcephaly, autism, ocular malforma-
tions, and abnormal brain anatomy [Braakhekke et al.,
1987; van Gennip et al., 1994; van Kuilenburg et al.,1999;
Fiumara et al., 2003; Enns et al., 2004; Yau et al., 2004].

DPD constitutes the rate-limiting step in the degrada-
tion of the pyrimidine bases thymine and uracil. This
NADPH-dependent reaction converts the bases of thy-
mine and uracil into dihydrothymine and dihydrouracil,
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respectively. These dihydropyrimidines are eventually
catabolized to P-aminoisobutyric acid, P-alanine, and
CO, [Webster et al.,, 2001]. A complete DPD deficiency
leads to excessive accumulation of thymine and uracil in
urine, blood, and cerebrospinal fluid but decreased con-
centrations of metabolites downstream of DPD. Screen-
ing for DPD deficiency relies on the detection of these 2
important markers, uracil and thymine, by gas chroma-
tography mass spectrometry (GCMS) or high-perfor-
mance liquid chromatography (HPLC) with ultraviolet
or tandem mass spectrometry [van Gennip et al., 1997;
van Lenthe et al., 2000].

DPD deficiency is inherited in an autosomal recessive
manner, and the gene DPYD is located on chromosome
1p21.3. Several mutations have been reported, with the
c.1905 + 1G>A mutation being the most frequently re-
ported one [van Kuilenburg et al., 1999].

We report here the clinical, biochemical, and molecu-
lar findings of 2 siblings with DPD deficiency with an un-
usual clinical presentation.

Case Report

The 2 siblings were of Malay ethnicity, their parents were first
cousins. Three older siblings were healthy, and there was no sig-
nificant family history.

The first affected child, an 11-year-old girl, was born full term
via spontaneous vaginal delivery with a birth weight of 3.3 kg and
normal antenatal and postnatal history. Her development was nor-
mal until the age of 5 months when she developed fever and con-
vulsion. Initially, there was a regression of her developmental mile-
stones, but she subsequently progressed, albeit slowly. She was hy-
potonic and developed recurrent convulsions during fever at the
age of 11 months but became convulsion-free by the age of 3 years.
The patient was referred to the pediatric neurology clinic at the age
of 5 years together with her similarly affected younger brother.
Clinical examination showed microcephaly but no abnormal body
morphology. She had spastic diplegia and showed a marked intel-
lectual disability. Her brain MRI yielded normal results. She had
repeated bouts of aggressive behavior and is currently attending a
special education program. She can walk with support and is self-
supporting with her personal hygiene.

Her affected brother was born full term via spontaneous vagi-
nal delivery with a birth weight of 2.7 kg. He was well in the first
few months after birth but became symptomatic at 7 months of age
when he developed recurrent convulsions and subsequently devel-
oped only very slowly. Evaluation at the age of 5 years showed in-
tellectual disability, spasticity, and microcephaly without any un-
usual morphological signs. MRI of his brain showed a general ce-
rebral and cerebellar atrophy without atrophy of the pons (figs. 1,
2). The rostrum of the corpus callosum was absent, the anterior
part was thin, and the anterior and posterior commissures were
absent. There were no heterotopias. As a coincidental finding, a
dermoid cyst was noticed in the floor of the left middle cranial
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Fig. 1. MRI scan of the 5-year-old boy showing hypogenesis of the
corpus callosum (arrow).

Fig. 2. MRI scan of the 5-year-old boy showing ventriculomegaly
(arrowhead) and hypogenesis of the corpus callosum (arrow) (ab-
sence of splenium).

fossa. Electroencephalography showed continuously high ampli-
tude (400 uV) slow waves (0.5-2.5 Hz) compatible with a general
encephalopathy.

In view of the parental consanguinity and the neurological ab-
normalities in the sibs, the family was referred to evaluate whether
a genetic disorder could be present. Screening for inborn of errors
of metabolism was requested at the age of 11 (sister) and 6 (broth-
er) years.

Material and Methods

Metabolic screening included dipstick (glucose, ketone, pH,
and reducing sugars), acylcarnitine analysis, plasma amino acid
and urine organic acid. Urine organic acid analysis by GCMS was
performed as described before [Sweetman, 1991]. Measurement of
purine and pyrimidine bases was performed using Agilent 1200
HPLC equipped with a reverse phase column and coupled with a
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multi-wavelength Diode Array Detector, as described elsewhere
[Chen et al, 2012].

Molecular genetics studies were performed after written paren-
tal informed consent. EDTA-blood samples were collected from
the probands, and DNA was isolated using standard methods. The
DPYD mutation analysis was performed essentially as described
before [van Kuilenburg et al., 2000].

Results

Initial biochemical investigations in both patients
were unremarkable. The plasma amino acids profile
showed significantly increased glycine (535 umol/l, refer-
ence range: 125-318 pmol/l), alanine (853 umol/l, refer-
ence range: 145-475 umol/l) and proline levels (374
umol/l, reference range: 40-332 umol/l) which may sug-
gest lactic acidosis, mitochondrial dysfunction or an in-
fluence of medications. Serine (281 umol/l, reference
range: 93-176 umol/l) and glutamate (232 umol/l, refer-
ence range: 11-79 umol/l) levels were also non-specifical-
ly elevated. Subsequent analysis of urine organic acids
demonstrated 2 large peaks of uracil and thymine without
dihydropyrimidines, which was very suggestive of DPD
deficiency. The analysis of pyrimidine metabolites showed
excessive excretion of uracil and thymine with mildly in-
creased concentrations of 5-hydroxymethyluracil. The
sister presented with high levels of uracil (571 mmol/mol
creatinine, reference range: 2-32 mmol/mol); thymine
(425 mmol/mol creatinine, reference range: <1 mmol/
mol), and 5-hydroxymethyluracil (21 mmol/mol creati-
nine, reference range: <1 mmol/mol). Her younger broth-
er’s urine sample also showed markedly increased levels
of uracil, thymine, and 5-hydroxymethyluracil: 578, 427,
and 55 mmol/mol creatinine, respectively.

Molecular analysis of DPYD showed that both pa-
tients were homozygous for the mutation c.1651G>A
(pAla551Thr) which is a rare mutation not present in the
exome variant servers (EVS) of the National Heart, Lung
and Blood Institute GO Exome Sequencing Project (URL:
evs.gs.washington.edu/EVS/) and in the Database of Single
Nucleotide Polymorphisms (dbSNP, Bethesda; URL:
http://www.ncbi.nlm.nih.gov/SNP/). In the 1000 Genomes
Project database, the sequence data of 286 individuals (572
chromosomes) of East Asian Ancestry, the same ethnic
background as our patients, are included, and in this pop-
ulation the ¢.1651G>A mutation has not been identified.
The parents were found to be carriers of the same mutation
with normal excretion levels of uracil and thymine. This
mutation has been reported before [van Kuilenburg et al.,
2005]. Analysis of the DPD crystal structure had suggested
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that the A551T point mutation might prevent the binding
of the prosthetic group FMN and affect the folding of the
DPD protein [van Kuilenburg et al., 2005].

Discussion

DPD deficiency was first proposed in 1981 in the case
of a patient with thymine-uraciluria [van Gennip et al,,
1981] and subsequently, Bakkeren et al. [1984] described
the first case of a proven DPD enzyme deficiency in a
child with unexplained convulsions and excessive excre-
tion of urinary uracil and thymine in urine, blood, and
cerebrospinal fluid. The presence of abnormal 5-hy-
droxymethyluracil metabolites is another important bio-
chemical marker used to support the diagnosis of DPD
deficiency. However, the precise origin of 5-hydroxy-
methyluracil in DPD-deficient patients is unknown. In
the presence of reactive oxygen species, thymine in the
DNA can be oxidized, and upon DNA repair, 5-hydroxy-
methyluracil is excreted in the urine [Krokan et al., 2002].
In this respect, it should be noted that increased oxidative
stress has been noted in DPD-deficient patients [van Kui-
lenburg et al., 2006]. To date, over 50 DPD-deficient pa-
tients have been described. Most of the earlier reported
cases were from Europe, in particularly from the Nether-
lands. The latter might be due to the fact that screening
for inborn errors of purine and pyrimidine (PP) metabo-
lism is part of a general metabolic screening program in
the Netherlands. Since introducing the diagnostic service
for PP metabolic disorders in Malaysia in 2007, we have
identified several rare inborn errors of PP metabolism,
including 4 patients (0.16%) with DPD deficiency out of
2,433 urine samples collected from patients with sugges-
tive clinical features such as intellectual disability, global
developmental delay, seizures, microcephaly, abnormal
behavior, and autism. The earlier reported cases in Ma-
laysia were an 8-year-old Indian girl who presented with
developmental delay and a 1-month-old boy who had
neonatal encephalopathy with seizures [Chen etal.,2012].
The finding of 2 other individuals with a DPD deficiency
in Malaysia indicates that DPD deficiency may be more
common in Malaysia than previously thought.

Considerable variations in clinical symptoms have
been reported in individuals with DPD deficiency, but
most patients presented with neurological symptoms
[van Kuilenburg et al., 1999]. However, asymptomatic in-
dividuals have also been identified in family studies and
population screening [Bakkeren et al., 1984; van Kuilen-
burg et al., 1999]. Previously, the c.1651G>A mutation
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was detected in the parents of a deceased DPD-deficient
patient who had a history of epileptic manifestation in
earlier childhood, encephalopathy, prolonged hypoventi-
lation, developmental delay and failure to thrive, and
MRI abnormality [Enns et al., 2004; van Kuilenburg et al.,
2005]. The clinical and biochemical findings of the pres-
ent siblings are in line with those described previously for
DPD-deficient patients with the exception of the brain
abnormalities which have been only occasionally de-
scribed [Enns et al., 2004]. The majority of the hitherto
reported DPD-deficient patients is initially doing well af-
ter birth and is becoming symptomatic at 5-7 months of
age with recurrent seizures and subsequently regression
of the motor and cognitive development. The Malaysian
girl described in this paper presented initially with hypo-
tonia, but subsequently she and her brother had spastic
diplegia. Her aggressive behavior was marked and has not
often been reported in other patients with DPD-deficien-
cy [van Kuilenburg et al., 2009]. Her MRI brain scan
showed no abnormalities; her brother’s scan was unusual
for a DPD-deficiency patient and appears more consis-
tently associated with B-ureidopropionase-deficient pa-
tients where generalized brain atrophy and callosal body
dysgenesis are common [van Kuilenburg et al., 2012].
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There is currently no effective therapy for DPD defi-
ciency. Identification of the disorder and genetic status is
important as several studies have reported that DPD de-
ficiency and also polymorphisms in DPYD have been as-
sociated with severe (lethal) 5-fluorouracil toxicities [Wei
etal., 1998; van Kuilenburg et al., 2000; Raida et al., 2001].

In conclusion, we report on 2 siblings with DPD defi-
ciency and their unusual neurological and behavioral
symptoms. We emphasize that infants and children pre-
sented with a similar neurological and behavioral pheno-
types should be screened for a possible DPD deficiency.
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