This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids

MICIEOS.idES} Publication details, including instructions for authors and subscription information:
Niucleotides http://www.informaworld.com/smpp/title~content=t713597286

Dihydropyrimidine Dehydrogenase Deficiency Caused by a Novel

Genomic Deletion ¢.505_513del of DPYD

A. B. P. van Kuilenburg?; J. Meijer; G. Gokcay”; T. Baykal’; M. E. Rubio-Gozalbo®; A. N. P. M. Mul?; C.
E. M. de Die-Smulders®; P. Weber?; A. Capone Moris; J. Bierau; B. Fowler?; K. Mackef; J. O. Sass¢; R.
Meinsma?; J. B. Hennermann®; P. Miny%; L. Zoetekouw? J. Roelofsen?; R. Vijzelaar'; J. Nicolai R. C. M.
L - Hennekam?

T @ Academic Medical Center, Amsterdam, the Netherlands  Istanbul University, Istanbul, Turkey ©
University Hospital Maastricht, Maastricht, the Netherlands ¢ University Children's Hospital Basel,
Basel, Switzerland ¢ Children's Hospital Aarau, Aarau, Switzerland f Rheinhessen-Fachklinik, Alzey,
Germany ¢ Universititsklinikum Freiburg, Freiburg, Germany " Charité Universitaetsmedizin Berlin,

WOLLUME 24 MNUMBER 4 i)

Berlin, Germany ' MRC-Holland b.v., Amsterdam, the Netherlands

Online publication date: 11 June 2010

To cite this Article van Kuilenburg, A. B. P. , Meijer, J. , Gokcay, G. , Baykal, T., Rubio-Gozalbo, M. E. , Mul, A. N.P. M.,
de Die-Smulders, C. E. M., Weber, P., Mori, A. Capone , Bierau, ]J., Fowler, B. , Macke, K., Sass, J. O., Meinsma, R. ,
Hennermann, J. B., Miny, P., Zoetekouw, L. , Roelofsen, J., Vijzelaar, R. , Nicolai, J. and Hennekam, R. C. M.(2010)
'Dihydropyrimidine Dehydrogenase Deficiency Caused by a Novel Genomic Deletion ¢.505_513del of DPYD),
Nucleosides, Nucleotides and Nucleic Acids, 29: 4, 509 — 514

To link to this Article: DOI: 10.1080/15257771003730227

URL: http://dx.doi.org/10.1080/15257771003730227

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1080/15257771003730227
http://www.informaworld.com/terms-and-conditions-of-access.pdf

19: 08 25 January 2011

Downl oaded At:

Taylor & Francis

Taylor & Francis Group

Nucleosides, Nucleotides and Nucleic Acids, 29:509-514, 2010
Copyright © Taylor and Francis Group, LLC
ISSN: 1525-7770 print / 1532-2335 online

DOI: 10.1080/15257771003730227

DIHYDROPYRIMIDINE DEHYDROGENASE DEFICIENCY CAUSED
BY A NOVEL GENOMIC DELETION ¢.505 513del of DPYD
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o Dihydropyrimidine dehydrogenase (DPD) deficiency is an autosomal recessive disorder of the
pyrimidine degradation pathway. In a patient presenting with convulsions, psychomotor retardation
and Reye like syndrome, strongly elevated levels of uracil and thymine were detected in urine. No
DPD activity could be detected in peripheral blood mononuclear cells. Analysis of the gene encoding
DPD (DPYD) showed that the patient was homozygous for a novel ¢.505_513del (p.169-171del)
mutation in exon 6 of DPYD.
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INTRODUCTION

Dihydropyrimidine dehydrogenase (DPD, EC 1.3.1.2) is the initial and
rate-limiting enzyme in the catabolism of the pyrimidine bases. It cat-
alyzes the reduction of uracil and thymine to 5,6-dihydrouracil and 5,6-
dihydrothymine, respectively. DPD deficiency is an autosomal recessive
disorder characterized by thymine-uraciluria in patients with a complete
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enzyme deficiency. In children, deficiency of DPD is often accompanied by
a neurological disorder, but a considerable phenotypic variability has been
reported among these patients.!!=4

DPD is also responsible for the breakdown of the widely used antineo-
plastic agent 5-fluorouracil (5FU). In this light, a pharmacogenetic disorder
has been described concerning oncologic patients with a complete or partial
deficiency of DPD suffering from severe toxicity, including death, following
the administration of 5FU.[>%! A number of these patients proved to be het-
erozygous for a mutant allele of the gene encoding DPD (DPYD).[”! The
identification of novel genetic events underlying a DPD deficiency is essen-
tial to gain an understanding of the phenotypic variability of the disease,
as observed in patients with a complete deficiency, and to identify cancer
patients at risk of fluoropyrimidine toxicity.

MATERIALS AND METHODS
Analysis of Pyrimidine Bases and DPD Activity

The pyrimidine bases uracil and thymine in urine and plasma were an-
alyzed using HPLC electrospray tandem mass spectrometry, as described
before.!® The activity of DPD was determined in peripheral blood mononu-
clear (PBM) cells using radiolabeled thymine followed by separation of radi-
olabeled thymine from radiolabeled dihydrothymine using reversed-phase
HPLC."!

Mutation Analysis of DPYD

DNA was isolated from EDTA blood using the NucleoSpin Tissue kit
(Macherey-Nagel, Duren, Germany). PCR amplification of all 23 coding ex-
ons and flanking intronic regions was carried out using intronic primer sets,
as described before.[”! Sequence analysis of genomic fragments amplified by
PCR was carried out on an Applied Biosystems model 3730 automated DNA
sequencer using the dye-terminator method.

RESULTS

The patient was a 16-month-old girl born by caesarean section because
of foetal distress. Initial symptoms were poor sucking, respiratory distress,
generalized convulsions and Reye like syndrome at the age of 10 days.
The patient was treated with peritoneal dialysis and benzoate with good re-
sponse. At the age of 40 days, the patient presented with mild hepatomegaly.
Subsequently, the patient showed a transient failure to thrive, hyperto-
nia, and developmental milestones were mildly delayed. Initial laboratory
analysis showed hypoglycaemia, elevated blood lactate and ammonia levels.
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FIGURE 1 Sequence analysis of part of exon 6 of DPYD. Part of the coding sequence of exon 6
(c.493.526) is shown for the patient and a control. The deleted region ¢.505.513 is indicated by the
arrow and underlined in the control.

Quantitative amino acid analysis in urine gathered in the period of acute
illness showed a generalized hyperaminoaciduria, which was thought to
be explained by the illness and renal tubular immaturity. The acylcar-
nitine profile was unremarkable. Analysis of a urine sample for purine
and pyrimidine metabolism disturbances showed strongly elevated levels
of uracil (766 pmol/mmol creatinine; controls 7 + 6 pumol/mmol crea-
tinine, n = 112) and thymine (637 umol/mmol creatinine; controls 0.1 £
0.3 pmol/mmol creatinine, n = 112). In addition, 5-hydroxymethyluracil was
present (25 umol/mmol creatinine) which is normally not detected in urine.
Highly elevated concentrations of uracil (27 uM; controls <0.4 uM; n = 40)
and thymine (41 uM; controls <0.1 uM; n = 40) were detected in plasma as
well. The DPD activity in PBM cells was undetectable (<0.018 nmol/mg/h;
controls: 9.9 £+ 2.8 nmol/mg/h).

Analysis of DPYD for the presence of mutations showed that the pa-
tient was homozygous for a novel ¢.505_513del mutation in exon 6 of DPYD
(Figure 1). Asaresult the mature mRNA lacks a 9 nucleotide segment encod-
ing the amino acids 169-171. Carrier analysis showed that the parents of the
patient were heterozygous for the c.505_513del (p.169_171del) mutation.

DISCUSSION

Dihydropyrimidine dehydrogenase (DPD) deficiency is an infrequently
described autosomal recessive disorder of the pyrimidine degradation path-
way. Various mutations and polymorphisms have been identified in the DPD
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gene (DPYD) leading to a phenotype that is mainly characterized by mental
and motor retardation and convulsions. To date, the pathological mech-
anism underlying the various clinical abnormalities is still not known. An
altered homeostasis of the f-aminoisobutyric acid, a downstream product
of thymine, might underlie some of the cerebral dysfunctions often seen in
patients with a DPD deficiency.!'"]

The analysis of DPYD in paediatric patients with a complete DPD defi-
ciency has contributed significantly to the identification of disease-causing
mutations.!!'"3] DPYD is present as a single copy gene on chromosome 1p21.3
and consists of 23 exons.!!] A physical map indicates that DPYD is at least
950 kb in length with 3 kb of coding sequence and an average intron size
of about 43 kb.l'!} Recently, it has been shown that the common fragile site
FRAIE extended over 370 kb within DPYD and the region with the highest
fragility encompassed the central part of DPYD including exons 13-16.[!2
Common fragile sites represent chromosomal structures that are particularly
prone to breakage under replication stress and the genomic instability can
give rise to deletions, translocations, and amplifications. !%

To date, only four deletions have been described in patients with a com-
plete DPD deficiency, resulting in a deletion of 1 to 4 nucleotides of the cod-
ing exons of DPYD (Figure 2). These include the mutations c.100delA,!*
¢.299_302delTCAT, " ¢.1041_1041delTG,"™) and the ¢.1897delC.1") In ad-
dition, large intragenic rearrangements of DPYD have been identified in
severely affected patients with a DPD deficiency.l'®! In three patients, in-
cluding two siblings, a 13.8 kb deletion of exon 12 was found and in one
patient a 122 kb deletion of exon 14-16 of DPYD. In the fifth patient, a
c.299_302delTCAT mutation in exon 4 was found in addition to loss of
heterozygosity of the entire DPD gene. Further analysis demonstrated a de
novo deletion of approximately 14 Mb of chromosome 1p13.3-1p21.3, which
included DPYD.!'®) Thus, the finding of a novel ¢.505_513del mutation in
exon 6 of DPYD in our patientindicates that screening for genomic deletions

del(1){p13.3p21.3)
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FIGURE 2 Organization of DPYD: DPYD consists of 23 exons with an open reading frame of 3075 bp.
The different deletions identified in patients with a complete DPD deficiency are indicated.
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should be considered using for example sequence analysis combined with
multiplex ligation-dependent probe amplification and array-based com-
parative genomic hydridization for the relative quantification of genomic
sequences.
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