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â��Malignant Phenylketonuriaâ�� (PKU) Due to Dihydropteridine
Reductase (DHPR) Deficiency

Abstract:

A Ventzke, J Hoffmann, E Crushell, A Monavari, PD Mayne, I Knerr
National Centre for Inherited Metabolic Disorders, Children’s University Hospital, Temple St, Dublin 1

Abstract

DHPR deficiency is a rare autosomal recessively inherited metabolic disorder of tetrahydrobiopterin (BH4) regeneration.
Clinical symptoms may comprise microcephaly, developmental delay, ataxia and seizures. BH4 is the cofactor for the
enzyme phenylalanine (Phe)hydroxylase (PAH), and for tryptophan and tyrosine hydroxylases, both of which are essential
for serotonin and dopamine biosynthesis. We present four patients in two families who are being treated at the National
Centre for Inherited Metabolic Disorders (NCIMD). All are members of the Irish Traveller population. We have identified
a homozygous mutation, c.353C>T, in the DHPR (QDPR) gene which, to the best of our knowledge, has not been previously
described. The mainstay of treatment is a life-long Phe-restricted diet together with supplementation of L-dopa and
5-hydroxy tryptophan (5-HT) and folinic acid. In Ireland, there is neurological comorbidity in our adult DHPR patients,
although the overall outcome is satisfactory and one affected female has three healthy children.

Introduction

Phenylalanine (Phe) hydroxylase (PAH) is a key enzyme in amino acid metabolism, converting Phe into tyrosine, using
tetrahydrobiopterin (BH4) as its co-factor. Defects in BH4 metabolism, including dihydropteridine reductase (DHPR)
deficiency, are referred to as â��malignantâ�� or atypical phenylketonuria (PKU) as distinct from classical PKU which
refers to a defect in PAH apo-enzyme. DHPR is involved in a salvaging process of BH4. There are other BH4-dependent
enzymes involved in neurotransmitter synthesis including tyrosine hydroxylase, which converts tyrosine to L-dopa and
tryptophan hydroxylase, which converts tryptophan to 5-hydroxy tryptophan (5-HT). Ireland was the first country
worldwide to have a national Newborn Bloodspot Screening (NBS) Programme, including PKU, commencing in February 1966.
Similar to patients with classical PKU, patients with atypical PKU due to DHPR deficiency present with elevated Phe
levels on NBS. In general, classical PKU is characterized by neurotoxicity due to excessively elevated Phe
concentrations, leading to severe mental retardation, microcephaly, and epilepsy if left untreated. Patients with
â��malignantâ�� PKU due to DHPR deficiency may also present clinically with microcephaly, hypotonia, mental retardation
and seizures

1
. In DHPR deficiency there is not only an accumulation of Phe but also a profound deficit in the

neurotransmitters dopamine and serotonin. There can be also alterations in the CNS folate status along with
intracranial calcifications

2,3
. Treatment comprises a Phe-restricted diet along with L-dopa, 5-HT and folinic acid

supplementation. In this study, we report on diagnosis, management and clinical outcome in four DHPR-deficient
patients. Diagnosed in Ireland on NBS for PKU, they represent only 0.56% of our total cohort of 718 PKU patients being
treated at the NCIMD.

Methods

Ethics approval and patient consent were obtained for this study. We retrospectively collected anonymized data from our
patients with DHPR deficiency who had been diagnosed and treated at the NCIMD from 1966 until 2014, using medical
charts and the laboratory database. Descriptive statistics were performed using MS Excel 2010.

Case 1

This is a 28-year-old woman from the Irish Traveller population. She has been treated from day 20 of life following
abnormal NBS. Work-up for PKU which included measurements of amino acids (Phe 1333µmol/l), pterins and DHPR in blood
revealed an absence of DHPR enzyme activity. She was started on a Phe-restricted diet together with L-dopa/carbidopa
(ratio 4:1), 5-HT and folinic acid (Table 1). Developmental assessment showed language delay and mild motor deficits
for which she received speech and language therapy and physiotherapy. The girl had a high-stepping gait which resolved
at the age of three years. Phe levels were monitored according to our policy for PKU patients with a target range of
120-400µmol/l in childhood; neurotransmitter supplements were adjusted according to CSF levels (Figure 1) and body
weight. At 12 years of age, psychology assessment (Wechsler Intelligence Scale for Children, 3rd Ed. UK) showed a Full
Scale IQ of 51 indicating an intellectual ability within the Exceptionally Low Range. At age 20, she became pregnant
with her first child. During pregnancy, her Phe levels were mostly in the desired range of 150-250µmol/l. The baby was
born by emergency LSCS due to foetal distress .The baby’s NBS screening was normal. Aged 23 years, she had a
miscarriage at 14 weeks gestation. In a non-pregnant state, her elevated prolactin levels of 610-6577 mU/L (normal
range 116-585) may reflect adherence issues in taking the medications. At 24 years of age, she gave birth to her second
child. During this pregnancy, she had elevated Phe levels in the range of 271-599 µmol/l requiring hospital admission.
At 26 years of age clinical examination revealed some lower limb pyramidal findings. She had another pregnancy and her
third child was clinically well.

Case 2

This is a male patient who was identified with high Phe levels on high-risk NBS. His sister (case 1) is the index case.
Absence of DHPR enzyme activity in blood confirmed the diagnosis biochemically. After molecular genetic testing became
available to us, we could demonstrate a pathogenic c.353C>T mutation in the DHPR (QDPR) gene in this family. The boy
was started on a Phe-restricted diet, L-dopa/carbidopa, 5-HT and folinic acid; CSF neurotransmitter metabolite
concentrations subsequently increased to near normal levels (Figure 1). He had mild speech delay and an episode of
intermittent tremor during childhood but neurological exam was otherwise unremarkable. A psychological assessment at
the age of 15 years showed an IQ within the Mild General Learning Disability range. During childhood his Phe levels
were in the range of 200-700µmol/l. His prolactin levels were in the range of 820-2360 mU/l (mean 1483, reference range
100-400). At age 20 he did not attend any further outpatient appointments at the NCIMD. His care was mainly managed
locally and advice was provided over the phone. He had a seizure at 23 years of age; his EEG at the time was normal.
Neuroimaging revealed very mild sulcal dilatation along with very mild degree of cerebral atrophy. Additional medical
issues in this case were behavioural issues, alcohol abuse, and recurrent dental abscesses.

Case 3

The third patient is a 17 months old boy. He presented with high Phe levels on NBS and was admitted to the NCIMD at 10
days of age. On admission, his plasma Phe level was 1608µmol/L and he underwent work-up for PKU including blood DHPR
activity and pterins. He was subsequently started on a Phe-restricted diet. Within the first month he was diagnosed
with DHPR deficiency (DHPR activity <0.1 µmol/min/g). The diagnosis was also confirmed genetically. He was started on
L-dopa/carbidopa (2-8 mg/kg/day), 5-HT(2-7 mg/kg/day) and folinic acid (10 mg/day). His Phe levels are within
therapeutic limits so far. Serum prolactin concentrations came down with treatment (max. 1129 mU/l prior to treatment,
min. 180 mU/l whilst on treatment). His development is normal.

Case 4

This baby girl is the sister of case 3. She was diagnosed on high-risk NBS on day 3 of life with a Phe level of
668µM/l. Her maximum Phe level was 1198µM/l on day 8 of life before treatment was fully implemented. Her initial
prolactin level was 2212 mU/l; it came down after she had been commenced on medications. Since day 9 of life, her blood
Phe levels were within therapeutic limits thus far. She is homozygous for the same pathogenic c.353C>T mutation in the
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QDPR gene. At her most recent visit, she was clinically well and neurologically asymptomatic.

Discussion

All our patients with DHPR deficiency presented with raised Phe levels on NBS. In principle, a very low/ absent DHPR
enzyme activity in blood in the setting of an elevated Phe level confirms the diagnosis biochemically. Molecular
genetic testing is available. In addition to Phe-restricted diet, patients with DHPR deficiency need life-long
L-dopa/carbidopa and 5-HT as well as folinic acid supplements to prevent/reduce severe neurological symptoms

2,4,5
. In

addition to neurotransmitter studies in CSF for monitoring, serum prolactin measurement was introduced at the NCIMD in
2006 which is a sensitive marker for hypothalamic dopamine content and, therefore, a suitable biomarker for optimal
dosage of L-dopa in DHPR-deficient patients

6,7
. Taken together, DHPR deficiency is an extremely rare metabolic disorder.

In Ireland to date, only members of the Irish Traveller population have been affected, a population constituting <1% of
the total Irish population

8
, in which a high rate of consanguinity is a common finding. All four patients harbour the

same pathogenic c.353C>T mutation in the QDPR gene that, to the best of our knowledge, has not yet been described.
Despite the low frequency, â��malignant PKUâ�� or DHPR deficiency has to be considered in each newly diagnosed PKU
patient as approx. 2% of all patients with high Phe levels have an underlying disorder of BH4 metabolism

9
. Following

the identification of an index case in the family, early high-risk NBS is recommended for future pregnancies. An early
diagnosis soon after birth enables early initiation of treatment with the best possible outcome

10
. There is

neurological comorbidity in our adult patients, although the overall outcome is so far satisfactory.

Correspondence: I Knerr
National Centre for Inherited Metabolic Disorders (NCIMD), Children’s University Hospital, Temple St, Dublin 1
Email: ina.knerr@cuh.ie

Acknowledgements

The medical and nursing staff, psychologists, dieticians, and laboratory staff at NCIMD CUH for their excellent
collaboration and assistance; the lifelong work of E Naughten in caring for patient 1 and 2, and in implementing the
â��Diet for Lifeâ�� policy. Molecular genetic analysis of the QDPR gene was performed at the Centre for Genomics and
Transcriptomics, Tˆ…bingen Germany.

References

1. Blau N, Barnes I, Dhondt JL. (1996) International database of tetrahydrobiopterin deficiencies. J Inherit Metab Dis
19:8-14.

2. Woody R, Brewster M, Glasier C. (1989) Progressive intracranial calcification in dihydropteridin reductase
deficiency prior to folinic acid therapy. Neurology 39:673-5.

3. Goldstein D S, Hahn S H, Holmes C, Tifft C, Harvey-White J, Milstien S, Kaufman S. (1999) Monoaminergic effects of
folinic acid, L-dopa and 5-hydroxytryptophan in dihydropteridine reductase deficiency. J Neurochem 65:2810-3.

4. Opladen T, Hoffmann G F, Blau N. (2012) An international survey of patients with tetrahydrobiopterin deficiencies
presenting with hyperphenylalaneamia. J Inherit Metab Dis 35: 963-7.

5. Dhont JL. (2005) Defects in dihydropteridin reductase, Orphanet encyclopedia,
http://www.orpha.net/data/patho/GB/uk-dhpr.pdf

6. Concolino D, Muzzi G, Rapsomaniki M, Moricca MT, Pascale MG, Strisciuglio P. (2008) Serum prolactin as a tool for
the follow-up of treated DHPR-deficient patients. J Inherit Metab Dis Suppl 2:S193-7.

7. Birnbacher R, Scheibenreiter S, Blau N, Bieglmayer C, Frisch H, Waldhauser F. (1998) Hyperprolactinemia, a tool in
treatment control of tetrahydrobiopterin deficiency: endocrine studies in an affected girl. Pediatr Res 43:472-7.

8. Central Statistics Office, census 2011,
http://www.cso.ie/en/census/census2011reports/census2011profile7religionethnicityandirishtravellers-ethnicandculturalbackgroundinireland/

9. Blau N, Thˆ¶ny B, Cotton RG, Hyland K. (2001) Disorders of tetrahydrobiopterin and related biogenic amines in:
Scriver C R, Beaudet A L, Sly W S, Valle D, Childs B, Vogelstein B (Eds.), The Metabolic and Molecular Bases of
Inherited Disease, McGraw-Hill, New York, 2001, 1725-76.

10. Jaeggi L, Zurfluh MR, Schuler A, Ponzone A, Porta F, Fiori L, Giovannini M, Santer R, Hoffmann GF, Ibel H, Wendel
U, Ballhausen D, Baumgartner MR, Blau N. (2008) Outcome and long-term follow-up of 36 patients with tetrahydrobiopterin
deficiency. Mol Genet Metab 93:295-305.

â��Malignant Phenylketonuriaâ�� (PKU) Due to Dihydropteridine Reductase (DHPR) Deficiency 2


