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6-Pyruvoyltetrahydropterin synthase
deficiency diagnosed in tandem
mass spectrometry-based newborn

screening

M. Al-Essa,’ PT. Ozand '?and M.S. Rashed 2

Introduction

6-Pyruvoyltetrahydropterin synthase defi-
ciency (6PTSD) is a relatively rare, autoso-
mal recessive disease. The enzyme
deficiency results in impaired synthesis of
tetrahydrobiopterin (BH4) which is an
obligatory cofactor for hydroxylation of
phenylalanine to tyrosine, and synthesis of
associated neurotransmitters. Hyperphenyl-
alaninaemia might not be prominent in this
disease and it is possible to miss it in regu-
lar Guthrie test neonatal screening.

BH4 is a cofactor for a group of aromat-
ic amino acid monoxygenases. Thus, BH4
is required for oxidation of phenylalanine
ta tyrosine and tyrosine to dihydroxypheny-
lalanine (dopa) and tryptophan to 5-hy-
droxytryptophan (5-HTP). BH4 s
synthesized from guanosine triphosphate
(GTP) via four enzymatic steps [/]. Defects
in the biosynthesis or recycling of biopterin
cause biopterin-dependent hyperphenyla-
laninaemias which account for only about
2% of all patients with phenylketonuria
(PKU).

The most common biopterin-dependent
PKU is 6-pyruvoyltetrahydropterin syn-
thase deficiency (6PTSD; McKusick #

261640). A recent update {2] indicates the
presence of 181 patients wortdwide, heing
more common in Saudi Arabia than else-
where [3]. The files of our hospital indicate
25 infants with 6PTSD. Recently, we were
able to diagnose a case of 6PTSD in a new-
born 24 hours after birth through a new
programme for neonatal screening based
on tandem mass spectrometry (MS/MS)

[4].

Patient and results

The patient, a newborn female, small for
gestational age, was admitted to the inten-
sive care mirsery for 24 hours of ohserva-
tion. Her regular neonatal screening blood
spot was analysed by ESI-MS/MS [5]
which indicated moderately elevated phe-
nylalanine (Phe) at 340 pmol/L. (normal
<120 pmol/L), and phenylalanine/tyrosine
(Phe/Tyr) ratio of 3.3 (normal <3 [6]) (Fig-
ure 1). This sample was the 2985th blood
spot taken from normal newborns delivered
at the hospital and screened by the M$/MS
approach. The patient was recalled on day 4
of life for repeat testing, and admitted on
day 8 for detailed work-up. By then, blood
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Figure 1 Blood spot amino acid profiles from 6PTSD patient obtained by ESI-MS/MS analysis,
scanning for a constant neutral loss of 102 Da. A) first sample collected 24 hours after birth; B)
before BH4 treatment; C) 8 hours after BH4; D) 18 hrs after BH4. The signals In the profile
correspond to the protonated molecular ions (MH'} of amino acid butyl esters. Their masses
are as fotlows: alanine {146; d,-labelled Isotope 150), serine {162), proline (172), valine (174; d,-
labelled isotope 182), threcnine (178), pyroglutamic/deammonited giutamine and lysine/
pipecolic acid (186), leucine/isoleucine (188; d -labelled isotope 191}, glutamine/lysine (203),
methionine (206; d,-labelled isotope 209), histidine (212), phenylalanine (Phe)(222; d,-labelled
isotope 227), tyrosine (Tyr)(238; **C -labelled isotope 244), glutamic dibutyl ester (260}. * =
Internal standard. The x axis is the mass scale and the y axis is the % intensity of the signal.
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Phe was 1210 pmol/L and Phe/Tyr ratio
was 20.1. She was an asymptomatic infant
with questionable myoclonic activity, but
normal EEG and brain MR1 . A serum sam-
ple was analysed for neopterin, which was
significantly elevated to 44 ng/ml (normal
0.0-2.5 ng/ml). Family history indicated
that parents were first cousins, and that a 3-
year old cousin was also a 6PTSD patient
who was diagnosed late, at the age of 3
months.

The patient was placed on 20 mg/kg per
day BH4. Blood Phe and Phe/Tyr ratio nor-
malized in less than 24 hours (Figure 1).
Her serum neopierin dropped to 8.0 ng/ml
at 72 hours after initiation of treatment. She
was then placed on dihydroxyphenylala-
nine (dopa) 15 mg/kg/day, carbidopa 4 mg/
kg/day and L-5-hydroxy-tryptophane 5 mg/
kg/day, in addition to BH4. She has been
developing normally since then.

Discussion

Although 6-PTSD and other biopterin-de-
pendent hyperphenylalaninaemias cause a
severe neurometabolic disease, the associ-
ated hyperphenylalaninaemia might not be
prominent. It might not even be detected if
the patient is kept fasting [3]. A patient with
guanosine triphosphate cyclohydrolase 1
deficiency was missed in normal neonatal
screening performed by the Guthrie test
[7.8]. It is important to detect the presence
of biopterin-dependent PKU as carly as
possible since it is usually fatal, otherwise
causing severe neurologic crippling, and
the therapy is usually rewarding [3].
Neonatal screening of blood spots using
automated electrospray tandem mass spec-
trometry (ESI-MS/MS) is a relatively new
“broad spectrum”™ approach to screening
[4]. It has been shown to be robust, with
high sample throughput (500 samples/day/

instrument), efficient as a diagnostic meth-
od, and also a follow-up method for a large
number of aminoacidopathics, organic
acidaemias, and fatty acid oxidation defects
[3]. The ability to use stable isotopically-la-
belled internal standards makes this ap-
proach a definitive method for quantifying
many analytes with specificity, sensitivity
and accuracy, thereby decreasing false-pos-
itive results [9]. These same advantages of
MS/MS are crucial when dealing with the
modern worldwide problem of early dis-
charge of mother and child from hospital,
as the increased sensitivity and specificity
of this method reduce false-negative re-
sults, and therefore the possibility of miss-
ing cases.

Furthermore, some of the diseases iden-
tified by this technique have short safety
windows; therefore, it is best applied on a
blood sample obtained at less than 2 days
of age. A case in point is the patient present-
ed here who was identified from a neonatal
screening blood spot collected at 24 hours
of age, after which the child was dis-
charged. The data from the initial blood
spot provided the rationale for recalling the
neonate and initiation of a work-up that in-
dicated the presence of a biopterin-depen-
dent PKU.

This report encourages the use of this
method as a neonatal screening procedure,
both for classical and biopterin-dependent
PKU, among other neonatal inborn errors
of metabolism.
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/ Note from the Editor \

As with the previous volume of
the EMHJ, we would like to
receive your feedback on the
journal. Please take the time to
fill in the evaluation form
provided on page 637 and

\send it to us. /
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