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Biopterin defect in a normal-appearing child affected by a transient
phenylketonuria
FRANCOISE REY, ROBERT J LEEMING, JOHN A BLAIR, AND JEAN REY
Unite de Recherches de Genetique Medicale (INSERM), Hopital des Enfants Malades, Paris, France,
and General Hospital, Birmingham

suMMARY A child diagnosed as having transient
phenylketonuria was found to have reduced
synthesis of tetrahydrobiopterin and an abnormal
clearance ofphenylalanine, but he remained clinically
normal when on a normal diet. A small amount of
7,8-dihydrobiopterin was found in his serum; this
distinguishes the case from that of malignant
hyperphenylalaninaemia.

A defect in biopterin metabolism has been found in a
few patients with hyperphenylalaninaemia although
their hydroxylase and reductase activities have been
normal.4 In two of these patients the serum
biopterin concentration, as assayed by Crithidia
fasciculata, did not rise after an oral or an intravenous
phenylalanine load as it does in normal subjects and
in those with the usual variants of phenylketonuria
(PKU), and in patients affected by dihydropteridine
reductase deficiency.5-7 The mechanism of the bio-
pterin response to the rise of plasma phenylalanine
level is unclear, but this characteristic distinguishes
without liver biopsy, among the new variants with
progressive neurological illness,8 those who are
affected by dihydropteridine reductase deficiency and
those suffering from a defect in biopterin synthesis.5
We now report a case of so-called transient PKU9 in
which a low biopterin serum level and an atypical
zero-order kinetics of phenylalanine disappearance
were present at 5 years of age in a seemingly normal
child.

Methods and results
This boy was born on 9 December 1973, and was the
second child of healthy unrelated parents. Birth-
weight was 3 * 82 kg. At 5 days a Guthrie test showed
a serum phenylalanine level of 06 mmol/l (10
mg/100 ml). The infant was bottle fed with dried
cows' milk formula (protein intake 6 g/kg per day)

and one month later the phenylalanine plasma level
was 3 5 mmol/l (58 mg/100 ml), but with a protein
intake of 3 g/kg per day (adapted formula) it
returned within 4 days to 1 1 mmol/l (18 2 mg/100
ml) (tyrosine 0 72 mg/l00 ml (0 04 mmol/l)). A low
phenylalanine diet (Lofenalac) was started on the 36th
day of life. It was possible rapidly to increase the
phenylalanine intake from 300 to 450 mg/day and at 6
months, when a normal diet was reintroduced, the
phenylalanine level remained below 0 *2 mmol/l (3 * 3
mg/100 ml). Lofenalac was stopped and until he was
1 year old he received a restricted natural protein diet
(2 * 5 g/kg). Subsequently a regular diet was instituted
and since then the phenylalanine plasma level,
measured by fluorimetry, has not exceeded 0 *2
mmol/l. The physical and intellectual development
have been normal: at 5 years IQ is 108.
An intravenous phenylalanine load was performed

at age 1 year; the plasma concentration returned
from 2 7 mmol/l (44 -6 mg/100 ml) to normal values
within 2 days, aftera very slow and atypical kinetics of
disappearance; phenylpyruvic acid and o-hydroxy-
phenylacetic acid were present during the load.
At 3 years, very low biopterin levels were found in
serum (O 4 ng/ml); at this age chromatography of
serum1 showed only 7,8-dihydrobiopterin to be
present. At 5 years, after an oral load which increased
the phenylalanine level to 2 1 mmol/l (34 * 7 mg/100
ml) after2hours, and to 2 * 8 mmol/l (46 * 3 mg/100 ml)
after 4 hours, the initiallylow biopterin concentration
in serum (0 2 ng/ml) rose to0 6ng/ml at the 3rdhour
and to 0 * 55 ng/ml at the 6th hour. The phenylalanine
plasma level was still high (0 9 mmol/l; 14'9
mg/100 ml) 18 hours later. During this time the
child was unusually sleepy. The parents did not give
permission for a needle biopsy.
Both parents had normal fasting phenylalanine

plasma levels and their phenylalanine/tyrosine
molar ratios were also normal.
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Discussion

Transient hyperphenylalaninaemia or, to be precise,
pseudotransient PKU is a rare condition that can be
mistaken in the neonatal period for a classical or an
atypical PKU; however it differs in that the phenyl-
alanine tolerance increases with time, so that by
about age 6 months the phenylalanine plasma level
is no higher than 0 2 or 0 *3 mmol/l on a regular diet.
Furthermore, when parents are investigated, neither
a raised fasting phenylalanine level, nor a
phenylaline/tyrosine molar ratio increase is
found,9-' unlike the common variants of the disease,
thus showing a transient defect. It is distinct from the
immaturity of the phenylalanine hydroxylating
system in which the response to a phenylalanine load
is clearly normal after the normalisation of the
phenylalanine plasma level.-113 In so-called transient
PKU a delayed clearing of phenylalanine can be
found several months or years later, showing the
persistency of a metabolic disorder.9 14 Until now,
the primary defect has been unknown but in view of
the very slow phenylalanine disappearance after
intravenous perfusion, which suggests the accumula-
tion of an intermediate (the concentration of which
remains constant during the hydroxylation process),
a phenylalanine-hydroxylase stimulating protein
deficiency has been suggested.9
From these criteria, the findings in our patient

clearly correspond to this diagnosis. Unfortunately
no enzymatic studies were performed as the parents
refused to give permission for a liver biopsy in this
seemingly normal 5-year-old boy. However, unlike 2
other patients who were apparently affected by the
same phenotype but in whom biopterin derivatives
were not depressed, this child had a very low
biopterin level in his plasma and urine with only a
small increase after an oral phenylalanine load.
Indeed in normal subjects and in heterozygotes for
PKU, as well as in classical PKU or its variants, a

4- to 5-fold increase in biopterin concentration is
observed after a rise in phenylalanine plasma level,
the biopterin/phenylalanine ratio being above 15
when the phenylalanine level is in the normal range,
and at about Sin untreatedPKU or in phenylalanine-
challenged subjects.3 6 The increase in biopterin
concentration is even greater in dihydropteridine
reductase deficiency and in such cases large amounts
of dihydrobiopterin and dihydroxanthopterin are
found in urine.515

Malignant hyperphenylalanimaemia is the only
condition in which a biopterin deficiency has been
described and small amounts of crithidia factors
which co-chromatographed with neopterin,
biopterin, and tetrahydrobiopterin were found in
urine and serum.1 These compounds were initially
taken for neopterin or biopterin5 but it has recently
been proved by using high voltage electrophoresis
followed by ultraviolet detection that the species
were neopterin and 7,8-dihydroneopterin and not
7,8-dihydrobiopterin, indicating a 7,8-dihydro-
biopterin-synthesis deficiency.4
The condition differs strikingly from malignant

hyperphenylalanimaemia, since our patient is
normally developed and shows no symptoms of
impaired neurotransmitter synthesis. He can be
distinguished also on biochemical grounds as small
quantities of 7,8-dihydrobiopterin were found in
serum chromatography, suggesting a partial defect
of 7,8-dihydrobiopterin synthesis. The site of this
defect in the synthesis of tetrahydrobiopterin may be
shown by analysing urinary pterins-such as
neopterin. In this case the synthesis of dihydro-
biopterin, although adequate for a low serum
phenylalanine level, was not suflicient to remove
serum phenylalanine after challenging doses; this
explains the apparent 'inhibition' of the hydroxy-
lating system suggested by the zero-order kinetics
of disappearance.

In such a partial enzymatic defect the child may be

Table Enzymatic data and biopterin values in malignant hyperphenylalaninaemia and in our patient
Phenylalanine- DHPR In vivo Fasting and maximum values after load
hydroxylase activity* activityt phenylalanine

disappearance Phenylalanine Biopterin
rate: (mmol/l) (ng/ml)

DHPR deficiency
Case 15 61 0 3.2 0.07 2.10 5-5 30

Biopterin synthesis deficiency
Case 2 49 61 2.5 0.26 2-48 0.8 1-2
Case 3 51 60 0-8 0-07 2.70 0.2 0-5

Present case 0 0.2 2.8 0.2 0-6

*imol tyrosine/hour per g protein,
tnmol NADH oxidised/min per mg protein,
tpercent of normal (1.37 0.45 x 10-2 1imol/ml per minute).
DHPR = dihydropteridine reductase.
Conversion: traditional to SI units-biopterin: I ng/ml M4.2 nmol/l
SI to traditional units-phenylalanine: 1 mmol/I a 16.5 mg/100 ml.
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heterozygote for 7,8-dihydrobiopterin synthesis
deficiency as the parents of a child affected by
malignant hyperphenylalaninaemia (Case 2,
Table),' 5 have similar very low biopterin levels
(1979, unpublished data).
This case shows that a low serum C. fasciculata

activity together with high serum phenylalanine
concentration does not necessarily mean that the
child is affected by a malignant hyper-
phenylalaninaemia unless chromatographic analysis
of the serum also shows lack of 7,8-dihydrobiopterin.
It also demonstrates that transient hyperphenyl-
alaninaemia is a heterogenous condition and can be
caused by reduced biosynthesis of 7,8-dihydro-
biopterin.

This investigation was supported by a research grant
(ATP: 37.76.69) from the Institut National de la
Sante et de la Recherche Medicale (INSERM).
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Familial thyroid ectopy and hemiagenesis

T ROSENBERG AND Y GILBOA
The Endocrine Service, AssafHarofeh Hospital, Zerifin, and the Sackler School of Medicine,
University of Tel-Aviv, Israel

SUMMARY Two siblings had sublingual thyroid
glands and hypothyroidism. A third sibling had a
left lobe agenesis of the thyroid, but normal function
of the gland. This is the second such family to be
described.

The ectopic position of the thyroid gland is not an
uncommon anomaly, with an incidence of about 1 in
4000 of all thyroid diseases.' Generally only one
sibling is affected but familial occurrences have
occasionally been reported.25 This anomaly is the

most frequent cause of hypothyroidism in babies,
with an incidence of between 36 and 68%.67 A
family is described with 3 affected siblings; 2 siblings
had sublingual thyroids and the third had hemi-
agenesis of the gland.

Case reports

Case 1. A 4-year-old girl was examined because of
stunted growth and slow physical and psychomotor
development. She was the product of a term,
uncomplicated pregnancy and delivery. There was no
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