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Recently, BH4-responsive phenylalanine hydrox-
ylase (PAH) deficiency was reported in patients
with specific mutations in the PAH gene, and it was
suggested that BH4 responsiveness may be deter-

ined by the respective genotypes. We now report
n three patients with PAH deficiency and the same
enotype but different responses to standardized
H4 loading. Our results suggest that BH4 respon-
iveness in PAH deficiency is at least partly inde-
endent from PAH genotype. © 2001 Academic Press

Hyperphenylalaninemia (HPA) is detected by new-
born screening from dried blood spots in most western
countries. About 1 in 5000 newborns in Germany are
affected by this condition. Most patients with HPA
suffer from the autosomal recessive disorder phenylk-
etonuria (PKU, OMIM 261600), i.e., severe deficiency
of the enzyme phenylalanine hydroxylase (PAH, EC
1.14.16.1). Wild-type PAH gene product is assembled
to a tetramer of four identical subunits; more than 400
mutations in the PAH gene have been identified (phe-
nylalanine hydroxylase locus knowledgbase, http://
www.mcgill.ca/pahdb).

Treatment of phenylketonuria-PKU (phenylala-
nine (phe) . 600 mmol/L on a normal diet) consists of
a special diet poor in natural protein supplemented
by synthetic amino acid mixtures free of phe. Mild
forms of PAH deficiency with blood phe levels con-
stantly ,600 mmol/L do not require dietary treat-
ment (1).

The PAH reaction requires tetrahydrobiopterin
(BH4) as a cofactor, and 1–3% of HPAs are caused by
defects in the enzymes for synthesis or recycling of
BH4. These conditions are treated with a different
peutic regimen because BH4 is an essential
or for other hydroxylases, notably in biogenic
transmitter biosynthesis (2).
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To differentiate between PAH and cofactor defi-

ciency an oral loading test with 20 mg BH4/kg body
eight (bw) is recommended in all hyperphenylala-
inemic newborns (3). No decline of phe levels is
xpected in PAH deficiency whereas in cofactor de-
ciency phe levels normalize within 4–8 h (3).
In 1999 Kure et al. (4) reported for the first time
H4 responsiveness in four Japanese patients who

were compound heterozygous for mutations in the
PAH gene and did not have evidence of cofactor
deficiency. A therapeutic effect was obtained with
BH4 in a dose of 10 mg/kg bw/24 h (4). Similar
observations were reported by independent groups
at the recent International Congress of Inborn Er-
rors of Metabolism (5,6). It was suggested that BH4

responsiveness was directly linked to specific muta-
tions in the PAH gene. We now provide evidence
that BH4 responsiveness cannot be fully explained
by specific PAH gene mutations but requires other,
as yet unexplained, factors.

PATIENTS AND METHODS

Three patients with HPA were identified by new-
born screening from dried blood spots. All children
were born to nonconsanguinous German parents
and were not related to each other.

Oral BH4-loading test with 20 mg BH4/kg bw was
performed at the age of 10–20 days after a 4-h fast.
No dietary restrictions were made during the test
and all patients were breastfed. Phe levels in dried
capillary blood spots were measured immediately
before and 4 and 8 h after the loading. Urine was
collected for two 6-h intervals before and after the
test, respectively.
Pterine and biogenic amine neurotransmitter
analysis in CSF was performed as previously de-
scribed (7,8).
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Mutations of the PAH gene were determined by
DGGE and subsequent sequencing as previously de-
scribed (9).

RESULTS

PAH genotype. All patients are compound het-
erozygous for the same two common European mu-
tations R408W and Y414C. Monoallelic double het-
erozygosity was excluded by analysis of parental
DNA in all cases.

BH4 loading. Phenylalanine levels before and af-
ter BH4 loading are shown in Fig. 1. Patient 1 shows
a marked decline in phe levels whereas phe in-
creased in patients 2 and 3.

BH4 treatment. Breast milk feeding without BH4

supplementation in patient 1 led to a constant rise of
blood phe levels to 720–960 mmol/L. This was re-
versed again by reintroduction of BH4 at a dose of
12–15 mg/kg bw/day divided in three doses. Blood
phe levels remained constant between 240 and 360
mmol/L under that treatment for several weeks.

Pterin and biogenic amine neurotransmitter stud-
ies. The analyses of pterines in urine and DHPR
activity in erythrocytes gave normal results in all
patients. Pterines and homovanillic and 5-hydroxy-
indolacetic acid in CSF were normal in patient 1
(data not shown).

DISCUSSION

FIG. 1. BH4 loading with 20 mg/kg bw in patient 1 (■), 2 (Œ)
n the text.

BRIEF CO
BH4 responsiveness is a new observation in PAH
deficiency. Patients previously reported carried un-
common mutations in the PAH gene, and in one
study, two patients with the same genotype both
showed BH4 responsiveness (4). It was concluded
that BH4 responsiveness is a novel subtype of PAH
deficiency associated with distinct mutations in the
PAH gene and explained either by stabilization of
the specific mutant PAH tetramer (4) or by BH4-

ediated counteraction of decreased cofactor affin-
ty of specific mutant proteins (5).

We now report discordant BH4 responsiveness in
three patients compound heterozygous for the same,
common mutations Y414C and R408W. Patient 1
responded to an oral load with 20 mg BH4/kg bw

ith a marked decline of blood phe concentrations to
herapeutic levels. This was reproduced in a thera-
eutic trial with oral BH4 over a period of several

weeks. Patients 2 and 3, in contrast, did not show a
decline of phe values in the BH4 loading test despite
normal BH4 reabsorption and urinary excretion of
pterin metabolites (data not shown). As all three
patients share the same genotype, BH4 responsive-
ness in PAH deficiency cannot be exclusively deter-
mined by specific PAH gene mutations and therefore
the difference between our patients must be due to
other as yet unknown factors. These may comprise
intragenic differences (e.g., polymorphisms), modi-
fier genes or nongenetic factors (10,11).

It is important to note that our patients as well as
all previously described patients showed a mild
PKU or MHP phenotype, i.e., considerable residual
PAH enzyme activity. It is not likely that BH4 re-
sponsiveness is mediated through an alternative
pathway of phe metabolism but acts on mutant PAH

3 (3), all genotype Y414C/R408W. Detailed information is given
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enzymes with residual activity. In our patients the
mild PKU phenotype is due to the presence of
Y414C, the most common mild PKU mutation in
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Northern and Western Europe (12). R408W, the sec-
ond mutation in our patients, is a known null mu-
tation that completely removes enzyme activity and
that is associated with minimal amounts of PAH
immunoreactive protein in in vitro expression stud-
ies (13).

In line with that explanation, BH4 responsiveness
in our patient 1 may probably be mediated through
the production of a Y414C homotetramer that is
stabilized by BH4. However, other factors that are
present in some but not all patients are required to
explain the discordant BH4 responsiveness in our
patients with identical genotype.

Cofactor substitution may be an alternative treat-
ment strategy for a subgroup of patients with PKU,
provided that long-term effectiveness can be shown
and that BH4 will be available at a reasonable price.
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