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A brief history of phenylketonuria
In 1930, Mr. and Mrs. Egeland were in a state of deep concern. At the age 

of three years, their daughter Liv had still not begun to speak. Now, their several 
month old son Dag also seemed to be developmentally delayed. At first, Dag had 
developed normally. However, during the last few months, he showed decreasing 
interest for his surroundings and was increasingly difficult to feed. In addition to 
these developmental symptoms, the parents had noted that their children’s urine 
had a particular, musty odor. After visiting several doctors to no avail, the Egelands 
turned to Asbjørn Følling, a physician and chemist studying metabolic diseases.

Puzzled by the developmental symptoms combined with the particular urine 
smell, Følling started analyzing urine samples. He discovered that these samples 
contained phenylpyruvic acid, a ketonic breakdown product of the amino acid 
phenylalanine (Phe; the particular odor was related to phenylacetate, a metabolite of 
phenylpyruvic acid). Følling proceeded to test urinary samples of mentally retarded 
children in institutions, and found that phenylpyruvic acid was present in several of 
those samples. In 1934, approximately six months after being approached by the 
Egelands, Følling published his findings, terming the newly discovered condition 
“imbecillitas phenylpyruvica” (1). A year later, the English geneticist Lionel Penrose 
changed the disorder’s name to phenylketonuria (PKU) (2), reflecting the presence 
of phenylketones in the urine associated with the disease. Although PKU could now 
be diagnosed, treatment options were still unavailable.

It would not be until the 1950s that further steps in the characterization and 
treatment of PKU were made. In 1951, Louis Woolf and David Vulliamy reported 
the effects of treating PKU with glutamic acid, theorizing that reducing blood 
concentrations of Phe and/or its metabolites could improve cognitive development. 
After observing that glutamic acid did not achieve the desired effects, the authors 
suggested that a dietary restriction of Phe might be an effective treatment form (3). 
In 1953, George Jervis showed that PKU results from a deficiency of phenylalanine 
hydroxylase (PAH), the enzyme converting Phe into tyrosine (Tyr) (4). In the same 
year, Horst Bickel and colleagues, in cooperation with Louis Woolf, published the 
first report on the effects of a Phe-restricted diet in PKU. In a severely affected two-
year-old girl, this diet not only reduced blood Phe concentrations, but also improved 
development and behavior (5). To this day, a dietary Phe-restriction treatment, 
achieved by limiting natural protein intake while supplementing non-Phe amino 
acids, remains the cornerstone of PKU therapy (6,7).

Could early diagnosis and treatment of PKU lead to a better outcome? In 
1963, Robert Guthrie and Ada Susi developed a blood test to detect elevated 
concentrations of Phe, allowing for population-wide screening of neonates (8). In 
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subsequent years, continuous treatment of early-diagnosed patients proved to 
prevent the severe mental retardation associated with untreated PKU. Unfortunately, 
the diet could not normalize development once severe mental retardation had 
occurred (as in the Egeland children). Throughout the following decades, the genetic 
and enzymatic abnormalities associated with PKU were characterized in detail, and 
dietary treatment was further developed, e.g. by improving taste and applicability of 
the amino acid supplementations. In recent years, PKU treatment was additionally 
optimized, following the discovery that certain PKU patients benefit from treatment 
with tetrahydrobiopterin (BH4), the naturally occurring cofactor of PAH (6,9). In these 
so-called BH4-responsive patients, treatment with the cofactor reduces blood Phe 
concentrations, thus improving metabolic control and/or allowing for a relaxation of 
the strict dietary treatment.

Despite the advances in the PKU field, several pathophysiological and 
treatment-related questions remain today. For example, although the strong 
relationship between elevated blood Phe concentrations and disturbed cognitive 
development has been well-established (10,11), the mechanisms mediating this 
relationship are only partially known (12,13). Moreover, current PKU treatment may 
be further optimized, as early and continuously treated patients still show impaired 
mental functioning, manifested as mild reductions in intelligence quotient (14-16), 
executive function deficits (17-20), and possibly an increased risk for psychiatric 
disorders (21). Several new treatment modalities have been suggested to further 
improve outcome in PKU (6,7).

This thesis investigates several topics associated with these pathophysiological 
and treatment-related questions. The remainder of this introduction provides a 
background to these topics. First, current knowledge on blood-brain barrier (BBB) 
transport of large neutral amino acids (LNAAs), cerebral LNAA and neurotransmitter 
metabolism, and cerebral protein synthesis (CPS) is reviewed in the context of 
PKU. Second, the molecular regulation of CPS in relation to cognitive functioning 
is addressed. Third, the presently identified phenotypes of existing genetic PKU 
mouse models are discussed, followed by two examples of how pathophysiological 
insights may improve PKU treatment.

LNAA transport across the blood–brain barrier
In the pathophysiology of mental dysfunction in PKU, amino acid transport across 

the BBB is considered to be important for two reasons. First, PKU symptomatology 
almost exclusively concerns the brain (22). Second, some untreated PKU subjects 
show normal intelligence despite having the blood biochemical characteristics of 
untreated PKU (23-25).
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Amino acid transport across the BBB is a dynamic process, currently known 
to be mediated by ten amino acid transport systems (26). One of these transport 
systems involves the large neutral amino acid type 1 (LAT1)-transporter, which 
selectively binds to the LNAAs (valine, isoleucine, leucine, methionine, threonine, 
tryptophan, Tyr, histidine, and Phe) (27,28). Binding of LNAAs to the LAT1-transporter 
is a competitive process (27-29). Moreover, the LAT1-transporter likely acts as a 
counter-transporter, excreting one LNAA for each LNAA taken up into the brain (30).

At physiological LNAA concentrations, the LAT1-transporter is almost fully 
saturated (27-29). It has different affinities and km-values (the km-value is the 
substrate concentration at which the reaction rate is 50% of its maximum value) 
for each LNAA, and Phe has the lowest km-value, indicating that it binds the LAT1-
transporter more strongly than other LNAA (27,28,30). Therefore, elevated blood 
Phe concentrations in PKU are believed to markedly increase uptake of Phe from 
blood to brain and to reduce uptake of non-Phe LNAA by two mechanisms. First, 
non-Phe LNAA uptake into the brain is reduced because of competitive inhibition 
by Phe. Second, non-Phe LNAA export from the brain in exchange for blood Phe is 
increased. These processes likely continue until a new equilibrium is reached and 
Phe is continually transported across the BBB, resulting in a net Phe transport of zero. 
Several clinical studies support the notion that elevated blood Phe concentrations 
reduce blood-to-brain transport of non-Phe LNAAs. In nine late-treated mentally 
retarded PKU patients with blood Phe concentrations mostly >1000 µmol/L, blood-
to-brain transport of 75Se-selenomethionine was reduced compared to non-PKU 
mentally retarded subjects (31). Similarly, Landvogt et al. (32) reported reduced 
uptake of F-dihydroxyphenylalanine (F-DOPA) in PKU patients compared to healthy 
controls. Similar to LNAA uptake, F-DOPA uptake from blood to brain is mediated 
by the LAT1-transporter (32). In addition, in healthy volunteers consuming a single 
dose of 100 mg Phe/kg of body weight, uptake of the artificial LNAA 11C-amino-
cyclohexanecarboxylate was reduced in the presence of markedly elevated plasma 
Phe concentrations (33).

If elevated plasma Phe concentrations disturb LNAA uptake from blood to 
brain, one would expect elevated brain Phe concentrations and reduced brain non-
Phe LNAA concentrations in PKU. Indeed, elevated brain Phe concentrations have 
been observed in PKU patients, as measured by magnetic resonance spectroscopy 
(34-40), and in the Pah-enu2 PKU mouse model (41-48). Moreover, reduced brain 
concentrations of valine, isoleucine, leucine, methionine, and Tyr have been reported 
in the Pah-enu2 PKU mouse model (41,42,45,46,48). In autopsied brains of PKU 
patients, brain concentrations of Tyr and tryptophan were reduced (49). It is not yet 
technically feasible to measure brain non-Phe LNAA concentrations non-invasively 
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in vivo.

Even in the relatively mild supraphysiological range of 200–600 µmol/L, blood 
Phe concentrations are negatively associated with CPS (27,50). Thus, even in early- 
and continuously-treated patients with blood Phe concentrations within the currently 
recommended treatment range, LNAA transport across the BBB may be disrupted.

Based on the concept that disturbed LNAA transport is central in PKU 
pathogenesis, studies using oral LNAA supplementation as a PKU treatment were 
conducted. These studies showed that oral LNAA supplementation lowered brain Phe 
concentrations (36,38,51), mitigated electroencephalography (EEG) abnormalities 
(36), and improved neuropsychological performance (40).

In healthy individuals, all LNAA except Tyr are essential amino acids (EAAs; 
i.e. they cannot be biosynthesized in man). In PKU, Tyr synthesis is reduced, so 
that Tyr may also function as an EAA, in particular in untreated PKU. Reduced 
non-Phe LNAA transport across the BBB in PKU may thus result in cerebral EAA 
deficiencies, possibly impairing cerebral neurotransmitter and/or protein synthesis, 
leading to the mental retardation and other cognitive and neurological abnormalities 
observed in PKU. Thus, reduced brain non-Phe LNAA concentrations, rather than 
elevated brain Phe concentrations, might be considered of paramount importance 
in the pathogenesis of PKU (13). This theory will be discussed in more detail below.

Neurochemical findings in PKU
In the Pah-enu2 PKU mouse model, concentrations of catecholamines, 

serotonin, and their associated metabolites are reduced in homogenized brain 
(42,45,47,52-55) and in different brain regions, including the prefrontal cortex, 
amygdala, hippocampus, and striatum (46,52,56-59). Embury et al. (58,60) also 
reported reductions in dopaminergic cell body density in the substantia nigra 
and nigrostriatum, another finding possibly consistent with decreased dopamine 
synthesis. In PKU patients, reduced concentrations of catecholamines, serotonin, 
and associated metabolites have been reported that are similar to those reported 
in the PKU mouse brain, both in brain tissue (49) and in cerebrospinal fluid (61-
63). Dietary treatment restores neurotransmitter metabolite concentrations in 
cerebrospinal fluid (61,63), as do Tyr and tryptophan supplementation (64). Taken 
together, these findings suggest that reduced neurotransmitter concentrations 
in PKU are caused by reduced neurotransmitter synthesis rather than increased 
neurotransmitter degradation.

Synthesis of catecholamines occurs via hydroxylation of Tyr to 
L-dihydroxyphenylalanine (L-DOPA) by tyrosine hydroxylase. L-DOPA is subsequently 
converted to dopamine, which is next metabolized to noradrenalin and adrenalin. 
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Reduced catecholamine synthesis in PKU may be caused by competition between 
brain Phe and Tyr for hydroxylation by tyrosine hydroxylase (45,46,54,56,57). Other 
explanations for reduced brain catecholamine synthesis in PKU include reduced 
synthesis and/or availability of tyrosine hydroxylase, which has been reported in the 
Pah-enu2 PKU mouse model (46,57,58), and reduced BBB transport of Tyr. This 
latter theory is supported by the reduced brain Tyr concentrations reported in PKU 
mice (41,45,46,57) and reduced brain Tyr concentrations in PKU patients (49).

Synthesis of serotonin occurs via hydroxylation of tryptophan to 
5-hydroxytryptophan by tryptophan hydroxylase. Subsequently, 5-hydroxytryptophan 
is converted to serotonin (5-hydroxytryptamine). Little is known about the cause 
of the probable reduction of brain serotonin synthesis in PKU. Reduced serotonin 
synthesis may be the result of reduced tryptophan brain concentrations caused by 
reduced BBB transport of tryptophan at elevated plasma Phe concentrations (13). 
Although brain tryptophan concentrations of PKU mice are comparable to those 
found in heterozygous or wild type mice (42,45,52,55), reduced brain tryptophan 
concentrations have been identified in PKU patients (49). Alternatively, reduced 
brain serotonin synthesis may be caused by reduced tryptophan hydroxylase activity 
at elevated brain Phe concentrations. In accordance with this idea, Pascucci et al. 
(52) reported reduced hydroxylation of tryptophan to 5-hydroxytryptophan in PKU 
mice compared to non-PKU controls while the amount of tryptophan hydroxylase 
was unaltered, suggesting reduced tryptophan hydroxylase activity. Interestingly, 
tryptophan hydroxylase activity was restored after treatment with Phe-restriction 
without amino acid supplements (52). This in vivo work supports the in vitro finding 
of an inhibitory effect of Phe on tryptophan hydroxylase activity (65).

The clinical significance of reduced brain catecholamine and serotonin 
concentrations in PKU patients has not been fully elucidated. Of these 
neurotransmitters, dopamine has been studied most extensively. Reduced dopamine 
availability may be particularly problematic for prefrontal cortex neurons, which 
have a higher dopamine turnover than neurons elsewhere in the brain (14,66,67). 
Dopamine availability in the dorsolateral prefrontal cortex is important for executive 
functioning, and thus may explain the reduced neuropsychological performance 
observed in PKU patients (14,17,18). Moreover, untreated PKU patients may 
occasionally develop chorea, tremors, and dystonia (68,69), symptoms possibly 
caused by dopamine deficiency in the basal ganglia. Cerebral serotonin deficiency 
may explain the increased occurrence of anxiety and depression disorders in PKU 
patients (21).

However, although both dopamine and serotonin are likely to be involved 
in postnatal brain development and maturation, severe mental retardation is not 
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the most characteristic feature of inborn deficiencies of these neurotransmitters 
in humans (70). Therefore, while neurotransmitter deficiencies likely underlie 
certain cognitive deficiencies in PKU, they do not seem to fully explain its clinical 
presentation.

Cerebral protein synthesis in PKU
Reduced brain non-Phe LNAA concentrations rather than elevated brain 

Phe concentrations may be the main pathophysiological mechanism of cognitive 
dysfunction in PKU. Reduced brain non-Phe LNAA concentrations may underlie 
the impairments of CPS reported by several authors in PKU animal models. 
Increases in inactive monoribosomes, reductions in polyribosomes, and reductions 
in polypeptide elongation have been reported in pharmacologically induced chronic 
hyperphenylalaninemia (HPA) in mice (71,72) and after a single Phe injection 
(73). LNAA supplementation restored brain non-Phe LNAA concentrations (72), 
and restored polyribosome formation and polypeptide elongation either partially 
(73) or completely (71,72). Interestingly, brain Phe concentrations were unaltered, 
suggesting that CPS may be more affected by reduced brain non-Phe LNAA 
concentrations than by elevated brain Phe concentrations (71,72).

In hyperphenylalaninemic rats, reduced incorporation of 3H-leucine and 
3H-lysine into cerebral proteins has been reported (27,74). Likewise, reduced 
incorporation of 14C-leucine into cerebral protein has been reported in the Pah-enu2 
PKU mouse model (41). Studies in early and continuously treated PKU patients 
demonstrated that CPS decreased as blood Phe concentrations increased (50,75). 
These data show that in PKU, CPS is negatively associated with increased blood 
Phe concentrations, both in patients and in animal models.

Reduced CPS in PKU might underlie a variety of neuroanatomical findings 
reported in PKU patients, in the Pah-enu2 PKU mouse model, and in the 
pharmacologically induced HPA rat model. Bauman and Kemper reported reduced 
myelination and reduced dendritic arborization of brain structures in three adults 
with untreated PKU at post-mortem investigation, a possible consequence of 
reduced CPS (76). Impaired dendritic arborization has similarly been reported in the  
Pah-enu2 PKU mouse model (53,77). Moreover, abnormalities of periventricular and 
subcortical white matter have been reported in PKU patients (78-80). In the PKU 
mouse model, reduced myelin staining in forebrain structures has been reported 
(57,81,82). Oligodendroglia, cells that synthesize myelin under healthy conditions, 
seemed to have adapted to a non-myelinating phenotype in the PKU mouse brain 
(57). Berger et al. (74) found myelin proteins to be reduced by 50% compared to 
controls in a HPA rat model. Dyer et al. (81) reported altered isoform expression 
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of myelin basic protein in PKU mice, and reduced concentrations of myelin basic 
protein were later reported in untreated PKU mice, which were restored upon dietary 
Phe-restriction (57).

Regulation of CPS is essential for brain development and function, as it forms 
the molecular basis of synaptic plasticity, long-term potentiation, and cognition 
(83,84). Deficiencies in the regulation of CPS may cause mental retardation 
syndromes in man (83-86) and therefore could be associated with mental retardation 
in patients with PKU.

Molecular regulation of cerebral protein synthesis
In the field of neurobiology, a wide array of studies have contributed to 

knowledge of the molecular regulation of CPS, many of which relate CPS to learning 
and memory formation. An extensive review of the molecular processes regulating 
learning and memory is beyond the scope of this thesis. Therefore, this section 
focuses on one particularly important molecular regulator of CPS.

 This key molecular regulator is the cAMP responsive element binding 
(CREB) protein (87-90). CREB activity is mediated by phosphorylation at different 
sites, which can be induced by a wide variety of stimuli and associated kinases. In the 
regulation of CREB activity, its most important phosphorylation site is serine-133 (Ser-
133) (88,91). When phosphorylated at Ser-133, CREB binds to a specific promotor 
region called the cAMP responsive element (CRE) motif (88,90-92). Following 
CREB binding to the CRE motif, transcriptional coactivators are recruited (including 
CREB-binding protein), after which RNA polymerase II binds to the transcription 
complex and transcription is initiated (88,90,91). By this process, CREB regulates 
the transcription of many genes involved in the formation of learning and memory, 
such as those encoding transcription factors, growth factors, and neurotransmitter 
receptor subunits (90,92). The translation of mRNA derived from these genes into 
cerebral proteins underlies the cellular acquisition and maintenance of memory 
(90,92,93).

CREB regulates protein synthesis in a wide variety of organisms, ranging 
from sea snails to humans (87,88,90). Increased CREB phosphorylation at Ser-133 
underlies learning and memory in many paradigms and associated brain regions 
(88,90,92). Along these lines, impaired CREB Ser-133 phosphorylation disturbs the 
formation of learning and memory in several tasks (88,90). Together, these findings 
show the importance of CREB phosphorylation at Ser-133 in regulating CPS and the 
associated formation of learning and memory.



17

General Introduction

1
From fundamental neurobiology to cognitive functioning

 One may wonder to which extent the above neurobiological findings are 
relevant for PKU, and whether learning and memory performance in animal models 
translates to cognitive functioning in humans. Several arguments support the validity 
of extending these fundamental neurobiological findings to humans. First, the role 
of CPS in healthy development and cognitive functioning has been well-established 
(85,86), and several mental retardation syndromes in humans are associated with 
reduced CPS (84-86). Second, comparing CREB-mediated effects across different 
species shows that CREB regulates increasingly complex processes as species 
complexity increases (88,90), suggesting that CREB-mediated CPS could underlie 
processes as complex as human cognitive functioning. Clinically, the relevance 
of CREB and associated regulatory factors for cognitive functioning in humans is 
evidenced by two genetic mental retardation syndromes affecting CREB-mediated 
signaling, i.e. the Rubinstein-Taybi syndrome and the Coffin-Lowry syndrome. In 
the Rubinstein-Taybi syndrome, mutations in the gene encoding CREB binding 
protein prevent CREB from mediating its regulatory effects (94). In the Coffin-Lowry 
syndrome, reduced activity of ribosomal S6 kinase 2 (RSK2) prevents phosphorylation 
of several of its downstream targets, one of which is CREB (95). Both syndromes 
have severe mental retardation as one of their clinical hallmarks, signifying the 
importance of well-regulated CREB activity for normal cognitive development. This 
importance is further underlined by the observation that in patients with Coffin-Lowry 
syndrome, the residual ability of RSK2 to phosphorylate CREB at Ser-133 correlated 
with cognitive outcome (96). Third, in several studies investigating human cognitive 
deficits, learning and memory performance in animal models have contributed 
to pathophysiological understanding and treatment development (85,86,88,90). 
Combined, the above findings illustrate the translational value of neurobiological 
experiments assessing CREB-mediated signaling, CPS, and learning and memory 
for the study of cognitive functioning in humans.

The development of the Pah-enu2 PKU mouse models
For the study of neurobiological processes associated with PKU, the 

development of the genetic Pah-enu2 PKU mouse model has been crucial. Previous 
in vitro and in vivo PKU models showed several characteristics limiting their 
translational value, such as biochemical alterations not observed in PKU patients 
and inhibition of enzymes other than PAH (97). First described in 1993 (98), the  
Pah-enu2 PKU model was developed by exposing mice of the BTBR strain to N-ethyl-
N-nitrosourea (enu), a chemical which randomly induces gene mutations. By crossing 
and backcrossing several generations, mice displaying hyperphenylalaninemia were 
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obtained. In the so-called enu2 mice, the hyperphenylalaninemia proved to result 
from PAH deficiency, thus reflecting the enzymatic deficiency underlying PKU. In 
1997, the PAH deficiency in enu2 mice was shown to result from homozygosity for a 
point mutation in the associated gene, validating that the enu2 mouse line genetically 
modelled PKU (99). In subsequent years, the BTBR Pah-enu2 PKU mouse model 
was further characterized on a biochemical and behavioral level, and was shown to 
display corresponding phenotypes reflecting PKU in humans (41,42,45,100,101). In 
2006, the Pah-enu2 mutation was bred into the C57Bl/6 mouse strain to increase 
breeding efficacy (102). Although studies investigating blood and brain biochemical 
phenotypes of C57Bl/6 PKU mice have been limited, existing data suggest that the 
blood and brain biochemical phenotypes of these mice are similar to those observed 
in BTBR PKU mice (47,48,55,103). Contrary to these biochemical phenotypes, 
learning and memory phenotypes of C57Bl/6 PKU mice have not been reported. 
The absence of such reports matters, as in contrast to the BTBR strain, the 
C57Bl/6 strain is widely used in neurobiological studies to investigate learning and 
memory performance (104-106). Moreover, thus far, no studies have investigated 
neuromolecular pathways in the C57Bl/6 PKU mouse model. In conclusion, while 
several studies have investigated behavioral, biochemical and molecular phenotypes 
in the BTBR PKU mouse model, the C57Bl/6 PKU mouse model has scarcely been 
characterized, in particular regarding learning and memory deficits and associated 
molecular pathways.

New treatment modalities in PKU
 Pathophysiological knowledge obtained in PKU mouse models may serve 

to optimize current PKU therapy, regarding both treatment burden and treatment 
outcome. This paragraph addresses two treatment modalities that may improve 
current PKU treatment using pathophysiological considerations as a starting point, 
i.e. LNAA supplementation and BH4 treatment.

 LNAA supplementation refers to increasing intake of non-Phe LNAAs 
in order to achieve specific treatment aims, which include 1) reducing blood Phe 
concentrations and increasing blood concentrations of non-Phe LNAAs by influencing 
gastro-intestinal LNAA uptake, 2) reducing brain Phe concentrations, 3) increasing 
brain concentrations of tyrosine and tryptophan, aiming to increase synthesis of 
associated neurotransmitters, and 4) increasing brain concentrations of all non-Phe 
LNAAs, aiming to increase CPS. The concept of LNAA supplementation therapy 
in PKU has been suggested as early as 1948 (107). In the past decades, several 
studies have investigated LNAA supplementation in relation to the above treatment 
aims, both fundamentally and clinically. Still, LNAA supplementation is currently not 
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used in PKU treatment. Thus, the question arises what the current state of evidence 
is for this therapeutic modality, and which issues should be clarified before LNAA 
supplementation can be applied clinically.

A second treatment modality of interest to this thesis is BH4 treatment. The 
decrease of blood Phe concentrations occurring in certain BH4-treated PKU patients 
is mediated by increased activity of mutated PAH. BH4 acts as a cofactor for not only 
PAH, but also for tyrosine hydroxylase and tryptophan hydroxylase. Considering 
that BH4 is able to increase activity of mutated PAH, it could be conceived that BH4 
treatment similarly increases activity of the tyrosine and tryptophan hydroxylases. 
Thus, BH4 treatment could increase synthesis of the associated downstream 
neurotransmitters and improve mental functioning. If so, BH4 treatment might be 
beneficial to all PKU patients, regardless of its effect on blood Phe concentrations.

Thesis outline
This thesis focuses on the pathophysiology of reduced CPS and cognitive 

dysfunction in PKU, combining data obtained in PKU patients and in the C57Bl/6 
PKU mouse model. In addition, the relevance of several pathophysiological insights 
for clinical practice is addressed, by reviewing the current state of evidence for LNAA 
supplementation, and by investigating possible new therapeutic targets in BH4 
treatment. 

As discussed above, CPS has been shown to play a pivotal role in cognitive 
development, and impairments of this process result in cognitive deficits. Reduced 
CPS has been described in PKU in both patients and rodent models (27,41,50,75). 
We recently showed that CPS decreases as blood Phe concentrations increase (50). 
However, many aspects of the biochemical and molecular pathways mediating the 
relationships between blood Phe concentration, CPS and cognitive dysfunction in 
PKU remain to be clarified. To this aim, this thesis addresses the following research 
questions:

1. To which extent is the association between CPS and blood Phe concentrations 
in PKU patients related to alterations in blood-brain barrier LNAA transport? 

2. Are elevated brain Phe concentrations related to CPS in PKU patients?
3. Do untreated C57Bl/6 PKU mice show behavioral phenotypes of learning and 

memory deficits?
4. Is CREB phosphorylation at Ser-133 reduced in relation to behavioral phenotypes 

of learning and memory deficits in C57Bl/6 PKU mice?
5. Do untreated C57Bl/6 PKU mice display behavioral phenotypes of impaired 

mood and motor deficits?
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In current PKU treatment, the stringent restriction of protein intake profoundly 
impacts everyday life, while treatment outcome appears to be suboptimal. The 
current treatment burden and outcome raise the question whether new therapeutic 
modalities, aiming to influence known pathophysiological targets, could improve 
current PKU treatment. In this context, this thesis addresses the following research 
questions:

6. What is the current state of evidence for LNAA supplementation in PKU in 
relation to treatment aims?

7. Does BH4 treatment impact brain concentrations of catecholamines, serotonin, 
and LNAAs in C57Bl/6 PKU mice? 

The final chapter of this thesis provides an overview of the findings answering 
these questions, provides additional experimental avenues and associated data, 
and outlines the relevance of the results for today and tomorrow.
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