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Fenilcetonuria (PKU) este o boald monogenica
in care mutatiile genei localizate pe cromozomul
12q22-24, care codifica fenilalanin-hidroxilaza
(PAH), cauzeaza o activitate enzimaticd hepatica
deficitara, care conduce la cresterea fenilalaninei
(Phe) in sange si tesuturi. Acumularea Phe la nivel
plasmatic si tisular cu scaderea biosintezei de ti-
rozina este implicata In patogeneza PKU (1).

Williams (2011) clasifica PKU intr-o forma cla-
sica in care nivelul de Phe este peste 1.200 pumol/l
si o forma medie, In care concentratia Phe este
cuprinsa intre 600-1.200 pmol/l.

La nou-nascutii cu PKU concentratia serica a
Phe la nastere este in limite normale, dar creste in
primele zile de viatd. Unii autori considera ca va-
lorile crescute ale Phe si mai putin ale tirozinei cau-
zeaza leziuni cerebrale care conduc la aparitia re-
tardului mintal si a crizelor epileptice (2). In absenta
tratamentului intarzierea in dezvoltarea cognitiva
devine evidentd dupa varsta de 6 luni si este pro-
gresiva (3).

REZUMAT

Fenilcetonuria (PKU) a fost mult timp o boal& incurabila. Tn ultimele decade, diagnosticul precoce prin screening
neonatal si introducerea dietei fara fenilalanina au influentat pozitiv dezvoltarea neurologica a acestor pacienti.
Patogenia disfunctiei cognitive este inca necunoscuta, desi s-au realizat progrese importante in cunoasterea
acestei boli. In literatura, accentul se pune pe influenta concentratiilor crescute ale fenilalaninei din creier ca
substrat patologic al retardului mintal. In afara neurotoxicitétii fenilalaninei, un factor important poate fi si deficitul
aminoacizilor neutri in creier, care afecteaza functia cognitiva in fenilcetonurie. Dezvoltarea mintala depinde de
momentul inceperii tratamentului si de respectarea acestuia. Copiii cu PKU tratati precoce si continuu vor avea
coeficientul de inteligenta normal, dar sub media pentru populatia generala. n concluzie, cascada patogenezei
disfunctiei cerebrale in fenilcetonurie incepe cu efectul concentratiilor sanguine crescute ale Phe asupra
transportului metabolitilor prin bariera hemato-encefalica, la care se adauga deficitul cerebral de aminoacizi
neutri. Dieta fara fenilalanina ramane tratamentul de prima intentie in prevenirea retardului neuropsihic.

Cuvinte cheie: fenilcetonurie, retard mintal, dieta

Patogenia disfunctiei cognitive nu este inca bine
cunoscuta. Cresterea nivelului sanguin de Phe per-
mite acumularea unui numar mare de metaboliti la
nivelul sistemului nervos central (SNC), cu efect
toxic, care determina leziuni cerebrale difuze locali-
zate in special la nivelul cailor dopaminergice ale
regiunii dorso-laterale ale cortexului prefrontal si
in substanta alba (4). Datele din literatura sustin ca
Phe 1n exces interfereaza cu sinteza proteinelor ce-
rebrale implicate in formarea mielinei si a neuro-
transmitatorilor (5,6).

Surtees si Blau (2005) considera ca afectarea
transportului aminoacizilor neutri cu lant lung
(LNAA) prin bariera hemato-encefalica este esen-
tiala in patogeneza disfunctiei mintale la pacientii
cu PKU (Fig. 1).

Fenilalanina patrunde in creier folosind trans-
portorul LAT1 al aminoacizilor cu lant lung, in
competitie cu alti 8§ aminoacizi (tirozind, triptofan,
valina, isoleucina, leucind, treonina, metionina,
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histidind). Afinitatea transportorului LAT1 pentru
Phe este mare, conducand la o viteza de transport
crescutd chiar si numai la concentratii moderat
crescute ale acesteia. Fenilalanina este transportata
preferential prin bariera hemato-encefalica in detri-
mentul altor LNAA, rezultand concentratii cerebrale
crescute ale Phe si concentratii cerebrale scazute
ale altor LNAA (8,9).

La pacientii cu deficit moderat de PAH cu o con-
centratie moderat crescutd a Phe s-au gasit con-
centratii scazute ale neurotransmitatorilor si s-a su-
gerat cd deficienta de dopamina are ca rezultat
deficite la nivelul cortexului prefrontal. Comparativ
cu deficitul de dopamina, deficitul de serotonina are
influenta mai mare, determinand disfunctie psiho-
sociala si afectarea functiei cognitive (10).

Din punct de vedere neurobiologic, sinteza pro-
teinelor cerebrale, in special a mielinei, este esen-
tiala pentru dezvoltarea si functionarea normala a
creierului. Concentratiile scazute ale oricaror
LNAA determina nu numai niveluri scazute ale mi-
elinei, dar si ale altor proteine, inclusiv ale enzimelor
cerebrale tirozin-hidroxilaza, triptofan-hidroxilaza
si piruvat-kinaza (11).

Disfunctia cognitiva la bolnavii cu PKU poate fi
explicata prin doua ipoteze.

1. Cortexul prefrontal este afectat de concen-
tratiile scazute ale dopaminei, consecintd a
precursorul cdii dopaminergice.

2. Concentratiile crescute ale Phe sunt datorate
scaderii biosintezei mielinei, formarii sinap-
selor si arborizatiei dendritice.

Pérez-Dueiias (2006) a observat la pacientii cu

PKU la care tratamentul dietetic a fost initiat pre-

Deficite cognitive, disfunctie neurofiziologica si neuropsihica, posibil cauzate de
plasticitatea sinaptica scazuta si/sau crestere axonala scazuta

FIGURA 1. Patogeneza disfunctiei
mentale in fenilcetonurie (dupa Van
Spronsen F., Hoeksma Marieke,
Reijngoud D.J. 2009)

coce o corelatie intre volumul substantei albe si
valoarea sericd a Phe. De asemenea, Vilaseca (2010)
aremarcat la 27 dintre pacientii cu PKU tratati mo-
dificari ale volumului substantei cerebrale albe si
cenusii n functie de respectarea cu strictete a dietei.

Dezvoltarea mintala depinde de momentul diag-
nosticului, precocitatea inceperii tratamentului si
de continuitatea acestuia.

Diagnosticul tardiv sau lipsa de complianta la
tratament conduc la aparitia simptomelor carac-
teristice bolii: miros specific al pielii, parului si
urinii, hipotonia trunchiului, hipertonia extremita-
tilor, iritabilitate, leziuni cutanate, fotosensibilitate,
comportament autist, convulsii recurente.

Un control metabolic necorespunzator are con-
secinte severe asupra dezvoltarii neuropsihomotorii,
care variaza in functie de varsta.

Sugarii cu PKU prezinta retard mintal, micro-
cefalie, convulsii, tulburari de comportament, tul-
burari de crestere si leziuni cutanate de tip eczema-
like (13,14,15).

Tabloul clinic la copii cuprinde disfunctie min-
tala, tulburari de memorie, deficit de atentie, tul-
burari de comportament, leziuni cutanate de tip
eczema-like (13,14,15).

Adolescentii cu PKU prezinta tulburari neuro-
psihice, depresie, anxietate, leziuni cutanate de tip
eczema-like (13,14,15).

Karimzadeh (2012) a urmarit 105 pacienti diag-
nosticati cu PKU si a observat prezenta sindromului
hiperkinetic cu deficit de atentie la 85,7% dintre
pacienti, a comportamentului autist la 57,1%, a tul-
burarilor de opozitie in 84,2% si a tulburarilor
anxioase la 74,2%. Autorul a evidentiat o legatura
de cauzalitate intre prezenta acestor probleme de
comportament si nivelul seric al Phe (3).
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Intr-un studiu realizat in 2010 pe un lot de 20 de
copii diagnosticati cu forma clasica de PKU si tratati
precoce, da Silva a urmarit performantele intelectuale
ale acestora. Autorul a concluzionat ca diagnosticul
precoce asociat cu un control riguros al dietei si al
nivelului Phe poate impiedica aparitia deteriorarii
cognitive caracteristica PKU, dezvoltarea cognitiva a
acestor copii fiind in general in limite normale, ceea
ce le permite o buni integrare in societate. In cazurile
in care nu se reuseste mentinerea nivelului scazut de
Phe se precizeaza ca apar tulburari ale functiilor
executive cu repercusiuni asupra capacitatilor de
invatare si adaptarii sociale (6).

Gassio (2005) a evaluat cognitiv 37 de pacienti
cu PKU, observand ca toti prezentau intarziere de
diferite grade in dezvoltarea mintald, probleme de
orientare vizuala si spatiald, tulburari ale functiilor
executive §i atentiei comparativ cu grupul de control
si cd toate aceste probleme cognitive erau in relatie
directa cu valorile crescute de Phe inregistrate in
primii 6 ani de viata (16).

Vilaseca (2010) considera ca la pacientii cu PKU
gradul de inteligentd este in corelatie directd cu
respectarea dietei atat in primii 6 ani de viata, cat si
ulterior, recomandand continuarea cu strictete a tra-
tamentului dietetic indiferent de varsta (1).

CONCLUzII

1. Cascada patogenezei disfunctiei cerebrale in
fenilcetonurie Incepe cu efectul concentratiei
crescute a fenilalaninei plasmatice asupra
transportului metabolitilor prin bariera he-
mato-encefalica, la care se adauga deficitul
cerebral de aminoacizi neutri.

2. Dieta fara fenilalanina raiméane tratamentul de
prima intentie n prevenirea retardului neuro-
psihic la pacientii cu fenilcetonurie.

3. Tratamentul dietetic strict este esential mai
ales in copilarie, dar trebuie respectat toata
viata.
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Phenylketonuria (PKU) is a monogenic disease
in which mutations in the gene located on chromo-
some 12q22-24, which encodes phenylalanine-hy-
droxylase (PAH), cause impaired liver enzyme ac-

ABSTRACT

Phenylketonuria has long been an incurable disease. In the last decades, early detection by newborn screening and
the introduction of phenylalanine-free diet have positively influenced the neuro-psychological development of these
patients. The pathogenesis of cognitive dysfunction is still unknown although there has been significant progress in
understanding the disease. In literature, the emphasis is on increased concentrations of phenylalanine in the brain,
as pathological substrate of mental retardation. However, in addition to phenylalanine neurotoxicity, a deficit in
neutral amino acids in the brain may be an important factor that affects cognitive function in phenylketonuria. Mental
development depends on when the treatment is initiated and its continuation. In children with phenylketonuria treated
early and continuously, intelligence quotient is normal, but below the average for the general population. In conclusion,
the pathogenetic cascade of brain dysfunction in phenylketonuria starts with the effect of the high blood Phe
concentration on metabolite transport through blood-brain barrier associated with a deficit of neutral amine acids in
the brain. Dietary phenylalanine restriction remains the treatment of choice, especially during childhood.

Key words: phenylketonuria, mental retardation, diet

tivity resulting in increased phenylalanine (Phe) levels
in blood and tissues. Accumulation of Phe in plasma
and tissues with decreased tyrosine biosynthesis is in-
volved in the pathogenesis of PKU (1).
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Williams (2011) classified PKU as classical, in
which Phe level is over 1200 micromol/l and an
moderate, in which Phe concentration is between
600-1200 micromol / L.

In newborns with PKU, Phe serum concentration
at birth is normal, but increases in the first days of
life. Some authors believe that elevated levels of
Phe and less of tyrosine cause brain lesions that
give rise to mental retardation and seizures (2). In
the absence of treatment the delay in cognitive
development becomes apparent after 6 months of
age and is progressive (3).

The pathogenesis of cognitive dysfunction is
still not well known. High blood Phe level allows
accumulation of large numbers of metabolites in
the central nervous system (CNS) with toxic effect
that causes diffuse brain lesions located especially
in the dopaminergic pathways of the dorsolateral
prefrontal cortex and white matter (4) . Data in the
literature suggest that excess Phe interferes with
brain protein synthesis involved in the formation of
myelin and neurotransmitters (5.6).

Surtees and Blau (2005) believe that impaired
transport of long-chain neutral amino acids (LNAA)
through the blood-brain barrier is essential in the
pathogenesis of mental dysfunction in patients with
PKU (Fig. 1).

Phenylalanine enters the brain through LAT1
transporter of long chain amino acids competing
with other 8 amino acids (tyrosine, tryptophan,
valine, isoleucine, leucine, threonine, methionine,
histidine). LAT1 transporter affinity for Phe is high,
leading to a high speed transport even at moderately
elevated Phe concentrations. Phenylalanine is
mainly transported across blood-brain barrier to the

detriment of other LNAA, resulting in elevated
brain Phe concentrations and low brain concen-
trations of other LNAA (8.9).

In patients with moderate PAH deficiency and
moderately elevated Phe concentration low levels
of neurotransmitters were found and it was
suggested that dopamine deficiency results in
prefrontal cortex deficits. Compared with dopamine
deficiency, serotonin deficiency has greater influ-
ence causing psychosocial dysfunction and impaired
cognitive function (10).

Neurobiologically, brain protein synthesis,
particularly myelin, is essential for normal brain
development and functioning. Low concentrations
of any LNAA determine not only low levels of
myelin but also of other proteins, tyrosine hydro-
xylase, tryptophan hydroxylase and pyruvate-
kinase brain enzymes included (11).

Cognitive dysfunction in patients with PKU can
be explained by two hypotheses.

1. Prefrontal cortex is affected by low dopamine
levels, consequence of decreased availability of
tyrosine, precursor of dopaminergic pathway.

2. Elevated Phe concentrations are due to de-
creased myelin biosynthesis, synapses for-
mation and dendritic branching.

Pérez-Duenas (2006) found in patients with PKU
on early dietary treatment a correlation between
white matter volume and serum Phe level. Also,
Vilaseca (2010) noted in 27 of the treated patients
with PKU changes in cerebral white and gray matter
volume depending on strictly following the diet.

Mental development depends on how early the
diagnosis is made, early initiation and continuation
of treatment.

Plasma

High phenylalanine concentration and “nommal” LNAA concentrations

Biood brain barrier
Brain

High phenylalanine
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Glutamatergic Pyruvate HMG-CoA Tyrosine and
synaptic kinase reductase  tryptophan
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FIGURE 1. Pathogenesis
of mental dysfuction in
phenylketonuria (Van
Spronsen F., Hoeksma
Marieke, Reijngoud D.J.
2009)




REvisTA ROMANA DE PEDIATRIE — VoLumuL LXII, NRr. 1, AN 2013 9

Late diagnosis and lack of treatment compliance
lead to the characteristic symptoms of the disease:
specific odor in the breath, skin, hair and urine,
trunk hypotonia, hypertonia of extremities, irrita-
bility, skin lesions, photosensitivity, autistic be-
havior, recurrent seizures.

Inadequate metabolic control has severe conse-
quences on neuropsychomotor development, which
varies according to age.

Infants with PKU present mental retardation,
microcephaly, seizures, behavioral and growth dis-
orders, and eczema-like skin lesions (13,14,15).

In children, the clinical picture includes mental
dysfunction, memory impairment, attention deficit,
conduct disorders, eczema-like skin lesions (13,
14,15).

Teenagers with PKU present neuropsychiatric
disorders, depression, anxiety, eczema-like skin
lesions (13,14,15).

Karimzadeh (2012) followed 105 patients diag-
nosed with PKU and noted the presence of attention
deficit hyperactivity syndrome in 85.7% of patients,
autistic behavior in 57.1%, opposition disorders in
84.2%, and anxious disorders in 74.2%. The author
has shown a causal link between the presence of
these behavioral problems and serum Phe levels
3).

In a study conducted in 2010 on a series of 20
children diagnosed with classical PKU and early
treated, da Silva assessed their intellectual per-
formance. The author concluded that early diagnosis
associated with strict dietary control of Phe levels
may prevent the occurrence of characteristic cog-
nitive impairment, the cognitive development of
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