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DESCRIPTION
Phenylketonuria (PKU) is an autosomal recessive metabolic
disorder caused by pathogenic variants in the PAH gene, which
encodes the hepatic enzyme phenylalanine hydroxylase. This
enzyme is responsible for the conversion of phenylalanine to
tyrosine, a reaction essential for normal amino acid metabolism.
When PAH function is impaired, phenylalanine accumulates in
blood and tissues, leading to toxic effects on the developing
brain and other organ systems.

The metabolic block in PKU results in elevated phenylalanine
levels and reduced tyrosine availability. Tyrosine is a precursor
for neurotransmitters such as dopamine, norepinephrine, and
epinephrine, and its deficiency contributes to neurochemical
imbalance. Excess phenylalanine also interferes with large
neutral amino acid transport across the blood-brain barrier,
further disrupting neuronal development and function. The
combination of toxicity and neurotransmitter deficiency
underlies the neurological manifestations of the disorder.
Clinically, untreated PKU presents with severe intellectual
disability, microcephaly, seizures, and behavioral disturbances.
Early signs may not be apparent at birth, but irreversible
neurological damage begins within the first months of life if
dietary intervention is not initiated. Additional features may
include hypopigmentation of skin and hair due to reduced
melanin synthesis, as tyrosine is also a precursor for melanin
production.

Newborn screening programs have significantly transformed the
clinical outlook of PKU. Measurement of phenylalanine levels in
dried blood spots allows early detection, often before symptoms
develop. Early diagnosis enables prompt initiation of dietary
management, which is essential for preventing neurological
damage. This has made PKU one of the most successfully
managed inherited metabolic disorders in clinical practice. The
primary treatment strategy for PKU involves strict dietary
restriction of phenylalanine. Patients must adhere to specialized
low-protein diets supplemented with amino acid formulas that
exclude phenylalanine. This dietary management requires
lifelong adherence and careful monitoring of blood
phenylalanine levels to maintain safe metabolic balance.

Although effective, dietary therapy can be challenging due to
social and practical limitations.

In addition to dietary control, pharmacological treatments have
expanded therapeutic options. One such agent is sapropterin
dihydrochloride, a synthetic form of tetrahydrobiopterin, a
cofactor for phenylalanine hydroxylase. In individuals with
residual enzyme activity, sapropterin enhances enzymatic
function and reduces phenylalanine levels. However, response to
this treatment is dependent on the specific PAH genotype and is
not universally effective. Enzyme substitution therapy represents
another important advancement. Pegylated Phenylalanine
Ammonia Lyase (PAL) is an alternative enzyme that converts
phenylalanine into trans-cinnamic acid and ammonia, bypassing
the defective metabolic pathway. This approach reduces systemic
phenylalanine levels and offers an alternative for patients who
do not respond adequately to dietary or cofactor-based therapies.

Gene therapy is being actively investigated as a potential long-
term solution for PKU. The goal is to introduce functional
copies of the PAH gene into liver cells using viral vectors,
restoring endogenous enzyme production. Preclinical studies
have demonstrated sustained reduction in phenylalanine levels
in animal models. Challenges include achieving stable gene
expression, avoiding immune responses, and ensuring efficient
delivery to hepatic tissue. Genome editing technologies,
particularly Clustered Regularly Interspaced Short Palindromic
Repeats (CRISPR)-based systems, are also being explored for
direct correction of PAH mutations. These approaches aim to
permanently repair the genetic defect at its source. Although
promising in experimental models, significant barriers remain
before clinical translation, including off-target effects and
delivery efficiency.

Maternal PKU is a critical clinical consideration. Women with
PKU who have poorly controlled phenylalanine levels during
pregnancy can transmit toxic effects to the developing fetus, even
if the fetus does not inherit the disorder. This can result in
congenital anomalies, including microcephaly, congenital heart
defects, and growth restriction. Strict metabolic control before
and during pregnancy is therefore essential to prevent fetal
complications. Neurocognitive outcomes in PKU are strongly
influenced by the timing and consistency of metabolic control.
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Even with treatment, subtle deficits in executive function,
attention, and processing speed may occur in some individuals.
This has led to increased interest in understanding the long-
term neurological effects of mild phenylalanine elevation and
optimizing treatment thresholds.

Psychosocial factors also play a significant role in disease
management. Adherence to dietary therapy can be difficult,
particularly during adolescence and adulthood. Social
integration, food accessibility, and psychological support are
important components of comprehensive care. Patient
education and structured follow-up programs improve long-term
adherence and outcomes. Research into PKU continues to
evolve toward more individualized treatment approaches.
Genotype-based prediction of treatment response is an active
area of study, aiming to tailor therapies according to specific

PAH mutations. This approach may allow clinicians to select the
most effective intervention for each patient, reducing treatment
burden and improving metabolic control.

CONCLUSION
Phenylketonuria is a well-characterized inborn error of
metabolism caused by mutations in the PAH gene, leading to
toxic accumulation of phenylalanine and disruption of brain
development. Advances in newborn screening, dietary therapy,
enzyme substitution, and emerging gene-based approaches have
significantly improved patient outcomes. Ongoing research
continues to refine therapeutic strategies and move toward more
precise and individualized management of this metabolic
disorder.
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