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Phenylketonuria (PKU OMIM#261600) is an autosomal
recessive inborn error of metabolism resulting from a
deficiency of phenylalanine hydroxylase (PAH), an
enzyme that catalyzes the hydroxylation of phenylalanine
to tyrosine, the rate-limiting step in phenylalanine
catabolism. If undiagnosed and untreated,
phenylketonuria can result in impaired postnatal cognitive
development resulting from a neurotoxic effect of
hyperphenylalaninemia

The protein structure of
PAH emzyme



PKU IS AN INBORN ERROR OF HUMAN METABOLISM
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PKU IS INHERITED TO THE CHILD BY BOTH PARENTS
EQUALLY




The PKU baby is protected
during pregnancy...
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..thanks to his/her mother’s metabolism



PKU starts to appear after the 15t meal
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PEOPLE with classical PKU CAN NOT

. use PHE into their body
. convert PHE to tyrosine

Enzym

Phonylalanine S Y EE—

Phenyialanine metabolism
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Foods with Phe are eaten
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This leads to high Phe levels in the blood
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A defective enzyme (PAH) in the body fails to
break down the Phe
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This leads to problems in thinking and behavior



What is PHENYLALANINE?



depicting the human body as... a house
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the WALLS play the role of the body PROTEIN
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PKU DIET
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High Phenylalanine Foods: Low Phenylalanine Foods:
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COMMON FOOD GROUPS



PKU FOOD GROUPS



PKU FOOD PYRAMID
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ALL FAMILY MEMBERS MUST HAVE THEIR MEALS TOGETHER
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BLOOD PHE and I1Q
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PKU CLINICAL PHENOTYPES

CLINICAL PHENOTYPE OF DIET BLOOD DIETETIC PHE

PHE LEVELS TOLERANCE

Non PKU <600 pmol/L >1000 mg /day

hyperphenylalaninemia < 10 mg/di

(MHP)

Mild or atypical 600-1200 450 - 1000

phenylketonuria (mPKU) umol/L mg/day
10-20 mg/dlI

Classical or severe >1200 umol/L 250 - 450

phenylketonuria (sPKU) >20 mg/dI mg/nuépa




GLOBAL DISTRIBUTION OF PKU
PHENOTYPES + TWO EUROPEAN DISTRICT
EXAMPLE Eastern Europe
n=10,220

n=2,198

)

Variant AF (%) | PAH (%)
p.R158Q 40 10
p.Q355_Y356insGLQ 38 5

Southern Europe

n=1,390
® Classic PKU = Mild PKU = Mild HPA
Variant AF (%) | PAH (%)

p.R40BW 22,6 2
p-Q355_Y356insGLQ 6.1 5

n.Q355 Y356insGLQ 13.5 5
pV388M 5.5 28

(Blau N. Human Mutation, 2016)

Variant AF (%) | PAH (%)
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Requirements for a minimum standard of care for > $ Py P
phenylketonuria: the patients’ perspective
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The complete European guidelines on @
phenylketonuria: diagnosis and treatment
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Panel 3: Key recommendations for patients with phenylketonuna (PKU)

The grades range from ¥ (no possibility to assess the level of
evidence because of a lack of any published work on this issue)
ta as high as B. The key recommendations were either based
on evidence (if level of evidence was A or B using the SIGN
method) or by consensus (using the Delphi method) if the
level of evidence was C or D, or the so-called good practice
points that are not based on any evidence if the level was v

Statement 1

Grade of recommendation: ¥/

To maintain blood phenylalanine concentrations in the
recommended range, patients with phenylalanine hydroxylase
(PAH) deficiency can be dassified as either not requiring
treatment, or requiring diet or tetzahydrobiopterin (BH4), or both.

Statement 2

Grade of recommendation*: €

In the differential diagnosis of hyperphenytalaninaemia, of any
degree, BH4 deficiencies should be excluded by measurement
of pterins in blood or urine and dihydropteridine reductase
activity in dried blood spot.

Statement 3

Grade of recommendation: D/C

Patients with untreated blood phenylalanine concentrations
less than 360 pmol/L do not require treatment. Patients with
untreated blood phenylalanine levels more than 360 pmoal/L
should be treated. Patients with untreated phenylalanine levels
between 360 pmol/L and 600 pmol/L should be treated until
the age of 12 years. Patients with untreated phenylalanine
levels more than 600 pmol/L should be treated for life.

Statement 4

Grade of recommendation: €

All adults with PKU should have life-long, systematic follow-up
in specialised metabolic centres, because of specific risks that
might accur during adulthood.

Statement §

Grade of recommendation: B

In treated patients with PKU up to the age of 12 years, targ

...... -

Statement 7

Grade of recommendation: B

In pregnant patients treated for PKU the target phenylalanine
concetrations should be 120360 pmol/L.

Statement 8

Grade of recommendation: B

Women with untreated blood phenylalanine concentrations
less than 360 pmol/L do not require treatment to lower blood
phenylalanine before or during pregnancy.

Statement 9

Grade of recommendation: C

An annual nutritional review is required for any patient who is
on a prescribed low phenylalanine diet or is self-restricting
high protein foods. Such review must include a clinical
examination including the anthropometric parameters
(weight, height, BMI). We also recommended that plasma
aminoacids, plasma homocysteine or methylmalonic acid,
haemoglobin, mean corpuscular volume, and ferritin are
measured. All other micronutrients (vitamins and minerals
including calcium, zine, selenium) or hormaones {parathyroid
hormone) can be considered if clinically indicated.

Statement 10

Grade of recommendation: v/

In patients younger than 12 years, when more than 50% of
the phenylalanine concentrations are out of target range
over a period of 6 months, consider: (1) increased frequency
of blood phenylalanine monitoring and outpatient visits and
re-education, (2) psychology cansultation or social worker
intervention, and (3) hospital admission. When around
100% of blood phenylalanine concentrations are out of
target range over a period of 6 months and there are other
signs of failure of adherence, such as lack of cooperation,
clinic non-attendance, or unresolved issues outside PKU
consider consultation with social services and child
safeguarding measures.

*Level of svidence s thowen 36 Checaose of the high numbere of data notwithstanding
that most included papers are of doscriptive nature



KEY RECOMMENDATIONS

Statement 3 Grade of recommendation: D/C Patients with untreated blood phenylalanine concentrations less
than 360 umol/L do not require treatment. Patients with untreated blood phenylalanine levels more than 360
pmol/L should be treated. Patients with untreated phenylalanine levels between 360 umol/L and 600 umol/L
should be treated until the age of 12 years. Patients with untreated phenylalanine levels more than 600 umol/L
should be treated for life.

Statement 5 Grade of recommendation: B In treated patients with PKU up to the age of 12 years, target
phenylalanine concentrations should be 120-360 pmol/L. Statement 6 Grade of recommendation: D In
treated patients with PKU aged 12 years or older, the target phenylalanine concentrations should be
120-600 pmol/L.
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In infants with PKU, breast-feading in combination with a Phe-fres infant L-aming scid formels

STATEMENT #34. Grode of

' shoak! be ercoursged. B is associated wath long tenm sattshectory diood Phe cortre! end growth.

Statement 4 Grade of recommendation: C All adults with PKU should have life-long, systematic follow-up in specialised
metabolic centres, because of specific risks that might occur during adulthood

Statement 7 Grade of recommendation: B In pregnant patients treated for PKU the target phenylalanine concetrations should be 120-360
pmol/L



TARGET BLOOD PHE LEVELS

¢ 0-12 YEARS e 2 — 6 mg/dl (120-360 pmol/L)

2 — 4 mg/dl = perfect levels

 >12 YEARS 6-10 mg/dl (360-600 pmol/L)

GIRLS: IDEALLY <6 mg/dl at all ages (MATERNAL PKU)



MATERNAL PKU SYNDROME

_ Maternal PKU = Severe mental retardation,
Mental retardation microcephaly, cardiac abnormalities

Microcephaly
Congenital Heart
Disease

Small for date

35
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YOU SHOULD NOT FORGET

EVERY PKU WOMAN
CAN DELIVER
A HEALTHY BABY.

JUST STAY ON DIET

Target blood phe : 2-6 mg/dl
(120 — 360 pmol/L)

2,5 -4 mg/dl = perfect balance
(150 — 240 pmol/L)




Synthetic form of BH4
* BH4 is natural compound of PAH

 First non dietetic successful therapeutic
approach of PKU.



KUVAN

Rresponsiveness depends mostly on genotype
« Some mutations respond better than others
* Null mutations do not respond
BU
» Genotype - phenotype correlations

sometimes show surprising or unexpected
results.

* No genotype needed for PKU patients of
diet for many years.

39



KUV/

BH4 responsiveness In this Review we defined BH4 responsiveness as an increase of 100% or more in
natural protein or improved biochemical control (>75% of phenylalanine levels in target range), or
both, on a dose of BH4 that ranges between 10-20 mg/kg bodyweight (with a maximum dose of 1000
or 1400 mg per day in some countries).

Age > 4 yrs
Responsiveness test starting dose: 10 mg/Kg BW
20 mg/Kg BW is maximum dose

Very strict dietetic control during the responsiveness
test

Target: 2 30% peiwon twv emméedwyv phe aipatoc kat
> 50% dietetic phe tolerance e
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Statement 1

Grade of recommendation: /

To maintain blood phenylalanine concentrations in the recommended range, patients
with phenylalanine hydroxylase (PAH) deficiency can be classified as either not requiring
treatment, or requiring diet or tetrahydrobiopterin (BH4), or both.

New PKU patients’ classification
* No treatment

* Low phe diet

* BH4 supplemantation

*Low phe diet + BH4






What all countries need to do ???

Newborn screening!!!



INSTITUTE OF CHILD HEALTH
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Births: ~vy 100.000/year
PKU - HyperPHE: ~v 8-10 neonates/year
Diagnosis age: nv 10-15 days



Routine Procedure after abnormal findings in
PKU Guthrie Test

Urgent invitation to the clinic (phone call)

Confirmation of diagnosis —> Guthrie - Total
blood amino acid profile — Phe:Tyr ratio

Differential diagnosis —> Biopterines - DHPR
activity in blood spots - 24h loading test with
BH4

Onset of treatment
Genotyping
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