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PKU

@ NN (O L VAR COMPLETE ENZYME DEFICIENY or <%
exceed 20 mg/dL (1200 micromol/L)

MIOIBISVN RS L R FNZYME DEFICIENY %1 - 5
|5- 20 mg/dl ( 900 to 1200 micromol/L),

MILD PKU ENZYME DEFICIENY %I1-5

10- 15 mg/dl (600 to 900 micromol/L),




HYPERPHENYLANINEMIA ,ENZYME ACTIVITY >%5

MILD HYPERPHENYLANINEMIA

* 6- |0 mg/dl (360 to 600 micromol/L)

Benign mild HPA

* 2- mg/dl (120 to 360 micromol/L)




Gl Cy i Lok PRU slas £ Phe b

4 b g o8 STy P
D (HPA) La! s pola t- ¢ mg/dl
§)Jofeg 59 s ik S asal g 5l P
i lagy Sl HPA) Ll | s p-\+ mg/dl
S5 bt o \ild PRU -1omgd
S St s oy e Moderate PKU &1+ mg/dl
e B i e ot Sl rmgdl ) e

g3 okl -1+ I g 13 ol S g by ST i 50 o Sl 5y 55yl 9.0 g0 L 15

pKU @U CJ)}«D)-\ ’ .\’.\:) 6); oj'dj' RBC )é DHPR \:Ag,ll.“ ,)').‘1 Q".J:'wﬁ (“M}U J.Ll! O'Juﬁ &' pw)Q HLM.‘! \' ‘SYl} \:A-n" b\.(.hl ).}U
3l St Sy g il Culys Ll (ol gy




O Table 161 Daily phenylalanine (FHE ) tolerances and target blood moges. showing different targeis aimed for in varioos
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Indophenol test (Blue colur)
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Ferric chloride test (Violet colur)

@— OH +FeCl, —> Q OFeCl, + HCI

FERRIC CHLORID TEST




How the Guthrie Test works:

¢ Blood on filter paper 1s placed on agar
plates with a strain of bacillus subtilis that
requires phenylalanine for growth.

¢ The presence of growth is indicated by a
halo surrounding the filter paper.

o If , blood phenylalanine and
tyrosine levels are determined, and if
, @ confirmatory assay for
phenylalanine hydroxylase 1s done.

¥ Microbial inhibition assay for metabolic

B dAlcardare



Diagnosis test False positive

Guthrie microbiological inhibition test
enzymatic techniques,

HPLC, or tandem mass
spectrometry(investigation (120-
240 pmol/L)2-4 mg /dl , PHE/TYR
ratio >3

Co-factor defects must be excluded by
investigation of pterins in blood or urine
and dihydropteridine reductase (DHPR)
in blood , BH4 loading test

DNAJCI2 defciency by mutation analysis
(co-chaperone correct protein folding of
the aromatic amino acid hydroxylases,
PAH, tyrosine hydroxylase and tryptophan
hydroxylases |)

HPA may be found in preterm and sick
babies, particularly after parenteral
feeding with amino acids and in those
with liver disease (where blood
concentrations of methionine, TYR,
leucine/isoleucine and PHE are usually
also raised), and in treatment with
chemotherapeutic drugs or trimethoprim.
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BH4 Loading Test

¢ If dietary PHE restriction is in place this is stopped 2—3 days before the test. Blood PHE concentrations should
be at least 400 umol/L at the start.An oral dose of 20 mg BH4/kg is given approximately 30 min before a feed.
Blood samples are collected for PHE and TYR at 0, 4, 8 and 24 h.

¢ The test is positive if plasma PHE falls to normal (usually by 8 h) with a concomitant increase in TYR.

¢ The rate of fall of PHE may be slower in DHPR deficiency.

¢ Blood for pterin analysis at 4 h will confirm that the BH4 has been taken and absorbed.

combined PHE (100 mg/kg) and BH4

¢ A combined PHE (100 mg/kg) and BH4 (20 mg/kg) loading test may be used as an alternative. This combined
loading test is reported to identify BH4-responsive PAH deficiency and discriminate between co-factor synthesis
or regeneration defects and is useful if pterin analysis is not available.

BASED ON ARTICLE

¢ BH4 loading test is considered positive when initial plasma Ph concentrations decrease by at least 30% after
8 h or by 50% after 24 h. Using the above protocol for the oral loading test, 60-70% of patients with mild PKU
responded significantly. Using an extended protocol of more than 24 hrs with repeated administration of 10 mg
BH4/kg/day, enabled the detection of additional mild or moderate PKU patients who are considered to be slow

res PO n d ers 2o 5Phenylketonuria: a review of current and future treatments
Naz Al Hafidl,2, John Christodouloul,2,3




DNAJC12 deficiency: A new strategy in the diagnosis of hyperphenylalaninemias - Scien... Visit

DNAJCI2 deficiency by mutation analysis
(co-chaperone correct protein folding of the aromatic amino acid hydroxylases,
PAH, tyrosine hydroxylase and tryptophan hydroxylases )
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Phe and other neutral amino acids
(LNAAs: Tyr, tryptophane,
threonine, methionine, valine,
isoleucine, leucine, and histidine)
share the same transporter in the
brain

The ratio of PHE

concentrations in
blood/brain is about 4: |



vi RED PKU MEDICAL FOOD, LOW IN PHENYLALANINE, PROVIDING
PROTEIN FROM GLYCOMACROPEPTIDE (GMP) AND AMINO ACIDS
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Calculated amounts of PHE-free amino acid mixtures (AAMs) supplemented with vitamins, minerals and trace
elements. The biological value of AAMs is lower than that of natural protein; the equivalent daily protein from
this source needs to be 20% higher than the age-related reference values for natural protein.




ammonia

Phenylalanine
H—

COOH Kraas COOH
C— (PAL) C . . ope .
e o PEGylated recombinant Anabaena variabilis phenylalanine

@ Z @ ammonia lyase (PAL) pegvaliase (Palynziq) is approved for

individuals >16 years

Phenylalanine trans~Cmn 201 =161

¢ The enzyme converts PHE independently from PAH and BH4 to a harmless compound, transcinnamic acid, and
ammonia metabolised in the liver to urea. Covalent attachment of polyethylene glycol polymer chains (PEGylation)
‘mask’ the agent from the host’s immune system, reducing immunogenicity and antigenicity. However, during early
treatment (£6 months) but also later (at year |) all patients develop antibodies against PEG and PAL and more than
90% experience adverse events like hypersensitivity, arthralgia/arthritis, injection site/generalized skin reactions or
lymphadenopathy, and about 9% anaphylaxis episodes

¢ Patients must always carry the epinephrine autoinjector and be able to master its application. Daily subcutaneous

injection of 20—-60 mg of the enzyme per maintenance dose is effective in reducing PHE concentrations below
|20 umol/L and often allows a normal diet.




Precusor f Bt

Sepiapterin, a natural precursor of BH4 in the salvage pathway of pterins is more stable and crosses cell membranes
more efficiently than BH4.

Exploratory studies in adult healthy volunteers showed that after oral doses of CNSA-001, a pharmaceutical
preparation of sepiapterin, increases of BH4 in CSF, and plasma BH4 concentrations were larger than after equivalent
doses of sapropterin dihydrochloride. However, trials are required to evaluate possible clinical effects.

a) Plasma sepiapterin concentrations b) Plasma BH, concentrations
Sapropterin 4 B
Kuvan

:

l

~B-Fasted
=CF Fed

TR -#-Fasted
oA )

Plasma BH,4 (ng/mL)
— N
= =
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L) Y
12 16 20

ePlasma sepiapterin (ng/mL)

24 0 4 8 12 16 20 24

00m

LTy prp— Time (h) Time (h)
B B oy
120 Tabiets

Phase | clinical evaluation of CNSA-001 (sepiapterin), anovel  yigit
pharmacological treatment for phenylketonuria and...
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GENE THERAPY

Vital New Vital /
DNA  gene  DNA 'y'

|

DRI

Vector
(adenovirus)

Vector binds to
cell membrane

Vector injects new
gene into nucleus

- e -
L9 ‘; % e
Vesicle breaks = & E

down releasing y \
vector &

15y Cell makes protein
- Gene therapy using using new geng

Gene therapy using an adenovirus vector. Note: Reproduced from US National Library of Medicine. 67

Recombinant Adeno-associated viruses(rAAVs)




Treatment pku classic

RESTRICTION DIET
BH4 (SAPROPETERIN )
SEPIAPTERIN
pegvaliase (Palynziq)
LNAA
Glycomacropeptide

Gen thrapy

Liver transplant




MONITORING

TIME MONITORING

first year weekly

childhood fortnightly

Samples ideally should be taken early morning when concentrations are likely to be
at a peak or at least 4 hours post-prandially




= each 300 umol/L increase in blood PHE during the first 6 years of life, |Q is reduced by 0.5 of a standard
deviation (SD), and during age 5—10 years the reduction is 0.25 SD.

= Furthermore, IQ at the age of 4 years is reduced by 0.25 SD for each 4 weeks of delay in the start of
treatment and for each 5 months of insufficient PHE intake.

Increase in serum PHE _ 1Q reduction

300 IST 6 YEARS 0.5 of a standard deviation (SD)

300 5-10 years 0.25 SD

|Q at the age of 4 years is reduced by 0.25 SD for each 4 weeks of delay in treatment

Reduced by 0.25 SD for each 5 months of insufficient PHE intake




De novo synthesis

Guanosine triphosphate

(GTP)
GTP
cyclohydrolase | Q=
o

Dihydroneopterin triphosphate

e LR R S e 2 T 6-Pyruvoyli-
Salvage i tetrahydropterin
O, Aldos.(m synthase
Sepiapterin 1"-oxo-H4-pterin — 6-Pyruvoyl tetrahydropterin :
m.(s’m
H.-biopterin

....................................................

- Pterin carbinolamine l

- da-dehydratase

- (PCD)

q-Dihydrobiopterin _ Pterin-4a-carbinolamine

Regeneration ==
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HVA SHIAA
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B Table 16.2 Interpretation of reguls of investigations in dsorders of bopterin metabolsm

Deficlency  Blood FHE =~ Blood of urine Blood of e Blood of urine CHF S-HIAA Blood DHFR  Gene

pums L bbo et n Beoplerin imapterin and HVA activity
PAH =120 t 1 I N PAH
GTPCH 501200 1 ¥ 1 N GTCHI
FIPS 2402500 1 tt 1 N FTS
DHPR 1802500 14 Nort 1 1 ODFPR
PCD 1801200 l 1] tt M N PCRDI
DMNAICIZ =120 N o 1 N DNAJCI2

{SF, cerchrogpinal Avd; DHPR , dibydropterin reductase; GTPCH, guanosine triphosphate cyclobydrolase I; 5-HIAA, S-hyvdroxymdole
acetw: acds; HVA, homovamilbc acid; N, normal; PAH, phenyvlalanme bhydroxylse; PCD, pterm-da-carbinolamme  debydratase;
PHE, phenylalanine; PTPS, 6-pyruvoyl-tetrabydropterin syailase

iIm PAH deficiency, as long a8 PHE concentrations remam clevated, there 18 a secondary inhibition of tyrosme and tryptophan
hydroxylases cansing depletion i CSF amines




Pasteur Institute of Iran
National Biochemistry Reference Laboratory

Pasteur Ave., Tehran.
TELFAX: 021- 64112809

Patient's Name: Peransa Mirzaei

Patient's Number: P-00- 56

Sex/Age:F/ 1 Months

Sampling Date: 00.04.06

Referred By: Dr. Salaei

Report Date: 00.06.01

g T A ey - AR AR L e = — = - e ¥y -
- Parameter | Patient’s Unit Specimen Method Reference Range
S e NRRGMIREN S L SEm e . -
Neopterin 7.21 mmol/mol Cr Uring HPLC 1Dy -10Y ears:1,1-4.0
-‘lli\‘crurr‘:ﬂ.l-_l_.t_- P _
Biopterin 110 mmol/mol Cr Urine HPLC IDay-10Venrs:0,.5-3
-‘l_l\(‘.u”\.h._"‘ ;,' . Ul
Creatinine 0.05 g/L Urine Colorimetry - s al
Pheaylalanine - pmol/L Plasman HnPLC < | Month; -124
< 16 Years: 26-56
>16 Yeurs: 41-08 .
Phenylalanine 692 pmol/L pBs HPLC I5% less than Plasma vilue
DHFR Enzyme Activity 4.2 mU/mg Hb DBS ] Spectrophotometry i l..\‘-.l:.%; LU s j‘ __l
Comment: lncreased neopterin level in infections & fevers may complicate the interpretation of tests,
Attt ~Neopterin (Urine) Biopterin (Urine)
ariant | (mmol/mol Creatining) (mmol/mol Creatinine) '
- = - - = - 3 ‘
GTPCH deficiency < (.2 <2 :
PTPS deficiency (severe) 3.0-51.2 < 1.5 = ‘
PTPS deficiency (mild) 5.0-51.2 < .5 |
DHPR deficiency (severe) 0.5-23.2 3.8-25.6 }
DHPR deficiency (mild) 0.5-232 3.3—25.? -
PCD deficiency (benign) 4.1-225 0.7-1.5 —
| DRD N N .
| SR deficiency N N |

Pathological pterin values in urine*
(DHPR Dihydropteridine reductase, DRD dopa-responsive dystonia,GTPCH GTP eyclo hydrolase I, N Normal, PCD pterin-4a

“curiinolamine

dehydratase, FTPS 6-pyruvoyltetrahydrobiopterin synthase, SR sepinpterin reductase), 'l’rimumcriu (7-Bio) 1






Y k Sex/Age: M/ 2 v
Patient's Name: Sivan Aseli Fard R Months Referred By; Dr.Rostami

. Sampling Date: 99,
Patient’s Number: P-99-194 IL12 Report Date: 99,1 1.18
~T Patienrs | Unit | Specimen | Muthoa A
- -I?J"' !}m N l_r“}}, . sp oAb AL ALY 0}) Retﬁr&ﬂct'“— T
Gy YR ] e ~ ! SHLL S S AN Hu -
f Neoprerin 3197 mmol/mol Cr utie HrLc 1Day-10Venrsit. 4.4
1’ ! >\ YVeurs: 0217
i Biopterin 0.61 mmol/mol Cr Urine HPLC 1085-10Y enrs:0.5-3
I’ 11 Yearst 0527
[ Phenylatanine 1692 pimol/L Plasma HPLC <1 Manth: 0-124
< 16 Yeary: 26-86
216 Years: 41.08
{ Phenylalanine . pmol/L pBS HPLC 15% less than Plasma value
1' DHPR Enzyme Activity 4.0 mLU/mg Hb
Comment: Increased neopterin levelin infections & fevers may com -‘,-';,
= Neopterin (Urine)
Variant (mmol/mol Creatinine)
GTPCH deﬁclénq < (.2
PTPS deficiency (severe) 5.0-51.2
PTPS deficiency (mild) 5.0-51.2
DHPR deficiency (severe) 0.5-23.2
DHPR deficiency (mild) 0.5-232
PCD deficiency (benign) 4.1-22.5
b= DRD N
' SR deficiency N

Pathological pterin values in urine*
(DHFPR Dibydropteridine reductase, DRD dopa-responsive dystonia, GTPE

dehydratase, PTPS b-pyruvoyltetraliydrabiopterin synthase, SR sepinpte
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Deep Wise
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Natural source |/







B Table 16.3 Medication wsed in the treatment of disorders of bioplerin metabolism

Drug Deose {oral) Frequehcy GTHCH PTPS PCD DHPFR
BH, 25 mafkgiday, increasing 1o Cnee daily ‘ + t 3= Selegline
510 mghday acconding to Mood
PHE response MAO
SHT 1-2 mygfk iy, increasing by Cirve im four divided dodes; fimal 4 ' ' INHIBITOR

12 mep'kegiday every 4-5 days up mainicmance dose dependent on
o mepintenance dose of & 10 mgf resulis of CMNE pearctransmit-

kgiday teTE
L-Idopa (as 12 mgfk iy, increasang by Citve i four divided doses; fimal a 1 1
o bimed 12 me'k piday every 4-5 days up maintesance dose dependent on
preparation with 1o maimienance dose of 10-12 mg! resulis of CHS neurotransmit-
carbadopa) kgfday leTs
Sclegiline 1025 gy [a thres or four diveded doses + + +
{L-deprenyv) (a8 adjumct 1o SHT and 1-dopas

poe lext)

Entacapone 15 mplegiday I'm two or three divsded doses i+ t *
Framipexolhs 0006 mgfkpiday screaging 1o L two 1o three divided doses + * *

0000 gk gday®
Cakeum folimate 15 mytfclay Omee daky LY T +

{Folinic acid)

BH,, twtrahydrobioptering CNS, cmtral nervous gystem; DHPR, dibydroplenin reductase; GTPCH, guanogine triphogphate
cyclolydmolase I; SHT, S-nvdrosytrytophan; PCD, plerin-da-carbinolamine delwdratase; PTPS, 6-pyruvoyl-tetralwdropterin svatlase
iSee Lexi

YHigher doses (0.030-0.033 mpkg'day) have been used bol may cause pawchistnic adverse ellects [97]




Monitoring of Treatment in non classic

CSF amine concentrations 3-monthly in the Ist year
6-monthly in early childhood
yearly thereafter.Where possible,

CSF folate

Hyperprolactinemia It has been suggested that 3 blood
prolactin measurements over a 6 hour
period may be a more sensitive and less
invasive marker than the CSF HV

phenylalanin this only needs to be undertaken

frequently in DHPR deficiency where a
low-PHE diet is used.




Out come

treatment prognosis

Without treatment GTPCH, PTPS and DHPR deficiency is
poor,

With treatment with GTPCH deficiency have some

degree of learning difficulties despite
adequate control

PTPS deficiency may have a satisfactory
cognitive outcome

DHPR deficiency, if started on diet, amine
replacement therapy and folinic acid
within the first months of life, can show
normal development and growth




Maternal plu P |Problem

developmental delay (92%),
microcephaly (73%),

low birth weight (40%)
dysmorphic features

<300 um /| no evidence of any deleterious effect on
the fetus

Above 360 pmol/L, developmental indices
decreased by about three points for
every 60 pmol/L rise in average
concentration

2900 pmol/L Congenital heart disease (CHD)

50% of mothers who had children with CHD had average PHE concentrations
21500 pumol/L.




Monitoring and out come

Monitoring

preconceptionally twice a week

pregnancy three times a week

<600 pumol/L reduced incidence of

CHD
<360 pmol/L minimised the risk of
brain damage




MATERNAL PKU

PH Treatment
<1000 umol /I without regim BH4 22//
<120 umol /I IUGR (Low essential fatty acid intakes

have led to the use of amino acid
supplements fortified with DHA. Some
centres use tyrosine supplements to
maintain maternal TYR within the normal
range.

120- 360 umol /I Normal range




Most frequently BH4 responsiveness is defined by a reduction of 230% in blood PHE concentration after a single
dose of 20 mg BH4/kg body weight, but there are alternative criteria.

It has been suggested that a more clinically relevant assessment is to initially determine BH4-responsiveness with a
screening test, measuring the decrease of blood PHE after a single BH4 dose of 20 mg/kg, followed, if there has
been a decrease 230%, by a further period of BH4 treatment to assess the increase in natural protein tolerance
setting a goal (e.g. an increase of at least 100%) to define responsiveness in clinical practice.

BH4 may act as a chaperone, providing conformational stabilisation and augmenting the effective PAH concentration.

Limited data suggest that the use of BH4 in pregnancy is effective and safe in controlling PHE concentrations in
responsive patients but diet remains the first-line treatment for pregnant women.

Sepiapterin, a natural precursor of BH4 in the salvage pathway of pterins is more stable and crosses cell membranes
more efficiently than BH4.




