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What is PKU?

e Phenylketonuria (PKU): inherited disorder of

disrupted phenylalanine (PHE) metabolism

o Build up of PHE in blood
o Decreased tyrosine levels

e Results in two kinds of complications PHENYLKETONURIA

o Permanent neurological
m Intellectual disabilities, paralysis
o Functional/cognitive impairment
m Seizures, psychiatric and attention problems,
faulty reasoning, poor memory Click to play video

e Newborn screenings and immediate initiation
of PKU diet have decreased these
phenotypes



http://www.youtube.com/watch?v=HYg0Id-C0uQ

PHE Metabolism

Phenylalanine

e Digestion/Absorption/Transportation

0, Tetrahydrobiopterin NAD(P)*
o PHE shares enzymes with other amino \ : iy /
. . ] ) Phenylalanine hydroxylase / Reductase
acids and aromatic amino acids manooxygenase - (Fe)

o Serum PHE not impacted by these steps ! 0/\

e Metabolism/Catabolism
o Enzyme: Phenylalanine hydroxylase (PAH)
m Liverenzyme

Dihydrobiopterin NAD(P)H + H*

[

m Coenzyme: Iron, Vit C | Tyrosine
m Cosubstrate: BH,
(tetrahydrobiopterin)

o Product: Tyrosine
m Conditionally essential



. . . PALYNZIQ is available in 3 dosage strengths:
Palynzig®: What is it? S T =
s srmes o SR e e e

Subcutaneous injection

e Brand name of FDA approved drug (2018)  aneedesmaiir than a i shot i g
o  Pegvaliase-pgpz = Palynziq® I et T S
¢ Approved for adults, to treat hyper- I malle han mostvaccines you may have
phenylalanine Requres oy hceof i of i

* Retracts automatically after completing

e Palynziq® = PEG + PAL! e o
o Pegulated polyethylene glycol (PEG)
o Phenylalanine ammonia lyase (PAL)

e Mechanism of action: PAL = plant enzyme
o PAL reroutes PHE metabolism
o Acts as substitute enzyme, replacing PAH

Manufactured by BioMarin Pharmaceutical
Injected subcutaneously, daily




Drug Treatment Process, Side Effects

Here is an example of how dosing with PALYNZIQ may look:

e Treatment Process e ey —] EID orcemmens for ko e
o Dailyinjections (2.5 mg JETORO, for sk loast1 week
o Start: 5mg 2x per week EED oncomeey P——
o Typical titration dose: 20mg 1x day G (10 mo RN for ot lomst | ook
o Treatment for life QIRDD fourvnespormosk  torat uetr sk
o Additional Info: www.palynzig.com/starting-palynziq P J O
e Side Effects - Immune Response . N
Rash, swelling at injection site s foi ok It W0 ks
Hives — O

o O O O

* Must always carry Epinephrine autoinjector

Joint pain
Anaphylactic shock*

Child and Adult Doses (Auvi-Q®)



https://www.palynziq.com/starting-palynziq

PHE Metabolism Before and After

Before Treatment

e PAH activity disrupted
e Little to no tyrosine made

e Excess serum PHE
o Leads to excess phenylpyruvic acid

With Treatment

e Enzyme Substitution
o  PAL/Peg-PAL/Palynziq®
e Excess serum PHE metabolised:

o  Trans-cinnamic acid
o Ammonia

Preerylalanine (Phe)

PAL
(PEG-PAL)

Fig 2 Phesybdasive snnonls ese (PAL) 5 a2 allermative ervepsse that o substitete foe PAM Sy reduciag e phenylalasine coscertration In U A e )ynr (or
dearsinam) PAL removes the amine (NH) and a progsa (H * ' from pheaylalanize to form ammonia (NM,, lesviaga d and d $ lalaaine (mars
cinmamic ackd). The oams-cinmamic acd 1s cooverted 10 beaxnic acd which s conjugaed with ghycine s the liver and vacreed as Npparke xld \hnu\wyﬁm)
whille the asrsonis is mvetabokzed vie the wren cycle ead lasgely excrered as urea PAL i & pos-tnamusalian protein, 50 has been PEGylaied (PAL PEG) w reduce its

trnanogenicty




PKU Diet Before and After

Before Treatment After Treatment
e Low PHE dietis crucial e With Palynzig® no food off limits
e Primary diet: Medical food e Same diet as those without PKU

o PHE formula ensures adequate protein
and essential nutrients are met
o  Fortified with tyrosine

e Avoid high protein foods:
o Dairy, cheese, beans, peas, peanut butter,
seeds, nuts, poultry, seafood, eggs, meat
e Foods to be consumed in moderation

o Bread and crackers, snacks like popcorn
and potato chips, fruits and vegetables
(either whole or juiced), low-protein cereal,
special low protein foods




Research Details - History of PAL: Plant Enzyme

By-Products of Impaired PHE Metabolism

e Longroad to discovery: 1940's - 2018 PAH
e Research on plant metabolism for process of PHENYLALANINE —Jli—> TYROSINE
synthesizing lingin -

o  Plants produce phenylpyruvic acid
m Same metabolite made in humans with impaired
PHE metabolism

o  Phenylpyruvic acid metabolized to cinnamic acid by PAL
e Toxicity studies conducted during WWII determined

\J
phenylpyruvic acid

cinnamic acid was not harmful to humans in high
doses \/ » »
. . e . 3 i i i o-hydroxyphenylacetic
e Bacteria Anabaena variabilis is good source of PAL Ponflactic ack  phemeceficacid SRS

e PAL manufacturing efforts developed
o Increase enzymatic effect
o  Stabilize at room temperature




Research Details - Maternal PKU / Newborn Screening

e Expecting mothers with PKU
o Should be attentive to PHE levels to T
prevent complications ]
m Microcephaly, defects in heart and |21 ..
overall development

e Newborn screening for PKU
o Blood test; Heel pricked to assess levels
of PHE and tyrosine in blood
o Ratio of PHE and tyrosine >3

e Other causes for high PHE levels
o Liver dysfunction
o BH, production/recycling disorder
o Premature infants on parenteral nutrition
m  Amino acids part of solution

Blood Spot Test used for newborn screening and PHE monitoring




Research Details - Cofactors of Metabolism

e ~2,600 different PKU genotypes
e 1000+ variants of PAH activity

e Continuum of enzymatic activity

o Severe (classic PKU): Null activity
o Mild: Limited residual activity

e BH, deficiency = hyperphenylalaninemia
o Similar effect as PKU, but distinct mechanism

m Dihydropteridine reductase deficiency e ot - Tlemusnte. Indeominss ciicurcys &
' : = Ditydropteridine reductase deficency. 3, Biopterin synthetase deficiency. NADPH,
m Biopterin synthetase deficiency e ik i B T AL St

o Not strictly PKU
PAL still beneficial for these forms of disorder




Limitations and Questions for Future Research

e Palynzig® not available worldwide
e Cost of treatment is expensive ¥
e Newborn screening

o Needs worldwide standardization

e Lack of research on if supplementation
affects Palynziq® dosing
o Lack of research for coenzyme vitamin C or iron
supplementation to boost residual PAH activity in ? ? ?
mild PKU cases uncertain of effects on drug dosing ° ° °
o Supplementation of cosubstrate BH, can enhance

residual activity in some, mild PKU cases, uncertain
of effects on drug dosing




Questions for Future Research, cont.

e |n past, restricted diet treatment considered “cure” for PKU
o Difficult to maintain
o Evidence of negative impacts to executive function and mood, and measurable brain matter
impacts, even with restricted diet
e Current research: recharacterize PKU as “brain” disease vs metabolic disorder
o Long term studies needed to see if Palynzig® improves cognitive function
o  With Palynzig®: no blood-brain crossing of high PHE
m No negative neuro-effects from diet fluctuations
o Limited research on before and after cognitive effects of using Palynzig®
o Preliminary research shows improvement in attention deficit, memory and mood

e Abstract submitted to National PKU Allied Disorders Association conference
for research on before/after effects of Palynzig® treatment on
neurocognitive function




Conclusion

)

e Palynzig® safe and effective with “miracle drug’
effects on lifestyle
e Classic PKU

o Diet from
m 75% liquid diet (medical formula)
m 3-5grams of protein per day
o Dietto
m Unlimited protein - “liberalized” to eat anything

e Positive social impacts; able to eat “normal

food” Treatment offers diet liberalization and lifestyle
0]0) L
normalization

e Manageable side effects
Research still evolving in areas of
neurocognition, maternal PKU, other uses of

PAL enzyme, long term drug effects




Reference List

1. Lah M, McPeron M. Palynziq clinic: One year and 43 patients later. Molecular Genetics and Metabolism. 2021;133:250-256.
doi:10.1016/jymgme.2021.05.006

2. Levy HL, Sarkissian CN, Scriver CR. Phenylalanine ammonia lyase (PAL): From discovery to enzyme substitution therapy for
phenylketonuria. Molecular Genetics and Metabolism. 2018;124(4):223-229. doi:10.1016/j.ymgme.2018.06.002

3. Thomas J, Levy H, Amato S, et al. Pegvaliase for the treatment of phenylketonuria: Results of a long-term phase 3 clinical trial
program (PRISM). Molecular Genetics and Metabolism. 2018;124(1):27-38. doi:10.1016/j.ymgme.2018.03.006

4. Weise NJ, Ahmed ST, Parmeggiani F, et al. Zymophore identification enables the discovery of novel phenylalanine ammonia
lyase enzymes. Scientific Reports (Nature Publisher Group). 2017;7:1-9. doi:10.1038/s41598-017-13990-0

5. Hoskins JA, Holliday SB, Greenway AM. The metabolism of cinnamic acid by healthy and phenylketonuric adults: a kinetic
study. Biomedical Mass Spectrometry. 1984;11(6):296-300. doi:10.1002/bms.1200110609

6. Blau N, van Spronsen FJ, Levy HL. Phenylketonuria. The Lancet. 2010;376(9750):1417-27. doi:10.1016/S0140-
6736(10)60961-0

7. Longo N, Harding CO, Burton BK, et al. Single-dose, subcutaneous recombinant phenylalanine ammonia lyase conjugated
with polyethylene glycol in adult patients with phenylketonuria: an open-label, multicentre, phase 1 dose-escalation trial. T
Lancet. 2014,;384(9937):37-44. doi:10.1016/S0140-6736(13)61841-3




Reference List

8. Aryal M, Lau K, Boyer R, et al. Achieving efficacy in subjects with sustained pegvaliase-neutralizing antibody responses.
Molecular Genetics and Metabolism. 2021;134(3):235-242. doi:10.1016/j.ymgme.2021.09.006

9. Gropper SS, Smith JL, Carr TP. Advanced Nutrition and Human Metabolism. 8th ed. Cengage; 2022.

10.Broer S, Gauthier-Coles G. Amino acid homeostasis in mammalian cells with a focus on amino acid transport. J Nutr.
2022;152:16-28. doi:10.1093/jn/nxab342

11.Seow HF, Broer S, Broer A, et al. Hartnup disorder is caused by mutations in the gene encoding the neutral amino acid
transporter SLC6A19. Nat Genet. 2004;36(9):1003-1007. doi:10.1038/ng1406

12.Mariotta L, Ramadan T, Singer D, et al. T-type amino acid transporter TAT1 (Slc16a10) is essential for extracellular aromatic
amino acid homeostasis control. J Physiol. 2012;590(24):6413-6424. doi:10.1113/jphysiol.2012.239574

13.Lichter-Konecki U, Hipke CM, Konecki DS. Human phenylalanine hydroxylase gene expression in kidney and other nonhepatic
tissues. Mol. Genet. Metab. 1999;67(4):308-316. doi:10.1006/mgme.1999.2880

14.Zastrow DB, Baudet H, Shen W, et al. Unique aspects of sequence variant interpretation for inborn errors of metabolism
(IEM): The ClinGen IEM Working Group and the phenylalanine hydroxylase gene. Hum. Mutat. 2018;39:1569-1580.
doi:10.1002/humu.23649



Reference List

15.Mahan LK, Raymond JL. Krause's Food & the Nutrition Care Process. 14th ed. Elsevier; 2017.

16.Academy of Nutrition and Dietetics. Phenylketonuria (PKU). Nutrition Care Manual. Published 2022. Accessed March 2022.
http://www.nutritioncaremanual.org

17.0smosis. Phenylketonuria — causes, symptoms, diagnosis, treatment, pathology [Video]. YouTube.com. Published October

30,2019. Accessed April 19,2022. https://www.youtube.com/watch?v=HYg0ld-COuQ
18.Cleary MA, Skeath R. Phenylketonuria. Paediatrics and Child Health. 2019;29(3):111-115. d0i:10.1016/j.paed.2019.01.001

19.Cleary M, Walter JH. Assessment of adult phenylketonuria. Ann Clin Biochem. 2001;38(pt 5):450-8.
doi:10.1177/000456320103800502

20.Brumm VL, Azen C, Moats RA, et al. Neuropsychological outcome of subjects participating in the PKU adult collaborative
study: a preliminary review. J Inherit Metab Dis. 2004,27(5):549-66. doi:10.1023/b:boli.0000042985.02049.ff

21.BioMarin Pharmaceutical Inc. PALYNZIQ® (pegvaliase-pgpz) Injection is a daily at-home injectable treatment. Palynziq.com.
Updated April 2021. Accessed April 17, 2022. hitps://www.palynzig.com/starting-palynzig

22 Bittman M, Wang C. Smorgasbord [Photo]. Publlchealth columbia.edu. Publlshed January 24,2017. Accessed April 19, 2022.
h



http://www.nutritioncaremanual.org
https://www.youtube.com/watch?v=HYg0Id-C0uQ
https://www.palynziq.com/starting-palynziq
https://www.publichealth.columbia.edu/public-health-now/news/sampling-food-policy-smorgasbord

	Slide 1: Survey of Palynziq®: An Enzyme Therapy that Modifies Phenylalanine (PHE) Metabolism in Patients Affected by Phenylketonuria (PKU)
	Slide 2: Organization of Presentation
	Slide 3: What is PKU?
	Slide 4: PHE Metabolism
	Slide 5: Palynziq®: What is it?
	Slide 6: Drug Treatment Process, Side Effects
	Slide 7: PHE Metabolism Before and After
	Slide 8: PKU Diet Before and After
	Slide 9: Research Details - History of PAL: Plant Enzyme
	Slide 10: Research Details - Maternal PKU / Newborn Screening
	Slide 11: Research Details - Cofactors of Metabolism
	Slide 12: Limitations and Questions for Future Research
	Slide 13: Questions for Future Research, cont.
	Slide 14: Conclusion
	Slide 15: Reference List 
	Slide 16: Reference List 
	Slide 17: Reference List 

