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Omic based strategies in precision medicine
(Int. J. Mol. Sci. 2016, 17, 1555)
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What is metabolism ?
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Inorganic
products

e, GOz, H20

Systems Medicine
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98% of food

primary fate of carbs, fats

The Fate of Food

that are lost

2% of food
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History

1902 : The concept of a single enz
deﬁcrency resulting in li eki‘ng ease was
r'ecogmze irst !3! ?lr' Ar Garro
whet he described alkaptonuria
1908 : S/r' Arch/ba/d Garrodfirstly coined the
expression inborn error of metabolism
M to describe a group of disorders
ap‘romsrua benign pentosuria, albinism, &
cys‘rmur'la
caused by point defect in metabolism
life long condition,
not significantly affected by treatment

r‘an mitted by recessive trait by Mendel's law
of inheritance

relatively benign
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Inborn Errors of Metabolism
a genetic disease also known as biochemical genetics

Gene-level Gene mutation
Protein-level Abnorr&al protein
Tmrllspor“r \ Other
Enzyme protein protein

\ |/

Metabolic-level ~ Abnormal metabolites
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Alkaptonuria
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History (con't)

« 1934 . Fglling discovered PKU
—associated with a severe form of mental
retardation
—could be prevented by dietary treatment

Phenylalanine —=  Phenylpyruvic acid

et
e . 34-dihydroxyphenylalanine elanin pigments i i
S, ©on) e « 2015 : > 1000 inborn error of metabolism

Tyrosine €O, + H0= . o ey .
| waminase ;Fc.uugaqcu. ‘ disorders ("8t edition, The Metabolic
hydumphenfpyric acd T andMolecular Bases of Inherited Disease”,

Scriver et al, 2001)

acid oxidase yomogentisic t

. acid oxidase

acid
2,5-dihydroxyphenylacetic acid acid
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Albinism (Klug & Cummings 1997)

THE DISCOVERY OF PKU Fohling Test ‘
The First Family onhling 1es

+ 4D, Borgny ard Harry

Egeland, with their
2 children ” g -2 —— U

approximately 2 years
before the diagnosis of

PKU in 1934.

These parents were

intelligent and educated, + FeCl2 10% + acidified urine of PKU patients
and the children were dark | d faded withi
attractive but severely . mcilzmgerseen color appeared, faded within a few

retarded and irritable e ) .
with destructive + This did not occur in the urine samples from normal

behavior persons

Damayanti Rusli Sjarif 2015 Damayanti Rusli Sjarif 2015



Metabolic pathway of phenylalanine

‘phenylalanine
0

melanin
pigments
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PKU = mental retardation
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Figure 1. Phenylalanine competes with other LNAAs for the same carricr to pass the blood-brain barricr. High phenyl-

alanine levels, as seen in PKU patients, reduce the brain uptake of other LNAAs and their availability in the brain.
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PHENYLKETONURIA (PHU})
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PKU = mental retardation (1953)

A-C, FLAIR (A), trace diffus
weighted (B), and ADCav (C)
show extensive white matter

diffusion.

abnormalities with restricted

ion- IQ untreated PKU

magestl. 19q>70 = 1%
IQ <« 40 = 85%

- IQ < 10 = 37%
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The diaper test
to screen young infants under 2 months of age for PKU

LOW Phenylalanlne FOOd PGTTer'n (designed by Willard R. Centerwall)

+ 1953--Horst Bickel * A, Adding a drop of pale, clear-
Publishes in the medical Zﬁ:Lor?dle s/glﬂi?::gz aewrg'fdiuper‘
\}%‘éﬁ??sl %%%%J:‘f within a few hours of voiding.=

the immediate ag\peamnce ofa
green spot, which begins to fade
in less than a minutesuggests
possible PKU.
+ B, The ferric salt impregnated
Phenistix dipstick pressed
ggains’r a recently wet diaper (or
Fped in fresh urine) was
requem‘lr used if the ferric
chloride solution was not
available.

therapy and formula
treatment developed by
himself, Evelyn
Hickmans, John Gerrad,
and Louis Woolf

1
in
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The heel-prick test Contrast untreated and treated

(6uthrie 1961) phenylketonurics

The 11-year-old boy is
severely retarded

His 21/2-year-old
sister, diagnosed in
early infancy and
promptly treated
with the mind-
saving diet, is
normal
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Table 1. Methods for PKU Detection

Range of

Screening  Complexity
Testing Sersitivity  Specificity Coverage  of Testing
Guthrie Moderate  Modenate  Low Low
Fluoremetric (McCaman-Robins) High High Low Moderate
Phenylilinine dehydrogenase enzyime asay  Moderate  High Low Moderate
Paper and thin layer chromatography Low Moderste  Moderate  Low
HPLC High ~ Hgh  Modee High
Tandem mass spectrometry High High High  High
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Digoss- KU
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Newborn screening (TMS)

Phenylalanine >120 pmol/L (DBS)
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B

BH4"-loading test BH4*-loading test
(Europe) (USA)

>120 pmol/L | Phenylalanine >400 ymol/L, | g%

(plasma)

| Pterins (DBS)+DHPR (DBS)

DHPR |

1 GTPCH deficiency
1 A
N PTPS deficiency
Neo T
Bio norl | PCDdeficiency
Pri 1
Neo n

Bio nort DHPR deficiency

-8,-16,-24 h
_‘_I— ,
iV

BH4 deficiency

Blood phenylalanine | 20-30%
Blood phenylalanine | <20%

v
Day1 Day1,7,and 14
BH4 (20 mg/kg per day)
Blood phenylalanine
(1xday)
| Day2 Week 3
BH4 (20 mg/kg) BH4 (20 mg/kg per day)
Blood i Blood
0,8,16,24h (1xweek)
Day3 Week 4
BH4 (20 mg/kg) BH4 (20 mg/kg per day)
Blood i Blood i
0,8,16,24h 1xweek
Blood ine 4 >85%

1-3 week BH4 trial

>{ Stoptest
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Combination menu with low protein local

food products

Breakfast Dinner Lunch Snack  Phe-
free
milk

Udluk rice 45g, Rice 45 g, Rice 45 g, Getuk,

sweet potato, sago porridge, sweet potato, honey 600

lettuce, carrot, vegetables mL/day

pumpkin, tomato, bakwan, pak

carrot, tomato /ettuce choi, tomato,

carrot

Kuning rice Low protein  Rice 45 g, Cassava 600

45g, carrot,  spaghetti 40g, sweet potato, &furikak mL/hari

lettuce tomato, mushroom, e,

carrot, onion  /ettuce nesquick
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First PKU patient in Indonesia
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Substrates reduction =
Free Phenylalanine Foods for PKU

i

(27— g
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Co-factor supplementation Orphan Drugs
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Gene therapy

2 weeks after injection 8 weeks after injection

Indonesian PTPS Patients “‘ “'

wild-type  PKU (Pah™*?) PKU (Pah?)  wild-type ~ PKU (Pah™?) PKU (Pah*?)
rAAV2-PKU-5/8 rAAV2-PKU-5/8
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History (con't)

« 1934 . Falling discovered PKU
—associated with a severe form of mental
retardation
—could be prevented by dietary treatment

e 2015 : > 1000 inborn error of metabolism
disorders ("8™ edition, The Metabolic
andMolecular Bases of Inherited Disease",
Scriver et al, 2001)
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Incidence of IEM

+ IEM are individually rare (less than 1 per
100,000 births). However, when considered
collectively, the incidence may approach 1in
1000 births

« +20% of infants presenting with a "sepsis"
picture in the absence of risk factors (such
as prematurity, chorioamnionitis, etc.) have
an IEM.
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INBORN ERRORS OF METABOLISM Classification

Disorders of aminoacid and peptide metabolism g’hen’-}llkefonuric including the

management in pregnancy, homocystinuria, MSUD, etc)

Disorders of organic acid metabolism (propionic acidaemia,methylmalonic acidaemia,etc)

Hyperammonaemia and urea cycle disorders

Pisor‘der‘s of carbohydrate metabolismGlycogen storage disease, galactosaemia,
ructosaemia,etc)

Disorders of fatty acid oxidation (MCAD LCHAD, etc)

Disorders of ketone body metabolism

Lysosomal storage disorders (MPS, etc)

Disorders of lipoproteins and lipid metabolism

Peroxisomal disorders (Adrenoleucodystrophy Zellweger's syndrome etc)
Disorders of purine and pyrimidine metabolism

Disorders of calcium metabolism

Disorders of metal metabolism (Wilson's disease, Menkes syndrome etc)

Congenital lactic acidoses and metabolic myopathies

Porphyrias

Disorders of cholesterol,sterol and bile acid metabolism

Disorders of vitamin metabolism (biotin,cobalamin,etc)

Defects of membrane transport (lysinuric protein intolerance etc)

Defects of glycosylation

Defects of connective tissue

Damayanti Rusli Sjarif 2015

Classification IEM:
Type/location of disorders

* small molecule disease « organelle diseases
— amino acids, — lysosomal,
— peroxisomal,
— Mitochondrial, etc

— carbohydrates,
— fatty acids,
—etfc)
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TABLE 1. Clinical Symptomatology of Inborn Errors of Metabolism (IEM) in
the Necnate or Infant

Symptoms indicating possibility of an IEM (one or all)
Infant becomes acutely ill after period of normal behavior and feeding; this
may occur within hours or weeks
Neonate or infant with seizures andfor hypotonia, especially if seizures are
intractable
Neonate or infant with an unusual odor

Symptoms indicating strong probability of an IEM, particularly when coupled
with the above symptoms
Persistent or recurrent vomiting
Failure to thrive (failure to gain weight or weight loss)
Apnea or respiratory distress (tachypnea)
Jaundice or hepatomegaly
Lethargy
Coma (particularly intermittent)
Unexplained hemorrhage
Family history of neonalal deaths, or of similar ilness, especially in siblings
Parental consanguinity
Sepsis (paﬂicl.larly Escherichia coli)

Initial laboratory investigation

Blood + Urine

— Hematology
(anemia,neutropenia,trombo-
cytopenia, vacuolated
lymphocytes, reticulocytosis)

— Blood gases & electrolytes

— Glucose, lactate, pyruvate, - Nitroprusside test
ketone bodies

— Ammonia, AST, ALT, CK, . LGS
ALP,LDH, TG, Cholesterol « BMP

— Creatinin, urea, uric acid . X-ray, USG
- Ferritin Echocardiography ECG

— Color and odor

— Reducing substance
— FeCl; tests

— DNPH and Acetest

27/07/2017

Pathogenesis of clinical manifestations

Intoxication
Fatty acids

— Acylcarnitines

— Ammonia, lactate
— Uric acid

* Energy defi
— Hypoglycemia
— Less reducing
equivalent to OXPHOS
— No ketone bodies to
extrahepatic tissues

iency

Normal

Energy
Intoxication deficiency

VoA

B (b)l+

Clinical manifestations |
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Inborn Errors of Metabolism and Associated Laboratory Findings*

Abnormal liver function tests (e.g., elevated
transaminase or hyperbilirubinemia levels)

Hemochromatosis (1:300)

a-antitrypsin deficiency (1:8,000)

Hereditary fructose intolerance (1:20,000 to 1:50,000)

Mitochondrial disorders (1:30,000; e.q., mitochondrial DNA
depletion syndromes)

Galactosemia (1:40,000)

Wilson's disease (1:50,000)

Gaucher's disease (1:60,000; type 1-1:900 in Ashkenazi Jews)

Hypermethioninemia (1:160,000)

Cholesteryl ester storage disease {rare)

Glycogen storage disease, type IV (rare)

Niemann-Pick disease, types A and B (both rare)

Type 1 tyrosinemia (rare)

Wolman'’s disease (rare)

Hypoglycemia

Carbohydrate metabolism disorders (- 1:10,000)

Fatty acid oxidation disorders (1:10,000)

Hereditary fructose intolerance (1:20,000 to 1:50,000)

Glycogen storage diseases (1:25,000)

Galactosemia (1:40,000)

Organic acidemias (1:50,000)

Phosphoenolpyruvate carboxykinase deficiency (rare)

Primary lactic acidosis (rare)

Hypophosphatemia

Fanconi syndrome (17,000; e.,, cystinosis)

X-linked hypophosphatemic rickets (1:20,000)

Hypouricemia

Fanconi syndrome (17,000; .q., cystinosis)

Xanthine oxidase deficiency (1:45,000)

Molybdenum cofactor deficiency (rare)

Purine-nucleoside phosphorylase deficiency (rare)

Increased CSF protein

Mitochondrial disorders (1:30,000; e.g., MELAS syndrome [rare],
MERRF syndrome, Kearns-Sayre syndrome [rarel)

Percxisomal discrders (1:50,000; e.q., Zellweger syndrome,
neonatal adrenoleukodystrophy, Refsum's disease)

Leukodystrophies (e.g., Krabbe's disease; metachromatic
leukodystrophy [1:100,000]; multiple sulfatase deficiency [rare])

1-2-hydroxyglutaricaciduria (rare)

Congenital disorders of alycosylation (rare)

Ketosis

Armincacidopathies (1:40,000)

Organic acidurias (1:50,000)

Metabolic acidosis

Amincacidopathies (1:40,000)

Organic acidurias (1:50,000)

Primary lactic acidosis (rare)

Renal tubular acidosis (rare)
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Metabolic investigation

* Screening * Specific
— Amino acid analysis _ Function tests
— Organic acid analysis - Enzyme measurements

— Urinary . Blood

mucopolysaccharide &
oligosaccharide * Fibroblasts (skin

— Plasma VLCFA & phytanic biopsy)
acid, plasmalogens, « Liver, muscle

pipecolic acids — Mutation analysis
— Urine Purines & 4

Pyrimidines

Metabolomics : study of small molecules

GENOME

—
-

e

PHENOTYPE / FUNCTION
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(e

the complete set of small-molecule
hemicals typically have a molecular
weight <1500 Da found within

a biological sample
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Paradigm shift in Inborn Errors of

Metabolism (IEM) diagnosis workflow.

Genomics
£ Molecular s
£ Transcriptomics .2 s =
] n i
a [~ B a
0  Proteomics o 4 © i i ]
= = E Biochemical o
o 2 Analysis 3
A Metabolomics c 9 =
& = H € o
= s H 5 <
bl Epigenomics -] (v Functional a
a Analysis
Phenomics
Global Targeted
Approaches Approaches
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Metabolomic Tools

LC/MS

Alkylsilyl derivatives Organic Acids
Eicosanoids Organic Amines
Essential oils Nucleosides
Esters lonic Species
Perfumes Nucleotides
Terpenes Polyamines
Waxes
Volatiles
Caratenoids
Flavenoids
Lipids

Less Polar More Polar

Damayanti Rusli Sjarif 2015
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cells or tissue protein mixture 1DE digestion into peptides

o0 %%

00 BS Tee

peptide PSRN, 3> 05 ¢ CS° ¢

mixture e R RS % 0”&, oL T o
DL A ion-peptide

liquid chromatography ® e *ce

peptide separation alictisapray

ionisation

neutral gas
P 5 L > Cut
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(precursor ion)

S signal
. — >
I product ions I I etection

mass analyser fragmentation by collision mass analyser

peptide sequence
A G L
P
100 100
= _ 2|
g 8
] g
5 S a
: *
g 3 b v
H 3
2 -} A‘
© ! r T ® v v r
400 800 1200 m/z 200 600 1000 m/z

MS spectrum MS/MS spectrum

Table 5. Significant Metabolites in Samples from Patients with Inborn Errors of Metabolism, As Candidate Biomarkers for Diag-
nusis After Discriminant Analyses

Discases of Inbarn Ervars af Metabalism

Methy lmalonic

Arginimosuceinic Homocystinuria Acklemia (MMA) Maple Sy rup Urine Phen lhetonuria

W Tymsinemia

Aciuria (ASA) ey and Propimic Disease (MSUD) KLY
Acklemia (PA)
Angininosaccinate (w) | Creatinine (u) T MS+ | | %-dimethylxanthine | 2-hydroxy3- 2-hydroxy phenyl- ydroxyphenyl-
T MS+ NMR NMR (114] (60 T MS+ NMR (114] | methybvaderate () T [ acetate ()t M5+ acetate (u) 1 M+
Citsate (u) T MS*+ Cysteine () TMS+ | pbutymbetaine () 1| MS[114] NMR (114) NMR [114]
NMR (114] MS (115] Alaine (u) T MS= Abanios (u)
Methioning (u) 1MS* | C5:1 acyl carniting ()
NME [114] 1 Ms [115]

]
o ybutyrae {u) C:1 acyl camitin ()
+ NMR [114] T Ms [115]
iyeine (u) | M5+ Creatimine (u) | MS*
NMR [114] NMR [114] Valine (ul | MS [114] NMR [114]
Gilucose (u) | MS+ Hexanayl camitine () Tymsine (u) 1 MS=
MMR [114] T Ms [115] NMR [114]
Neacetylglycine (u) | Methylmaknade () 1

+ NMR [114]
MS+NMR [114] Lactate () T MS+

M= NMR [114] MS= NME 1
Myristoy ! arnitin
T Ms [115]
Propionyl camitine (p)
TS (18]
Taurine (u) T MS+
NMR [114]
T ine (u) |
MS+ NMR [114]

Metl 1 are s alphabe sl order. Bl 1 or | meaee, th the eGP MR R £ 4ot lpared et e contol mamgles No- 1 or | mosts s

disease orly. NMER: nuclear magneis: resomsce, MS: mass spectromery. (p): plasma and (ur, urine
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Principles of treatment

Atternativa
pathways

Copyright 4 2006 Nature Publishing Group
Nature Reviews | Genetics

- Symptomatic and
supportive therapy
Provision of C
take and
of I3 (and A)

CGiene transfer
= Activation of alternative
metabolic pathways (D)
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Principle of
newborn screening

Spesific reason for genetic screening should be clearly
define, for mediical intervention, reproductive
planning, or research

Screening for medical intervention should be carried
out as a part of an integrated program with the
facilities, resource and personel to provide

High risk individuals should be detectable by a simple,
inexpensive test with high sensitivity, spesificity, and
predictive efficiency

Damayanti Rusli Sjarif 2015

Genetic councelling in IEM

27/07/2017

+ IEM are hereditary in nature — the family
should have formal genetic counseling
+ Education for patient & family to
— understand the disease — Prognosis
— Mode of inheritance — Reccurence risk
— Early diagnosis & prompt treatment — newbon

screening

— Recent development of treatment
— Family planning — Prenatal diagnosis

Damayanti Rusli Sjarif 2015

Table 1. History of the neonatal screening

1953
1961

1961

Early 1970's

1978
1987
1994

1997
1998

First successful treatment of pheny lketonuria
(H. Bickel)

Introduction of "FollingWindeltes" in

Germany (H. Bickel)

Development of microbiological inhibition

assay ("Guthrie Test") for screening for

phenylketonuria (R. Guthrie)

Extension of neonatal screening for
alactosemia, maple syrup urine disease,
omocystinuria

Congenital hypothyroidism

Biotinidase deficiency

Switch from "Guthrie Test" to enzymatic

micromethods (Heidel berg)

Congenital adrenal hy poplasia (CAH)

Introduction of ESI-MSMS = beginning of

Extended Neonatal Screening (Heidelberg)

ESI = electrospray ionization; MS/MS = tandem mass-spetroscopy.

Damayanti Rusli Sjarif 2015
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Newborn screening

mustnotexceed A

p g =

|

Damayanti Rusli Sjarif 2015

Is Inborn Error of Metabolism
exists in Indonesia ?
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Tandem mass spectrometry

+ Tandem mass
spectrometer —
computer-controlled
device that separates &
quantities compounds
based on their mass to
charge ratio.

+ Froma single blood spot
sample on Filter paper
= can detect genetic
disorders of amino
acids, organic acids, and
fatty acids

Damayanti Rusli Sjarif 2015

) PTPS
Y deficiency,
X-ALD, GSD,

OFR

inuria  *°
[

GSD, Homocystinug PTPS deficiency, GSD,
MPS II, MPS IV X-ALD. etc o ﬂ
FH, Gaucher,etc S L
LSDs: MPS LILIV,VIIX] LIl a lM
itingffeficiencies

Gaucher, CPT 1 deficiency, Primary
PKU, PTPS def, MSUD, MMA, PCD,PDH, ¢ 4
MELAS, IVA, FH, X-ALD, Crigler-Najar, Rotor,
Neonatal Hemachromatosis, UCD, etc ]
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IEMs diagnosed by clinical judgment &
metabolomic approach

+ 3 days old newborn girl, 3" child of
consanguineous parents, uneventful
pregnancy, born fullterm SC, BW
3000 g, Apgar Score 9/10 — > 24
hours: seizures & coma

+ History :

— 15" baby boy — t 3 days
— 2" baby boy — reccurent coma
— 1 8 month
+ 1s* level metabolic screening
- metabolic acidosis & anion gap T,
— hyperammonemia,
— Ketonuria (+)
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| Hyperammonems

af the Newborn

— | —
Symptoms prior to ‘ Symptoms afier
24 hours

| |

— yrre| o Metabotic

ermn Metabolic Acidosis Acidosis or Mild
T present | Acidosis

T
| Inborn Errors of
Metabolism: PCD
| Organic Acidemias:
TVA, MMA, PA,
| Cobatamin disorders
e— [ Absentto

trace

Urine oratic |

— Argininosuceinic | o
N e N | Arsininasuer | Cieutioemia
or Normal sed | [ Acidura |

cps, [ore |
NAGS |

Clinical diagnosis""6rgdnic’acidemia (MMA ?)

‘Source: Newborn Infant Nurs Rew ©
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Errors of Metabolism with Hyperammonemia in
Newborns

Amino acids defecrs
Asrmininosuccinic acid lyvace deficiency (ALY
Argininosuccinine acid synthetase deficiency (AS)
Carbamyl phosphate synthetase deficiency (CPS)
Hyperormithinemia—hyperammonemia—homocitrullinemia
syndrome (EIEIED)
Lvsinuric protein intolerance (LPT)
Oxmithine transcarbamylase deficiency (OTC)
N-Acetylglutamate synthetase deficiency (NAGS)
Fatty acid oxidation defccts
Carnitine acylcarnitine translocase deficiency (CACT)
Carnitine palmitoyltransferase II deficiency (CPT-IL)
Long chain 3-hydroxyacyl-CoA dehydrogenase deficiency
(LCOCHEADD)
WVery long chain acyvl-CoA dehwvdrogenase deficiency
(VLCADD)
Organic acidemia defects
3-Hydioxy-3-methylplutar y1-Cos (HMG) lyase deficicncy
Isovaleric acidemia CIV.A)
Methylmalonic acidemia (MNMAY
Multiple acyl-CoA dehydrogenase deficiency (MADD)
Propionic acidemia (P
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Plasma Organic Acids Chromatogram

Methylmalonic Acidemia

Total lon Chromatogram

4

lon Abundance

&
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Dry Urine Sample : methyl-malonic aciduria — defect of
methyl malonyl Co-A mutase activity (Lab Metabolic-AMC-
Amsterdam, The Netherlands). .., ...
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Methylmalonic Acidemia (MMA)

Normal uMn
Protein from food  Protein from muscles Protein from food  Pratein from muscles
Amino Acids Amino Acids
Isoleucine Other Isoleucine Gther
valine amino acids valine amina acids.
Mathionine Methionine
Threonine Threonine
Bulld-up of
e methylmalonic acid +
other harmful substances
Essential Esseptial ‘
enzyme © & |
+ Vitamin B12 + Vitamin 812 _Health
— — Problems

7/ \ AN

Energy Growth Energy Growth
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Prenatal diagnosis
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Management MMA

+ Special formula {
— Free isoleucine, TS
valine, methionine, XMTVI Maxamald’
threonine :‘;_:L:_.”::_T -
. . AT e —
+ Genetic councelling Uizioni o Mathyimaten
— Prenatal diagnosis or o
Immediate Newborn SEE
screening for the | e
Next Pregnancy ! L;:__‘—-_.____-___:
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The First Enzyme Replacement Therapy in Indonesia
January 2015
Diagnosed MPS IV at 2,5 years - ERT at 13,5 years
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Conclusions

Inborn errors of metabolism (IEMs) individually are rare but
collectively are common.

Presentation can occur at any time, even in adulthood.

Extensive knowledge of biochemical pathways help to understand
the pathogenesis of clinical manifestations and provides the
basis for knowing when to consider the diagnosis

A high index of suspicion is most important in making the
diagnosis.

Metabolomic approach help to diagnose and follow up treatment
adequacy

Successful emergency treatment depends on prompt institution
of therapy aimed at metabolic stabilization
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“Sometimes our fate resemb
Who would think that those b
and blossom, but
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