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Clinical Metabolomics: Analytical Tool for
Drug Development.

POPULATION BASED PHENOMIC STRATIFICATION
USING BERG CLINICAL TRIALS

Environmental/Physiological Influence
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Abstract: It is recognized that altered metabolic states reports on the chronic and acute
disease statuses. Decades of research have shown that metabolism is not a self-
regulating network operating independently but rather heavily integrated into every
cellular process and involved in organ system functions. Therefore global monitoring of
metabolic processes is recommended for more comprehensive understanding of the
initiation and advancement of disease. Mass spectrometry based metabolomics, in
particular, demonstrates tremendous promise in delivering high throughput quantitative
information on alterations in metabolism associated with disease onset/progression and
response to pharmaceutical intervention. Recent advances in mass spectrometry and
informatics tools have facilitated emerging in house OMICS platforms capable of
translating biological output into viable therapeutic candidates and assist in stratifying
patient populations. At BERG, we have implemented an industrial level high throughput
metabolomics platform providing both high quality and depth of information allowing
for reliable and broadest capture of the metabolome for the pre-clinical and clinical
matrixes analyzed. Global metabolomics platform dedicated for theranostic and clinical
studies as well as tracer metabolomics are harvested to facilitate CDx biomarkers
discovery in a unique way. Highlights of the BERG’s in-depth patient stratification
approaches as well as biology based drugs are presented.
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Human Metabolomes
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TECHNOLOGY & SENSITIVITY
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Metabolic Biomarkers

BERG

Disease

Anemia

Bone Diseases
Cardiac Markers

CNS Diseases

Diahetes

Endocrinology
Gastroenterology
Infectious Diseases
Inflammation /Immunity
Lipid Metabolism
Nephrology

Oncology
Thyroid Markers

Metabolite

Folic Acid (folates)

Vitamin B12

Vitamin D, 1,25 Dihydroxy
CyclicAMP

Homocysteine

5-Hydroxy indole acetic acid
Dihydroxyphenyl acetic acid
Homovanillic acid

Free Fatty Acids (FFA)
Glucose

Testosterone

Cortisol

F-==2-njpn

N/A

syoestIP

Cortisol

Prostaglandin E2
Cholesterol

TG

Fen-tinina
I N/A I
rererriyroxin (T4)

Liothyronine

Inherited Metabolic Diseases
Argininemia

Argininosuccinic Acid Lyase deficiency

Beta ketothiolase deficiency

Carnitine cycle disorders

Carnitine palmitoyl transferase 1 deficiency (CPT-1)
Carnitine translocase deficiency

Citrullinemia

Fatty Acid Oxidation defects

Galactosemia

Glutaric acidemia types 1 and 2

Glutathione synthetase deficiency

Homocystinuria

Hypermethioninemia

Hyperprolinemia

Isovaleric acidemia

Long chain hydroxyl acyl CoA dehydrogenase deficiency (LCHAD)
Lysosomal Storage Diseases

Maple syrup urine disease

Malonic aciduria

Medium chain acyl CoA dehydrogenase deficiency (MCAD)
Metabolic acidosis

3-Methylcrotonyl CoA carboxylase deficiency
Methylmalonic acidemia

Multiple Acyl CoA dehydrogenase deficiency
Organic acidemias

Dooitbioe ooobo—1--e deficiency

|  Phenylketonuria
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Short chain acyl CoA dehydrogenase deficiency (SCAD)
Trimethylaminuria

Tyrosinemia |
Urea cycle defects
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Phenylalanine as a Biomarker

Phenylketonuria

Human Serum

20 - 400 folds Up

R4

Metabolomics articles in PubMed reporting on Phenylalanine alterations
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Condition
Hepatocellular cargei

Asthma
Rheumatoid 3

Hepatobiliary cancer
Depression

Hepatocellular carcinonr

Physical training
Heart failure
Renal cell cancger

BERG

Subject
Human
Human Urine
Human §

oma
Severe Sepsis angd Septic

Urine

Sample
Serum

Serum, urine, tumor,
Serum
Serum
Human Plasme

Serum

Plasma

Changes Year
Up 2015
Down 2015
Up 2015
Up 2015
P 2015
Up 2015
Up 2015
Down 2015
Up 2015
Up 2015
[teration 2015
Up 2015
Up 2015
Up 2014
Up 2015



q) U.S. Food and Drug Administration
m Protecting and Promoting Public Health
www.fda.gov

Current Challenges

e Lack of analytical validation for measuring biomarkers and often
a lack of reliable evidence about their performance

e |Lack of a common vocabulary and taxonomy for biomarkers

Glnadequate scientific information on the causes, biochemical
pathways, and natural histories of many diseases, making
identification of disease-specific biomarkers difficult

e Lack of public access to existing research and information on
potential biomarkers

e Lack of generally-accepted evidentiary standards for qualifying
new biomarkers for particular contexts of use
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Chemical leads

2

Medicinal —
Chemistry Bioassayvs
(synthesis) (K p, MICs, etc.)
Structural Metabolomics
Bi()]()g;\' (inn vivo activity &
(X-ray, NMR) selectivity)

Robert Powers: The Current State of Drug Discovery and a
Potential Role for NMR Metabolomics, J. Med. Chem., 2014,
57 (14), pp 5860-5870
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Metabolomics Impact on Metabolic Perturbations Discovery
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Metabolomics approaches

to tackling MOA in preclinical

animal study.
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Ketamine has been tested in treatment-resistant bipolar disorder, major depressive disorder, and people in a

suicidal crisis in emergency rooms. Wikipedia
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ANIMAL STUDY: FGF21 DIETARY INDUCTION

Adapted from Luo and McKeehan (2013) l. iV er

Fasting & LA
g Metabolism
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Adipocytesin | .
pe,,p,,p:,,’,",,ssm | — Nonalcoholic
7 Local paracrine s | ST Liver Disease.
smm | xidative stress
Inflammatory response Keystone
General systemic & Adipokines: Nutrition deficiency .
lissue stress: __ Diverse _ Adiponectin, i Energyimbalance Symposia on
Metabolic diseases ~ issues > leptin === Xenobiotic insults
Cellular pathologies Metabolites: Birth stress Molecular and
Tumorigenesis /1 FFA Diverse cellular functions: ~ Cellular
Nutritional challenge growth, differentiation, death ‘
“i ' ' }
e tumorigenicity Blology
Aposs Gsste March 22-27,
2015 Whistler,

In mice FGF21 is strongly induced in liver by prolonged fasting via PPAR-alpha and
in turn induces the transcriptional coactivator PGC-1a and stimulates hepatic BC, Canada

gluconeogenesis, fatty acid oxidation, and ketogenesis. Wiki

Fibroblast Growth Factor 21 is an Emerging Metabolic Regulator %
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Fasting and ketogenic diet induce different FGF21
responses in WT and PPAR alpha KO mice

Plasma FGF21 FGF21 - Liver
30000 - c 150 o wWT

- I PPARa KO g 100 1 I PPARaKO
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Liver samples were analyzed using global metabolomics - > 300 metabolites

BETA-ALAHINE METABOLISHM
GLYCINE, SERINE AND THREONINE METABOLISM
PYRIMIDINE METABOLISM
METHIOHINE METABOLISM
PHOSPHOLIPID BIOSYNTHESIS
INSULIN SIGNALLING
PENTOSE PHOSPHATE PATHWAY
OXIDATION OF BRANCHED CHAIN FATTY ACIDS
NUCLEOTIDE SUGARS METABOLISM
UREA CYCLE
GALACTOSE METABOLISM
LYSINE DEGRADATION
ARGININE AND PROLINE METABOLISM
BETAINE METABOLISM
PROPANOATE METABOLISM
STARCH AND SUCROSE METABOLISM
INOSITOL METABOLISM
CITRIC ACID CYCLE
ALPHA LINOLENIC ACID AND LINOLEIC ACID...
AMMOHNIA RECYCLING
GLUCONEOGEHESIS
PURINE METABOLISHM
ASPARTATE METABOLISM
TYROSINE METABOLISM
PYRUVATE METABOLISM
AMINO SUGAR METABOLISHM
BILE ACID BIOSYNTHESIS
PROTEIN BIOSYNTHESIS
GLYCOLYSIS
VALINE, LEUCINE AHD ISOLEUCINE DEGRADATION
FATTY ACID METABOLISM
GLUTATHIONE METABOLISM
GLUTAMATE METABOLISM
NICOTINATE AND NICOTINAMIDE METABOLISHM
PHEHYLALANINE AHD TYROSINE METABOLISM
LAMINE METABOLISM
GLYCEROL PHOSPHATE SHUTTLE
IETA OXIDATION OF VERY LONG CHAIN FATTY ACIDS
MITOCHOHDRIAL ELECTRON TRANSPORT CHAIN
STEROID BIOSYNTHESIS
HISTIDIIIE METABOLISM
YPTOPHAN METABOLISM
INTRACELLULAR SIGNALLING THROUGH...
ALANINE METABOLISM
GLYCEROLIPID METABOLISM
RNA TRANSCRIPTION
PHENYLACETATE METABOLISM
CYSTEINE METABOLISM
CATECHOLAMINE BIOSYNTHESIS
PORPHYRIN METABOLISM

Jﬂl \MMHIIIIII\NI\II

|[

=
—
~N o -
w —
=~ -

Fold Enrichment

AUTISH
CIRRHOSIS
NEONATAL INTRAHEPATIC CHOLESTASIS
-ADENOSYLHOMOCYSTEINE HYDROLASE DEFICIENCY
HEMODIALYSIS
GLUTATHIONE SYNTHETASE DEFICIENCY
DIABETES MELLITUS (MODY&,...
HEART FAILURE
CONTINUOUS AMBULATORY PERITONEAL DIALYSIS...
CRITICAL ILLHESS MAJOR TRAUMA, SEVERE...
DIFFERENT SEIZURE DISORDERS
MULTIPLE SCLEROSIS
CELIAC DISEASE
2-HYDROXYGLUTARIC ACIDEMIA(L)
HYPERTENSION
GLUTARIC ACIDURIA |
REFRACTORY LOCALIZATION-RELATED EPILEPSY
SCHIZOPHRENIA
EARLY MARKERS OF IMYOCARDIAL INJURY
POST TRANSURETHRAL PROSTATIC RESECTION
VERY-LONG-CHAIN ACYL COA DEHYDRO%E%ALSSE”
v
PYRUVATE CARBOXYLASE DEFICIENCY
YPERBARIC OXYGEN EXPOSURE
PYRIDOXAMINE 5-PRIME-PHOSPHATE OXIDASE...
MALNUTRITION
CHRONIC REHAL FAILURE
{YPERORNITHINEMIA WITH GYRATE ATROPHY (HOGA)
ORNITHINE TRANSCARBAMYLASE DEFICIENCY (OTC)
DELTA-PYRROLIDINE-5-CARBOXYLATE SYNTHASE...
ACUTE SEIZURES
HYPERPROLINEMIA, TYPE II
FUMARIC ACIDURIA
CREATINE DEFICIENCY, GUANIDINOACETATE...
METABOLITES AFFECTED BY EXERCISE
METHYLMALONIC ACIDURIA (MMA)
MYOCARDIAL ISCHEMIA

SHORT BOWEL SYNDROME (UMDER ARGININE-FREE. .
PROPIONIC ACIDEIA
RHABDOMYOLYSIS
METABOLITES AFFECTED BY GENDER
AGING-RELATED METABOLITES
ARGININOSUCCINIC ACIDURIA (ASL)
3-METHYLGLUTACONIC ACIDURIAéTYPIE I.Iv)i.IA
PHOSPHOGLYCERATE DEHYDROGEHASE DEFICIENCY
JUVENILE MYOCLONIC EPILEPSY
PHOSPHOSERINE AMINOTRANSFERASE DEFICIENCY...
GLYCOGEHOSIS (TYPE IA, 1B, IC) |...
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Metabolite Enrichment Analysis is a way to identify biologically meaningful patterns that are signicantly enriched in metabolomic data
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pc2 (18.1%)

pC2(18.1%)

two-way ANOVA
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FGF21
Pyroglutamate
Methylcysteine
pantothenate
ethanolamine
2-Aminomuconic acid
aspartate
Propionylcarnitine
Hydraxyisovaleric acid
Octandioic-camitine
4-hydroxyphenyllactic acid
Lanosterol
Urea
betaine
2-Hydroxyglutaric acid
p-Aminoberzoic acid
Imidazolelactic acid
sarcosine
allantoate
Ergothioneine
Phosphoryicholine
dimethylglycine
6-aminohexanol phosphate
Imidazoleacetic acid

Correlation coefficients
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GSH reacts with various electrophiles, physiological metabolites, and xenobiotics to form mercapturates.
These reactions are initiated by glutathione-S-transferase.

SH

0 0
NH, 0 Elect
glutathione subst

0

dipeptidase

\s/j)LOH -

NH,

S-methyleysteine

rophilic
rate

0

ALY

NH,

L

S-methylglutathione

y-GT

+o=<j

Facl
KO

ethanolamine
Pyridoxamine 2 Fac2
Phosphate

2-Aminomuconic aci

Chow

Fast

K
FAD 0 2

Methylcysteine

FGF21§ 2
Pyroglutamate
dephospho-CoA
Glutaconylcarnitin -4
pantothenate
Propionylcarnitine

Ribonic acid
S-adenosyl-L-methi

| S-methyl-5-thioade

cytosine

«S-methyicysteine (SMC)is
formed after exposure to
monohalomethanes in rodents as
well as in humans. SMCis a
minor amino acid naturally
excreted in human urine, a
protective agent against oxidative
stressand a biotransformation
product of methyl bromide. -
Neurotoxicology. 2004 Sep;
25(5):817-23. - Biomed.
Chromatogr. 2011; 25: 330-343

LW \)kow Mex—nm)H/\)L %( on  Glutathione-mercapturic pathway.

v-GT - Gamma-glutamyitransferase,
dipeptidase - hepatic cysteinylglycine
S-conjugate dipeptidase

0 pyroglutamate
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R \1” ~s <e % Glutathione Metabolism
p :

LA d Its Implications for
Arginine —> NO H.O. H,0 an S P
t Methyl-Cys AR — 7 A _ Health.

J. Nutr. 2004, 134(3), 489-

Glutathione (GSH) 7? GSSG 92
R’ R

AA

19 .
Met —> Cysteine ATP SO AN N— 1) y-glutamyl transpeptidase

5-Oxoproline zy" 3T y-Glutamyl-Cysteine 6) dipeptidase
Awm oTc e I P, Pentose 2) y-glutamyl cyclotransferase
ADP +P, diansia NP Cycte 3) 5-oxoprolinase
BCKA NH, GIcN-6-P
1) 2 2 \J3 17 X - Methyl
KG F-6-P <—Glucose R-5-P
H,0 NH,
BCAA Gin KG Gl

n

Case summary

1. A ketogenic diet dramatically increases and sustains endogenous FGF21 production in wild-type and PPARa KO
mice indicating PPARa-independent regulation of FGF21.

2. A cluster of metabolites associated with FGF21 production in PPARa KO mice was identified and suggests this
increase is associated with increased metabolic stress in the liver.

3. Pattern correlation and two way ANOVA analyses suggest significant changes to the transmethylation pathway
and glutathione metabolism in response to acute dietary challenges.
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BERG?’s Interrogative Biology'™ Platform

BERG models, interrogates, and analyzes disease biology at a systems level to agnostically identify
actionable targets.

Interrogatesbiological DEVEIOPHNLErJCLIONS

Harvestinrormation

NETWOTKS

Apply proprietary Bayesian Unique nodes and interactions

Can be applied to patient Isolate, analyze _and ggantify algorithms to map interactions can be drug targets or used to
samples or model systems. DNA, RNA, proteins, lipids, and between components and reveal diagnose distinct biological
metabolites. differences. states.
L [
‘ N 2
™ = T
i (£ s
. A tificial New Target Y
Patient and Model - elligen

intelligence
Control Donors Systems

Collect Samples ; N N R %o\
- "‘*—_as‘ 2 - | > . | New
. was Target Z
Modify environment AR 2
\ (e.g. induce hypoxia)
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TECHNOLOGY: INTEGRATED PHENOME ASSESSMENT

Structural Lipids

LIPIDOMICS : Ak

~ Oxidized/Mediator Lipids

High Resolution MS/MSAL Strategy Capable of Quantifying up to
2500+ Structural Lipid Molecular Species (30+) lipid classes and

MOA, real-time
monitoring

\/

EPIMETABOLOMICS

110+ Oxidized Lipid Species
METABOLOMICS -" LN Targeted Metabolites
o
LY ’ Untargeted Metabolites
as®

Volatile Metabolites

High Throughput Metabolomics Workflow Integrates Targeted MRM
Strategy detecting 400+ metabolites along with High Resolution
Untargeted Discovery and GC MS Analysis of Volatile Metabolites

Stable isotope tracers and
mass isotopomer analysis

Targeted Non-targeted

'LH

FUNCTIONAL PROTEOMICS

PROTEOMICS

<ty

PTM Proteomics

% Multiplexed Isotopically Labelled

Biofluid Analysis Undergoes TOP-14 Depletion and TMT10 Isotopic
Labelling for Robust Quantitative Analysis Across Batches Using a
Deep Coverage Strategy on a Thermo QE+ MS System

1BERG

In House Protocols

il
IECM




POPULATION BASED PHENOMIC STRATIFICATION
USING BERG CLINICAL TRIALS

Environmental/Physiological Influence

Genome Transcriptome  Proteome (Including PTM)  Metabolome/Lipidome
(~30,000 genes) (~10° RNA transcripts) (10° proteins) (1,000°s Metabolites/Lipids)
PHENOME POPULATION POPULATION MOLECULAR DIVERSITY
VARIATION/MOLECULAR

SIGNATURE OF CO-MORBIDITIES
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BERG

/\ COMPANY CLINICAL RESEARCH CONTACT

CLINICAL/PENDING TRIALS
Clinical Programs

Oncology Target Validation | Pre-Clinical ‘ IND

Topical 31510: Skin Cancer

Cosonvsionns > EED —
e Ly )
treatment -—— .

This is an open label trial evaluating BPM 31510 as a single agent in patients with advanced refractory
solid tumors. This is a dose-finding trial currently on-going at the following clinical sites: Weill Cornell

Medical College, MD Anderson Cancer Center, and Palo Alto Medical Center.
o)ﬁ/\OH

OH
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EPM31510 EPM31510 3P APM31510 EPM31510
Infifion | Infifion i Infuion

0 0 0 0
Clinical Information -

— L ® Adverse Event2
Lge: .*
. T =@ Adverse Event3
Race: '
Tumor: ".“
Previous Treatments:
A I
. \l.(\l‘\l‘
Y \
. \H:.l = ‘ .

") Creatine
T )
‘ BPM31510 Plasma Concentration
Relative Tumor Size
} } } } } } } } } } >
Apr-2014 May-2014 b
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PRE-PROCESSED PATIENT PROFILE
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BERG Al CLINICAL INFORMATION SYSTEM
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PATIENT DASHBOARD
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PRECISON MEDICINE - PATIENT STRATIFICATION
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