
Combining high-throughput, discovery metabolomics
approach with expert scientific guidance to enable
biomarker discovery, deep insight into disease,
treatment effect and outcome.

Metabolon is an industry leading partner of discovery
metabolomics providing complete research services
including expert study design, data generation, full
interpretation and post study analysis tools. Metabolon
has conducted more than 3000 client studies with more
than 600 organizations and contributed to more than
350 peer-reviewed publications.
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Focus on Metabolism

• Pioneer and leader in metabolomics: 

• 60+ issued patents

• >350+ peer-reviewed publications

• Founded in 2003 in RTP, NC  (150+ employees)

• Worldwide operations (Asia, Europe, US) 

• Over 550 clients and >3000 studies

• Completed 600 client studies 

Science & technology-driven company providing 
biological insight through global biochemical profiling
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Disease Biomarkers
Mechanistic 

Understanding
Drug MoA

Cellular Characteristics

Interpretation
• >3000 Studies

•Institutional Knowledge
•Expert Biochemists

Heat Maps by Pathway

Metabolon Platform Technology
Statistical Analysis

Metabolyzer™

Eliminate Noise

Data Reduction

Library Search
RT, Mass, MS/MS

QA/QC

Biochemical
Extraction

GC-MS (+EI)         

UHPLC-MS/MS (-ESI)         

UHPLC-MS/MS (+ESI)  

UHPLC (HILIC)-MS/MS    

25,000 ion features

25,000 ion features

25,000 ion features
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tryptophan 984,812

glutamic acid 23,387

histidine 32,597

leucine 117,683,785

cholesterol 197,866

asparagine 1,245,744

creatinine 127,611

cytidine 721,266

lactate 2,111,697

alpha-keto-glutarate 14,105,654

4-hydroxyphenylacetate 444,817

3-hydroxybutanoic acid 1,639,392

cytosine 106,032

arabinose 778,911

fructose 2,519,658

X-3370 1,101,581

mannose 2,833,397

pyruvate 250,670

uridine 135,807

Cholic acid 26,394,344

allantoin 208,938

isocitrate 5,825,474

heptadecanoic acid 913,112

inosine 1,115,331

isoleucine 452,549

alanine 462,648

threonine 208,938

tyrosine 67,989

lysine 296,740

methionine 49,879

malic acid 156,499

X-3697 46,230

n-hexadecanoic acid 298,590

octadecanoic acid 240,570

trans-4-hydroxyproline 132,151

X-9043 13,989,172

2-deoxyguanosine 5,913,519

3-hydroxyphenylacetate 7,214,406

3-phospho-d-glycerate 8,649,644

Kynurenic acid 468,663

5-s-methyl-5-thioadenosine 14,569,292

(p-Hydroxyphenyl)lactic acid 1,303,643

alphahydroxybenzeneacetic acid 450,807

ornithine 326,949

5-oxoproline 890,753

orotic acid 97,674

palmitoleic acid 4,036,188

pantothenic acid 94,772,385

salicylic acid 379,417

alpha-tocopherol 766,717

citric acid 4,245,654

X-6270 228,209

glyceric acid 8,267,905

histamine 912,667

N-acetyl-L-leucine 45,949

N-acetylneuraminic acid 2,178,243

uric acid 312,025

arginine 364,344

ascorbic acid 584,247

fumaric acid 4,459,712

n-dodecanoate 370,805

glutamine 109,597

serine 321,078

valine 2,241,354

pyridoxal 78,842

urea 437,094

riboflavine 2,520,194

proline 901,738

pyrophosphate 1,045,231

taurine 101,103,133

X-3030 5,726,735

citrulline 1,243,836

biliverdin 420,511

pyridoxamine 218,468

serotonin 5,105,113

gamma-L-glutamyl-L-glutamine 174,652

gamma-L-glutamyl-L-tyrosine 8,854,738

guanosine-5-monophosphate 82,682

3-indoxyl-sulfate 369,207

X-3100 135,999

phosphate 35,095

glycine 6,209,638

nonanate 1,936,241

DL-homocysteine 418,561

L-kynurenine 3,451,095

tartaric acid 631,615

sn-Glycerol-3-phosphate 282,554

carnitine 76,307

2-methylhippuric acid 462,487

3-methyl-2-oxovaleric acid 395,839

4-Guanidinobutanoic acid 73,352,989

4-methyl-2-oxopentanoate 272,564,647

beta-hydroxypyruvic acid 431,358

X-1656 118,271

hippuric acid 7,724,959

ethylmalonic acid 182,320

D-lyxose 267,189

maltose 27,024

S-5-adenosyl-L-methionine 216,405

2-deoxycytidine 1,151,739

L-alpha-glycerophosphorylcholine 992,513

aspartate 6,520,826

p-hydroxybenzaldehyde 106,124

X-1962 147,926

D-sphingosine 289,530

cortodoxone 58,939

DL-indole-3-lactic acid 281,085

gamma-glu-leu 177,587

glycocholic acid 725,542

taurocholic acid 3,281,189

X-10381 231,486

phenylalanine 118,902,022

taurodeoxycholic acid 29,443,151

inositol 146,593

X-10419 554,814

D-glucose 65,293,846

1,5-anhydro-D-glucitol 5,183,545

meso-erythritol 1,151,739

X-3026 992,513

2-hydroxybutyric acid 6,520,826

digalacturonic acid 106,124

3-methyl-2-oxobutyric 147,926

monopalmitin 289,530

1-stearoyl-rac-glycerol 58,939

21-hydroxyprogesterone 147,926

3-hydroxyoctanoic acid 289,530

1-methylguanidine-hydrochloride 58,939

3-hydroxydecanoic acid 281,085

3-indoleacrylic acid 177,587

DL-3-phenyllactic acid 3,281,189

DL-alpha-hydroxyisocaproic acid 231,486

DL-hexanoyl-carnitine 118,902,022

O-acetyl-L-carnitine-hydrochloride 29,443,151

EDTA 992,513

l-aspartyl-l-phenylalanine 6,520,826

Metabolyzer Software
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Biochemical          Amount

cholesterol 143,789
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Biochemical ID

Proprietary Software: 
Automated Biochemical Identification
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Metabolon
Software

400-1000 
biochemicals/

sample

~45 k ion features/sample

Prostate Cancer 
Aggressiveness

Advancing biology through understanding 
metabolism

Benign

Localized

Metastatic

Hundreds of thousands 
ion features/study

Z-score

Sarcosine modulates 
invasiveness



Compatibility & Integration With Other ‘Omics Data

Recent work has re-ignited an interest in metabolism, particularly since 
it has shown that it can bolster genomic, transcriptomic & proteomic 
inquiry, serving as a key integrator of these data. 

Examples of metabolomics producing clarity & focus in other 
'omics data: sets

Theme Key Finding Reference

Brain cancer
Revealed the functional defect of mutant IDH1 enzyme and

a potential marker for imaging
Dang et al., 2009;  Reitman et al., 2011

Prostate cancer
Identified a pathway (sarcosine) of aggressiveness, 

focusing molecular biology follow-up work
Sreekumar et al., 2009; Song et al., 

2011
Glycine metabolism

in cancer
Provided focus within large cancer genomic database

to reveal novel cancer driving pathway
Jain et al., 2012

GWAS studies
Landmark work re-awakened researchers to the value

of metabolites to strengthen genomics
Suhre et al., 2011, 2014

Metabolic disease & 
SREBP-1 metabolism

Produced focus & potential targets for hepatic dysfunction
in obesity & metabolic syndrome 

Walker et al., 2011

Fungicidal drugs
Clarified & strengthened gene expression findings

to reveal new antifungal targets
Belenky et al., 2013

Obesity 
Provided support for a new paradigm for obesity

driven by timing of feeding
Hatori et al., 2012

Metabolic disease & 
ER stress

Revealed that PEMT is a key player in ER stress Fu et al., 2011

Metabolic disease -
Ghrelin/GOAT

Revealed an unanticipated role for the Ghrelin/GOAT system
in the regulation of bile acid metabolism

Kang et al., 2012



Translatability of Metabolites
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Biochemical pathways are highly conserved and, hence, metabolites
are particularly translatable across species. Biomarkers identified in
preclinical models have a high likelihood of being relevant in human
disease.

Examples of metabolomics results with striking translatability:

Theme Key Finding Reference

Diabetes Markers showed exquisite translatability in IR/diabetic cats Gall et al., 2010 & unpublished data

Sickle cell disease
Markers that define a new target in SCD are concordant

in SCD patient plasma
Zhang et al., 2010

Niemann-Pick  C1
Markers translated across multiple species

& tracked with treatment
Porter et al., 2010

Kidney cancer
Strongly concordant signatures between humans

& animal models
Kim et al., 2011; Ganti et al., 2012

Chronic 
lymphocytic 

leukemia (CLL)

Biomarkers from chronic lymphocytic leukemia (CLL) 
patients exhibited translatability to in vitro models

Tili et al., 2012

Fatty liver disease
Strongly concordant signatures between humans

& animal models in this series of studies

Watkins et al., 2003;  Puri et al., 
2007, 2009; Kalhan et al., 2011; Fu

et al., 2011

Atherosclerosis
Identified optimal animal models(s) for drug R&D & the 

pathways that translated across multiple species
Yin et al., 2012

Ovarian cancer
Markers concordant with those detected in a

precisely constructed mouse model
Fong et al., 2011; Szabova et al., 

2012

Testicular toxicity
Pathways in animal model that caused tox were the same

as a human genetic disorder
Takei et al., 2010



Finding a Drug’s
Mechanism of Action

Gemin X
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GMX1777/1778 Background

• GMX1777 is a soluble pro-drug which is rapidly converted in vivo to 
GMX1778, the active cyanoguanidinopyridine.

• In-licensed by GeminX from Leo Pharma in 2006 (progressed to 
clinical trials).
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GMX1777 (EB1627)

GMX1778 (CHS828)

Tetraethylene glycol monoethyl ether

+
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+
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Mechanism of action uncertain 
but thought to involve inhibition 
of NF-κB transcriptional activity.

Broad spectrum antitumor activity in several 
tumor types and potent in vivo anti-tumor 

activity in human xenograft models.
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Study Design and Initial Results

• Experimental Details
• Dexamethasone resistant cells (multiple myeloma line IM-9)

• Dosing according to following (cultures per group):

• Results of Global Biochemical Profiling

6hr 13hr 20hr 27hr

Significantly Altered 
Biochemicals

p  0.1, q-value  0.2 

Increased 25 38 58 45

Decreased 2 8 7 20

Total 27 46 65 65

Time
Dose

6 hr 13 hr 20 hr 27 hr

DMSO 6 6 6 6

Drug 6 6 6 6



Pathway Sub Pathway Biochemical Name KEGG HMDB 6 hr 13 hr 20 hr 27 hr

N-acetylgalactosamine C01074 HMDB00835 1.47 1.07 0.99 0.81

N-acetylneuraminate C00270 HMDB00230 0.87 1.39 1.09 0.80

UDP-N-acetylgalactosamine C00203 HMDB00290 1.08 1.26 0.80 0.43

fructose C00095 HMDB00660 0.98 0.46 1.83 18.13

mannitol C00392 HMDB00765 0.66 1.00 1.01 1.80

GDP-mannose C00096 HMDB01163 1.00 0.70 1.67 1.55

sorbitol C00794 HMDB00247 1.59 3.82 17.15 22.68

glucose C00031 HMDB00122 1.28 1.11 1.61 1.22

fructose 1-phosphate C01094 HMDB01076 1.09 1.79 3.15 30.52

3-phosphoglycerate C00597 HMDB00807 0.90 1.18 1.59 2.81

phosphoenolpyruvate (PEP) C00074 HMDB00263 1.10 1.06 1.20 2.36

lactate C00186 HMDB00190 1.10 0.81 2.92 2.43

arabitol C00474 HMDB01851 1.31 1.36 1.78 1.27

2-deoxyribose C01801 HMDB03224 1.09 2.01 2.89 1.68

Carnitine metabolism acetylcarnitine C02571 HMDB00201 1.05 0.80 1.57 0.92

phosphoethanolamine C00346 HMDB00224 1.72 1.75 2.68 8.00

choline 0.77 1.37 1.87 1.87

glycerol 3-phosphate (G3P) C00093 HMDB00126 1.11 1.09 1.16 1.18

glycerophosphorylcholine (GPC) C00670 HMDB00086 1.09 0.97 2.37 2.72

Inositol metabolism myo-inositol C00137 HMDB00211 1.02 1.19 1.39 1.71

Sterol/Steroid cholesterol C00187 HMDB00067 0.87 1.13 1.46 1.14

citrate C00158 HMDB00094 1.02 0.64 0.51 0.27

fumarate C00122 HMDB00134 1.36 1.79 3.35 2.44

malate C00149 HMDB00156 1.48 1.87 4.13 2.68

Oxidative phosphorylation phosphate C00009 HMDB01429 1.09 1.18 1.30 1.30

hypoxanthine C00262 HMDB00157 1.06 1.35 1.17 0.80

inosine 0.97 1.24 0.99 0.82

adenine C00147 HMDB00034 1.04 1.30 1.19 2.74

adenosine C00212 HMDB00050 1.37 1.53 0.72 0.81

nicotinamide adenine dinucleotide (NAD+) C00003 HMDB00902 0.38 0.09 0.03 0.01

adenosine 5'-monophosphate (AMP) C00020 HMDB00045 0.97 1.08 1.02 0.59

adenylosuccinate C03794 HMDB00536 0.84 1.30 9.89 15.05

C00242 HMDB00132 0.97 1.26 1.01 1.26

Energy 

Metabolism

Krebs cycle

Nucleotide 

Metabolism

Purine metabolism, 

(hypo)xanthine/inosine containing

Purine metabolism, adenine 

containing

Carbohydrate 

Metabolism

Aminosugars metabolism

Fructose, mannose, galactose, 

starch, and sucrose metabolism

Glycolysis, gluconeogenesis, 

pyruvate metabolism

Nucleotide sugars, pentose 

metabolism

Lipid 

Metabolism

Glycerolipid metabolism

14

Drug Effects
Biochemicals & Pathways

1

2

3
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Changes in Global Metabolic Profile 
Six hours after GMX1778 Treatment

Four biochemicals showed 
greatest change after 6 hours of 
drug treatment:

Largest Increase
• Glutamine (2.7 fold)
• -Glutamylglutamine (2.8 fold)

Largest Decrease
• Nicotinamide (0.7 fold)
• NAD+ (0.38 fold)
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NAD+ Biosynthesis
Two Pathways

NAD+ NMN

NAMPRT

NMNAT

PARP, 
SIRT1 
etc.

Nicotinamide

Glutamate

NAAD+

Glutamine

NAD+ 
Synthetase

Nicotinic acid

NAMN

NAPRT

NMNAT

γ-Glutamylglutamine
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Cell Rescue Experiments

NAD+
NMN

NAMPRT

NMNAT

PARP, 
SIRT1 
etc.

Nicotinamide

Glutamate

NAAD+

Glutamine

NAD+ 
Synthetase

Nicotinic acid

NAMN

NAPRT

NMNAT

A. Add Nicotinic Acid B. Add Nicotinamide
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Cell Rescue Experiments

A. Add Nicotinic Acid B. Add Nicotinamide

Cell Rescue No Cell Rescue
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*Nicotinamide contains 0.1% Nicotinic Acid
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Drug Inhibits NAD+ Synthesis from Nicotinamide
14[C] Nicotinamide in HeLa Cells

NAD+
NMN

NAMPRT

NMNAT

PARP, 
SIRT1 
etc.

Nicotinamide
NM

NAD

NMN

Probable
Target
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NAMPRT Confirmed as Drug Target

Compound Ki (nM)

Recombinant 
NAMPRT

IC50 (nM)

Cell viability assay (72h)

IM-9

(Multiple myeloma)

HCT-116

(Colon)

GMX1778 2.60 3.33 ± 0.66 2.30 ± 0.64

Drug resistant enzyme

NAMPRT
 NAMPRT (G217R)
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NAD+
NMN

NAMPRT

NMNAT

PARP, 
SIRT1 
etc.

Glutamate

NAAD+

Glutamine

Nicotinic acid

NAMN

NAPRT

NaMNAT

Nicotinamide

Glioblastomas, neuroblastomas 
and sarcomas deficient in NAPRT

Thus, co-administration of NA 
expands the therapeutic window 
of GMX1777.

NAD+ Synthesis – Cancer Cells
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NAD+ NMN

NAMPRT

NMNAT

PARP, 
SIRT1 
etc.

NAAD+

Nicotinic acid

NAMN

NAPRT

NaMNAT

Nicotinamide

Tumor:

Patient:

NAD+ NMN

NAMPRT

NMNAT

PARP, 
SIRT1 
etc.

NAAD+

Nicotinic acid

NAMN

NAPRT

NaMNAT

Nicotinamide

+GMX1777

NAD+

+Niacin

NAD+ Synthesis – Cancer Cells



23

Summary of GMX1777 Study

• The primary mechanism of the drug action was 
proposed through understanding global 
metabolic changes 

• Simple, yet powerful validating experiments 
were performed to conclusively show NamPRT
as the drug target

• Understanding the metabolism also aided in 
elucidating new clinical development paths 
forward
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Visit www.metabolon.com

• GWAS (Serum Biochemicals and SNP Associations)

• Role of Adenosine Signaling in Sickle Cell Disease

• Metabolic Impact of IDH1 Mutations

• Metabolon’s Technology Paper

• Prostate Cancer Biomarker Discovery

• Discovery of Novel Anticancer Drug Mechanism

• Drug Toxicity Studies with Mitsubishi and Teva

• Biomarkers of Depression

• Biomarkers of Dental Disease

• Human Metabolome Paper on Aging

• NASH Biomarker Discovery Paper

• Preterm Labor Biomarkers

• Prediction of Liver Dysfunction Biomarkers with Choline Diet

• Mechanism of Toxicity with EGME

http://www.metabolon.com/


Elements of Successful Study Design

Sample quantity and group size impact study results

Cell-Based Studies
50-100μl 
packed cell pellet

Biological Fluids
100-200μl 
plasma, urine

Tissues
50-100mg 

Study Material Statistical Power

Cell lines

Small 
animal

Recommended
Samples per Group

4-7

6-10

8-15

25-40

Large 
animals

Human



31


