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What is the “common coordinate” that
enables integrative analysis?
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Common Reference: Pathway Representation

Sources

» BioCyc/MetaCyc
» Generalized BioPax
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Integrated View

* Identifies why the pathway is active
» Suggests follow-on experiments
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Agilent Integrated Biology Workflows:

Practically any —omics technology type imaginable

MassHur“ité‘rﬁaﬁéi/Quant
ChemStation AMDIS

Feature Extraction GeneSpring Platform Biological
/ Pathways
B P —

NGS Alignment to Reference Genome
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“Omics” © Biology
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The Challenge
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Presentation Outline

2. Multi-omics Research: How? (Case Studies)
» Metabolomics + Transcriptomics - Targeted Proteomics : In search of
new anti-TB drugs
= Proteomics + Transcriptomics:
 PD Biomarkers for Cancer Chemoprevention
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Pathway-informed Drug Discovery for Tuberculosis
(Dr. Kyu Rhee, Weill Cornell Medical College)
line drugs taken for

Rifampin (1966)
Inhibits RNA
synthesis "
several months. Shown

Ethambutol (1961) ol Ao Y (Poiymerase) here are the four drugs in
Inhibits cell wall : = - g = the standard regimen of
first-line drugs and their

______ y : modes of action. Also
"""" Y7 (Ehascas) shown are the dates these
» - four drugs were

Cell Wall Synthesis

Isoniazid (1952)

Inhibits cell wall
synthesis _ @

Acyl Lipids “TB can usually be cured

with a combination of first-

DNA Coiling, Transcription,
and Translation

Mycobacterium discovered—all more than
_ tuberculosis 40 years ago.
Egrsazz;namlde : g /‘!
Exact Target f P
Unclear
bl NIAID
Membrane
Disrupts Energy
Metabolism gy
-

http://www.niaid.nih.gov/topics/tuberculosis/Understanding/

ATP Synthesis WhatlsTB/Scientificlllustrations/Pages/firstLinelllustration.aspx

The Mea of Confidence

14

Agilent Technologies




Multi-omics Workflow:
Transcriptomics + Metabolomics

|

g N A
._ a2 Metabolome
(Label-free)
qug X mmmmg (6520 iFunnel
low, mid, high
- — £ 4 .
GeneSpring
«F *Corroborate known
mechanisms of action
Drug Y
low, mid, high GX Microarray Transcriptome *Discover unknown cellular
(Custom) (2-color) responses
‘7 *Suggest new druggable
\ targets. -
Drug Z
low, mid, high
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Example Analysis— Drug X

All Genes

(Note increased
change with
dose)

Fold Change

Low Med High
Dose
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Fold Change
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Example Analysis— Drug X

Genes among top
9% up-regulated
in all dosages

Genes among
bottom 5% down-

regulated in all

Low Med High dosages

Dose
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Enrichment: Find “interesting” pathways

Top 5% Down- Top 5% Up-
Regulated Regulated
Genes Genes
— — — —
Pathway GO Pathway GO
Database Database Database Database
e e S O
Enriched Enriched Enriched Enriched
Pathways GO terms Pathways GO terms
« Pathway source:  WikiPathways
» Enrichment. HG via GeneSpring
o [dentifier Mapping: GeneSpring +
BridgeDB
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Pathway & GO Enrichment: Drug X

DOWNREGULATED
Pathway GO Term P-value
Mx_Oxidative_phosphorylation_WP1680_41452 1.38E-04 phospholipase C activity 3.34E-04
Mx_Peptidoglycan_biosynthesis_WP1685_41461 0.002111 lipase activity 2.01E-04
C MOA Mx_D-Glutamine_and_D-
glutamate_metabolism_WP1643_41425 0.002212 phospholipase activity 0.001113
. Suggestlon of Mx_Ether_lipid_metabolism_WP1645_41436 0.00711
Mx_Inositol_phosphate_metabolism_WP1664_414
second ary 80 0.014402
Mx_Riboflavin_metabolism_WP1696_41424 0.023819

HE I ERINNE

* Direction for
further

exp I (o) rat|o N Mx_Glyoxylate_and_dicarboxylate_metabolism_W

GO Term

P1661_41479 0.030887 biological regulation 9.75E-06
0.074453 regulation of biological process 7.11E-06
response to chemical stimulus 3.50E-06
response to stimulus 1.42E-05
negative regulation of biological process 2.97E-05
regulation of growth 8.20E-05
negative regulation of growth 1.85E-04
propionate catabolic process, 2-methylcitrate
cycle 5.96E-04
Macrolides propionate metabolic process, methylcitrate
cycle 5.96E-04
| Sy P. regulation of metabolic process 4.66E-04
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Multi-omics Analysis: Learning more about
signhificant genes, metabolites, paths, etc.

[DOWNREGULATED

p-value

L] L] [}
= Peptidoglycan biosynthesis
Mx_Oxidative_phosphorylation_WP1680_41452 1.38€-04 phospholipase C activity 3.34E-04

Mx_Peptidoglycan_biosynthesis_WP1685_41461 0.002111 lipase activity 2.01E-04
Mx_D-Glutamine_and_D-
glutamate_metabolism_WP1643_41425 0.002212 phospholipase activity 0.001113

Mx_Ether_lipid_metabolism_WP1645_41436 0.00711

]
Mx_Inositol_phosphate_metabolism_WP1664_414 "
80 0.014402
Mx_Riboflavin_metabolism_WP1636_41424 0.023818 "
| | | ] | |
[UPREGULATED
p-value
Pathway (Genes) GOTerm

P-value
Mx_Glyoxylate_and_dicarboxylate_metabolism_W
P1661_41475 0.030887 biological regulation 9.75E-06 [ ]
0.074453 regulation of biological process 7.11E-06 n
response to chemical stimulus 3.50E-06 re e V a a O l | I S
response to stimulus 1.42e-05
negative regulation of biological process 2.87€-05
regulation of growth 8.20E-05

negative regulation of growth 1.856-04 )
propionate catabolic process, 2-methylcitrate
cycle 5.96E-04 L]

propionate metabolic process, methylcitrate
cycle 5.96E-04
regulation of metabolic process 4.66E-04

: Answer. Pathway visualization
to find enriched paths
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Peptidoglycan Biosynthesis

PATHWAY ANALYSIS

Aminosugars metabolism Sl b bty UDP-N-acetyl-D-glucosaming

z@

,qlﬂs
£ e ‘IJI“’

1

3
)

1
f:gléuis
H

® UDP-N-acetyl-3-[1-carboxyvinyl)-D-glucosamine

UDP-N-acetylmuramate

R O T Candidates for
Candidates for remining cpe:C01212 /targeted proteomics

or for targeted assay _ o

™Sy

UDP-MurNAc-L-Ala-D-Glu
cpd:C00692 ® D-Alanine

7

ko:K05362 D-Alanine metabolism .

oyl-L-alanyl-gamma-D-glutamyl-L-lysine UDP-N-ac
RO 4 D-Alanyl-D-alanine

di-trans,poly-cis-Undecaprenol murF
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Mapping Metabolites across Databases:

UDP-N-acetylmuramate

PATHWAYS DBs
METABOLITE DBs T a

Human Metabolome Database versionss

UDP-N-acetyimuramate

Annotated with: C01050 (Kegg Compound)
P Find pathways with UDP-N-acetylmuramate...

External references:

Search: Search type: Metabolites ~ Advanced!

)
nosiod

AAEER | ~ cheBI ‘
HMDB has recently undergone some major ch if you are experiencing p please click here to provide us with feedback. -~
17882
Showing metabocard for UDP-N-acetylmuraminate (HMDB11720) » HMDB

Metabolite Identification I
» Kegg Compound

WikiPathways

UDP-N-acetylmuraminate
cpd:C01212

UDP-N-acety i is a nucleoside diphosphate sugar which is formed from UDP-N-acetylgl ine and phosph Ipyruvate. It
serves as the building block upon which peptidoglycan is formed.

Kt“ COMPOUND: C01050 =
Entry c01050 Compound

Download: MOL | SDF | SMILES | InChl

Display: 2D Structure | 3D Structure Name UDP-N-acetylmuramate;
UDP-N-acetyl-alpha-D-muramate;

UDP-N-acetylmuramic acid;

1. N-Acetylmuramoyl-UDP UDE-MurNAc

2. UDP-MurNAc 5

3. UDP-N-Acetyl-D-muramate © 2 C20H31N3019P2

4. UDP-N-Acetylmuramate Exact mass|679.1027

5. U[_)F_’-N-A_cetylmuramic acid o Mol weight(679.4164

6. Uridine diphosphate N-acetylmuramic acid s Po— o
C20Hz1N2019P2 HNJE
679.4164 /N

679.102698849

(WMol file ) KCFﬁle) DBuarci_l) Jmol )\KaiDrny
Reaction |R03191 R03192 R03193

Pathway ko00471 D-Glutamine and D-glutamate metabolism
k000520 ZAmino sugar and nucleotide sugar metabolism
ko00550 Peptidoglycan biosynthesis

The Meaof Confidence N . .
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BridgeDb: Mapping Entities Onto Pathways
Resolves Mapping Problem Between Databases

I:-_ SiiezeeTcreTes

l”“!: ]"

Identifiers in ]
“‘omics” Dataﬁ

* Gene ID
1- Protein ID

Metabolite ID

—
BridgeDB e

1- Map entities

Identifiers in

Pathway DBs _ i e

HomoloGene

Metabolite Identifiers
‘KEGG
‘HMDB
-ChEBI
-CAS

Protein Identifiers:
*Swiss-Prot
*UniProt
‘UniProt/TrEMBL

Gene |dentifiers :
‘Entrez Gene, GenBank, Ensembl
*EC Number, RefSeq, UniGene, HUGO
‘HGNC, EMBL
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Multi-omics Workflow:
Transcriptomics + Metabolomics

|

g N A
._ a2 Metabolome
(Label-free)
qug X Emmmg (6520 iFunnel
low, mid, high
e ?) .
GeneSpring
«F *Corroborate known
mechanisms of action
Drug Y
low, mid, high GX Microarray Transcriptome *Discover unknown cellular
(Custom) (2-color) responses
‘7 *Suggest new druggable
N \ targets. -
Drug Z N
low, mid, high
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Multi-omics Workflow:
Transcriptomics + Metabolomics - Targeted Proteomics

A N
»
.

N Metabolome
(Label-free)

@_ »

LC/MS
qug X mmmmg (6520 iFunnel
low, mid, high

Q-TOF) '
Y Proteome NN GeneSpring
Cl (Targeted)

*Corroborate known
mechanisms of action

GX Microarray i Transcriptome *Discover unknown cellular
(Custom) (2-color) responses
.4

!‘, *Suggest new druggable
\_targets. )

Drug Z

low, mid, high

Drug Y

low, mid, high

» Suggests next experiments
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Enhancing Targeted Proteomics Experiments:

Integrating Prior knowledge and Community-based Tools
into the IB Ecosystem

HO, o Cytoplasm
° o o /\I//° (UDP-N-acetyl glucosamine)
[P G L
OH  OH o ‘S-sulfonoxy-anthranilic
acid derivatives

(]
Ho—ll’l—o
I 11: J:(mumn)(muun
HO. o °
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8

Interactions

koA
° 0 ° /\40 v pknB

< o 1 O N_ NH (UDP-MurNAC-L-Ala-D-Glu) fisZ

/"Yo O_T_O_T_O/Q e sa
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Presentation Outline

= Proteomics + Transcriptomics:
 PD Biomarkers for Cancer Chemoprevention
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Case Study:

Looking for Evidence of Pathway Intervention to Advance
the Search for New Breast Cancer Chemopreventives

Breast Cancer Res Treat
DOI 10.1007/s10549-011-1536-9

PRECLINICAL STUDY

Transcriptomic and proteomic profiling of KEAP1 disrupted
and sulforaphane-treated human breast epithelial cells
reveals common expression profiles

<€l memorane

Abena S. Agyeman - Raghothama Chaerkady -
Patrick G. Shaw - Nancy E. Davidson - Kala Visvanathan -
Akhilesh Pandey - Thomas W. Kensler

Received: 15 April 2011/ Accepted: 17 April 2011
© Springer Science+Business Media, LLC. 2011

Phase Il enzymes:
GSTA-2

NQO-1

r-GCLC

r-GCLM

HO-1

Suhr Y-J. Nat. Rev. Cancer, 2003, 768-80.
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The Workflow:
Manual

MCF10A cells

—

Pharmacologic: Genetic:
Treatwith 15uM Transfect with Keap1 or
sulforaphane or vehicle NTCsiRNA
Microarray SILAC
CollectRNA 24 Collect protein 48
hours later hours later
RNA quality control Protein quality control
Agilent Whole Genome LC-MS/MS on Agilent Bt
44K Microarray QTOF R
p38 I_dlwgen)
i finades

GeneSpring 11.5

Joint Pathway Analysis
((WERTED!

The Meajsure| of Confidence s . .
~4,2 Agilent Technologies
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Keap1- Nrf2 Pathway:
Transcriptome in GeneSpring Integrated Biology

"""" o S T
1 1 1
l i i i
Y i i 1
——yo ] :
Caffeic acid phenethyl este|
Sulforaphane = feccaaaa -»Dissociation FYN
Curcumin
Q CASP1 .
CAsp3 L-Apoptesis | _ | ]
4 FYN
NFE2L2 <
_®
FOS : IJ
! ] MAFK| ] [mAFF] | [MAFG]
[cREBBP] |N|=Ez|k‘ [nos3| JUND ATF3
y - v Y
[cops7a] [APEx1]| |[NCOR2] [myc] H JunB | [FosB| [ ATF4 | [ kaTeA | P‘E |

- eie | =
_ h. Allhxldant Hpon* Elem
A e |

la’,/ 20 L _ =
b - TR 17 I Control
4
[Apcpo1 ] ,'H CYP4F11| s a ; - Knockdown
sl
= Il Control
= [Kaa1324
AN | SFN treated
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Keap1- Nrf2 Pathway:
Proteome in GeneSpring Integrated Biology

RBX1 CAND1 EIF2AK3
Z

;
1
H 1
cuL3 H i
PGAMS5 E i
1 1
Caffeic acid phenethyl estel KEAP1 e
Sulforaphane Fe—————— =»Dissociation FYN
Curcumin
AR CASP1 _
CAsps L-Apoptosis_ | _ |
FYN
[ wee2z Ls
I,
Fos ' - :
: [MAFK] | [maFF] | [ MAFG ] !
[creBBP] | [NFE2] [nos3] [Junp ] [aTF3]
A y -
[cops7a| [APEXT |j&=[NCOR2] [MYC] | [JuN]

[ Juns ||F0;B| | aTFa || kaTeA | Pup |
|BACH1 GCLC Fﬂ

I'h- h— Antioxidant Responsive Element L'.
___——“;’zﬁ _ [ NREP ?;::‘~~.___
CREHG 2 1 iy s L - R e
70 _n-- AN ~
GCLM // /’/l:'ii 'Ir_ __T.‘ \ ~als.co241
et A g N i ey RN 52
/ i - - LY
;11 b b->{CrPaFLL Y Control
] SPANAX1{e-=4 vy [ Akapr2 |
PTX3 ! - HRG
a i il
KiAA132d | |—}‘|'-I;__
e Control
AKRICI |hg=»|sLca7A2 .__ -
[FExwio}e-4 [ | SFN treated
Lo A |
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Western blot validation of SILAC data

MCF10A MCF12A
Pharmacologic Genetic Pharmacologic Genetic
P4 o 4 o
O L = Q (&) TH - o
> » Zz X > ) > X
KEAP1 TN e B ____ B ____
NQO1 o -_— — I.__- e —
GCLC — D — G—
SQsSTM1 L e o= L”— -—--
AKR1B10 — e —— -
AKR1C1/2 . -—- —-— R J—
AKR1C3T k1 =3 - -
- Lo d —
ALDH3A1 —— :
A - oD B Candidate markers
GAPDH e e % IHC validation
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Insights from Integrated Analysis

Key Pathways from SFN Exploration

« Xenobiotic metabolism and antioxidants
Glutathione metabolism
Carbohydrate metabolism and NAD(P)H
generation

« “Big Picture” view

 |dentify activated pathways
...Including known cytoprotective pathways

 |dentify off-target behaviors, and theorize as to mechanism

(or even toxicity)
(e.g. SFN does more than inhibit KEAP1)

The Mea of Confidence
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Presentation Outline

3. Summary
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Pathway-directed re-mining of data or designing the next
experiment

Propose new experiments based on pathway analysis
1. Re-mine originally acquired (or legacy)

untargeted metabolomics data based on pathway e — , ,
analysis—create db e ey PODL
2. Design new experiments (metabolite, protein or = o =
genes) based on pathway results interpretation e e — Jeos
g e e

Agilent Spectrum Mill - Peptide Selector - (none)

The Mea of Confidence




Thank you!
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