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Integrating Different –Omics Approaches can Reveal insight 
into Biological Systems of Disease

lipidomics



Imatinib (Gleevec)

Human metabolome

Central carbon metabolism

Human kinome

Phosphorylation

Kinase inhibition

•Why do drugs fail in clinical trials? 
•Do they have other affects?
•Patient selection?

???

Polar
Metabolomics

Triple SILAC
Phosphoproteomics

Cross-Omics Study in H929 Myeloma Cancer Cells



H929

Signaling Overview of BCR-ABL H929 Multiple Myeloma Cells

• Imatinib abrogates pTyr signaling while bortezomib 
enhances Tyr kinase signaling prior to apoptosis 

Signaling blots

MTT assay

Breitkopf et al, PNAS 2012



AB/SCIEX 
5500 QTRAP

Selected Reaction Monitoring (SRM) ~300 
transitions (258 unique metabolites -12C & 13C)

Metabolite
Selection

Fragment ion
Selection

Fragmentation

4.6mm x 15cm

400 µL/min
pH=9.0, NH4

+

Amide XBridge
HILIC  - 1 column

Targeted Polar Metabolite Profiling Platform

+/- switching

Clustering (MatLab, Metaboanalyst.ca) 
KEGG pathway mapping

Extract metabolites with 80% methanol
From cells, tumor tissue, fluids, etc.

MultiQuant v2.0  Peak Area 
integration software

Cancer cells

Mean R2 = 0.978

Mean CV= 0.12

FWHH = ~9 seconds

Cycle time = 1.67 sec

3-4 msec dwell

10-14 points per peaks

Yuan, et. al., Nature Protocols, 2012.

Bioinformatics
MarkerView 

Metaboanalyst.ca

PURINE METABOLISM

BUTYRATE METABOLISM

KETONE BODY METABOLISM

BETA-ALANINE METABOLISM

LYSINE DEGRADATION

OXIDATION OF BRANCHES CHAIN FATTY ACIDS

BETA OXIDATION OF VERY LONG CHAIN FATTY ACIDS

PROPANOATE METABOLISM

INSULIN SIGNALING

PYRUVATE METABOLISM

CITRIC ACID CYCLE

FATTY ACID METABOLISM

STEROID BIOSYNTHESIS

VALINE, LEUCINE AND ISOLEUCINE DEGRADATION



Distribution of Imatinib regulated polar metabolites

Nucleotides

Nucleosides



Steady-State Metabolic Flux Analysis:

13C6-labeled glucose

RTK

Cell growth/ 

proliferation 

of cancer

“SILAC” version for metabolomics

13C5-labeled glutamine

Cambridge Isotope Laboratories (CIL)

Cancer cell

15N-labeled glutamine



H929  cells are dependent upon glucose driving Pentose Phosphate Pathway 

968 (Glutaminase, TCA inhibitor): 10 µM
2DG (Glycolosis inhibitor): 20 mM
6AN (PPP inhibitor): 5 µM
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PPP is responsible for nucleotide synthesis



Trypsin digestion

Bortezomib 200 nM DMSO control

2hr LC/MS/MS via HCD (Top 12) (2X) / 
CID (Top 20) on Orbitrap Elite (1X)

Imatinib 1 µM 

Lysis Lysis Lysis

Mix 1:1:1

IMAC/Fe3+

Offline SCX chromatography

Lys0, Arg0 Lys4, Arg6 Lys8, Arg10

MaxQuant
identification/quantification

Triple SILAC Phosphoproteomics Platform

Peak distribution
Heat Map - Ratios

Triple SILAC



11,880 total unique phospho-STY sites 

Down-regulated pSTY Imatinib

114 7922

Up-regulated pSTY Imatinib

Down-regulated pSTY Bortezomib Up-regulated pSTY Bortezomib

6385 17093786

CID

HCD
Overlap

Total CID HCD Overlap
Y 202 162 51 11
T 1771 1384 788 401
S 9907 8625 4656 3374

CID HCD Overlap
Y 13 3 3
T 11 10 2
S 137 85 26

130 6731

CID HCD Overlap
Y 7 2 0
T 20 8 9
S 87 69 13

196 6863 93163 85

CID HCD Overlap
Y 6 2 1
T 29 9 3
S 221 167 89

CID HCD Overlap
Y 2 0 0
T 53 47 29
S 127 84 34

3,121 Total phosphoproteins

2 HCD biological replicates / 1 CID biological replicate



Distribution and Pathways of Regulated Class I Phosphorylation Sites
(localization P >75%)

RNA Processing

BCR/ABL
Leukemia



Imatinib Induced Down-Regulated Phosphosites in BCR-ABL Pathway



Imatinib Induced Up-Regulated Phosphosites inhibit RNA Transcription

Nucleus

Splicing Factors

Mature mRNA

Transcription

Cytoplasm

X

BCR/ABL

X

hnRNPA1  S199-p  SQRGRSGpSGNFGGGR:  AKT site (shuttle in and out of nucleus)
- shown to be inhibitory to c-Myc ribosome entry 

(Jo et al, 2008, JBC)



H929 Cells Respond to Imatinib through Nucleotide Accumulation 
and Inhibition of RNA Transcription

Polar Metabolomics

Triple SILAC Phosphoproteomics

mRNA Processing

RNA Nucleotides

BCR/ABL Pathway

Nucleosides



IRS2

BCR-ABL

SHIP2
GRB2 SHP2

CBL

SHC1
SOS GAB2

p85

p110

MEK

RAF

RAS

AKT

ERK

S6K

Nucleus

Imatinib

Glucose

Glucose-6-phosphate

Acetyl-CoA

Nucleotide
Pathway

Cytoplasm

P
P P P

P

P

P

AMP

GMP

CMP
UMP

5’end capping/Polyadenylation

Splicing

mature mRNA

Transcription

• Accumulation of RNA 
nucleotides

• Blockage of RNA assembly
• Decrease of mRNA in 

cytoplasm

P P

HNRNPA1

pS199

Breitkopf et al, Submitted to MCP

Biological Model

Blockade of BCR/ABL
signaling



• Neutral loss scanning
• All Ion Fragmentation

4.6mm x 10cm Amide HILIC (high pH) or C18 (low pH)
400 L/min

Pos/-Neg polarity switching
DDA (Top 10) pos and neg mode (m/z 200-1500)

Lipid layer

Aqueus layer

methyl-tert-butyl ether 
(MTBE) or Chl:MeOH 2:1)

Solid pellet

Matyash et al, J. Lipid Res., 2008.

Lipids regulate cell growth/proliferation

H929

Cancer cells

Agilent 1100Thermo QExactive Plus

QExactive Plus Mass Spectrometer Platform for Lipidomics
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(9E_13E)-9_13-Octadecadienoic acid C18H32O2(9E_13E)-9_13-Octadecadienoic acid 280.4455 280.4455

8-Octadecynoic acid C18H32O28-Octadecynoic acid 280.4455 280.4455

2-octadecynoic acid C18H32O22-octadecynoic acid 280.44548 280.4455

3-Octadecynoic acid C18H32O23-Octadecynoic acid 280.4455 280.4455

4-Octadecynoic acid C18H32O24-Octadecynoic acid 280.4455 280.4455

5-Octadecynoic acid C18H32O25-Octadecynoic acid 280.4455 280.4455

10-Octadecynoic acid C18H32O210-Octadecynoic acid 280.4455 280.4455

11-Octadecynoic acid C18H32O211-Octadecynoic acid 280.44548 280.4455

14-Octadecynoic acid C18H32O214-Octadecynoic acid 280.4455 280.4455

15-Octadecynoic acid C18H32O215-Octadecynoic acid 280.4455 280.4455

16-Octadecynoic acid C18H32O216-Octadecynoic acid 280.4455 280.4455

10E_12Z-octadecadienoic acid C18H32O210E_12Z-octadecadienoic acid 280.4455 280.4455

9_15-octadecadienoic acid C18H32O29_15-octadecadienoic acid 280.4455 280.4455

Ethyl (2E_4Z)-2_4-hexadecadienoate C18H32O2Ethyl (2E_4Z)-2_4-hexadecadienoate 280.44548 280.4455

11-Cycloheptylundecanoic acid C18H34O211-Cycloheptylundecanoic acid 282.46136 282.4614

Oleic acid C18H34O2Oleic acid 282.46136 282.4614

(12Z)-12-Octadecenoic acid C18H34O2(12Z)-12-Octadecenoic acid 282.46136 282.4614

Elaidic Acid C18H34O2Elaidic Acid 282.46136 282.4614

cis-Petroselinic acid C18H34O2cis-Petroselinic acid 282.46136 282.4614

trans-Vaccenic acid C18H34O2trans-Vaccenic acid 282.46136 282.4614

3Z-octadecenoic acid C18H34O23Z-octadecenoic acid 282.46136 282.4614

octadecenoic acid C18H34O2octadecenoic acid 282.46136 282.4614

(3E)-3-Octadecenoic acid C18H34O2(3E)-3-Octadecenoic acid 282.4614 282.4614

(4E)-octadec-4-enoic acid C18H34O2(4E)-octadec-4-enoic acid 282.4614 282.4614

5-octadecenoic acid C18H34O25-octadecenoic acid 282.4614 282.4614

(6E)-6-Octadecenoic acid C18H34O2(6E)-6-Octadecenoic acid 282.46136 282.4614

(7Z)-Octadec-7-enoic acid C18H34O2(7Z)-Octadec-7-enoic acid 282.4614 282.4614

(7E)-Octadec-7-enoic acid C18H34O2(7E)-Octadec-7-enoic acid 282.4614 282.4614

(8Z)-octadec-8-enoic acid C18H34O2(8Z)-octadec-8-enoic acid 282.4614 282.4614

SIEVE results form lipidomics MS1 data

Fragmentation data is critical to the success of lipid (and metabolite) 
identification  

De Novo Lipid Synthesis Pathway

MS1-only produces too may possibilities, especially for lipids

Kamphorst et al., PNAS 2013

glucose/glutamine

citrate



LipidSearch Software (Thermo Scientific)

for Lipid Identification and Quantification

C18 column
phospholipids

David Peake et al, Thermo Fisher Scientific

DDA-MS2

MS1

MS1 Peak integration

Lipid Identification and Relative Quantification

Identification and 
Regulation of >1000 lipid 
molecules



Merging the Phosphoproteome-Metabolome-Lipidome…..

Biomarker(s)

Pathway(s)

Treatment Plan



We have an opportunity to merge/cross/combine different 
–omics technologies to  reveal new biological insight in disease 
mechanisms

Revealed a novel mechanism for the TKI Imatinib in BCR/ABL 
myeloma cells using global phosphoproteomics and polar
metabolomics….. and lipidomics

CONCLUSIONS
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