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Comprehensive analysis with multidimensional fractionation
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Hanesh et al  Nature 452, 571-579, 2008
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iTRAQ*: Peptide quantitation using 8-plex iTRAQ tags

Combine samples

LC-MS/MS

After fragmentation, low 
molecular mass reporter

Bateson et al  J Pharmacol Toxicol Meth (2011), doi:10.1016/j.vascn.2011.04.003

*Isobaric tag for relative and absolute quantitation

molecular mass reporter 
ions are quantitated



3

Downregulation of SLC1A5* in breast cancer cells 
following treatment with doxorubicin and TRAIL

Reporter ions
Control

Sharon 
Leong

Drug-treated

Full MS/MS 
spectrum

Leong et al, J Proteome Res (in revision) *Solute carrier family 1 (neutral amino acid transporter), member 5

Downregulation of SLC1A5 in MDA-MB-231 breast cancer 
cells following treatment with doxorubicin and TRAIL

Control                                          Treated

Mike Lin

Leong et al, J Proteome Res (in revision)
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Quantitation of proteomic changes by 2D-DIGE

Sharon 
Leong

 Proteins extracted into 7 M urea, 2 M thiourea, 4% CHAPS, 40 mM Tris
 Fluorophore-labelled

 Image analysis and quantitation (DeCyder software)
 S b t i i t tti i l t ti di ti

Leong et al, J Proteome Res (under review)

 Sypro ruby staining, spot cutting, in-gel tryptic digestion
 ID by LC-MS/MS
 Confirmation by selected reaction monitoring (SRM) 

(selected tryptic peptides fragmented in triple 
quadrupole MS to quantifiable product ions)

Quantitation of proteomic changes by 2D-DIGE

Leong et al, J Proteome Res (under review)
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Quantitation of proteomic changes by 2D-DIGE

Leong et al, J Proteome Res (under review)

Leong et al, J Proteome Res (under review)
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31
Serum or tissue sample is processed, applied to 
protein chip, and coated with matrix

Surface-enhanced laser desorption/ionization time-of-flight mass spectrometry (SELDI-TOF MS)

High resolving power for

Sample

Protein chip with
selective surface

2

MALDI-TOF

Detector

g g p
complex protein mixtures

MALDI TOF 
mass spectrometry

Protein chip

Laser

Discovery of serum biomarkers for pancreatic adenocarcinoma 

Ross Smith             Aiqun Xue

 Diagnostic serum biomarkers for pancreatic cancer are unsatisfactory although Diagnostic serum biomarkers for pancreatic cancer are unsatisfactory, although 
many have been investigated

 CA19-9, the ‘gold standard’, has a 79% (range reported 70–90%) sensitivity 
and 82% (68–91%) specificity.

 Although grossly elevated CA19-9 predicts unresectable disease and prognosis 
for chemoradiotherapy, 10–15% of patients cannot produce CA19-9 because of 
Lewis-negative genotype (Kawai et al, 2008). 

 S CA19 9 i l t d i th li i d b i di d

Xue  et al, Brit J Cancer (2010) 103, 391 – 400

 Serum CA19-9 is elevated in other malignancies and benign disorders

 Recently, the necessity for a multivariate serum marker has been proposed
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Discovery of serum biomarkers for pancreatic adenocarcinoma 

Patient Groups

Training Validation 1 Validation 2

Pancreatic ductal 
adenocarcinoma

38 40 33

Disease controls 54 21 28

Healthy 
volunteers

68 19 18

Xue  et al, Brit J Cancer (2010) 103, 391 – 400

Total 160 80 79

 Samples diluted in 8M urea/1% CHAPS

 Subjected to SELDI-TOF MS in duplicate

Sample and data analysis

 Peaks showing high discriminatory power by univariate analysis were 
subjected to logistic regression with 10-fold cross-validation to develop a 
training model

 CA 19-9 also measured by ELISA and added to the model

 Models validated by SELDI-TOF MS on an independent sample set 
(Validation 1)

 After peak identification, models validated by ELISA on a second 
independent sample set (Validation 2)independent sample set (Validation 2)

Xue  et al, Brit J Cancer (2010) 103, 391 – 400
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Serum CA19.9 levels by subject group and tumour stage

Training Validation
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Diagnostic SELDI-based model development and validation

After peak identification by purification and LC-MS/MS and elimination of co-
dependent peaks, 4-marker panel was refined to a 2-marker panel + CA 19-9: 
m/z 6420 = apolipoprotein C-1 and m/z 8614 = apolipoprotein A-II.

PC vs DC              PC vs DC                     PC vs HV                PC vs HV
Training                Validation                       Training                  Validation

AUC=0.99 AUC=0.95AUC=0.94 AUC=0.92

Xue  et al, Brit J Cancer (2010) 103, 391 – 400

Diagnostic ELISA-based model validation

PC vs HV                                PC vs DC

ApoA II + Apo C1

AUC=0.96 
(0.90-1.00)

AUC=0.90 
(0.82-0.98)

P b bilit f di i

Xue  et al, Brit J Cancer (2010) 103, 391 – 400

ApoA-II + Apo-C1
CA 19-9
ApoA-II + Apo-C1 + CA 19-9

Probability of diagnosing 
pancreatic cancer compared 
to non-cancer (DC + HV)
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Pancreatic cancer biomarker discovery:

Ross Smith             Aiqun Xue

Pancreatic cancer biomarker discovery: 

Prognostic marker for long-term survival after 
pancreatic resection for adenocarcinoma 
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Relationship of ApoC-II and other biomarkers to patient 
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Kerrie 
McDonald

Hatice
Sevim

Predicting response to temozolomide combined 
with radiotherapy in glioblastoma patientspy g p

➤ Median survival time after diagnosis is 14.6 months despite 
surgery,  radiotherapy and chemotherapy

➤ The efficacy of chemotherapy is often limited because of 
drug resistance

➤ Development of objective prognostic, and predictive p j p g , p
markers is therefore a priority

Treatment responders (n=12):        patients showing >6 months progression-free survival
Treatment non-responders (n=15): patients showing <6 months progression-free survival

3 proteins differentially upregulated in treatment non-responders

Non-responders        Responders

m/z 10247
m/z 10850
m/z 12361

Univariate analysis

10836 Da

10231 Da

12365 Da
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ROC analysis on univariate and multivariate parameters

m/z 10247
m/z 12361iti

vi
ty

Test Variable Area

m/z10247 0.889

m/z12361 0 822

Area under the curve

m/z 10850
Combined

S
en

s

1-Specificity

m/z12361 0.822

m/z10850 0.878

Combined 1.000

ID by LC-MS/MS

m/z 10247, identified as neutrophil defensin 3 (DEF3)
m/z 10850, identified as calgranulin A (S100-A8)
m/z 12361, identified as macrophage migration inhibitory factor (MIF)

pro-inflammatory proteins expressed by neutrophils, activated macrophages, endothelial cells 

MALDI-MS Imaging
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Alcohol/organic
solvent fixation

Tryptic digestion 
(optional) 

Matrix deposition

MALDI-TOF MS

Treatment with 70% and 100% 
isopropanol (± chloroform)

Required for formalin-fixed tissue 
following antigen retrieval

Peptides < 10 kDa: CHCA/DHB
Proteins > 10 kDa: SA

Mass spectrum acquired at each 
position on array

Imaging MS 
Workflow

Data analysis

Histological 
staining

Analyte distribution shown as heat 
map using MS signal intensity

Analyte distribution correlated to 
IMS data

Profiling: 1 spectrum 
for each spot (n=2)

Imaging: 1 spectrum 
for each spot (n=364)

Gustafsson et al, Int J Mol Sci. 2011, 12, 773-794.

MALDI Imaging of prostate cancer tissue

T = tumour
B = benign prostate gland
S = benign stroma

Cazares et al  Clin Cancer Res 15:5541, 2009
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Ion intensity maps (m/z 8450 and 3195) in HCC and adjacent liver cirrhosis in a case from the validation cohort. (A) m/z
8450. Ion is overexpressed in HCC. (B) m/z 3195. Ion is overexpressed in cirrhosis. (C) Serial frozen section stained 
with H&E, with cirrhosis and adjacent carcinoma (star). (D) Merged image of 8450 and 3195 ion intensity maps.

Le Faouder et al, J. Proteome Res. 2011, 10, 3755-3765.

Gustafsson et al, Int J Mol Sci. 2011, 12, 773-794.

Imaging MS: Stage IIIC ovarian epithelial carcinoma

matrix only

matrix only – low mass range

tryptic digestion + matrix

H&E + 3 ion-intensity maps

yp g
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Proteomic Biomarker Discovery

Hanesh et al  Nature 452, 571-579, 2008
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Only 9 single-protein cancer biomarkers in blood are currently approved by the FDA

Biomarker Clinical Use Cancer Type Year Approved

AFP Staging and monitoring NGCSTs and HCC 1988

CA-125 (MUC16) Monitoring Ovarian cancer 1987

*human epididymis protein 4

HE4* Monitoring Ovarian cancer 2009

Thyroglobulin Monitoring Thyroid cancer 1999

PSA Screening and monitoring Prostate cancer 1986

CEA Monitoring Colon cancer 1980

CA19-9 Monitoring Colon and pancreatic cancer 2002

CA15-3, CA27-29 Monitoring Breast cancer 1981

HER2/neu Monitoring Breast cancer 2000

human epididymis protein 4

OVA1 test (Vermillion Inc.)

5-protein biomarker panel for ovarian cancer, based on proteomic 
(SELDI-TOF MS) discovery
FDA-approved in September 2009

Components: CA125, transferrin, transthyretin (prealbumin), 
apolipoprotein AI, and beta2 microglobulinapolipoprotein AI, and beta2 microglobulin

Evaluated in Ueland FR et al. Obstet Gynecol 117:1289, 2011
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False positive rate (1-specificity)

Premenopausal:  ROC AUC = 0.80 (0.73-0.88)
Postmenopausal: ROC AUC = 0.82 (0.77-0.87)
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Medical Laboratory Observer; Mar 2011; 43:10-12.

“None of the nine FDA-approved cancer biomarkers
demonstrate the specificity required for diagnosis
when used alone.

Thus, the development of panels of proteins such as
the FDA-approved OVA1 test may be crucial to
achieve the specificity required for early cancer
diagnosis, and it is interesting to speculate that
members of such panels are likely to have already
been identified but not yet implemented”
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