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Effectively Dealing with Transition Selection
and Data Analysis for Multiplexed
Quantitative SRM-MS Assays across Multiple
Vendor Instruments
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CPTAC — Clinical Proteomic Technologies

Assessment for Cancer

Bio-Specimens
« Plasma
+ Tissue
* Proximal fluids

%- . biomarker \
$,0° o candidates

®,® oo
+ untargeted -/ .
proteomics hypotheses

+ genomics I — 1

|

I }
\ |

Found in blood? I'

higher in cancer?

Biomarkers worth
evaluating

NCI established CPTAC October 2006 to Support Biomarker Development

« Evaluate and standardize proteomic verification
platforms for analysis of cancer-relevant proteomic
changes in human clinical specimens.




Is SID-MRM-MS Technology Reproducible, Transferrable,

and Sensitive? Yes! — Especially with Skyline! 9101C

Candidate Protein

Biomarkers Spike heavy (3C,)-
labeled peptides
v \
Define “Signature peptides” Endogenous 12-C
for candidate biomarkers signature peptides

A\ 4

Synthesize ¥C/">N-labeled Q3
versions of signature peptides — a
for use as internal standards et
| —
» Observed ratio gives precise, relative o Separation  Fragmentation  Seicctive
guantitation across samples
* 10’s to 100’s peptides can be Ratio 13C-peptide to 12C-
simultaneously quantified peptide by SID-MRM-MS
Whiteaker, et al, JPR 2007................... Breast cancer . 13C tide “h tandard”
Keshishian et al, MCP, 2007 and 2009... Cardiovascular markers - ¢-Peplide “heavy standar
Hoofnagle et al, Clin. Chem. 2008......... Thyroglobulin o & 12 :
Addona et al, Nat. Biotech. 2009........... Interlab study % I C-peptide analyte
Kuhn et al, Clin Chem 20009................. IL-33, Troponin | g
Williams et al, JPR 2009..................... C-Reactive Protein 2 a
Ossola et al, Methods Mol. Bio., 2011.....Glycated peptides < T i
Selevsek et al, Proteomics, 2011........... Urine proteins , .
Time, minutes




Study 9S: Participants, Platforms, and Objectives

D101C

Prior to analyzing complex samples, are LC-MRM-MS systems running in optimal condition?

Michrom Mix
6 bovine
proteins,
digested

U

50 fmol/uL

12 Laboratories
4 MS Vendors
7 MS models

5 LC models

Site 52, ABI 4000 QTRAP
Site 56, ABI 4000 QTRAP
Site 56A, ABI 5500

Site 56B, Agilent 6460 ChipCube
Site 73, ABI 4000 QTRAP
Site 32, ABI 4000 QTRAP
Site 95, ABI 4000 QTRAP
Site 98, ABI 4000 QTRAP

Site 86, ABI 4000 QTRAP
Site 86A, Waters Xevo
Site 90, Agilent 6410 ChipCube
Site 65, Thermo Vantage

Site 54, ABI 4000 QTRAP

Site 19, ABI 4000 QTRAP

Site 19A, Agilent 6410 ChipCube
Site 20, Thermo TSQ Quantum

Intensity (1043)

700 &
600
500
a0
300 &
200 £
100 £

Establish Instrument
Specific Ranges for
o RT Variability

0 Peak Area

0 Peak Width

o Carry over

o Column conditioning

GO No GO

o LIS 71
-

T T T 3
215 220 224 25 26 27 28 29 30
Retention Time Retention Time

Define Pass/Fail Criteria



Development of a System Suitability Protocol for

Multiple Instrument Platforms

Tools were created to handle workflow and data

Input: DDA Search

results
Selection of
22 target List of 9 final
peptide peptides for
evaluation

LR

Input: Integrated

peaks, report
<= External

—> Calculations:
RT Viewer
R Scripts

Input: Targeted
Peptide List

=
<=

Skyline
]

Input: Vendor specific
acquisition files

User
data
analysis

MRM data
acquisition
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Site Z
Elevated area cv’s for late

Peak area CV over 10 replicates
eluting peptides

Peak area stability over 10 replicates
Site Z

before
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(z'8€) dOA
(6'2€) ©TA
(e'1€) 487
(6'82) 391
(1'82) VAD
(0°82) +++OHI
(0°82) ++9HI
(8'92) ©aa
(€'52) HIS
(0'52) OAI
(5'€2) INA
(z'€2) NAT
(0'€2) AVO
(1'22) 99H
(o'12) an
(2'61) AIA
(z'81) ©0a
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(0°2L) ATH

(0'91) 049
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1
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o o o o o o

ND e3ly Yead

\

(0'82) +++OHI
(0°'82) ++OHI
(8'92) ©aa
(€'62) HIS
(0's2) ONI

Low peak area
for late eluting peptides

(5'€2) INA
(z'€2) NAT
(0'€2) AVO
(1'22) o9H
(0'12) an
(2'61) AN
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+ + + t
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(930T) ea1v Yead

Pentide

Peptide

(Lvy) A4
(z'ev) dOA
(62v) O1A
(8'9¢) 451
(ove) 391
(S°€€) +++OHI
(57€€) ++OHI
(7'€€) VAD
(e°ze) ©aa
(8'0¢) HIS
(2°08) OAI
(9°62) INA
(£'62) NA1
(8'82) AVO
(1°82) O9OH

CVs <0.10

(0'22) an
(8'52) AIA
(z've) ©0a
(0°¥2) ONA
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(8°02) LSA
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Improved peak area
for late eluting peptides
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unlabeled 15N labeled
protein protein

Trypsin N_~ rv

3

' U b= ANV

depleted plasma |

Goals:

Demonstrate cancer relevancy
Prove feasibility of > 100-plex (34 proteins) assays in plasma
Improve LOD and LOQ by depleting abundant proteins

Demonstrate true quantitative accuracy and evaluate depletion/digestion
recovery using heavy labeled proteins

Conduct blinded verification study to assess accuracy, precision and
reproducibility across multiple sites and instrument platforms

Evaluate system suitability test in context of this large-scale inter-lab study

34 proteins, 1095 transitions, 9 participating sites, 14 instruments, 4




Peptide and Transition Selection is
Streamlined using Skyline

' Selection

| of i

e — | oon

. Pep | Skyhne i LC-MS/MS, i
A . . Database

search

___________________

__________________________

Final Transition List
. i L/H: 750 Transitions
Skyline | L/H/15N: 1095 Transitions

'« Selection of best 3 ions |

- . « CE Calculation |
MRM-MS Data Acquisition s

CE publication: B. MacLean et al, 2010, Anal Chem




Spectral Libraries Focus Peptide and

Transition Selection

File  Edit View  Settings Help
DEH % B2®E9--

Replicates: 043012_Study9-2_Site568_01a_blinded_run 042 ~ | - MS/MS Spectrum 1h-=x

=% sp|P099?2mmoc HUMAN || Spectrum: |CPTAC_Set4 |~|

- @ €, RALQASALNAWRG (304, 314]
@ _fy, 600.8278++ fotal ratio 0.13) CPTAC_Setd - ALQASALNAWR, Charge 2
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@ gL R.AEVNGLAAQGK Y [331, 341]
oG K.ELSDIALRI[14, 21]

2 @ R.TPSALAILENANVLAR.Y [157, 172]
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splP09525ANXAS_HUMAN 200 400 600 800 1000 1200 1400
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* % RYLSNAYARE [208. 215] 24.5 250 255 26.0 265
£ » 9 KIEEFLEAVLCPPRY [78, 911 8
4 | - [T »
Ready 1/34 prot 1/125 pep 1/365 prec 3/1095 tran _.:|

m

10 + ¥7 (rank 2} i

[ e M e

H
2}
H [
] B L 5 {rank 3}

Intenslity (1046)

4 + 44 frank 5) ¥3 [rank 4}

e

o

200 +

-

150 +

Intensity

Retention Time




Retention Time Scheduling:

A Necessity for >100 Transitions

» Scheduling puts rigorous
demands on RT reproducibility =i

= Peak width and RT drift are
often limiting factors

= Different peptides shift to
various degrees.

# Concurrent Transitions

350
300 -
250 T
200 1
150 +
100

g0 I

28.3 min

10 min 325 trs
5 min 190 trs
80 trs

1 T T T
10 20 an 40 an
Scheduled Time

28.2 min 28.0 min

Inj. 2 &= Inj. 3

» Large numbers of transitions
require narrow RT windows or
longer cycle times

» Cycle times may be governed
by chromatographic peak
width

» Skyline helps gauge number
of concurrent transitions
based on RT window



Retention Time Scheduling for 1095 Transitions is

Challenging — and Different from System to System101
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Data Quality Filtering and Custom Annotation by

Operators for Data Sets Improves LOD

EZ' signal quality ‘ RT scheduling problem general remarks | do not use

110472 peak tailing / poor peak shape

125381

127262 peak outside scheduling window. S kyl i n e

b 1387 v ] =
138434 _ ~
k I

170053 v:ng:iIEiln Sl;?nzur eak shape raW d ata C U S t O m

| annotation

192156 transition missing ol

poor spray i

203884 namow peak [not enough points) W L »

210323 t
Automated version = “AuDIT” é

Flags potentially bad transitions
« poor peak shape
* interferences

* missing data 1';1!_

LOD (fmol)
0.1

o _
Reduces manual inspection to o |44 arlnoI/uL 23 arlnolluL
guestionable data Waters Waters
Reduces subjectivity in data analysis Xevo TQIS Xevo TQS

(Abbatiello, Mani et al. Clin. Chem. 2010)




Automatic Integration as Good as Manual

Intervention (but takes less time)

Comparison of Skyline vs Manual integration

< .
od : %
i i
| —!-r !
— : b
i 1
1 ]
i i
. i i
! |
- ] ! |
0 = : _ |
! p—06 |
1 I
1 I
I
0 _ [
o
=
=

auto manual




QuaSAR Overview:

Quantitative Statistical Analysis of Reaction Monitoring Results

1
l;l/a

CV=0o/u e

Calculate Calculate Relative
Peak Area Ratio Ratios
and CV l
Anaiyie P! e
N 0.20-
Statistical
Test
0.15
3
Flag BAD Result 2
Small subset analyzed Correct, ;o 10
by Expert. combine p-values % »
2 .E
]
5
© 0.05
u Pre-process

|
LOD

& Filter OveraII Reproducublllty

A

[ —
N\

™ MRMPilot™

\/ T

Coefﬂcnent of Variation (%)

100

Measured Conc (fmol/ul)
50

Measured Conc (fmol/ul)
1

R
\ i |
ot =] : g | H .
| LRSS , | [ - ;
Concentration : o . i :
& sample info &2 EINY * -‘--I-

SRz ‘ 1 1 |

.I._._. S

i
T T T T 001 005 0135 0875 4 100
0 50 100 150 0.01 01 1 10 100 Theoretical Concentration (fmol/ul)

Theoretical Conc (fmol/ul) Theoretical Conc (fmol/ul)




Qutcome of CPTAC Study 9 is Promising for the Use

of Highly Multiplexed SID-MRM-MS Assays

LOD Distribution for all peptides across Median CV at each Concentration,
Sites, Study 9.1 Study 9.1
0.7+ 120 =
’ site site
= 1
0.6- B 2 100 - —] 5
B 3 - - 3
0.5- ‘ 4 ;é:r —— 4
. [ 80'
= f I X - 5 o — 5
: -~
S04- + t — B 6 g - 6
E 1 ey BB 7 2> s0- - 7
L v L - (o]
8 0.3 I : = 8 ‘uc: . 8
- - : Ea 2, - 9
: ' . = -
0.2- ; L - 10 g - 10
- 11 O - 1n
12 —— 12
20-
0.1=- '
14 -~ 1
0.0- [ 0- I i 1 | | | 1 1 |
12 3 4 5 6 7 8 9 10 11 12 13 14 0 0.001 0.010 0.018 0.075 032 13 56 24 100

Concentration of each peptide

Site Number (fmol/uL in 0.5 pug/uL depleted plasma)




Good Reproducibility and Accuracy is

Demonstrated Through Blinded Samples

Blinded Sample Concentration Distribution Blinded Sample %CV Distribution

100-

sample
10°% - ' w Inter-Lab
. X sample CV
. mw 45%
Y
*: Wz go- EEX 17%
% 15%

72 fmol/uL Bz 16%

19 fmol/uL 60

1.8 fmol/uL

0.1 meI/lJ.L 20-

Mean Determined Concentration (fmol/uL)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4
Site




1SN Protein Standards Improve

Quantitative Accuracy

13C/>N Peptide Internal = e 15N Protein Internal
Standards o o Standards
Peptide  [ight Peak AreaX10 ol i \ c|:>;ept|de _ Light Peak Areax 25 fmol
Conc N g ONC(i5n) 15
(13¢/15N) 13~ /15N Peak Area IR N Peak Area pL
! 30.0 SE; i) 311.0 31‘.5 32} i) 32} )
Retention Time
8 1 128 8 2451 088 4
- (IRl 0E * - (3% 0w
#2481 016 2. # 2y8.1 035
— Spike bevel - 10 - Spike level : 25
= o * = o
E E
2 L e
8 - 8 - 3
3 1.3 fmol/uL 3 1.3 fmoliuL
g 4 " concentration point g : ¥ 5 concentration point
= = _ i % Transition % Recovery = = _ i ; % Transition % Recovery
o # i y5 55 = y5 110
y6 57 V6 111
5 y8 50 5 y8 94
© [ [ [ I [ © I I I I I
0.01 0.1 1 10 100 0.01 0.1 1 10 100
Theoretical Conc (fmolful) Theoretical Conc (fmolful)




Protein Digestion Controls Help

auge Assay Variability

Technical and Process Variability Assessed From

#Peptid . . : .
Control Proteins T;‘;et: Digestion Controls and SIS Peptide Spikes
Aprotinin 1
C-reactive protein 9 50 — Process Variability:
. Pro . Light Peak Area from Protein
Horseradish peroxidase ! Digestion Controls
Leptin 1 I
Myelin basic protein 2 40 1 Technical Variability:
Myoglobin 1 I 13C/15N Peak Area from post-
e desalt peptide spikes
L>) 30 +
®
o
<
< 1
© 20 1
[ L
o
104
0

AGL IND LFT YLA HGF SSD GYS ESD
Peptide

Poster MPO1, #004




Skyline Facilitates Rapid Data Analysis Through

Overview Plots

Peak Area Replicate View, Light and Heavy
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Quick View of All Replicates

File  Edit ‘ew Settings Help

QU EH| 8 S 9- o

Replicates: FSoamoll_repz_033
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First large-scale interlab study to include 15N protein reagents
and >100 peptide targets (>350 peptide forms)

Sensitivity improvement from previous study by using depleted
plasma, adjusting the gradient

Transition selection and MS method transfer across 4 instrument
platforms facilitated through Skyline

Peak Area and Retention Time views help quickly assess data
guality
Customizable reports from Skyline enable down-stream

processing, helps remove subjectivity of data evaluation, and
Increases data analysis throughput

Skyline helps maintain objective processing of data, requiring
less manual tweaking

It’s free, it is easy, and it will process your data
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1000 Q1/Q3 Pairs — AB Sciex 4000 QTRAP

+e] 334 precursors:
2] 108 peptides in 3 forms

**110 control peptides
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Gradient Optimization will Improve Sensitivity

and Data Acquisition
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LOD/LOQ Calculations:

How Many Points in the Curve are Needed?

What is the ideal concentration range?

LOD =Sy a0k + t0.95 X (Cpjank + Ojow)/ Vn

(fmol/pL)
250
113
51
23

100 ~

10 -

10 Proposed:
4.6

2.0 LOQ opo1 : : 1001
0.9 range,

|

i 4

042 [ TTTTETETETATTEEETATEEEEEEEEEEES I
0.19 LOD |

0.09 I
0.04
0.017
0.008
0.004
0.002  Pick a range and number of points to
Linnet & Kondratovich, (2004) Clin Chem cover most peptides
Keshishian et al, (2009) MCP

» Generate preliminary curves (16 pts)




16 Point Curve at Selected CPTAC Sites Shows Good

Reprodumblllty and Sensitivity )101
3 7 . )
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Median LOD
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Outliers 15 16 15 15 15 12 23 19




LOD is Highly Dependent Upon System Performance:

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

Chromatography and lonization 0101C
QTRAP 5500 4000 QTRAP
Median LOD: 220 amol Median LOD: 32 amol

Pre-Assay 7 1
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[ 0 X
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Peptide Peptide

Unstable ESI was a major factor in poor detection and reproducibility

System Suitability assessment detects poor system performance




