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Targeted proteomics has great potential for impacting the

protein diagnostics pipeline.
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looking for biomarkers
(fluids, tissues)

Basic / translational
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cellular responses
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A lack of standardized methods for quantifying proteins is

explicitly cited as one cause for the irreproducibility of pre-

clinical research.

NIH mulls rules for
validating key results

US biomedical agency could enlist independent labs for verification.

BY MEREDITH WADMAN

apparently reproducible: a steady stream of
studies that show the irreproducibility of
many important experiments.

In a 2011 internal survey, pharmaceuti-
cal firm Bayer HealthCare of Leverkusen,
Germany, was unable to validate the relevant
preclinical research for almost two-thirds of
67 in-house projects. Then, in 2012, scientists
at Amgen, a drug company based in Thousand

In biomedical science, at least one thing is
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Oaks, California, reported their failure to
replicate 89% of the findings from 53 land-
mark cancer papers. And in a study published
in May, more than half of the respondents toa
survey at the MD Anderson Cancer Center in
Houston, Texas, reported failing at least once
in attempts at reproducing published data (see
‘Make believe’).

The growing problem is threatening the
reputation of the US National Institutes of
Health (NIH) based in Bethesda, Maryland,
which funds many of the studies in question.

Senior NIH officials are now considering
adding requirements to grant applications to
make experimental validations routine for cer-
tain types of science, such as the foundational
work that leads to costly clinical trials. As the
NIH pursues such top-down changes, one

company is taking a bot-

D NATURE.COM tom-up approach, target-
Formore onthe ing scientists directly to
challenges of see if they are willing to
reproducibility: verify their experiments.
go.nature.com/zqtrp There is the looming

The PCAST Reporton
Pharmaceutical Innovation:
Implications for the FDA

] Woodcock!

InSep ber 2012, the President’s Council of Advisors on
Science and Technology (PCAST) released the report “Propelling
Innovation in Drug Discovery, D ion.”

and Evaluation
A product of disc with many stakeholders, the report

rei current probl indrug devel , including
diminished return on basic biomedical research. Thereport calls for
doubling the current | output of i ive new medicines—

an ambitious goal. Recommendations and resulting initiatives will
probably affect the FDA’s drug regulatory programs.

trial costs, time to market, and regu-
latory uncertainty. Although the two
are intertwined, the report discusses
improvements in drug discovery and
development (factors i, ii, and iii above)
separately from factor iv, regulatory
uncertainty. The following discussion
touches on all four factors.

Recommendation 2 is the centerpiece
of PCAST's prescription for improving
drug discovery and development. The
report calls for the creation of a broad
based “partnership to accelerate thera-
peutics” that would coordinate, facilitate,
and possibly launch projects to address
various roadblocks, but not carry them
out on its own. The Institute of Medicine
is evaluating this concept.

The report identifies three principal
roadblocks to more efficient drug discov-
ery and development: (i) knowledge gaps
in the science, technology, and method-
ologies that underlie these processes, (ii)

S. GSCHMEISSNER/SPL

Nature 2012

Many findings in p ible, in part because of inadequate cell lines and animal models.

Raise standards for
preclinical cancer research

C. Glenn Begley and Lee M. Ellis propose how methods, publications and
incentives must change if patients are to benefit.

h are not reprod

We have a clinical, economic, and scientific imperative to standardize protein
guantification to support the inter-laboratory reproducibility of preclinical results.




Using a fit-for-purpose approach to defining and

standardizing assays

Workshop held in June 2013
Representatives from academia,
clinical laboratories, diagnostic
companies, biotech, biology

What defines an assay?

How reliable are the measurements?

What performance criteria are
essential?

What information is needed to
distribute or transfer assays?
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Assays divided into three tiers based on intended use

Tier and Areas of Degree of Labeled Reference | Specificity Precision Quantitative | Repeat- Comments and
Application Analytical Internal Standards Accuracy ability Suggested References
Validation Standards
Tier 1 High, Yes, for every Yes High High Defining High Precise, quantitative
including analyte ; _ | accuracy is a assays, established, high
c""";’; b'i‘c;asr:‘aclysisl batch-to- (nggf/ll)é;zo goal; true performance; may need
Iaborgto taat: batch QC achi;ve d) accuracy comply with FDA and
single anz yto o'r difficult to CLIA guidance depending
e R demonstrate. on use of assay
analytes Refs. 30, 41, 42, 53
Tier 2 Moderate-to- | Yes, for every | Limited use High Moderate-to- Not High Precise, relative
high analyte high applicable quantitative assays;
R‘;Z::;‘;hfg?e (typically <20- established performance;
quantifying 35% CV suitable for verification
proteins, peptides, achieved) Refs. 30, 31, 36, 37, 40,
and post- 51,70, 71
translational
modifications; 10’s
to 100’s of analytes
Tier 3 Low-to- None-to- No Moderate- Low-to- Not Moderate- | Discovery in a targeted
B moderate limited to-high moderate: applicable to-high mode; performance not
Ex%?;at?%:'t: :ifes, similar to defined; results require
analytes label-free further verification using
discovery quantitative techniques
Refs. 36, 37, 86-89

Tier 2 — precise, relative guantification
« Measure changes in expression levels for nonclinical purposes

« Biomarker verification
« Characterized assays with high transferability and reproducibility




What will it take to for the targeted assay technology to meet its
potential to promote rapid advances in protein-based biomedical

research?
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Democratize proteomics’
with a catalog of off-the-
shelf mass spectrometry-
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human proteins
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The ability to run mass
spectrometry-based assays must
be put in the hands of the target

user community (basic,

translational, and clinical scientists
without specialized training in

proteomics).



Purposes of a web-based assay portal

* to promote the development and dissemination of
well characterized mass spectrometry-based
proteomic assays

 link a broad user community to valuable assay
resources
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Assay portal features can be generalized into

three areas

1. enable biological and clinical 2. present well characterized
researchers to find protein performance data for
targets or modifications of evaluation of assays
interest . .
Biologist \ , Chemist

Assay Database

$
=

Technician

3. make available the data, assay parameters, reagent information, and
SOPs for implementation



Assay Portal Features

assays.cancer.gov



Additional features of the assay portal and launch

timeline

« High standards for inclusion of assays, supported
by a validation guidance document

« Supports a variety of targeted proteomics
technologies through Skyline and Panorama

« Expanded pathway and ontology integration
coming soon

« Core features to launch in July

* Features will continue to be developed with user
feedback

« Target date for acceptance of public contributions
mid 2014



Acknowledgements

CPTAC Assay Development Working Group

NCI / SAIC

Mandy Paulovich, co-chair

Andy Hoofnagle, co-chair Goran Halusa

Ping Yan Mike Loss |
John Wrobel Gordon Whiteley
DR Mani Karen Ke_tchum
Lisa Zimmerman Robert Rivers
Reid Townsend Tara Hiltke

Mitch Scott Emily Boja
Sherri Davies Chris _Klnsm_ger
David Fenyo Mehdi Mesri
Sue Abbatiello Henry Rodriguez
Eric Kuhn

University of Washington

Steven A. Carr

Michael Gillette
Vagisha Sharma

Yuan Tian

Jing Chen Br_endan MacLean
Tao Liu Mike MacCoss
Weijun Qian

De Lin



Browsing assays

seqrch |.he MRM Show / hide columns
Database by:
Show | 90 E entries Showing 1 to 50 of 870 entries Search:
Pathways
Select Pathway(s)
+— Previous 1 2,8 | 45 Mext —
Find assays fo profeins Proteins and peptides for which assays are available Medification Matrix
encoded in a specific
chromosomal region AARS - UniProt Accession ID: P49588
Chromeosome Number . \ . .
AVFDETYPDPVER [Fred Hutchinson Cancer Research Center) unmodified cell line hysate
 Include All™ .9 pool
::hm:ms“mul TMYALADGGRPDNIGR (Fred Hutchinson Cancer Research Center) unmodified cell line lysate
occanon pool
Start L]
) ABAT - UniProt Accession ID: P80404
ALLTGLLDLQAR [Fred Hutchinson Cancer Research Center) unmodified cell line hysate
pool
Find assays to quantify
proteins that interact GIFCSFDTPDDSIR [Fred Hutchinson Cancer Research Center) unmodified cell line hysate
with the following pool
protein(s):
(2] ABCDS3 - UniProt Accession |D: P28288
VLGELWPLFGGR (Broad Institute] unmodified cell line hysate
pool

Find assays that work
in a parlicular species

*User interface to browse or query the assay database in a
multitude of ways (e.g. gene symbol, acc num, chromosomal
Assay Type location, subcellular localization, assay type, figures of merit,
LT modification site, etc.)

Include All ™




Browsing assay details

Home QEACHLTIWC.ELL NS How to Uze the Portal How to Contribute  Reszources

@ ABCD3

=

Overview

Official Gene Symbol
ABCD3

Sequence Length (AA)
459

Relevant Links

& UniProt

& PhosphoSitePlus ®
& GeneCards

Other Aliases
ABC43, PMP70, PXMP1, ZWS2

Molecular Weight (Da)
75476

' Entrez Gene
(&' Human Protein Atlas

El Protein MGD Expand profein map:

About

Protein Sequence @ hover to view complete sequence
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“Protein Map” display allows browsing of

peptide assays within a protein

Position of MRM Peptide Analytes Relative to SNPs, Isoforms, and PTMs

& http://www.uniprot.org/uniprot/P28288

Click a point on @ node ma to view detailed assay information below ©

All other points link out to & UniProt
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Browsing characterization data

*Assays fully
characterized with respect
to analytical figures of
merit (sensitivity, linearity,
reproducibility, selectivity)
Full integration with

Panorama for data
browsing

[l ASSOy Parameters e coliopse asay parameters

Instrument
5500 QTRAF [ABSCIEX)

Internal Standard

peptide

Peptide Standard Purity
>95%

Peptide Standard Label Type

Panorama jwhat fieldname?)

Chromatograms

Response Curves

Analjte: ERBB2 GLOSLPTHDPSPLOR

Poak Area Ratio

Thearatical Concentration (maliug)

@ view larger image

Peptide Transition LOD blank only

GLQSLPTHDPSPLQR Sum.tr 3.85
3.y13.2 9.80
3.y12.2 2.83

3y102 3.5

Parameter

ChromxF C18-CL, 3 um, 120A

Parameter

150 x0.075 mm

Parameter

300 nL / min

Y

Analyte: ERBB2 GLQSLPTHOPSPLOR

o°
]
@
g
<
i
o,
g

Resicual

Log Thecretical Concentration (fmoling)

@ view larger image

LOD blank+low-conc
1.99
4.83
3.13
0.71

LOD rsd limit  LLOQ blank only
4.50 12.82

11.46 32.68

3.32 9.42

4.27 12.17

Analyte: ERBB2.GLOSLPTHDPSPLOR

Log Theoretical Concentration (fmcling)

@ view larger image

LLOQ blank*low-conc

5.97 13.51
14.50 34.37
9.38 9.96
2.12 12.81

LLOQ rzd limit



Assay characterization guidelines:

Experiment 1 —response curves

« Multipoint response curve
* Used for determination of LOD, LLOQ, linearity

« Multiple replicates analyzed in matrix background

Response Curves @

Data source: Panorama
Analyte: AMRS AVFOETYPDRVA Analyte: AARS AVFDETYPDI PVR Analyte: AARS AVFDETYPDPVA
s i,
= 3 ey
: 3 i
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Es
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@ view larger image @ view larger image @ view larger image
LOD (fmol/ug) LLOQ (fmol/ug) O

Peptide Transition  blank only blanktlow-cone rzd limit  blank only blank+low-conc rzd limit

AVFDETYPDPVR Sum.ir 2.5e-2 5.3e-2 1.6e-1 8.4e-2 1.6e-1 4.8e-1
2.y9.1 J.6e-3 1.le-2 3.0e-2 1.2e-2 3.3e-2 9.0e-2
2y7.1 3.6e-2 5.7e-2 9.2e-2 1.2e-1 1.7e-1 2.8e-1
2.yé.1 J.de-2 8.42-2 2.8e-1 T.le-1 2.5e-1 8.3e-1

Curve Fit
Peptide Transition slope intercept r squared
AVFDETYPDPVR Sum.ir 0.07 -0.00 1.00
2y6.1 0.08 -0.02 1.00
2571 0.07 -0.00 1.00

2.y%.1 0.08 -0.00 1.00



Assay characterization guidelines:

Experiment 2 — Mini-validation of repeatability

« Assess repeatability by examining intra- and inter-day variability

 Use LLOQ from Experiment 1

« Evaluate over three concentrations, 5 days

» As close to sample process as possible

Repeatability @

Data source: Panorama
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@ view larger image
Average intra-assay CV Average inter-azsay CV Total CV n=

Fragment ion / Transition
y6 (1+)
y7 (14)
¥ (1+)

sum

[within day CV) (between day CV)
Low Med High Low Med High
18.3 5.7 3.3 20.3 8 4.5

14 5.6 5.2 15.2 6.2 5.7
16.5 7.5 4.7 2.2 8.2 8
8.9 4.7 3.1 10.4 6.3 4.8

VintraCV'? + interCV?

Low Med High Low Med High
273 9.8 5.6 15 25 15
207 8.4 7.7 15 25 15
277110 9.3 15 25 15
137 7.9 5.7 15 25 15



Data downloads and commenting

R
O Resources # Comments

& Downlood SOPs 0 comments 0
& View in Panorama .
ol

& View Antibody
Best

# Cenerate Peptide Order

X Get Protocols



About page

m Available Azzayz How to Uze the Portal How to Confribute Resourcez About CPTAC Home

CPIAC sy Pora e

The Assay Portal serves as a public resource of well-characterized quantitative mass

specfrometry-based proteomic assays. The goal of the portal is to widely

disseminate highly characterized MRM assays to the community, via access to SOPs, Statistics

reagents, and assay validation data. The portal is designed to bring together

biclogists seeking to ask hypothesis-driven questions of the proteome with analytical

chemists equipped to perform MRM assays. The landing page of the portal is 3 contributing laboratories
designed to be friendly to the biclogist, enabling easy query of the MRM daiabase
for validated assays to proteins involved in specific cellular pathways or protein
complexes, proteins whose genes map to specific chromosomal regions, or proteins associated with specified Gene « Database last updated 9/28/2013
Ontologies. The back end of the portal is designed to be friendly to the analytical chemist, providing assay validation

data and associated SOPs for implementing the assays, the ability to view MEM data via Pancrama, and the ability to

download assay methods via a Skyline document. An Amazon.com-like user rating and wiki will also be available for the Stay Connected

community to exchange information about how specific assays behave in others’ laboratories or previoushy

870 assays

7431 visitors

uncharacterized matrices. A guidance document is posted on the portal, with assay validation requirements and B4 Contact Us

instructions for the community to submit their own MRM assays and help to grow and maintain high quality of the A Subscribe to Our FSS Feads

resource.
B4 Sign Up For Email Updates

66 | often say that when you can measure what you are speaking about, and express it in numibers, you know something

about it; but when you cannot measure it, when you cannot express it in numbers, your knowledge is of a meagre and
unsatisfactory kind: it may be the beginning of knowledge, but you have scarcely in your thoughts advanced to the state

of Science, whatever the matter may be.

@ How to cite the Assay Portal in your

Lord Kelvin publications

PLA, vol. 1, "Electrical Units of Measurement”
@ How to contribute assays to the
portal
= News and Announcements & Publications © How 1o provide feedback on

individual assays
The Assay Portal goes live!!! Kennedy JJ, Abbatiello SE, Kim K, Yan P, Whiteaker © How to provide fesdback on the
JR, Lin C, Kim JS, Zhang Y, Wang X, Ivey RG, Zhao Assay Portal
The CPTAC Assay Portal, designed to provide user L, Min H, Lee Y, Yu MH, Yang EG, Lee C, Wang P,
access to assay resources developed in the CPTAC Rodriguez H, Kim Y, Carr SA, Paulovich AG. (2013)

program, and the broader community, goes live in Demonstration of the feasibility of an
2014. Browse the assays for information on international effort to develop and distribute
incorporating the assays into your research or analytically ~ validated ~ Multiple  Reaction
contribute your own data to the growing Monitoring (MRM)-based assays to large suites of

knowledgebase. human proteins. Nature Methods.



