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PROGRAM OVERVIEW
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Overall goal:

» Best practices for proteomics analysis of blood-derived biospecimens

— Collection, manipulation and storage of samples
« Guidelines to follow
o Sample quality assessment assay

» Tools to facilitate each step



MS-BASED BIOMARKER DISCOVERY PROCESS

Biomarker Discovery
» Label-free, gel-free quantitative mass spectrometry

 Non-hypothesis based discovery approach

* Profile 1000’s of proteins in 100’'s samples

wwwww

 Identify differentially expressed proteins as candidate
biomarkers

Multiplexed Assays
e Quantify 1to 700 proteins in a single “MRM” assay

Proteins from mass spec, literature, transcriptomics, etc.

Rapid assay development

Ab-free or ab enrichment
Synthetic labeled standards for absolute quantification

Profile candidate markers in 1,000's samples
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BIOMARKER DISCOVERY PROCESS:
PROTEOMIC EXPRESSION PROFILING CAFPRION

PROTEOMICS
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QA ENVIRONMENT AND PROCESS ARE @
ESSENTIAL TO REDUCING VARIABILITY CAPRION

Gated Sample  Sample Peptide
Collection Prep Profiling
Processes -
‘é—;r =TT

=T

« Bar-coding - oo
Load O ptim tration @0LC) » Electronic Data s
Management (LIMS) e o i

« Standard Operating
Procedures

 Locked freezers

 Locked raw data

o Automatic backup

Process Control Chain of Custody
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PROBLEM:
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No clear guidelines for the collection, processing, storage and
analysis of plasma/serum for proteomics analysis

e Serum or plasma

« EDTA or heparin (for plasma)

« Added protease inhibitors (commercial tubes or DIY)

» Acceptable processing times and temperatures (before and after spin)
* Freezer temperature and storage time

e Multiple freeze-thaw cycles

* High abundance protein depletion



SAMPLE COLLECTION AND STORAGE
VARIABLES: FULL STUDY CAPRION
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1. Type of collection tube

« BD serum SST tube with gel and clot activator (red/grey top)
« BD heparin tube (green top)

 BD K,-EDTA tube (lavender top)

« Becton Dickinson (BD) P100

 BD K,-EDTA tube (lavender top) with protease inhibitor cocktail added
at the time of pipetting separated plasma

2. Variation in the 2 key bench times

« Before centrifugation
« After centrifugation but before pipetting and freezing

 Upto 4 days
e 20°C or 37°C
3. Number of freeze-thaw cycles
4. Length of time in -20°C or -80°C storage

5. Cancer patients and age and gender-matched controls
* Prostate and breast cancer
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DESIGNING A WELL CONTROLLED STUDY

Well defined and documented study design
Protocols and SOPs for each step

Bar coding of all tubes

Chain of custody

LIMS for information storage and sample tracking
Well maintained and documented instrumentation
Freezers on alarm with remote email alert

Tool for managing blood collection, processing and storage
— Interactive prompter and timer
— Allows analysis of time taken for each step and variability

— Allows documentation and comparison of process at multiple centers in
clinical trial



ORACLE-BASED LIMS (NAUTILUS)
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LIMS Barcode Label System v2.0
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PC TABLET FOR PROCESS CONTROL
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LIMS Barcode Label System v2.0
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PC TABLET PROCESS CONTROL SCREEN 6’;'-'.’?‘\\

I Hotes [Frozen.&liquotl Sample  Subject

Sample Tracking Th Study 1 - Sample Collected - Patient Has Departed

Step 1: Arrange 5 draw tubes following this map. and scan draw barcodes on each tube:

Current Time:

Pre-Label: 3 5 2 4 1
Th#: Tb1 Thb 2 Tb 3 Tb 4 TE S
Draw Barcode: | 571625 | 571526 | 571527 571528 | 571529

PagaaHLUADDS_D1F P9998HUADDS_D2F

PAg9aHLUADODG_D3F

P9995HUADDS_04F P9993HUADDS_05F

Step 2: Enter minutes since sample was drawn: El: And click ‘ Th started at: 2:25:35 PM
Step 3: Enter Blood Level (cm): | 25 | 3 | 25 25 | 3
Tb1 Tb 2 Tb3 Tb 4 Tb5
Th Timing-Blood Draw
i LR e Th1 Th2 Tha Th Tbs
Fequired Blood Time: | 30 Minutes | 1 Hour | & Hours | 4 Hours | 6 Hours

00:04 O¥ER DUE
Start Centrif |

Start Centrif

Count Do

When atimer iz due {turnz vellow), click
button to proceed to centrifugation:

1:29:55
Start Centrif

5:29:55

Start Centrit

Start Centrif
B I

Tp Timing Plasma
Centrifugation to Fipetting I 3 I
Tpl Tp2 Tp3 Tpd Tph
Required Plasma Time: | 30 Minutes | 30 Minutes | 30 Minutes | 30 Minutes | 30 Minutes

Count Diown:

YWhen atimer iz due {turmz red), click
button to proceed to Pipeting:

r r r

B IS B D
Setopetrg | SwiPpstng|  StenPpetng| - StnPpeting| - _StentPipering |

r r




Pre-Centrifugation Scan - Th 1

Scan Barcode: 571525

(5] I Cancel

Click “ Start Centrif” button,
“Pre-Centrifugation Scan” pops up,

requests to scan barcode on Vacutainer tube

13



Sample Page — Tp 1 time due, timer and “Start Pippeting”

flashes and emits repeating (distinct) warning tone

]
L]

[ Matez [Frozem‘-‘«liquot[ Sample Subject

Sample Tracking  Th Study 1 - Sample Collected - Patient Has Departed

Step 1: Arrange 5 draw tubes following this map. and scan draw barcodes on each tube:

button turned ;;e

e\

Y

=10 x|

Current Time: 3:26:06 PM

Fre-Lahel: 3 5 2 4 1

Th# Tb1 Th 2 Th 3 Thb 4 Tb &
Draw Barcode: | 571625 | 571626 571627 | 571628 | 571529
Fag9aaHUADDG_01F Fag99aHUIADDG_D2F PY993HUADDS_O3F F3938HLADDG_04P Fa998aHUADDG_05F
Step 2: Enter minutes since sample was drawn: El: And click ‘ Th started at: m
Step 3: Enter Blood Level (cm): | 25 | 3 25 | 25 | 3

Tb1 Tbh2 Th3 Th4 Th&

Thb Timing - Blood Draw

e b1 Th2 b3 Th4 b5

Required Blood Time: | 30 kinutes | 1 Hour | 2 Hours | 4 Hours | 6 Hours

oadnl= o 00:17 OVER DUE[S 0007 OVERDUE[SES  59:29]
When atimer iz due {urnz vellow), click " v

button to proceed to centrifugation:

Start Centrit

Start Centrif

25929
[ BeiCai]

5529
[ BeiCani.

Tp Timing Plasma .
Centrifugation to Pipeting I [~ Centrif Done r
Tp1 Tp2 Tp3 Tpd T
Fequired Flasma Time: | 10 Minutes | 30 Minutes | T | T | —

Count Down: 00:07 OVER DUE

When atimer iz due (turns red), click . :
button to proceed to Pipeting: Start Pipetting |
B B B B I

r r B

-
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“Deviation Report” Page

Amy Deviations from the SOPT

LY

Any Unusual Observations about the Subject?

VA

=10 x|

| Mates  Frozen Aliquat |Sam|:|le |Subiect

Any Lnusual Observations about the wenipuncture collection?

Any Unusual Apperance or Bahavior of the Blood or Flasma/Serum?

Compete

nZ




LIMS METADATA STORAGE
(ELECTRONIC MEDICAL RECORD)

Medical Record

Enter subject #: |44

Signed Informed Congent? % ‘Yes

Current Cancer Treatments [last 3 manths]:

Subject ID:  |F3E74RAMO44

£ No Yearof Bithe [1933 = Gender  Male % Female Approx Date of Initial Cancer Diagnosis: IEI1-.Jan-2DEID vI

r Chermotherapy, Oral

™ Radiation
¥ Mane

I Chematherapy, W oor IM [By needlz]

Recent Medications:

Most recent one or few blood tests, especially capture data on cancel markers if recent [last B manths]

Other Active Health Problems:

=

Multitite, doze unknown, daily; Wit-D, doze unknown, daily; Lutein, dose unknowr, daily; Fizh ;I ]
0il. doze unknown, daily; WitE, dose unknown, daily: Tums-Calzium, dose unknown, daily

— Breast Cancer Info:

v Surgeny, Lumpectomy

| Surgeny, Mastectomy
Menopause Status:

E ztrogen Receptor [ER] Status:
Progesterone Receptor [PR] Status:
HERZ/EREBZ [HC Status:

Hiztalogical Type:

Cate: |D1 -Jan-2001 'I
[Drate: |D1 -Jan-2010 'I

— Prostate Cancer Info:

THM Staging System Mumbers: T= I_ M= I_ M=|_

I Post-menopaizal

Lo

Gleazon grade: I

I IHC Mot Performed

Le.

Gleazon soore; I

I IHC Mot Performed

Le.

Other niotable comments:

r Surgey, removal of prostate D ate: ID'I -dan-2010 'I

I IHC Mot Performed

Fatient had DCIS [Ductal Carcinoma [0 Situ).

Le.

IDther

[~

Turnar Stage: II 'I

Corordinator initials: IF‘W D abe: IDS-JuI-2EI1D 'I 0k, I

Catcel

16
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Preliminary Biospecimen Analysis
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PRELIMINARY BIOSPECIMEN ANALYSIS
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Scope of preliminary study:
* Proteomic analysis on plasma from cancer patients
» 3 tube types:
* Heparin, EDTA, EDTA/PI
« 3 incubation times at RT prior to centrifugation
« 0.5,4and 24 h
e n=10

Analysis performed.:

« Samples depleted of high abundance plasma proteins with Agilent MARS-14
column

Protein digested with trypsin and analyzed by LC-MS

Peak alignment and matching performed with Rosetta’s Elucidator software
Differential expression analysis

Peptides sequenced and clustered

18



PEPTIDE POPULATION DIFFERS BETWEEN
HEPARIN AND EDTA PLASMA CAPRION

PROTEOMICS
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Heparin vs. EDTA
e Total components: 6,600

Heparin-specific components: 5,000
EDTA+/-Pl-specific components: 5,700

Only approx. 4,000 (61%) components shared between heparin
and EDTA

83% proteins are shared between EDTA and heparin

Total number of proteins detected is almost the same

EDTA +/- Protease Inhibitors
e 140/5700 (2.5%) components differ > 2 fold between EDTA +/- PI

» Adding protease inhibitors increases number of proteins
detectable from 135 to 137

19



FEW CHANGES SEEN OVER TIME
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Comparison

Differentially

Differentially

D Description expressed expressed
peptides proteins
1 [Heparin] 0.5 hr vs 4 hr 0 0
2 [Heparin] 0.5 hr vs 24 hr 2 1
4 [EDTA] 0.5 hrvs 4 hr 3 3
5 [EDTA] 0.5 hr vs 24 hr 11 4
7 [EDTA+PI]1 0.5 hr vs 4 hr 4 4
8 [EDTA+PI] 0.5 hr vs 24 hr 12 5
Selection criteria: Results:

* Fold-change = 2;
* p-value < 0.05;
 g-value < 0.05

 Small effects of incubation time

» Only slightly more changes with EDTA than heparin

« Small effect of adding protease inhibitors

20
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IMPACT OF SMALLER CHANGES ON CALCULATING ~<'§
DIFFERENTIALLY EXPRESSED PEPTIDES PROTEOMICS

DI >2 DI>15
Comparison_ID Description pvalue <= 0.05 pvalue <= 0.05
gvalue <= 0.05 gvalue <= 0.05

1 [Heparin] 0.5 hr vs 4 hr 0 1
2 [Heparin] 0.5 hr vs 24 hr 3 3
3 [Heparin] 4 hr vs 24 hr 2 3
4 [EDTA] 0.5 hrvs 4 hr 3 11
5 [EDTA] 0.5 hr vs 24 hr 21 27
6 [EDTA] 4 hr vs 24 hr 20 29
7 [EDTA+PI] 0.5 hrvs 4 hr 7 12
8 [EDTA+PI] 0.5 hr vs 24 hr 26 33
9 [EDTA+PI] 4 hr vs 24 hr 21 30
10 [0.5 hr] Heparin vs EDTA 2,606 3,569
11 [0.5 hr] Heparin vs EDTA+PI 2,897 3,804
12 [0.5 hr] EDTA vs EDTA+PI 141 346
13 [4 hr] Heparin vs EDTA 2,472 3,408
14 [4 hr] Heparin vs EDTA+PI 2,785 3,656
15 [4 hr] EDTA vs EDTA+PI 77 178
16 [24 hr] Heparin vs EDTA 2,729 3,642
17 [24 hr] Heparin vs EDTA+PI 2,846 3,765
18 [24 hr] EDTA vs EDTA+PI 40 76
19 0.5hrvs 4 hr 2 7
20 0.5 hrvs 24 hr 19 21
21 4 hrvs 24 hr 20 24
22 Heparin vs EDTA 2,732 3,778
23 Heparin vs EDTA+PI 2,967 3,971
24 EDTA vs EDTA+PI 140 368

3,386 4,498

21



OXIDIZED PEPTIDES ARE NOT
SELECTIVELY DISTRIBUTED CAPRION

)

Differentially expressed components/peptides/proteins

(DI = 2 | pvalue <= 0.05 | gvalue <= 0.05)

#Peptides with oxidation PTM #Proteins with oxidation PTM

Comparison

D —Description #Components Upregulated Downregulated Upregulated Downregulated
19 0.5hrvs4hr 2 0 0 0 0
20 0.5 hrvs 24 hr 19 0 0 0 0
21 4 hr vs 24 hr 20 0 0 0 0
............... 2 2HeparmV3EDTA27321334106
23 Heparin vs EDTA+PI 2,967 11 35 8 7
24 EDTA vs EDTA+PI 140 0 0 0 0
3,386 17 36 13 8

22



SEMI-TRYPTIC AND NON-TRYPTIC
PEPTIDES ACROSS THREE STUDIES

# Sequenced Peptides

# (Fully) Non-tryptic

# Semi-tryptic

# Tryptic

%6 semi or non-tryptic peptides

)

CAPRION
PROTEOMICS

NCI NIAID site 1 | NIAID site 2
3,158 1,527 2,593

11 17 1

506 521 377
2,641 989 2,215
1690 35%0 15%0

23
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CONCLUSIONS OF PRELIMINARY STUDY <
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e Large number of components detectable in only heparin or EDTA tubes
* 14% more components detectable in EDTA tubes

» Very few components changed in concentration in any tube type after
24h at RT

o Little effect of protease inhibitor cocktail in EDTA tubes after 24h at RT

» The median CV for normalized peptide intensities within each group is
very low at 5-7% (mainly processing related)

* Non-normalized raw intensity median CVs ~ 32-40% (processing and
biological variability)

* 16% of sequenced peptides were cleaved at a site other than trypsin,
suggesting some degradation
- Similar to one study (well managed samples)

- Better than a second study (older sample set, multiple freeze-thaws) .y



QUALITY ASSESSMENT ASSAYS

« Multiplexed ELISA assays: Luminex

 Multiplexed MRM mass spec assays

25
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INDEPENDENT ASSESSMENT OF PROTEIN o

CONCENTRATION AND VARIATION PROTEOMICS
Lower abundance protein panel: Higher abundance protein panel:

IL6 VTN

CA125 ECM1

CA19-9 F13A

MUC1 VDP

PSA AT3

PRL CFH

LEP FCN3

OPN LUM

MIF

AFP

CEA * This group will also be

measured by LC-MS

26



MULTIPLEXED MRM ASSAY
DEVELOPMENT STRATEGY

r,
1. Literature
—0

. |2. Proteomics

‘‘‘‘‘

3. Transcript

Protein Sequence

MSAIQAAWPSGTECIAKYNFHGTAEQD
LPFCKGDVLTIVAVTKDPNWYKAKNKY
GREGIIPANYVQKREGVKAGTKLSLMP

WFHGKITREQAE E
STNYPGDYTLCVSCDGKVEHYRIMYHA
sk USSR /oL VEHYTSDAD

GLCTRLIKPKVMEG [VAAQDEEYRSGW
ALNMKELKLLQTIGP_

GNKVAVKCIKNDATA...
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Candidate markers for MRM assay development can come

Intensity

MREM
Signal

Time

Profiling
from proteomics or other sources, including the literature
Q1 Q2 Q3
[ _ I b
_ w ®
L ." ‘H o )
. @ @ @—> o o ® o o
®e_ o Y
o o -H NG
[ | | ]
Peptide Fragmentation Fragment
Selection Selection

Double selection improves signal/noise and reduces interference .



MRM-MS ASSAYS: VERIFY AND VALIDATE
CANDIDATE BIOMARKERS CAPRION
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Candidate Biomarkers

‘ - | ’//.

Il | s
A inZadll

I O I

5_ .W.'.A ﬁl li |

[

Linear and quantitative

Multiplexed MRM assay
1-700 candidate biomarkers

}

. Rapid assay development N
Biomarker » Multiplexed (up to 700 biomarkers)
validation e Confirms biomarker ID
funnel » Confirms differential expression
‘ e Determines absolute abundance
_ _ « Can be validated for regulatory compliance
Validated biomarkers for - y,

MRM or ELISA assay 28
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EXAMPLE OF MRM ASSAY DEVELOPED FROM
LIST OF 90 LUNG CANCER Dx CANDIDATES CAPRION
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* Predict best 5 peptides/protein, synthesize
 Determine empirically the best 2, monitor 2 transitions each

* Pre-verification study with plasma from 20 cancer and 20
control subjects

* 64 of the targeted proteins (71%) successfully detected Iin
un-spiked plasma samples (cancer and controls)

29



CANDIDATE CLASSIFIERS IDENTIFIED
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0.006

0.005 1

0.004

0.003 1

0.002
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0.000 1
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Normalized Intensity
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Larger set of proteins (700 candidate markers)
and more samples (~400) from multiple sources 20
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