Techniques for a systematic study of
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Dr. David Gibson
Arthritis Research Group
vdzSSyQa | YADBSNREAL

e P
“.% Proteocypher.com -
:‘t‘: Diagnostic wlunov-x?ﬂgapent\'on:slu'n Dr DS Glbson OARSI 2008 Arthritis Research Grou



Topics covered

A Sample types, properties and processing
A Proteomic Strategies & Study Design
A 2-DE Gel & Image Analysis

A Statistical Analysis & Interpretation
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Sample Types

Synovial joint triad: k

Sz |

Fibrous joint
capsule

1. Synovial fluid e
2. Synoviamembrane

(synovial Nuid)

3. Cartilage —

Synovial
membrane
Arthritis

Gibson DSRooney ME. 2007. The Synovial Fluid Proteome
a key factor in the pathology of joint disease. Proteomics
Clinical Applications; 1 (8), pp889

Fa2p i ty
.+ Proteocypher.com -
:!:“' ? tic dectsions Dr DS Gibson OARSI 2008 Arthritis Research Group

Diagnostic solutions for therapeu o


http://www3.interscience.wiley.com/search/allsearch?mode=viewselected&product=journal&ID=114292019&view_selected.x=77&view_selected.y=6

Sample Propertiessynovial fluid

Synovial fluid properties:
1. Plasmadialysate

2. Normallyacellular

3. Highly viscous

MoskowitzRWet al.2006. Osteoarthritisdiagnosis and medical /
surgical management.ipincottWilliams & Wilkins.

Molecular Synovial Fluid Serum/Plasma

Weight (Kda) Normal OA RA Normal OA RA
Hyaluronan 2x10° 3.2 15 0.17-2.0 - - -
Fibrinogen 340 - 0.15-2.10 0.25-0.55 3.0 - 7.0
Albumin 69 12.0-20.0 11.0-34.0 8.0-35.0 32.7 26.0 29.2-44.0
Haptoglobin 100 0.1 0.2 0.9-4.0 1.8 2.0 24-6.0
Immunoglobulin G 156 - 4.0 - 30.0 10.3-11.0 - 4.0-12.0 11.0-20.1
TOTAL PROTEIN - 19.0 40.0 - 68.0 38.0 - 84.0 67.7 - 70.0

Gibson DSRooney ME. 2007. The Synovial Fluid Protearkey factor in the pathology of joint disease. Proteortitinical Applications; (8), pp889.
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Sample Propertiessynovial fluid

A Wide dynamic range
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Gibson DSRooney ME. 2007. The Synovial Fluid Protearkey factor in the pathology of joint

disease. ProteomieSlinical Applications; 1 (8), pp889.
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Sample Processingynovial fluid

A Cell removal bgentrifugation

A Prevention of degradation byrotease inhibitors
A Salt/ small molecule removal layalysis

A Dehydrate byfreeze drying

A Rehydratein buffer with suitable solubility

A Storageaty ne /

Gibson DSet al. 2006. Proteomic analysis of recurrent joint Inflammation in Juvenile Idiopathic Arthritis. J. Proteome Research ; 588): pp 19
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http://pubs.acs.org/cgi-bin/abstract.cgi/jprobs/2006/5/i08/abs/pr060129t.htm

Sample Propertiessynovial membrane

A Delicate lining tissue

A Layered cells-3 cells deep
A Macrophage and Fibroblast ([} =
A Lacks a true basement membrar '

vr
ol .

A Fenestrated capillary network f
:a;f"ﬁ..r-‘_fg"’;‘t-

RevellPA, et al. 1988The synovial membrane in osteoarthritis: a histological study
including thecharacterisatiorof the cellular infiltrate present in inflammatory
osteoarthritis using monoclonal antibodiesnn Rheum Dis.; 47(4), XED7.
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Sample Processingsynovial membrane

A Poolsmall needle biopsies

A Homogenisation

A Proteinextraction

A Acetoneprecipitation-H n 6/ 2GS NY A IKI
A Rehydrationin Urea Chaps Buffer

TillemanK et al. 2005. Chronically inflamesynoviumfrom spondyloarthropathyand rheumatoid arthritis investigated by protein expression profiling
followed by tandem mass spectrometiyroteomics5(8):224757.
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Sample Propertieg cartilage tissue

A Low densitychondrocytes
A Extracellular matrix (c
Al 2t €3Sy FAoNRK—€/
A Avascular L
A Diarthroidaljoints cushion
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http://www.visualhistology.com/dvd
descriptions/cartilage.html
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Sample Processingcartilage tissue 1

ChondrocyteProtein Extraction

A Cartilageinsein saline

A Trypsindigestat 37 C for 1@nins

A Collagenasdtype 1V) incubation in DMEM 5% FCS
A Chondrocyteculture for 2-3 weeks

A Celllysisin extraction buffer

RuizRomeroC,et al. 2008. Proteomic analysis of humasteoarthriticchondrocytegeveals protein
changes in stress arglycolysis Rroteomics 8, 495507.
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Sample Processingcartilage tissue 2

ECM Protein Extraction

A Extractionbuffer with protease inhibitors

A Centrifugedto clarify

A Cetylpyridiniumchloride (CPC) added

A Chloroform/methanolprecipitation of supernatant
A Pelletsresuspendedn Urea CHAPS buffer

VincourtJB, et al. 2006. Establishment of a reliable method for direct proteome characterization of
humanarticularcartilage. Molecular and Cellular Proteomics; 5, 12895.
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Topics covered

A Sample types, properties and processing
A Proteomic Strategies & Study Design
A 2-DE Gel & Image Analysis

A Statistical Analysis & Interpretation
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Proteomic Strateg)ystudy Design

A Need to understand the model system or
disease process being studied

- Protein copy number

- Adeguate genome coverage

- Qualitative and/or quantitative data required

- Control groups for comparison

- Separate biological replicates, not pools

- Sample number for sufficient power

- Validation!

=

) P '
“.* Proteocypher.com -
.: -l‘"l.'th\'D'II‘H'J"\XBJDPM[(DP(vﬂ'K!"! Dr DS Glbson OARSI 2008 Arthritis Researc h GrOUp

D



Proteomic StrategyConsiderations 1

Disease/Treatment

!

Model
’ ' Consistency / Reproducitilily of preparation
*Contamination

Extraction Culture -Compatitility with proleomics
*Concentration of dasired protein
Sample
*Sclubilzing and denaturing of protein sample — effectiveness and
proleomic compatibility

" ‘Homogenization vs, Subfractionation — reducing complaxity at the risk
Processing of introcuiced tias,

*Prasarvation of Sample State — mairtenance of exisling protein
specias and praventing new modificaiion

. : Dependert on: Sample properties: Sea text
Proteomic analysis Roquired Data; Quaniitative/Qualitative

Resources
Expertise
Protein Digestion Protein Separation
I l—l f : L 1
ICAT/ITRAQ Shotgun Electrophoresis Chromatography

GrahamDRM,et al. 2005.Broadbased proteomic strategies: a practical guide to proteomics and functional scredfihgsiol 563(1), 19.
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Proteomic Strategyseparation choices

Table 1. Common separation technologies and their applications

Separation Protein
Ease of protein (PRY  abundance
sample peptides (copy
Technology Quantitative PTMs Separation preparation Experience level {PEP) number)
el Based
One-dimensional electrophoresis NoA No? Low Simpie Novice PR/PEP Med-high
Two-dimensional electrophoresis Relative Yes?!  Medium/igh Moderate Advanced PR Med-high
Relative guantification
2DE-DIGE Relative Yes N/A Simple Novice PR Med-high
Chromatography based
rp-HPLC NoA No®  Medium Simple Intermediate PR/PEP Low-high
Cation-exchange No? No Medium Simple Advanced PR Med-high
Affinity NoA No High Simple Novice PR/PEP Low-high
Capillary electrophoresis NoA No®  High Simple Advanced PEP Low-high
Two-dimensional chromatography NoA Yes®  High Simple Advanced PR/PEP Low-high®
Combination Approaches
lon exchange/rp-HPLC (MUDPIT) NoA Yes¢  High Moderate Advanced PR/PEP Low-High?
Relative quantification
ICATATRAQADBEST/H,0'8 RefativeE Yes N/A Moderate Intermediate/advanced PEP Low-High®

AMust be a spot/band/peak representing a single protein to quantify; Bisoelectric shift dependent for 2DE, hydrophobic and isoelectric
dependent for 2DLC, some hydrophobic for HPLC, some mass shifts (phosphorylation/glycosylation) for 1DE; “can resolve differences
in PTMs between peptide fragments; Plow limit detection if coupled to MS for detection; Eabsolute quantitation of specific peptides
can be obtained with iTRAQ if a known quantity is used as a standard.

GrahamDRM,et al. 2005.Broadbased proteomic strategies: a practical guide to proteomics and functional scredfihgsiol 563(1), 19.
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Qualities of 2DE

Advantages

A Relative quantification is possible
A{SLI NXGS t ¢aQa

A Multiplex; user friendly

Disadvantages

A Equipment and software can be expensive
A Time intensive data and image analysis

A Limited dynamic range; sample enrichment
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Proteomic Strategyseparation choices

Table 1. Common separation technologies and their applications

Separation Protein
Ease of protein (PRY  abundance
sample peptides (copy
Technology Quantitative PTMs Separation preparation Experience level {PEP) number)
Gel Based
One-dimensional electrophoresis NoA No? Low Simpie Novice PR/PEP Med-high
Two-dimensional electrophoresis Relative Yes?!  Medium/igh Moderate Advanced PR Med-high
Relative guantification
2DE-DIGE Relative Yes N/A Simpie Novice PR Med—higL
|Chromatography based
rp-HPLC NoA No®  Medium Simple Intermediate PR/PEP Low-high
Cation-exchange NoA No  Medium Simple Advanced PR Med-high
Affinity NoA No High Simple Novice PR/PEP Low-high
Capillary electrophoresis NoA No®  High Simple Advanced PEP Low-high
Two-dimensional chromatography NoA Yes®  High Simple Advanced PR/PEP Low-high®
|Combination Approaches
lon exchange/rp-HPLC (MUDPIT) NoA Yes¢  High Moderate Advanced PR/PEP Low-High?
Relative quantification
ICATATRAQADBEST/H,0'® Refativet Yes N/A Moderate Intermediate/advanced PEP Low—Hic_ﬁ

AMust be a spot/band/peak representing a single protein to quantify; Bisoelectric shift dependent for 2DE, hydrophobic and isoelectric
dependent for 2DLC, some hydrophobic for HPLC, some mass shifts (phosphorylation/glycosylation) for 1DE; “can resolve differences
in PTMs between peptide fragments; Plow limit detection if coupled to MS for detection; Eabsolute quantitation of specific peptides
can be obtained with iTRAQ if a known quantity is used as a standard.

GrahamDRM,et al. 2005.Broadbased proteomic strategies: a practical guide to proteomics and functional scredfihgsiol 563(1), 19.
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Qualities of LC

Advantages

A High throughput; direct to MS possible

A Wide dynamic range; loMWt peptide

Aadz GALX SET {SLINIGS t ¢ ac
Disadvantages

A Dedicated equipment and consumables can be
expensive, expertise required

A Time intensive data analysis
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Example LC peptide resolution

4388  Journal of Proteome Research 2007 § 43884395 ; ; .
Publishad on Wab 10/11/2007 Table 2. Example of Peptide Laddering Due to Sequential

Amino Acid Cleavage by Peptidases

Profiling of Endogenous Peptides in Human Synovial Fluid by

NanoLC—MS: Method Validation and Peptide Identification Example of peptide laddering (fibrinogen o)
: : K555V SKOQFTSSTSYNRGDSTFESKSYEMAD
Jurre ). Kamphorst,t Rob van der Heljden, " Jeroen DeGroot,? Floris P. ). G, Lafeber," |
Theo I, Retjmers,' Benno van EL? Ubbo R, Tjaden,! Jan van der Greef,h4$ and K.SSSYSKQFTSSTSYNRGDSTFESKSYKM.A
Ihomas Hankemelertt K.SS8YSKOQFTSSTSYNRGDSTFESKSYE.LM
K.SS8YSKOQFTSSTSYNRGDSTFESKSY. K
Diviston of Analytical Blosclences, LACDR, Leiden University, P.O. Box 9502, 2300 RA Leiden, the Netherlands, KSSSE’SKQFTSSTSYI\IRGDSTFESKS‘Y
Centre for Medical Systems Biology, P.O. Box 9504, 2300 RA Leiden, the Netherlands, TNO Quality of Life,
P.O. Box 2215, "ml‘lo I’('l: ', 'Hu ’:‘Q'« llmluurl\< and Departme, nl, n/"I(/l«'mnulrl:l«:g\m\ Clinical I,rlnnln'l‘umln;’_rv, K‘SSSYSKQFTESTSYI\IRGDSTFESK'S
University Medical Center Utrecht, P.O, Box 85500, 3508 GA Utrecht, the Netherlands K.SS8YSKOQFTSSTSYNRGDSTEFES. K

100% B

-60% B

Figure 1. (Left panel} NanoLC~MS chromatogram (base peak) of 4 4L of SF after ultrafiltration and SPE sample preparation procedures
a6 described In Matrlals and Methods, combined with a gradient of solvent A (0,1% FA in H;0) and solvent B (0,1% FA In ACN), (Right
panaell Heat map (retention timae vs m/2) of a part of the same chromatogram
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Proteomic StrategyConsiderations 2

ICAT/ITRAQ Shotgun Electrophoresis Chromatography

Deconvolution, Deconvolution Detection,
Feptide -Protein Matching &
Quantitation antitiz

Proteins of Interest
] |

* Protein concentraton [ |
* Peplide digestion/exiractionfionization Processing Immuno-affinity

* Sample punty ’—l

Mass Westem Protein
Spectrometry Blotting Chips

| [ |
:
Identification

HE!
o]

Figure 2. An overview of the potential steps of proteomic analysis processes with highlighted
considerations and concerns

GrahamDRM,et al. 2005.Broadbased proteomic strategies: a practical guide to proteomics and functional scredfihgsiol 563(1), 19.
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Qualities of Protein affinity chips

Advantages

A High throughput; bypass need for separation
A Reproducibility good; automation is possible
A Multiplex; MS analysis is not required

Disadvantages

A Dedicated equipment and consumables can be
expensive

A Preclude the biomarker identity; not true discovery
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Topics covered

A Sample types, properties and processing
A Proteomic Strategies & Study Design
A 2-DE Gel & Image Analysis

A Statistical Analysis & Interpretation
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Two-dimensional gel electrophoresis-2E)

Stabilisation/ r Fluorescendifferencegel
Purification .
B electrophoresis (DIGE)

b

Labeling ﬁ ﬁ ﬁ

cy2 Cy3 cys

i f A Internal CyZStandard
H] A Samplemultiplexing
— A Widedynamic range 10

2nd Dimension PAGE ¥ Cie
A Nanogramsensitivity

1stDimension IEF

Gibsoret al. 2008, Biomarker Methods in Drug Discovery and Development (Humana Press)
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2-DE Image Analysis

Spot matching

Gel scanning

Image separation

Image warping/ spot
matching M _
T -
- te
o ¢ -
Spot quantlfl_catlpn/ '
normalisation
v
A
N i

Data interpretation
F 2/ S5 O

4
WWW.samespots.com

Gibsoret al. 2008, Biomarker Methods in Drug Discovery and Development (Humana Press)
Arthritis Research Group
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DIGE analysisisc from OA patients

Ostecarthets and Carmfage (2008) 16, 529335
2007 Ostocantivise Rescarch Socely Intermataonal, Pudlished by Esevior 133, A1 rghts resarved

101010164 joca 2007 12,006
Osteoarthritis l lcr‘:::'::;ma' r"omommns
and Cartilage C RS pepar QA\

Differential proteome of bone marrow mesenchymal stem cells
from osteoarthritis patients’
R. Rollin Ph.D., Senicr Investigator], F. Marco M.D., Ph.D., Professor and Traumatologsti
E. Camafeita Ph.D., Senior Proteomic Technician:, E. Caivo Ph.D., Servor Proteomic Techniciarn,
L. Lapez-Duran M.D., Ph.D., Professor and Chie! of Traumatology Servicel,
J. A Jover MD., Ph.D., Professor and Chief of Rheumatclogy Service],
J. A. Lapez PhD., Chief of Proteomics Unit and
B. Ferndndez-Gutérrez MD,, Ph.D., Professor and Rheumatologist;®
Serviclo de Reurnatologia, Hospital Clinico San Caros, Madnd, Spain
| Servicio de Cirugia Orfopéddica y Traurnablogia. Hospital Clinico San Carlos. Madnid, Spain
Unidad de Proteémica. CNIC, Madnd, Spain

OA sample Control sample

Cy 31IPG 4.0-7.0 Cy 51IPG 4.0-7.0

Standard internal sample Overlay sample

Cy 21PG 4.0-7.0 Overlay IPG 4.0-7.0

Fig. 1. 2D-DIGE of MSC proteins. Each individual sample (OA and hip fracture subjects without OA) and a pooled reference sample were
labeled with Cy5, Cy3 and Cy2, respectively, mixed, and separated on a 2D-PAGE gel. Gels were scanned and a set each of Cy5 (A),
Cy3 (B) and Cy2 (C) images were obtained from each gel. An overlay of three dye scan-images was also obtained (D).
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Expression profileSacross subgroups
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Expression profilescross sample type
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