Table of Contents

LiSt Of ADDIEVIALIONS .......uieiiiiiiiiiiie e ettt eees e ebeebesebeneeenenes 1
Chapter 1: Literature REVIEW........ccoooiiiiieeeeeeee e 4
1.0 INtrodUCTiON tO ANNITEIS .. ..ueeiieiieiiiiiiiitiieiitii ettt e e eeeeeeseeeesseneeenenenes 5
1.0.1 Prelimary StatiSHICS ... 5
1.0.2 Osteoarthritis (OA) ....coo o 6
1.0.3 Cartilage COoOmMPOSITION ... 8
1.0.4 Osteoarthritis — Diagnosis and Prognosis.........cccooooeieiiiiiiiiiiiieee, 11
1.0.5 Traditional methodologies for OA diagnoSIS.............ccoooiiiiiiiiiii 13
1.0.6 Biomarker classification and a system apgrdaadiomarker discovery....... 14
1.0.7 Body fluids as a source of OA biomarkers..............ueeuvveeeueviimmimrmmnennennnnn. 15
1.0.8 Properties of Synovial Fluid (SF) ......cccueeuiiiiiiiiiiiiiiiiiiiiiiiiiiiieniiininenieeen 18
1.0.9 Overarching project @M .........oooiiiieeceee e 20
1.1 REIEIEINCES . ...ttt e e e e et e e e e e 21
Chapter 2: Proteomic profiling of synovial by highperformance liquid
chromatography and capillary electrophoresis...........cccoooooiiiiiiiiiin s 26
O [ o1 To [0 Tox i [o ) n I PP PP PP PPPPRR 27
2.0.1 PrOtEOMICS. ..o i i e eee ettt ettt bbbt mnnnne e e e e e e e eee e 27
2.0.2 Proteomic MethOdOIOQIES ..........eeeei e e ettt 27
2.0.3 A critique of “Top-Down” versus “Bottom-Up’t Shotgun” Approach...... 29
2.0.4 Putative OA biomarkers found to date................eeeveeiiiiiiiiiiiiiiiiiiiiiiennns 31
2.0.5 Protein dynamic range in SF ..., 34
2.0.6 Methods employed for removal of the most alanhproteins ...................... 34
2.0.7 PrOJECE AM ..ottt ettt et et et e e te s e e e eeeeaaeeaeaes 36
2.1 Materials and Methods...........oooo i 37
2.1.1 Reagents and MAterialS ..........uuiuieeerreeieeiee e eeea e e 37
2.1.2 HPLC INStrUMENTALION ...t eee et 38
2.1.3 Capillary Electrophoresis INStrumentation . ....ooooeeeeeeeeiieiieeeeeeeeeeeeeeed 83
2.1.4 Miscellaneous eqUIPMENT............ooiceeeeeeuiiniiiii s 38
2.1.5 Peptide Standard Preparation........ccccccceveeiiiiiiiiiiiiiieieseieeeeeeeeeee e eeaens 39
2.1.6 Protein Standard Preparation .........ccceceevoviiiiiiiiiiiiiiiieieeeeseeeee e eeaen 39
2.1.7 Synovial fluid preparation............. e eeeieeieeieeiieisee e 39
2.1.8 Removal of high abundant proteins from syalofid ..................ccceeeeeee. 40
2.1.9 HPLC CONItIONS.....cciiiiiiiiiiieiee s sttt e e e e e e e s smmnee e e s 41
2.1.10 Capillary EICtrophOresis.........cooieeeeeeiiiiiiicee i 42
2.2 RESUILS ...t e et e e e 43
2.2.1 Standard peptide analysis Withy €olUMN ............ouvviiviiiiiiiiiiiiiiiieeveeeeneees 43
2.2.2 Standard protein analysis WitlsColumn..........ccooeeeiiiiiiiniii e 43
2.2.3 Immunodepletion of the 12 most abundant prste...........cccccevvvvvvivviieinnnen. 45
2.2.4 Assessment of the effect of removing highallant proteins on non-targeted
O] 01 =71 0 T PP P TP T U PP U PP PPPPPP 45

2.2.5 Analysis of synovial fluid prior to immunodepon on Gg column.............. 48



2.2.6 Analysis of whole synovial fluid representiogr different pathologies prior

tO IMMUNOAEPIELION ...t e e e 48
2.2.7 Analysis of synovial fluid after immunodepbet on Gg column .................. 50
2.2.8 Analysis of synovial fluid by 2D-PAGE ....cco.iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiienes 50
2.2.9 Analysis of non-bound fraction employing anoiith capillary.................... 51
2.2.10 Synovial fluid sample analysis with immunplé&on on a ¢ column ....... 51
2.2.11 Standard peptide analysis by CE......cccooeeiiiiiiiiiiiiiiiiiiiiiiiiiiieiieeeeees 54
2.2.12 Standard protein analysis by CE ... eeeeieiiiiiiiiiiiiiiiiiiiiiiieiieineinennn D4
2.2.13 Analysis of synovial fluid by CE .......cccoeuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiineeeeees 55
2.2.14 Reproducibility of CE separationS.....ccceeeeooeeeieiiiiiiiiieeeeeeeeeeeee, 56
2.3 DISCUSSID ...ttt eemme e ettt et e e e e e e e e bbb e e e e e e eenne e 58
2.3.1 Analysis of intact proteins in SF by HPLC...........ooooviiiiii 85
2.3.2 COIUMN ISSUBS ....coiiieiiiiiiiietie s ettt e e e e e e e e ee e reeeeeas 61
2.3.3 Analysis of intact proteins in SF by Capil&iectrophoresis (CE) .............. 61
2.4 CONCIUSIOB. ...ttt ee ettt s 44442 e et et e e e e e e e bbb e b e e eeeeeens 64
2.5 REIBIENCES. ..cci it e e mnreee s 65
Chapter 3 Isolation and characterisation of microvsicles in synovial fluid............ 71
3.0 INErOTUCTION. ...ttt ettt st nmnnnes 72
3.0.1 Microvesicle NOMENCIAUIE ...........o e 72
3.0.2 MICIOVESICIE VAIELY......uuiiiiiiiiieiieeeeee ettt e e e 74
3.0.3 Microvesicle BIOGENESIS .......ccooiiiiiiiiieeeee e 77
3.0.3.1 Exosomes - Microvesicles derived from théosomal pathway............ 77
3.0.3.2 BIOgENESIS Of EXOSOMES ..ot s s e e e e e e e e e e e e e e 78
3.0.3.2.1 ESCRT Dependant Membrane Budding......ccc..c.ooovvviiiieiininnnnnen. 81
3.0.3.2.2 Lipid Lysobisphosphatidic Acid (LBPA) Deplant Membrane
BUAAING ... e 82
3.0.3.2.3 ESCRT and Ubiquitin Independent MembiBgding.................. 82
3.0.3.2.4 Spingomyelinase Dependent Membrane Bgddin...................... 83
3.0.3.3 Biogenesis of ectosomes or shedding vasicle............c.cccccvvviininnnnnn. 83
3.0.4 Vesicle cargo COMPOSILION...........uuummmmmmenni e e snees 85
3.0.4.1 Exosome cargo COMPOSItION .........cieeaaaaaieeieeeenereeeeiieineeeneeenenenenenenes 85
3.0.4.2 Ectosome/Shedding vesicle cargo COMpPOSILON............ccoeveveieieeennnen. 87
3.0.5 Microvesicle FUNCHION .......c..uuiiiiiiieee e 88
3.0.5 Species present in biofluids which impact M#®Id ...............ccoooiiinn 89
3.0.6 Microvesicle studies in synovial fluid ..............cevvviiiiiiiiiiiiiiiieiii 90
GO B = (0] = Tox A 1 o [T 91
3.1 Materials & MethOUS........uuiiiiiiei i 92
3.1 L REAGENTS ...ttt e e e e ettt aaeerraaa 92
3.1.2 ANLIDOIES ... s 92
TR0 IR 3 o U] o] 11T o | PP 93
3.1.4 Synovial fluid sample preparation .......ccccc....eeeeeeeiiiieeiii——. 93
3.1.5 Microvesicle purification from synovial fluid...............coooiiiei . 94
3.1.6 MICIOVESICIE [YSES....uuuuuiiiuiiiiiiiimmmmen sttt s snssannene 95
3.1.7 PrOtEIN @SSAY ..uuuuuuuuuiiieiasssssesseeseeetesseaeeseessessssessasssessessssssnrrnaneseeseeeeses 95
3.1.8 Sample preparation for eleCtrophOreSiS. cccoe o vieiiiiiiieie 95

3.1.9 Gel EleCtrOPNOIESIS....c.uvviiiiiiievimemmmem et e s srennne 96



3.1.10 Colloidal Coomassie StaiNINgG. ..o 97

3.1.11Transfer to nitrocellulose membrane .............ccceeveieiiiiiiiiiiiiiiied a7
3.1.12 Primary and secondary antibody incubation................ccccccvvvivviiiiiinnnnee. 97
3.1.13 Determination of proteases activity emplgyigmography with gelatin
SUDSITALE ...t iiee ettt eemmme ettt e e e e et e e e e e een e e e e e e e e 98
3.1.14 Determination of hyaluronidase (HAase) dgtiemploying zymography
with a hyaluronic acid (HA) SUDSIIAte ........ccceecveeiiiiiiiie e, 98
3.1.15 Removal of immunoglobulins employing Prot&iaffinity chromatography
......................................................................................................................... 99
3.1.16 Preparation of OA 200,000g CHAPS pelletniass spectrometry............ 100
3.1.17 Preparation of polyacrylamide gel bandsriass spectrometry ................ 100
3.1.18 Preparation of microvesicles for separabpiPLC followed by mass
S o LSTol 1 {010 0[] 1 Y PSP PPPPPPPPPT 101
3.1.19 Purification of trypsin-digested peptideS ..o 02
3.1.20 Mass spectrometry using LC—MS/MS........cccccivviiiiiiiiiiiiiieiieieeeeeeeeee 102
3.1.21 Comparison of proteome after three modemalysis .................coeeee. 103
3.1.22 Gene ontology classification analysiS.........cccceeeviiiieeiee, 103
3.1.23 Transmission Electron Microscopy (TEM) ......ooovviiiiiiiiiiiiiiiiiiieiiiiieiee, 103
3.2 RESUIS . it ———————— 105
3.2.1 Optimisation of microvesicle harvesting pomo...............ceevvviviiiiiiieieennnee. 105
3.2.1.1 Assessment of the distribution of proteitvivV harvested at 18,000g and
122001110101 o P URPR PRSP 105

3.2.1.2 Establishment of the effect of HAase treation the yield of MVs.... 106
3.2.1.3 Confirmation of the effectiveness of thedd&/CHAPS steps on MV
L(ST6 0 )T PP 110
3.2.1.4 Removal of Immunoglobulins employing Prot&ichromatography in
order to maximize MV enrichment by elimination nferference from

IMMUNOGIODUIINS ... e 116
3.2.2 Confirmation of the presence of MV in SF lsc&o-microscopy (EM)..... 122
3.2.3 Protein characterisation of synovial fluitHAPS-treated 200,000g MVs,
employing “off-gel” and “in-gel” approaches ... 124

3.2.3.1 Cellular COMPONENLS ........eeeeieeesmmr s e e e e e e e e e e e e e e e e e e e e e e e e aeaaaaaaaeaens 138

3.2.3.2 Protein Molecular FUNCHON ..........coovviiiiiiiiiiiiiiieceeee e 139

3.2.3.3 BIOlOQICAl PrOCESS.....uuuuiiiiimmmmmme ettt 140

3.2.3.4 Protein ClasS ........cceiiiiuueires et ee e e e e ettt e e e e e e sanibaeee e e 142
3.2.4 Selected protein analysis by Western Blot JWR confirmatory study..... 143
3.2.5 Determination if proteases are associated 8 MVs employing
ZYMOGEAPRNY e 149
3.2.6 Determination of hyaluronidase (HAase) attiemploying zymography with
a hyaluronic acid (HA) SUDStrate ............cccceeciiiiiiiiiiii e 150

I B o0 11 (o] TP P P PP PPPPPP 153
3.5 CONCIUSIONS. ...t et e e eaee s 185

ST R CC (1] 1o 1 T 186



Chapter 4: Characterisation of differentially expressed glycoproteins in synovial
fluid between the various arthritic pathologies empoying lectin affinity

chromatography andmass SPECITOMELIY..........uuuuuuurrrriuiiiiiiiiineiineienennrnreneeeeeeeeen 199
Z O [ a1 o To [UTd i o] o PP PP PPPPPPPR 200
4.0.1 Glycobiology......ccooiiieieeiiee 200
4.0.2 Glycan Composition — monosaccharides aréufiiding blocks of
GIYCOSYIAtION ... 200
4.0.3 Major classes of glyCOCONJUQALES ........ccceeervrrrirriiriiiiiiniiiiiriiinnnenennnennnns 203
4.0.3.1 N-linked glyCOSYIAtioN............cuvuuuuuueeeeeiiiiieiieiiriieieeereeneeeeeneneeennnes 203
4.0.3.2 O-linked glycoSYlation.............oiieeeeeuiiiiiiiiieiieieeiieieeiieceeveeeeeeeeeneneees 207
4.0.4 LECHNS ....euteeiieeieeee ettt 44441kttt e e e e e e e s e et e e e e e e ennbbenreeeeeas 210
4.0.5 The role Of gIYCaNS.........uuuuiuiiiiiiiiiiiiiiiiiir e 211
4.0.6 Glycosylation in various diseases includirtgrétic pathologies................. 214
4.0.8 AIM Of PrOJECL.....ccoiiiiiiee e 217
4.1 Materials & MEetNOUS........oiiiiiiiei et 218
A.1.0 REAGENTS ...ttt ere e e re e e e e et e e e e e e e e e e b s aeaeaeeeeeeeanaan 218
4.1 1 EQUIPMENT ...ttt ettt e bbb e e nee e e e e eaes 220
4.1.2 Synovial fluid sample preparation ........cc.....eeeeeieeeieiieiie . 220
4.1.3 PrOLEIN BSSAY ....uuuuuuuuaaaaaaaameaeaaeeeeseseesaessssssssssssssssssssssssssssnnneeeeeasesees 220
4.1.4 Sample preparation for electrophoresiS...cccc.ooooieiiieieie 2@
4.1.5 Gel eleCtrOPNOIESIS. ....ccvviiiiiiiiiiemmee ettt e e e 220
4.1.6 COOMASSIE SEAINING. ... uuuuuuinniiiarrraaa e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eaeaaaaaa s 221
4.1.7 Transfer to nitrocellulose membrane .............ccoooo 221
4.1.8 LeCtin INCUDALION ... e ettt e 221
4.1.9 Lectin affinity chromatography .........ccccee oo, 221
4.1.10 Mass spectrometry using LC—MS/MS.........coooiiiiiiiiiiiieeeeeeee 221
4.2 RESUIS ... 223
4.2.1 Patient sample screening with a panel oftpdgotins ............cccooceiiiiiiiiinnns 223
4.2.2 Profiling of SF proteome ..., 223
4.2.3 SF sample screening with a panel of lectins............cccccvvviiiiiiiiiiiiiinnnee. 224
4.2.4 Analysis of whole SF employing lectin-affjnthromatography with LCA as
the StatioNArY PRASE........oviiiiiiiiiiieiiertee e e e enene 236
4.2.5 The analysis of the glycosylationceB-M in SF MV...........ccccvvviiiviiinnnnnnn. 244
4.3 DISCUSSION. ...ttt e et e e e e e e e e e e e e e e e e e e aaaeas 248
N o] g [od U] (0] o R 254
4.5 REFEIENCES ... .o, 255
Chapter 5: Determination of the presence of nitritein synovial fluid microvesicles
............................................................................................................................... 260
5.0 INrOAUCTION. .....cciiiiiiii ittt 261
5.0.1 NitriC OXIAE ...ceieiiiiiiiiiiiiiiiii et aeeee ettt s e e e eeeeaeeeaeas 261
5.0.2 Biosynthesis Of NO ... 262
5.0.3 Biochemical reactions of NO ... 264
5.0.4 NO synthesis: an alternative pathway.... e eeeeenieennne...200
5.0.5 The role of NO in the destruction of artchdartllage ................................. 266

5.0.6 Nitric OXide iN MICTOVESICIES .......ie ettt et e e e eans 268



5.0.7 AIM OF PrOJECT....coiiiiieiee s 269

5.0.8 Methodologies for measurement of nitriteimldgical matrices................. 270
5.1 Materials and MethodS..........coooiiiiiiiiii e 272
5.1.1 Reagents and MaterialS ............... e e eeeeeeeeieeeieieeeieeeeeieieseeeeeseeeennees 272
5.1.2 Miscellaneous eqUIPMENT.............coceeeeeeuiiiiuiniiriiiiiiiienereeeneaannes 272
5.1.3 HPLC INStrUMENTAtiON .......uuviiiiiieieieeeeee et 272
5.1.4 HPLC CONAItIONS....cciiiiiiiiiiiiiiiees ettt e e e e e e eeeee s 273
5.1.5 Sample Preparation ................eeeeueeueuessnesn e sss e ss s es e s e e s sssssenes 273
5.1.6 Preparation of Standards ... eeeeeeeeeieeiieieeeieeeseeieeieeeesieeseees 273
5.1.7 Reaction of N©with DAN t0 yield NAT .......uuuuiiiiiiiieninesmmmreeeeveeeeeeeeeeene 274
5.2 RESUILS ..ottt e e e e e 275
5.2.1 Establishment of linearity range and genenatif a calibration curve......... 275
5.2.2 Establishment if the Microcon ultracentriftiga filters are a source of NO
....................................................................................................................... 276
5.2.3 Establishment f-octlyglucopyranoside (OG) releases further,Ni@m the
FIIEFALION AEVICE ...eeiiiiiiii ittt e e e 278
5.2.4 Determination of [N&J in whole synovial fluid .............ccoovvvviviiviiiinennnn. 279
5.2.5 Determination of [Ng) in 200,000g CHAPS Pellet ............ccovvvveeeeennns 280
IR I D 1o 71 o o PP 282
ST N 0o ] [ 111 [ o S 285
R R U= (=] (=] o3P 286

Appendices



List of Abbreviations

~ Approximately

a-2-M Alpha-2-Macroglobulin

ACN Acetonitrile

ACV Articular cartilage vesicle

ApOoA-I Apolipoprotein A-I

APS Ammonium persulphate

BGE Background Electrolyte

BGH3 Transforming growth factor-beta-inddigeotein ig-h3
BH,4 Tetra hydrobiopterin

BP Bound protein

BSA Bovine Serum Albumin

CB Cibacron Blue

CE Capillary Electrophoresis

CHAPS 3-[(3-cholamidopropyl)dimethylammonibjeropanesulfonate
COX Cyclooxygenase

COMP Cartilage Oligomeric Matrix Protein
CPPD Calcium Pyrophosphate dihydrate Bisea
Da Dalton

DAMP Damage-Associated Molecular Patterns
DAN Diaminonaphthalene

DDR2 Discordin Domain Receptor 2

DTT Dithiothreitol

ECM Extracellular Matrix

EDTA Ethylenediaminetetraacetic Acid

ELISA Enzyme-Linked ImmunoSorbant Assay
ELLA Ezyme-Linked Lectin Assays

EM Electro-Microscopy

ER Endoplasmic Reticulum

ESCRT Endosomal Sorting Complex RequiredTFansport
ESI Electro-spray ionisation

FAD Flavin Adenine Dinucleotide

Fc Fragment, crystallisable

FMN Flavin Mononucleotide

FT Flow-through

GAG Glycosaminoglycan

HA Hyaluronan/Hyaluronic Acid



HAase Hyaluronidase

Hb Hemoglobin

HDL High Density Lipoprotein

HSA Human serum albumin

HSP Heat Shock Protein

HtrAl High-temperature requirement A serpeptidase 1
1A Inflammatory Arthritis

IAP Inhibitor of Apoptosis

IC Immune Complex

IDL Intermediate-Density Lipoprotein
IFN Interferon

IgG Immunoglobulin isotype G

I Interleukin

ILV Intralumenal Vesicles

IPA Isopropyl Alcohol

kDa Kilodalton

LAC Lectin affinity chromatography
LBPA Lipid Lysobisphosphatidic Acid
LPS Lipopolysaccharide

mAb Monoclonal Antibody

MAC Membrane Attack Complex

MECC Micellar Eectro kinetic Cpillary Chratography
MeOH Methanol

Met Methionine

MMP Matrix Metalloproteinase

MP Microparticle

MRI Magnetic Resonance Imaging
MV Microvesicle

MVB Multivesicular Body

MWCO Molecular Weight “Cut-Off”
MWM Molecular Weight Marker
NAT 2,3-Naphthotriazole

NO Nitric Oxide

NO; Nitrite

NOs Nitrate

NOS Nitric Oxide Synthase

OA Osteoarthritis

oG B-octlyglucopyranoside

PAGE Polyacrylamide gel electrophoresis



PBS
PBST
PCM
PCR
PE
PI(3)P
Pro
PS
PSA

RA
RAGE
RNS
RP-HPLC

SCX
SDS
SELDI
SF
SLE
SN

TBAHS
TCEP
TEM
TEMED
TGF
TGFBIp
Thr
TLR
TNF
TOF
Tsgl01

uv
VLDL

wB

Phosphate buffered saline solution
Phosphate buffered saline solutitih Wwween
PeriCellular Matrix

Polymerase Chain Reaction
Phosphatidylethanolamine
Phosphatidylinositol 3-phosphate

Proline

Phosphatidylserine

Psoriatic arthritis

Rheumatoid Arthritis

Receptor for Advanced Glycation Enddicts

Reactive Nitrogen Species

Reverse Phase High Performance Liquid@atography

Strong Cation Exchange

Sodium Dodecyl Sulphate

Surface Enhanced Laser Desorptionsition-time
Synovial Fluid

Systemic Lupus Erythematosus

Supernatant

Tetrabutylammonium Hydrogensulphate
Tris(2-carboxyethyl)phosphinehydrocide
Transmission Election Microscopy
Tetramethylethylenediamine
Transforming Growth Factpr
Transforming growth factor-beta-indugedtein ig-h3 protein

Threonine

Toll-Like Receptor

Tumour Necrosis Factor

Time of Flight

Tumor susceptibility gene 101

Ultraviolet
Very Low-Density Lipoprotein

Western Blot



Chapter 1

Literature Review



1.0 Introduction to Arthritis

1.0.1 Prelimary Statistics
Arthritis is defined as any limb, joint or spinenchition associated with inflammation or

structural changé Symptoms of arthritis in general include painebing, warmth and
restricted movement of the joift

There are in excess of 200 types of arthritic disdzut the two most common forms are
osteoarthritis (OA) and rheumatoid arthritis (RA) Other forms of the disease include
gout, pseudogout (PS), psoriatic arthritis, Restegyndrome, colitic arthritis and Behcet's
syndrome.

A common misconception held by many is the assiociadf arthritis solely with old age.
Juvenile idiopathic arthritis (JIA) occurs in ore every thousand children in the UK.
This particular disease varies on a geographicsisleg. 0.7 per 1000 in USA to 4 per
1000 in Australid. Figures released Wrthritis Ireland* reveal that currently;

1. One in six people in Ireland i.e. three quarters ohillion men and women, suffer
from some form of arthritis.

1,000 of these are children.

34% of women and 23% of men are affected by aighn Ireland.

Over 30% of GP visits are arthritis related.

18% of arthritis patients are less than 55 yehts o

S T o

It is estimated that the cost of arthritis to #tate due to lost working hours is €1.6

billion per annum.

~

The majority of arthritis patients suffer from OA.

©

40,000 people suffer from RA. 70% of these are aom

Further statistical data show that in Europe, atj@ replaced every 1.5 minutes due to
OA. In the USA a total of around 500,000 jointleE@ments are performed each y&ar
Table 1.1 highlights that the number of individualdfering form osteoarthritis (OA)
and rheumatoid arthritis (RA) is steadily incregson a global scale and it has been
postulated that this is due to increasing poputafiangevity. However, it is also

believed that obesity is a major risk factor foveleping OA and Allman-Farinelkt al



® suggest that there will be an epidemic of obestgted OA in the general population,
particularly among the 45-54 age-group in the cgmiears. Significantly, even though
RA accounts for a small number of cases relativ®@Ao(less than one for every 10), its
mechanism of disease and potential cures are hettiarstood. This is due in part to the

fact that RA attracts more scientific and publieation than OA.

Osteoarthritis Epidemiology
Country 2002 2007 2012
United States 13.2 14.4 15.5
Europe 14.5 15.2 15.8
Japan 6.6 6.9 7.2
Total OA Cases 34.3 36.5 38.6
Total RA Cases 2.8 3.1 3.4

Table 1.2 Number (in millions) of people already diagnosethwdA and a projected
figure for 2012. Included for comparison are tharesponding figures for RA. Data
taken from Arthritis Ireland websife

1.0.2 Osteoarthritis (OA)
As mentioned, OA is the most common form of arthrénd is characterised by the

progressive degeneration of articular cartilagelt is also defined aga loss of
homeostasis in the maintenance of healthy articotatilage” ®. The American College
of Rheumatology define OA as‘eterogeneous group of conditions that leads iatjo
symptoms and signs which are associated with dedeicttegrity of articular cartilage,
in addition to related changes in the underlyingneoat the joint margins®. A
schematic representation of a normal versus amadteitic knee may be seen in Figure
1.1'° 1tis clear from this that OA does not haveray pathology and indeed, clinical

heterogeneity is a feature of OA.
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Figure 1.1: Schematic diagram of contrasting a normal knee uet@n osteoarthritic
knee. This illustrates that OA is a multi-symptdmaind complex diseaselhe
schematic diagram was sourced frotn

An important and notable point in the definitionvgn above is that OA is a
multifactorial disease, i.e. there is no one, uaigttributable cause for the onset of OA
in any particular individual. Coupled to this lsetfact that not only are the initiating
factors of the disease poorly understood, but so ale the relative contributions of each
to joint damage in individual patients at specifiages of diseasé. By extension, this
could mean that there is unlikely to be any sirgglecies that may be hypothesised to be
the cause of this disease and thus the renderaimative agent in turn to become a
therapeutic target. Therefore, to gain a firm ustdding of the pathophysicological
causes of OA, it has come to be recognised thatladmsciplinary approach is required.
Indeed, it is argued? that pooling knowledge obtained from recent adeanin
phosphoproteomics (the analysis of phosphorylatemtems), glycoproteomics (the
analysis of glycosylated proteins), glycomics (dmalysis of sugars), lipidomics (the
analysis of lipids) and degradomics (the analy§igrotein degradation products) is the

way forward.



1.0.3 Cartilage Composition

It is interesting to note that in the embryo, dage initially develops along the same
pathway as bon¥. However, at the onset of endochrondral bonmédion, cartilage
development diverges and becomes an independeity. eGartilage is a layered
structure consisting mainly of cartilage cells (ectmcytes), cartilage tissue (the Extra
Cellular Matrix - ECM) and a collagen network. Ahsmatic diagram of articular

cartilage may be seen in Figure 1.2.

Chondrocyte Collagen Matrix
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e N e——————
W@ Tgua | g7
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Figure 1.2: Schematic representation of articular cartilage wig four main zones;
superficial (SZ), middle (MZ), deep (DZ) and cadaf cartilage matrix (CZ) plus the
underlying subchondral bone (SB). The figure showed each zone differs in cell
morphology (left), collagen fibre organisation (mdid) and ECM molecular
composition. Figure from Wilson et af.




Surprisingly, cartilage has relatively few chondies with only 5% of cartilage

consisting of cells. The remaining 95% consistthefECM, which is a cell-free matrix.

This scarcity of cells may explain why cartilagenieat regenerate by means of cell
turnover. Effectively, each cell is a completelyd@pendent entity and only gains
information through mechanical forces and molecutadiators e.g. cytokines and
growth factors. Structurally, approximately 5% dfetwet weight of cartilage is

composed of highly-sulphated proteoglycans. The twajor proteoglycans are
aggrecan and the glucuronic acid polymer, hyaldroffhe aggrecan entities, however,
do not exist in isolation but instead, they bindheir hundreds to a central hyaluronic
acid (HA) filament. HA is a polysaccharide compbsé repeating units of glucuronic

acid andN-acetyl glucosamine. Its monomer structure magdsn in Figure 1.3.

Glucuronic acid N-acetyl-glucosamine

Figure 1.3: A monomer unit of the polysaccharide hyaluronicda@HA). The two
subunits glucuronic acid and N-acetyl-glucosamirealso labelled.

Hyaluronic Acid is the component of synovial fluigat imparts viscosity and gives the
joint fluid an “egg-like” appearance and consistentis believed that the size of the HA
entity decreases while its actual abundance ineseméth age'® and with the onset of
arthritic diseasé$ This decrease in size is attributed to degradagiod is thought to
involve the action of hyaluronidases or free radicihe increase in the volume of HA
produced is offset by a dilution of the synovialifl. A study completed by Lenormand
et al *® concluded that HA can complex with proteins aiaas conditions of pH, ionic
strength and protein over HA ratios. Thereforeanalysis of synovial fluid necessarily
involves the hydrolysis of HA by hyaluronidase (H&( Furthermore, the high

viscosity of synovial fluid due to HA is problematwhen it comes to instrumental

analysis.



Proteoglycans are located between the collageadibr fixed locations. An interesting
feature of these is that they are only 40 — 60%dtedl. This is due to the restrictive
network of collagen network fibres i.e. there isveelling pressure generatétl As a
result, this imparts a degree of stiffness to thdilage. However in OA, proteolytic
enzymes degrade both the proteoglycans (aggrecgraase collagen (collagenasesy’
Though the entire process is quite complex, thenmatifestation is eventual cartilage
degradation.

Horton et al. #* propose that chondrocyte apoptosis is more prevate OA. They
further advance that chondrocyte cloning is evidemd this may be interpreted as a
localised attempt at cartilage repair and regermratPoole and colleagues believe there
is evidence of increased chondrocyte synthetioviigtin early OA?%  They interpret
this as an attempt by the chondrocytes to regemedts matrix components e.g.
collagens and aggrecans. This attempt at repaihdyghondrocytes manifests itself in
the appearance of fibres, matrix depletion, cels@rs and above all, as changes in the
quantity, distribution and/or composition of matrproteins 2. Therefore, the
simultaneous but opposing processes of cartilageadation and cartilage repair are at
work in the very early stages of OA. Abramsomlso supports this theory, stating that
the chondrocyte undergoes a series of complex esangcluding hypertrophy (an
increase in volume), proliferation, catabolic ateyns and finally, death. Eventually, as
the disease and/or ageing process progressesatieolic processes overcome their
anabolic counterparts. Sarzi-Puttiti al. ° concur that the degradation of the ECM
exceeds its synthesis and this leads to a dechedhe amount of cartilage matrix and
eventually, to the complete erosion of the caréltigus exposing the underlying bone.
Eventually a stage is reached where once the agetilis severely degraded, the
chondrocyte is unable to replicate the very compglaliagen network structure and total

cartilage destruction is certain.
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1.0.4 Osteoarthritis — Diagnosis and Prognosis

OA has been described as the “silent plague” of2tfiecentury®. It is a degenerative
disease and a consequence of many factors includitugal age-related changes, genetic
predisposition and abnormal biomechanical forces Hiter metabolic processes and
destruction of articular cartilag@. Not only is the cartilage affected but also émire
joint structure, including the synovial membranend, ligaments and the periarticular
muscles. In spite of the compelling statisticatadaresented above relating to its
prevelance, there is currently no prevention oreciar OA. Though the American
College of Rheumatism has published criteria ferdragnosis and classification of OA,
these are not convenient for the early detectiothefdiseasé®. It is also stated that
evaluation of OA progression is equally uncertaand lacks coherent, standardised
criteria. For the most part, the seriousness aongrpssion of the disease are evaluated
based on the pain experienced by the patient aiirtfee  Cushnaghaff states that the
cardinal symptom of OA is pain, which occurs witimg use and is only relieved by rest.
It is usually aching in character and it is ofteifficult to locate the site of origin.
Rheumatologists ascertain the severity of the d&seaby employing the
Kellgren/Lawrence scoring system to knee joint ysraHowever, it has also been shown
that some patients who experience moderate to sg@a#n may actually have very little
bone damage (by radiography) and only a third diepts with x-ray evidence of OA
complain of pain at the relevant siteThe author goes on to state that not only isether
“no gold standard diagnostic test for OAjut also current radiographic diagnosis may
be non-specific. This renders the early detectibnO& extremely difficult as the
progression of the disease is already underwayréditervention can be affected should
a cure be eventually found. Moreover, to dategh&emo specific diagnostic laboratory-
detectable abnormality in primary GA

The natural aging process also frustrates any ptEnOA diagnosis®. Major
components of the ECM e.g. type |l collagen andguglycans, undergo structural and

1.%° offer a number

compositional changes during the natural aginggsec Gobeziet a
of reasons for the difficulties in developing diagtic and treatment solutions for OA

(Figure 1.4).
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Poor correlation between
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/

Current lack of effective
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Protracted disease
duration

Figure 1.4: Confounding factors in the development of diagwcostnd treatment
solutions for OA.

Coupled to these difficulties is the realisatioattbartilage deterioration is non-uniform
in terms of disease progression with time as thare intermittent episodes of
inflammatory attacks and remission periods. Regfaal *° support this hypothesis by
claiming that radiographic evidence often occuts Efter significant loss of cartilage
has already taken place. Indeed, by the time OApasitively diagnosed, the
deterioration of cartilage has reached the poinh@freturn and the patient is already
undergoing symptomatic treatment with anti-inflantong drugs or analgesicé

Though the early detection of OA is problematic antkrvention is limited to pain
relief, the prognosis is all too clear. Should slyenptoms not be effectively controlled,
the suffering patients’ fate is likely to be tofaint failure leading to eventual joint

replacement.
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1.0.5 Traditional methodologies for OA diagnosis

In 1985, Fawthropet al. * undertook an investigation to identify particulaatter in
synovial fluid (SF). In particular, they soughtégamine the specificity and sensitivity
of routine techniques available at the time in ordedifferentiate between normal and
pathological SF. The authors noted that prior his,tother work had been done
employing light microscopy for the identificatiori orate (in gout), pyrophosphate and
cholesterol crystals. They were however, unawdrany previous study of normal,
healthy fluid for these crystals. Their findingwvealed that crystals were present in some
normal fluids from young patients with no cliniealidence of joint disease, which cast
doubts on the specificity of the technique. Morgthe alizarin red assay used to detect
hydroxyapatite particles also lacked specificity pgsticles in normal fluid were also
stained. The effects of exercise and the levelaathte were also examined in this study.
It was concluded that all the techniques examiteked disease specificity. Finally, it
was recommended to interpret synovial fluid micopgcwith caution.

More recently however, Yavorskyt al >3 countered this assertion by stating that basic
calcium phosphate crystals are unique to OA and reayesent a therapeutic target.
Rosenthaf* supports this claim and found that 60% of synoffiatls from patients with
severe OA contain calcium pyrophosphate (CPPD)agichcalcium phosphate crystals.
Sinzet al.* also expressed reservations concerning the abflicurrent routine clinical
tests on synovial fluid to offer a precise desaniptof particular disease states. These
tests include measurement of synovial fluid transpey, viscosity, glucose and protein
concentrations as well as the quantity and morggotd any cells present. Though the
synovial fluid from RA patients has been found tibcreased in volume, cloudy from
suspended cells, less viscous than normal SF able lio clot on standing (due to higher
fibrinogen content), the fluid from OA patientsa®ts normal colour, clarity and high
viscosity with an only increase in volurhe

Joint imaging with conventional radiography, ar8uopy and magnetic resonance
imaging (MRI) are also routinely used to monitothmdogic changes in the osteoarthritic
joint. These methods are the current diagnostitstoThe severity of OA is assessed by

measuring cartilage thickness and evaluating obigep and any ulceration of the
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cartilage surface. However, it is believed thasth methods fail to provide a sensitive
assessment of disease progres&ion

It would appear then, that the more traditionalgdi@stic methodologies are limited in
terms of early disease diagnosis, disease spégiiod monitoring disease progression.
Even with the availability of these limited methodise primary manifestation of OA is
the presence of pain, despite the poor correldietween level of pain and severity of
OA. However, breakthroughs and developments itecutar and cell biology in the
latter part of the 2D century have increased our understanding of massades e.g.
cancer®’. Specifically, disruption to cellular networks i®w believed to be the
consequence of genetic changes and/or environméatédrs. These changes are
manifested through altered mRNA transcriptions sugsequent modifications to protein
profiles. In addition, the up or down regulatiohather molecules that have a role in
metabolic processes e.g. reactive oxygen specigskiges, proteases and enzyme
inhibitors are also useful biomarker candidafes Thus, the phenomenon of body fluid
proteomics, peptideomics, glycomics, metabolomicsd ahe search for disease

biomarkers has begun in earnest.

1.0.6 Biomarker classification and a system appro&cto biomarker discovery

In 2001 the Biomarker's Definitions Working Groupefohed a biomarker as a
“characteristic that is objectively measured andakesated as an indicator of normal
biological processes or pharmacological responsethérapeutic intervention®.

|.40

Baueret al ™ sought to classify osteoarthritis biomarkers imtipalar, on the basis of

function. The BIPED classification scheme was idtroed in 2006. A single biomarker

may be classified in one or more of the followiragegories;
Burden of diseasel;nvestigative;Prognostic;Efficacy of intervention;Diagnostic

Burden of diseasbiomarkers ascertain the severity or extent ofdisease at a particular

point in time. This determination can be in juskiagle joint or a group of joints
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simultaneously. The authors stress that this iflestson has nothing to do with the
economic or social “burden” of the disease.

Investigativebiomarkers are the least precisely defined cldsrief, they are markers
where the relationship to various normal and ababmarameters of cartilage turnover
has not yet been established. They are listedsrcttegory to stimulate further research.
The main feature of @rognosticmarker is to predict the future onset of OA among
“healthy” individuals or the progression of OA angothose already with the disease.
This generally requires a longitudinal study inerdo track the levels of a particular
marker over time.

Efficacy of interventiormarkers may be measured prior to therapy to prédiatment
efficacy, or may be measured more than once tesast®rt-term changes that occur as a
result of pharmacologic or other interventions.nafly, diagnostic makers are usually
employed in a dichotomous manner - diseased ods®ased, OA or RA etc.

In the last decade it has been recognised thatystel®s biology” approach towards
elucidating the cause of a disease is requitedThis has generally been defined as a
broad study of the components of biological proeess.g. proteins, reactive oxygen
species, glycosylation entities and nucleic acelg.(ribonucleic acid; RNA). The study
of these various components is believed to leaa goeater and deeper understanding of
the dynamic biological processes at the cellulat #ssue levels. It is widely accepted
that this systems methodology will eventually lgadthe identification of the most
important moieties that differentiate between theahd disease and could become

primary targets for therapeutic intervention.

1.0.7 Body fluids as a source of OA biomarkers

Over recent years a number of review papers haee peblished? *' relating to human
bodyfluid analysis in the search for protein biokess. They outline the unique features
and challenges in the analysis of each particulaftuod as well as the applications of
each to human disease biomarker discovery. Annsite list was reviewed and
included: plasma/serum, urine, cerebrospinal flealiva, bronchoalveolar lavage fluid,
synovial fluid, nipple aspirate, tears fluid andraatic fluid. All research papers studied

related to the search for biomarkers for arthriisgeneral and OA in particular,
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discussed the analysis of just three of these wdasli.e. serum/plasma, urine and
synovial fluid.

The scope of this project is limited to the anaysfi synovial fluid. Therefore, a detailed
description of the composition and sample treatneérserum/plasma and urine will not
be discussed here. However, confining researané¢obiofluid i.e. synovial fluid is not
without some merit. Indeed, Gibset all’ advise caution against the simultaneous
analysis of synovial fluid and plasma/serum stativeg at present, there is no evidence of
any correlation between the two fluids. It is ndwelieved*® that what are termed
“proximal fluids” of which synovial fluid is a goodxample, increase the probability of
finding new biomarker molecules for OA. The reasgnbehind this is that blood,
though readily obtained, may contain potential age biomarkers at such low

L * also

concentrations due to dilution effects, that dedeciay be difficult. Felsort a
expressed concern about OA biomarkers derived fitwad or urine. Their reasoning
was as follows: A cartilage degradation markeelsased into the synovial fluid where
it is potentially diluted by a large volume of SHt then travels through the synovial
membrane at a rate dependant on a concentratiaiegtebetween synovial fluid and
blood. Leaving the joint cavity, the biomarker miagy metabolised by synovial cells,
lymph nodes etc. with the result that the epitapes originally identified it are altered,
and any assays that were developed to deteceitp@atonger effective. Finally further
dilution and metabolism will take place in the kiyn Yamagiwaet al ** agreed, stating

that ECM proteins, ECM degradation products, prstdrom the synovium, ligament,
meniscus, joint capsule and bone, all accumulatéensynovial fluid. Though there is
protein exchange between synovial fluid and théesyi circulation, it is known that the
protein concentration in the former is approximatéree and a half times that of the
latter. This may be seen in Table 1.2.
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Protein Molecular Synovial Fluid Serum/Plasma

Weight (kDa) Normal OA RA Normal OA RA
Hyaluronan 2x10° 3.2 1.5 0.17-2.0
Fibrinogen 340 0.15-2.10 0.25-0.55 3 7.0
Albumin 69 12.0-20.0 11.0-340 8.0-35.0 32.7 26.0 29.2-44.0
Haptoglobin 100 0.1 0.2 0.9-4.0 18 2 2.4-6.0
lgG 156 4.0-30.0 10.3-11.0 4.0-12.0 11.0-20.1
Total Protein 19 40.0-68.0 38.0-84.0 67.7 70.0

Table 1.2: Comparison in protein concentration between SF amdum/plasma. All
concentrations are in mg/mL. In addition a compan between healthy and arthritic
synovial is made. The molecular weight of eachganas included. This data was taken
from Gibson et at’

A further merit to synovial fluid analysis is thaformation relevant to the specific joint
may be obtained. Therefore biofluids in direct emhiwith the diseased site may contain
interesting and potentially useful biomarkers ato@centration that renders detection
possible. Sarzi-Puttinl concluded that the use of serum markers for distimand
prognostic purposes remains investigational. Ire@ent review’® it was stated, that
although serum and urine biomarkers for diagnasis @ognosis have been found, none
of them can yet be used in clinical practice beeanfslarge inter-patient variations.
However, the same author did concede that syn@iuidlanalysis may be impractical for
large-scale clinical diagnosis and monitoring. Boey et al. *’ state that aspiration of
synovial fluid from a joint can quickly relieve s&e pain by reducing intra-articular
pressure and therefore the aspiration of synouisll ffrom the joint is routinely
employed at the clinic. For proteomic analysigarticular, it was stated that the high
abundance of hyaluronan is extremely problematicbfomarker detection and so this
anionic macromolecule needs to be removed prioanalysis. A further and not
insignificant confounding factor with the analysig synovial fluid is the difficulty in
securing normal or healthy samples. Therefore,laofjuid being mined for diagnostic,
prognostic markers with a view to therapeutic tdngeis not without some inherent

challenges.
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1.0.8 Properties of Synovial Fluid (SF)

Synovial fluid is a viscous liquid that lubricatése joints of the body. Its physical
characteristics are similar to egg white in beihgac yellow, transparent and highly
viscous due to the high content of hyaluronic adilch is synthesised locally within the
joint. One of its functions is to provide a cushiaound the joint cartilage in order to
reduce friction. It has a coefficient of frictiaf 0.002 — which is about 25 times less
than steel on ice or that of an artificial joinplecement®. Normal healthy knee joints
contain a small amount of synovial fluid, approxielpa 0.5mL whereas other joints
contain a few drop8’. A photograph of normal, healthy synovial fluidncbe seen in
Figure 1.5.

Figure 1.5: Synovial fluid aspirated from a normal, healthy &néNote the small volume
of the clear, slightly yellow viscous fluid. Photagh taken from Courtney et &l

SF is not a static pool within the joint. A dynamsituation exists, whereby the synovial
lining of the joint cavity (see Figure 1) continlya@bsorbs and replenishes joint fldit
Fluid turnover is governed by three elements -sgmovial capillary system, the synovial
interstitium and the lymphatic drainage system. rmiad, healthy synovium contains a
row of capillaries approximately gth below the surface. These capillaries in turn,

possess fenestrations (membranes with a high pbeiie&o water), often on the side of
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the joint cavity that are the sites of synovialidlformation and nutrient suppf}°% SF

is a plasma dialysate whereby plasma undergoelratidin process by this capillary
network embedded in the synovial membrane. Thifiéssecond function of synovial
fluid and serves to facilitate the transport ofegg®l nutrients to the cartilage. At the
sub-synovium-synovium border there is a networkteyminal lymph vessels which
drains away fluid, macromolecules, and particles tave the joint cavity’. Generally
speaking, the onset of inflammatory conditions ¢jesnthe appearance from a clear to a
cloudy, cell packed fluid. A contrast between #ppearance of non-inflammatory and

inflammatory SF may be seen in Figure 1.6.

Figure 1.6: A comparison in the appearance between non-inflammya(left) and
inflammatory SF. Note the increase in volume caegbéo normal SF in Figure 4. Also
Epe cloudy appearance is evident in inflammatory Bkcture taken from Courtney et al.
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Finally, Figure 1.7 shows an example of SF that waslvertently contaminated with
blood during aspiration. Blood contaminated sampilere omitted from all studies in

this project.

Figure 1.7: A specimen of blood tinged SF. Picture taken f@ourtney et al*’

1.0.9 Overarching project aim

As discussed above, osteoarthritis is an extrecmtyplex and heterogeneous pathology.
In this project it is hoped to apply a suite ofhteicues to the characterisation of both

whole synovial fluid and the micro/nano-vesiculabscomponent.
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Chapter 2

Proteomic profiling of synovial fluid by high
performance liquid chromatography and capillary
electrophoresis
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2.0 Introduction
2.0.1 Proteomics

Proteomics is a relatively new and exciting fiefdstudy that has enabled the discovery
of biomarkers for disease and has helped the etioid and understanding of disease
mechanisms. Proteomics has been definetthasstudy of the set of proteins expressed
by a tissue or cell, and the changes in proteirresgion patterns in health and disease
or in different environments.?. It is also believed that proteomic studies offemore
useful insight than the previous genomic RNA systestudies. The reasons for this
include the fact that RNA levels do not accurateigdict protein levels and/or post-
translational modifications of proteins which aren an indicator of their biological
activities. It is further hypothesised that protexpression profiles of diseased tissue or
biological fluids can effectively function as a el#se “fingerprint” that reflects the onset
or progression of a particular pathologic diseas®&ody fluids are now being
conceptualised dsvindows into health and disease&ind there are aspirations that these
fluids may be mined for markers that ascertaindhset of disease, the monitoring of

disease progression and drug efficacy in variouslitions?.

2.0.2 Proteomic Methodologies

Traditional proteome analysis generally commencath 2D polyacrylamide gel
electrophoresis (2D-PAGE) separation of protein®t$ or bands of interest are then
excised from the gel and digested by an enzyme patticular cleavage specificity and
the resulting peptide mixture is introduced intonass spectrometer (MS). For each
mixture, the data obtained for the peptide maspestein molecular mass, cleavage
specificity and isoelectric point are all comparaith data in a protein sequence
database, and the output is the identity of theéepre selected on a “best match” basis.
The confidence of identification is increased witie increasing selection of more
peptides from the same protein(s) in MS analysis.adlvantage of this methodology is
that the researcher can effectively hand pick spbisterest (including those not highly
expressed) for further investigatidn The strengths of the 2-D PAGE technique include
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its ability to separate and quantify thousands rafdt proteins in a single ruh
Quantification is a relatively new step forwardtims technique and is achieved through

multi-colour fluorescent labeling techniques analagjto those used in MRNA analysis.

The 2D-PAGE proteomic analysis of biological fluidsrecognised as a slow and labour
intensive protocol due to the 2D gel electropharasid enzymatic digestion steps. These
shortcomings in 2D PAGE have prompted an upsurgténdevelopment of gel-free
approaches and quantification Though 2D PAGE is a powerful and widely employed
techniqgue, some of the limitations of the techniquited include labor-intensive
preparation procedures (often requiring hours gsdar a single analysis) and stringent
demands on reproducibility of experimental procedwand reagents in order to effect the
high reproducibility required in any proteomic spudShiet al.® stated that though there
are recent improvement in 2D-PAGE techniques, eiymribility was still an issue. This
view was also taken up by Bodzon-Kulalowskaal ’ in their review paper who stated
that reproducibility of protein patterns betweehdeatories is difficult to achieve due to
protocol variations, artifacts and technology. fEhare also technical difficulties with
on-line coupling to MS. Further, classical Coonmssained gels display at most four
orders of magnitude in protein concentratfonFinally, proteins with a molecular mass
of less than approximately (~) 20kDa, highly acidicbasic proteins and hydrophobic
(membrane) proteins are not well resolved by gedtedphoresi§. This potentially leads
to the loss of important biological informatidn Gygi et al. ® estimate that more than

half of all proteins in the yeast proteome aredwitctable by 2D-PAGE analysis.

An increasingly attractive alternative to 2D-PAGE high performance liquid
chromatography (HPLC). This is due to its highotesig power, high reproducibility
and its on-line compatibility with electrospray M$ addition, there is a broad range of
mobile and stationary phase combinations availabierecent years a number of HPLC
methods have appeared for the analysis of bothidesptaind intact proteins. Another
major benefit of chromatographic techniques in@gomic study, is the range of modes
available e.g. reversed-phase, ion chromatograpfiinity chromatography and size
exclusion. These have been employed either alone combination with each other.

When two or more different, orthogonal modes obamatography are employed (e.g. 2D
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or 3D LC), then superior resolution may be achieveRelative to the 2D-PAGE
approach, sample handling and preparation are ralninFurthermore, automation is
possible and this results in a high sample throughhus making it ideal for a clinical
laboratory. It is also known that because of thghhiesolving power of LC, ion
suppression effects in MS can be reduced or evennalted. In short, chromatography
in proteomics can provide high resolution, high exhegood sensitivity and specific
separation of very complex matrices i.e. biologitats. Finally, this kind of separation

facilitates on-line MS detection and quantification

2.0.3 A critique of “Top-Down” versus “Bottom-Up” or “Shotgun” Approach

Bottom-up (or shotgun) proteomics generally retershe enzymatic digestion of intact
proteins into a peptide mix that is injected intoM& for protein elucidation and
identification. This approach is undoubtedly thesmwidely used approach in proteomic
literature today. Peptides possess greater sijybére stable in a wider range of
solvents and are therefore easier to separatepiftaeins'®. There are however, some
limitations associated with this approach. The tidep database mapping may be
compromised due to insufficient search specificitgcomplete digestion, sample
impurities, post-translational modifications anddatabase sequence errbrsFollowing
enzymatic digestion, the sample is rendered monmeptex with certainly thousands and

possibly millions of peptides in solution. Taegal *°

advise that bottom-up approaches
provide very limited “true” molecular informatiorf mtact proteins, in particular proteins
that have undergone post-translational modificatioAs a significant portion of disease
biomarkers maybe among the very low abundant pretgieptides of these interesting,
low abundant species may be masked by those dfigheabundant, ubiquitous proteins
e.g. albumin. Intact protein analysis offers tlivamtage of the detection of post-
translational modifications and it is possible thabp-down approach has the potential to
enhance biomarker discovery research. Analysiatatt proteins by HPLC is however
technically challenging and problematic. Difficak experienced include carryover,
multiple peak formation (splitting) and broad, pgoshaped peak¥. The reasons for

these difficulties include, slow intra-pore diffasi times, unresolved structural micro-
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heterogeneities and conformational isomers andlyirs@condary interactions with the
stationary phase. To offset the effects of broadkp, longer gradients are required
which results in longer run times. Also, though #malysis of intact proteins has the
potential to offer useful molecular level inforn@tj the process currently requires the
use of Fourier transform ion cyclotron resonancBE@R)-MS/MS for obtaining protein
sequencing measurements Finally, positive protein identification is cently limited

by the relative scarcity of bioinformatic tools ttate to analyse intact protein data.
Though these challenges may appear formidableg tlsestill merit to analysing whole,
intact proteins via HPLC. On or off-line digestiah the resolved or even partially
resolved eluted proteins, would greatly facilitpi®tein identification through peptide
mass mapping. In this case, instead of perforramayme digestion on the whole sample
at once, fractions of interest could be collected @ach aliquot digested separately
before MS analysis. This method eliminates thatingly lengthy 2D-PAGE approach.
Because there are significantly less peptides am éaction, this approach may greatly
increase the chances of securing correct idertidicaof a protein in addition to a
reduced chance of missing low abundant and potgnirderesting species. The peak
resolution could be further improved by removal leh abundant proteins prior to

HPLC analysis.

Gillette et al.'* published a review paper outlining the merits (afeb the precautions)
of pattern profiling in proteomic biomarker discoye More specifically, they critiqued
pattern profiles generated by MS as a reliableitilegte and reproducible mode of
analysis in the search for markers of disease. platiorms are currently available for
biomarker discovery; 1) pattern profiling and 2dtein identification. They reminded us
that there is a broad consensus view that heteettyesamd complexity of the individual,
environment and disease, imply that individual reesk are rarely sufficient for
establishing a diagnosis or prognosis. On theraontpanels of biomarkers are typically
required. This may be particularly true for a céempand heterogeneous pathology like
OA. The author also commented on the time consgimature of protein identification.
Everley and co-worker® characterised th€lostridium species through the analysis of

intact proteins employing LC/MS without identifyinidpe individual proteins. They
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justified this approach by claiming that reprodieilbiomarkers candidates had been
observed allowing for characterisation at the sttavel without actually knowing the
identity of the proteins involved. Again they notihat the sequencing of intact proteins

on a chromatographic time scale is extremely chgiteg and was not attempted.

Therefore, acknowledging the aforementioned diffiea with intact protein analysis — in
particular the scarcity of algorithms for identidg intact proteins by MS — pattern
profiling of intact proteins in SF may be instriwetiand informative. A thorough search
of the literature showed that this work has notnbattempted before. It was therefore the
objective of the present study to separate intaative SF proteins via reverse phase
HPLC and then to compare the chromatographic amd®profiles generated for each of
the various arthritic pathologies in the hope tiied leads to a protein footprint that is
indicative of a particular joint pathology. Knowjrthat no one single agent is wholly
responsible for the onset of OA, establishing afdoot that characterises a particular

arthritic pathology may merit further study.

2.0.4 Putative OA biomarkers found to date

A literature survey was carried out in order toeatain what OA biomarkers have been
discovered to date and what methodologies were. u3attle 1 displays the findings of
various research groups in the search for proteimérkers that differentiates OA from
the various controls and/or other arthritic patiges. Inspection of Table 2.3 reveals a
wide variety in the type and number of biomarkeysnid and the methodologies used.
De Ceuninclet al *® advised caution concerning the application ofgwotic techniques
to OA in particular as it is not straightforwardedto the inherent complexity of the
disease, and they reiterated that the progress$i@Aas slow with sporadic episodes of
inflammation and remission. This may be interpteds a reminder that a single sample
from a patient is just a snap-shot of the disedse garticular moment in time.
Furthermore they advised that although serum aimk usiomarkers for diagnosis and
prognosis have been proposed, it is said that nbtigem can be used in actual clinical
practice because of large inter-individual variatio
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Concentration

Year Biofluid Biomarker cha}nge in OA Mode of Analysis  Reference
relative to RA or
Control
Plasma &
1993  Synovial  Substance-P No change HPLC & RIA w
Fluid

18 spots increased 5-
Synovial fold between any two

Fluid . samples and 9 spots ) 19
2003 (4 0A Haptoglobin increased 100-fold 2D-PAGE
samples) between any two

samples

100 proteins Carilage 1-D-SDS PAGE 21

2006 Cartilage |40 vified Characterisation MS/MS

(i) Epitopes of type
Il collagen (C2C,
C1, C2)

Blood & (i) Aggrecan 846

Urine epitope (CS846)

(iii) Cartilage
Oligomeric Matrix
Protein (COMP)

COMP levels indicate
cartilage loss. ELISA
Upregulated in OA.

2007 23

Synovial
Fluid
(1 control & 40 proteins Reverse Phase 25

2007 16 unique to OA

1 identified
postmortem
sample)

nano-HPLC/ MS



2007

2008

2008

2009

2010

2011

Synovial
Fluid

Serum

Synovial
Fluid

Serum

Serum &
Synovial
Fluid

Serum &
Synovial
Fluid

135 proteins
identified

16 proteins
identified

(i) Extra-cellular
superoxide
dismutase (EC-
SOD)

(if) Ascorbate
(iii) Urate

(iv) Glutathione
(GSH)

(v) Total Nitrates
(vi) Cytokines IL-6
& TGF-B

-6

(i) S100A8
(i) S100A12
(iii) S100A9

(i) V65 vitronectin
fragment

(i) C3f peptide
(lii)Unknown
protein @ m/z
3762

(iv) Connective
tissue-activating
peptide Il protein

18 proteins
differentially
expressed between
OA and control - 3
down-regulated in
OA & 15 up-
regulated.

15 proteins up-
regulated and 1
down-regulated in
OA

(i) Decrease in late
OA samples

(ii) Decrease in late
OA samples

(i) No difference
(iv) Decrease in late
OA samples

(v) No difference
(vi) No difference

Up-regulated in OA

10 fold higher in RA

() Increase in OA
patients relative to
control (both fluids)
(i) Increased in OA
patients relative to
control

(iii) Increased in OA
patients relative to
control and RA

patients (iv)

Decreased in OA
relative to control
patients

1D-PAGE/ MS/MS

Rolling circle
amplification

(i) ELISA (i)
HPLC (iii) HPLC
(iv) Colorimetric
Assay (v)
Greiss Assay

(vi) ELISA

ELISA

SELDI-TOF MS
Western Blot
ELISA

SELDI-TOF MS

26

27

28

29

30

31

Table 2.1: A list of proposed biomarkers for OA found in aigdr of biological fluids.
Also shown is their relative abundance to othehatic diseases or control samples.
Finally, the analytical techniques employed arevgho
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2.0.5 Protein dynamic range in SF

Though the protein concentration of serum and pdasmelatively high (tens of mg/mL),
99% of the protein content is comprised of justritflvidual proteins e.g. albumin, IgG,
fibrinogen and transferrif>.  Albumin accounts for about 50% of the total piot
concentration in blood. Though plasma proteins exaer the SF by passive diffusion -
indeed SF is considered a dialysate of blood plasroancentrations of larger proteins
remain substantially less in SF than in plasma, 368 in fact®. However, it is not
correct to suggest that all proteins found in Skgioated in the blood. Recent
developments have shown that many of the constduehSF present in disease e.g.

cytokines, proteases and various antibodies, aguped locally in the joint' .

Albumin is the most abundant protein in SF, accognfor about 64% of the total
protein load in normal SF. As mentioned alreadhy protein composition of SF is
dominated by a relatively small group of proteinadeed, the dynamic range between
potentially clinically useful proteins and the highundant proteins may differ by a factor
of 10" in both SFP** and plasm&®. For example, albumin and the high abundant prstei
are found in the mg/mL range, while a protein like cytokine TNE is present in the
pg/mL range. Removal of the high abundant proteiosld increase the sample loading

capacity and hence improve the detection sensitdfitow abundant proteins.

2.0.6 Methods employed for removal of the most abaant proteins

In order to increase the chances of unearthingnpatly insightful pattern profiles, it is

now believed that the high abundant proteins shbaldemoved from the matrix prior to

any separation, whether by 2D-PAGE, chromatograpapillary electrophoresis or any
other mode of analysis. It must be stressed #mbval of the high abundant proteins is
by no means a suggestion that they are unintegestian unfortunate inconvenience that
must be overcome in order to reach the lower aminsjgecies. It is known that the
immunoglobins and albumin can act as carrier mddscloy binding to other peptides and

proteins. Indeed “albuminomics” has become a uisdfahoot of depletion strategies,
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where research has been conducted on the albuaghofn in order to investigate the

| 3" also found that abundant

entities that attach to this carrier molectfle Moritz et a
plasma proteins act as sponges for low moleculaighvepeptides. Examples of
interesting potential biomarkers that have beemdoto associate with albumin and so
have the potential to be removed during albuminledem are peptides, C-reactive
protein, cystatin, apolipoprotein CllI, lumican aadgiotensinoger®. A more prudent

strategy would be to analyse both the low and lghindant fractions as not only the
lower abundant proteins, but also the proteins #nat specifically or non-specifically
removed may be analyséd The author in this case discovered that 129jmstwere

identified in the high abundant protein fractioAfter identifying 40 of these proteins, it
was discovered that 26 proteins were common to blo¢h high and low abundant

fractions, thus underlining the importance of kegpind analysing all fractions.

Several approaches exist for the removal of thet rmbsndant proteins in biofluids.
Some of the methods available to the researchéwdecthe removal of human serum
albumin (HSA) by immunoaffinity columns based on $Hpecific antibodies”,
isoelectric trapping using albumin as a markerpeptide affinity chromatograph,
Cibacron Blue (CB) to remove albumiff and ultrafiltration **.  More recently,
immunoaffinity columns and cartridges have beerettged for the removal of multiple

abundant proteing* *° %,

Non-specific depletion of plasma proteins casoabe
accomplished by rivanol (2-ethoxy-6,9-diamino aicrdd ammonium sulphate and
caprylic acid®’. Limitations of the CB method mentioned abovdlide binding to the

binding sites of proteins other than alburfiin Zolotarjovaet al. *?

performed a study
where the objective was to compare CB and IgG inoatfimity methodologies for the
removal of the must abundant protein, HSA, fronuser Their findings revealed that
not only were other non-targeted proteins inadwélgteremoved, but that a significant
amount of HSA was found in the depleted fractiobhis compounds the difficulty in
identifying very low abundant proteins, as thesecggs are now placed in an even more
concentrated solution of serum albumin which inntuncreases the difficulty in
identifying and quantifying these proteins of iegr On the other hand, the 1gG system

was observed to have no albumin, transferrin, alphatitrypsin or haptoglobin present
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in the flow-through fraction. It was confirmed BEYISA assays that the depletion of the
target proteins was typically greater than 98%. ithamunoaffinity column was used by
Liu et al* for the proteomic analysis of plasma. The autlidmote some non-specific

binding to the column.

2.0.7 Project Aim

For this project it was decided to employ an af§irsolumn consisting of avian IgY
antibodies, in order to remove twelve high abundardteins — albumin, IgGal-
antitrypsin, 1gA, IgM, transferrin, haptoglobin,l-acid glycoprotein (orosomucoid)?2-
macroglobin, HDL (apolipoproteins Al & All) and fibnectin — from synovial fluid in a
single step prior to reverse-phase high performdiagced chromatography (RP-HPLC)
and/or capillary electrophoresis (CE). All fractsowere analysed i.e. the non-bound, the
non-specific binding and the bound fractions. @hi@ving a good separation in all
fractions, peaks of interest would be characterigedC-MS or CE-MS.
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2.1 Materials and Methods

2.1.1 Reagents and materials
HPLC grade methanol (MeOH), Isopropyl alcohol (IR&d water were purchased from

Sigma Aldrich.

HPLC grade acetonitrile was obtained from SigmE&isher Scientific.

Reagent grade trifluoroacetic acid, formic acid %98 acetic acid (99-100%) was

obtained from Sigma for use as ion-pairing reagents

Sodium Dodecyl Sulphate$9.0%) was purchased from Fluka.

Sodium Tetraborate was obtained from Sigma.

Peptide standards, protein standards, bovine salioumin (BSA), human serum

albumin (HSA), hyaluronidase from bovine testesenmurchased from Sigma.

Triethylamine, urea, dimethylformamide & tetrahyman were obtained from Sigma

and used for column regeneration.

A Beckman Coulter ProteomelLab IgY-12 High Capaéigrtitioning Kit was obtained

from Phenomenex.

Amicon Ultra centrifugal filter units with a 3kDaitoff were obtained from Millipore.
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2.1.2 HPLC Instrumentation
A Waters HPLC modular system was used and compas#te following:

1) 600E Powerline multisolvent delivery systemhadOQ.L heads
2) 600E system controller

3) 717plus autosampler

4) 486 UV absorbance detector

5) 474 Fluorescence detector.

The instrument was controlled by Empower software.

2.1.3 Capillary Electrophoresis Instrumentation
Capillary electrophoresis (CE) was carried out gsam Agilent H-P3D CE Instrument

with a UV-Vis diode array detector.
The instrument was controlled by HP Chemstatiohnsot.

A roll of fused silica polyimide coated capillaryass purchased from Composite Metal
Services. The capillary for analysis was prepaaedfollows; a length of capillary,

48.6cm long was cut from the roll. A detection dow was made by burning the
polyimide coating 40cm from one end. Polyimide waés0 removed from both ends of

the capillary to prevent capillary blockage.

2.1.4 Miscellaneous equipment
A Hettich Mikro120 centrifuge was used in the imroaffinity protocol in order separate

non-bound proteins from targeted, bound proteins.

A Gilson GV Lab vortex mixer was used mix sampld atandard solutions.
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2.1.5 Peptide Standard Preparation
The purchased five-peptide mixture (0.5mg of eaeptide) was prepared by weighing

out the compound mixture and diluting in water tinal concentration of (0.1mg/mL of
each peptide). The mixture was stored in aliquts20°C. The five peptides were:
1) Gly-Phe

2) Val-Tyr-Val

3) Met Enkephalin

4) Angiotensin

5) Leu-Enkephalin.

2.1.6 Protein Standard Preparation
A four protein mixture was prepared (1mg/mL of eagwmbtein) by weighing out the

compound mixture and diluting in water. The mixtuvas stored in aliquots at -20°C.
The four proteins were:

1) Ribonuclease A (13.7kDa, pl 8.63)

2) Cytochrome C (12kDa, pl 10.0-10.5)

3) Holotransferrin (77kDa, pl 5.0-6.0)

4) Apomyglobin (17kDa, pl 7).

HSA and BSA standards were prepared by weighingreutippropriate quantity of each

protein and diluting in water.

2.1.7 Synovial fluid preparation

Synovial fluid samples were obtained by informedisent from patients attending the
Rheumatology Department of the Mater Hospital inblbu Samples were aspirated
from the patient and placed in plastic sample doata containing 1mM EDTA and

centrifuged at 25009 for 20 minutes to remove catid cellular debris and then stored in

aliquots at -80°C. Only one freeze/thaw cycle pasnitted.
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In order to reduce the high viscosity of SF, eamm@e was treated with hyaluronidase
from bovine testes (1mg hyaluronidase dissolvethih phosphate buffer. 250mL added

to each sample and incubated overnight at 37°C).

2.1.8 Removal of high abundant proteins from synow fluid

A Beckman Coulter Proteome Lab IgY-12 High Capaéitgpteome Partitioning kit was
purchased from Phenomenex. The kit consisted @fdffinity columns containing beads
(60um polymeric microbeads) coated with avian antib@tyyy)-antigens for the 12
targeted proteins and three buffers to be useddorple loading, washing, eluting and
regenerating the column. The buffer compositios:wa
» 10x Dilution Buffer: Tris buffered saline (100mMi3$+HCI, pH 7.4, 1.5M NaCl).
This was used for sample dilution, washing andldayating the column.
» 1M Stripping Buffer: (1M glycine-HCI, pH 2.5). Thiwas used for eluting the
bound proteins from the column.
* 1M Neutralisation Buffer: (1M Tris-HCI, pH 8.0). his was used for neutralising
column and also the eluted, bound proteins.
The manufacturer’s instructions were followed tigioout.

The immunodepletion process is outlined in Figude 2
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Figure 2.1: A schematic work flow diagram of the immunoaffipitycess

2.1.9 HPLC Conditions
RP-HPLC columns: Phenomenex Jupites 800A (150 x 3.0mm, &m)

Phenomenex Jupitér300A (150 x 4.5mm,6n).

No guard columnswesed.

A linear gradient elution was performed with twolbie phases; Mobile Phase A: 0.01%
(v/v) aqueous TFA and Mobile Phase B: 0.01% (v/F#ATin acetonitrile/water (60/40).
The gradient elution was 100% mobile phase A to%0f@obile phase B over 80

minutes.

UV detection wavelength: 220nm

Fluorescence detection wavelendth:280nm iem 360nm
Injection volume: 50L

Flow rate: 0.8mL/min

All mobile phases were vacumn filtered through QMXilters and then sonicated in a

water bath for 5 minutes before use.
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2.1.10 Capillary Electrophoresis

All new capillaries were conditioned by first wastithrough with 0.1M NaOH for
10mins followed by distilled water for 5mins anddily with the background electrolyte
(BGE) for 10mins. Between runs, the capillary wiased with 0.1M NaOH, distilled
water, 0.1M HCI, distilled water and BGE for 5Smig&ch. The BGE consisted of 10mM
sodium tetraborate and 60mM sodium dodecylsulpt&DsS), pH 9.

The column was maintained at 25°C.
Operating voltage was 15kV

Detection wavelength: 200nm, 220nm, 235nm and 280n
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2.2 Results

2.2.1 Standard peptide analysis with ¢ column
A five peptide standard (0.1mg/mL of each peptid@p injected in order to establish

retention times, peak shape and check the suttabilithe system. Mobile phase was
prepared as outlined BY. Briefly, mobile phase A was composed of 0.1% Y¥6rmic
acid and mobile phase B was 0.1% (v/v) formic aniccetonitrile /water (60/40). A
sample chromatogram can be seen in Figure 2.2. pEa&s are identified from the

supplier’'s datasheet.

T Lt ey e e B B By
2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22.00 24.00 26.00 28.00 30.00 32.00 34.00 36.00
Minutes

Figure 2.2: A five peptide standard mix (0.1mg/mL of each); l=Bhe, 2= Val-Tyr-
Val, 3= Met Enkephalin, 4= Angiotensin II, 5 Leuk&palin. Detection wavelength
220nm. The column was a Phenomenex JupiteB@A (150 x 3.0mm).

2.2.2 Standard protein analysis with Gg column
A four protein standard was then prepared and ndeuthe same operating conditions as

the peptide analysis. However, the quality of $kparation was extremely poor, with

broad, tailing peaks.

As a result of the poor chromatography obtainedHerstandard proteins, the formic acid
was removed from the mobile phase. However, thaglerthe chromatography worse.
Acetic acid was then tried but again peak shape pwalslematic. Trifluoroacetic acid
(TFA) is another wellknown ion pairing agent usedRP-HPLC. However, TFA is
deemed unsuitable if the HPLC is to be coupledl¢stmspray MS™, which was the
ultimate aspiration of this study. This is becali§®& forms very strong ion pairs with

analytes that can not be easily broken apart inctivelitions used in the electrospray
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chamber which would hinder ionisation of the sampléluber and Premstallet’

compared the performance of acetic acid, formia amd TFA for the analysis of
proteins with molecular masses ranging from 14kib80akDa. They found a 35 to 160-
fold improvement in sensitivity when formic acid svased instead of TFA. However,
Wang and colleagues also conducted a study of ion pairing reagents @mtluded

TFA was the best choice for the HPLC analysisntdict proteins with MS. This was
|.51

further supported by Corradiat a
the analysis of membrane proteins by RP-HPLC-ESI-M3espite the fact that both

who studied TFA, formic acid and acetic acid for

formic acid and acetic acid showed less signal meggon than TFA, these acids resulted
in poorer quality chromatography. The authors dfeee, recommended TFA at a
concentration of 0.05% (v/v) as the most suitablebie phase additive. In this
experiment 0.01% (v/v) trifluoroacetic acid (TFApsvadded to each mobile phase and

the chromatography dramatically improved (Figuf®.2.
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Figure 2.3: Chromatograms of a 4 protein standard mixture ancbmatographic
conditions as in Figure 2.1 with the exception ttet formic acid was replaced by
0.01%(v/v) TFA. The upper and lower chromatogranesfar UV-Vis and fluorescence
detection respectively. The column employed wasea@menex Jupiter;€300A (150 x
3.0mm, @m)
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2.2.3 Immunodepletion of the 12 most abundant protas
A “proof of concept” study was undertaken in order assess the ability of the

immunoaffinity column to extract albumin from sam@l A human serum albumin
(HSA) standard was prepared at approximately 15mg/mmomparable to the
concentration of albumin found in S In addition, a bovine serum albumin (BSA)
standard was also prepared at the same concentfatioomparison. Each standard was
analysed employing the immunoaffinity protocol skigyb by the manufacturer, in order

to assess the specificity of the method. All fiats was collected and analysed.

As expected, the immunoaffinity separation was i$jgfor HSA as there was no protein
peak found in either the “flow-through” or the nspecifically bound fractions. This
demonstrates that the HSA present in SF will bdyfuémoved thus potentially
uncovering lower abundance proteins that may ofisentnave been masked by the
dominant HSA peak. However, the presence of soiS8& B the bound fraction
demonstrated that the immunoaffinity column may-spacifically remove proteins from
the SF i.e. remove proteins other than the 12di&te the manufacturer. A possible
reason for this could be that BSA shares similainaracid sequences as HSA, and these
epitopes may be recognised by the HSA antibodiexled to the beads. Therefore,
saving and analysing all three fractions would appe be a prudent course of action.

2.2.4_Assessment of the effect of removing high afeant proteins on non-targeted
proteins

Although the high abundant proteins, particularlipuanin, will mask less abundant
proteins with similar elution times, depletion aminus may also bind proteins in a non-
specific manner®>. Whether bound directly to the column or inditg¢hrough binding
to a carrier protein e.g. albumin, lower abundantgins may be inadvertently discarded.
Albumin is a known carrier protein and an offshtmproteomics — termed albuminomics
— has emerged. It was decided to perform a studyder to determine if any of the four
standard proteins would be non-specifically remoedtier by direct adhesion to the
column or possibly through attachment to aloumfmixture of HSA (20mg/mL) and
the four protein standard mixture, (Img/mL of eawlgs prepared and the mixture

underwent the immunoaffinity protocol. The resuitichromatographs representing
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analysis prior to and after employing the immunioéff protocol, are shown in Figures
24,25 &2.6.

Protein Standards + HSA prior to immunodepletion
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Figure 2.4: Chromatograms depicting a mixture of four commdycistandard
proteins(lmg/mL of each) plus HSA (20mg/mL) praiothe immunodepletion protocol.
The upper chromatogram results from UV detectionlenthe bottom chromatogram
represents fluorescence detection. The column gmgplwvas a Phenomenex Jupiteg C
300A (150 x 3.0mmyfn)

It can be seen from Figure 2.4 that the HSA peatedlat the same retention time as one
of the standard proteins and decreased the resolotianother.
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Protein Standards + HSA after immunodepletion — FT fraction
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Figure 2.5: Chromatograms depicting the flow-through (FT) frantfor a mixture of
four commercial, standard proteins(lmg/mL of eaph)s HSA (20mg/mL) after the
immunodepletion protocol was employed. The uppeonsatogram results from UV
detection while the lower chromatogram represehsiréscence detection. The column

employed was a Phenomenex Jupitgy3D0A (150 x 3.0mmyfn)

Protein Standards + HSA after immunodepletion — BP fraction
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Figure 2.6: Chromatograms depicting the flow-through (FT) frantfor a mixture of
four commercial, standard proteins(lmg/mL of eaphys HSA (20mg/mL) after the
immunodepletion protocol was employed. The uppeonshtogram results from UV
detection while the lower chromatogram represehsiréscence detection. The column

employed was a Phenomenex Jupitgr3D0A (150 x 3.0mm )
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Comparing Figures 2.5 and 2.6 it can be appreci#tatl removal of albumin via
immunodepletion resulted in the almost completeovah of the standard proteins that
eluted at a similar retention time. Figure 2.6 feomed albumin as the principal

component of the bound fraction.

2.2.5 Analysis of synovial fluid prior to immunodepetion on C;g column

Prior to applying the immunodepletion procedurayas decided to analyse one synovial
fluid sample (1:25 dilution) in order to ascertdiproteins could be detected. Figure 2.7
shows that peaks are clearly evident and that hbthand fluorescence modes of
detection are complimentary, with each chromatogdisplaying peaks that are not

evident in the other.
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Figure 2.7: Chromatograms for the analysis of a synovial flitadngle (1 in 25 dilution).
The figure displays two modes of detection-UV (dpad fluorescence (lower).
Chromatography conditions were the same as thastadéostandard protein runs.

2.2.6 Analysis of whole synovial fluid representingour different pathologies prior
to immunodepletion

Four SF samples were chosen — each representiifteeeict arthritic pathology — and

analysed as before. The fluorescence chromatogresrdisplayed in Figure 2.8.
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Osteoatrthritis (OA)

Rheumatoid Arthritis (RA)

Calcium Pyrophosphate dihydrate Disease (CPPD)

Gout

Figure 2.8: Fluorescence detection chromatograms representing drthritic diseases
— OA, RA, CPPD and Gout. The chromatography carditwere as before.



2.2.7 Analysis of synovial fluid after immunodeplabn on C;g column

A SF sample was treated with dilution buffer (1:@%ution) and the immunoaffinity
protocol was employed, as described in the maseaatl methods section. All fractions
were retained and analysed. However rather sumghys no protein peaks were evident
in the chromatograms. Other SF samples were téatihe same way and analysed with
the same. Increased injection volumes were tndgfle hope that the sensitivity would
increase, in addition to a number of changes tartbbile phase composition. Various
alterations to the sample dilution stage were #éigml. The manufacturer's standard
operating procedure requires a 1:25 dilution ofghmple with buffer. Various smaller
dilution factors were also investigated. Howewuhrs resulted in some of the targeted
proteins being found in the FT fraction. The ms&ly explanation for this is that all the
antibody binding sites were saturated so that #oess proteins were eluted from the
column with the first “wash-through”.

2.2.8 Analysis of synovial fluid by 2D-PAGE

A sample of SF was sent to a colleague to confirenpgrotein complexity by 2D-PAGE.
Approximately equal amounts of protein were loadetb the gel as were loaded onto
the HPLC. A complex proteome was confirmed (Figu@®. The protein complexity is

comnarahle with that of nlasma
g 4 -4
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Figure 2.9: A 2D-PAGE image of a synovial fluid sample (righffor comparison
purposes a 2D-PAGE image of plasma taken from Bwosss also displayed (left).
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2.2.9 Analysis of non-bound fraction employing a mwlith capillary

A sample of the non-bound fraction containing thgéted, lower abundant proteins was
sent to a protein separation specialist in Diong)(Ltd to establish if proteins could be
detected. Separation was performed on a monddghilary employing UV detection.

The resulting chromatogram is displayed in Figud€?2

Figure 2.10: Chromatogram of a “non-bound” fraction following munodepletion of
the 12 most abundant proteins. Rather than empipgirC18 reverse phase column, a
capillary monolith column used. The sample wasigs®d in Dionex (UK) Ltd in order
to establish if there was protein present in thécfion and that these proteins could be
detected by UV detection .

2.2.10 Synovial fluid sample analysis with immunod#etion on a G, column

Having proposed earlier that each arthritic patgplmmay have its own unique protein
signature pattern, it was decided to select a numbgamples of a single disease type in
order investigate proteins that may be characierist that particular disease and

determine inter-patient variability. Four OA saegplwere taken and the “non-bound”
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fractions of each, following immunodepletion, waralysed on a C4 column. The
chromatograms of the non-bound fraction of eachbeaseen in Figure 2.11.

OA sample 1

OA sample 2
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OA sample 3

OA sample 4

Figure 2.11: Chromatograms of the non-bound fraction obtainederafthe
immunoaffinity depletion of four OA samples. Sefana was performed on a
Phenomenex Jupiter C4 300A (150 x 4.5mpm)5column. The mobile phase and
chromatographic conditions were as in the materaaig methods section.
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2.2.11 Standard peptide analysis by CE

The same peptide mix that was used in the HPLC rerpat was employed here.
Following a good deal of method development a ssfoé separation was obtained
(Figure 2.12).

DAD1 A, Sig=200,16 Ref=off (091201PEPT...91201PEPTIDE STDS 60PPM SDS 25KV 2009-12-01 09-33-05\012-0101.D)
mAU —
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Figure 2.12: Electropherogram of a standard five-peptide mixtuiiéhe applied voltage
was 25kV and the background electrolyte consistedl@nM sodium tetraborate
containing 60ppm SDS.

2.2.12 Standard protein analysis by CE

A mixture of four protein standards was run empigyihe same operating conditions. A

sample electropherogram can be seen in Figure 2.13.
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DAD1 A, Sig=200,16 Ref=off (091202 PRO...91202 PROTEIN STD 60PPM SDS 25KV 2009-12-02 10-03-58\012-0101.D)
mAU o
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Figure 2.13: Electropherogram of a four model-protein mixtur&éhe applied voltage
was 25kV and the background electrolyte consistedl@nM sodium tetraborate
containing 60ppm SDS. Detection was at 280nm enmgjayV.

2.2.13 Analysis of synovial fluid by CE

A SF sample was filtered through a 3kDa spin filteorder to assess the low molecular
weight protein/peptide/ion fraction and the highlecalar weight protein fraction. An
example of the low and high molecular weight fraict of a SF sample can be seen in
Figure 2.14.
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Figure 2.14: Electropherograms for the low molecular weight (E8kupper) and high
molecular weight (>3kDa lower) fractions of a symvfluid sample after filtration
through a 3kDa “cut-off” filter.

2.2.14 Reproducibility of CE separations

To date, CE is not regarded as a routine tool ategmmics research due to the tendency
of proteins to strongly adsorb onto the capillagllwvhich causes serious peak tailing,
low efficiency and poor reproducibility and recoy&f. It is said that in order to make
CE as a proteomic techniqgue more acceptable fotineuanalysis, improving the
reproducibility in terms of peak migration time apdak area is still a major isste
Capillary blockage with proteins, even over sharhple sets, is another limitation. To
determine if any of these issues were likely topbeblematic here, a synovial fluid
sample was prepared and five successive injecti@ne performed. Three of resulting
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electropherograms are displayed in Figure 2.15llowWing the third run, the current

dropped to zero and no separation took place.
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Figure 2.13: Electropherograms for successive injections of shene synovial fluid
sample. The applied voltage was 25kV and the backgt electrolyte consisted of 10mM
sodium tetraborate containing 60ppm SDS. Detectiag at 280nm employing UV.

57



2.3 Discussion
2.3.1 Analysis of intact proteins in SF by HPLC

A good separation was obtained for the five stashgmaptide mixture (Figure 2.2). A
small impurity was noted at peak number 4.

On substituting TFA for formic acid in the mobilegse, the resolution and peak shape of
the four standard protein mixture improved dranalyc It is interesting to note in
Figure 2.3 that the peak at 25mins is virtuallyeattsn the fluorescence chromatogram.
Only three of the twenty amino acids are naturedlpable of fluorescence — tryptophan,
tyrosine and phenylalanine — due to the fact thesé are the only amino acids to possess
aromatic side chains. Tryptophan is the most seaslUV-absorbing amino acid,
followed by tyrosine, while phenylalanine is thade™. The fluorescence of tryptophan
is about ten times that of tyrosine, while thapb&nylalanine is negligible due to its low
absorbtivity and quantum efficiency. However, kaliabsorption measurements, the
fluorescence of proteins is not linearly proporéibto the number of aromatic residd&s
This would imply that more that one mode of detettis beneficial in complex sample

analysis.

On assessing the specificity of the immunoaffimitywas found that some BSA remained
in the bound fraction. This may be the effect ofi+specific binding to the beads. It was

concluded that the analysis of both bound and umébdtactions is necessary.

Figures 2.4, 2.5 & 2.6 demonstrate the effect afia@ng a high abundant protein like
albumin from other less abundant proteins. Tl point to note here is that all the HSA
(retention time ~ 63 minutes) was successfully nesdo (Figure 2.5). However,

comparing Figure 2.4 and 2.5, it may be argued shate of standard proteins close in
retention time to HSA (protein standard number @5~-minutes) were also removed. A
possible explanation for this phenomenon, is thaseé proteins either remained non-

|.56

specifically bound on the beads, or were attacbealliumin. Gundryet al °” in their

study of an albumin-enriched fraction of human seréound 35 proteins, of which 24
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were intact, were associated with albumin and oetl both known high and low

abundance proteins. This confirms the necessiiymadyse all fractions.

This importance of more that one mode of deteattas again highlighted in the analysis
of synovial fluid prior to immunodepletion (Figu2er). Here it is clear that both UV-Vis
and fluorescence detection yield chromatograms wetittirely different features. Both
modes of detection display unique information. sTéould be extremely important for
any ‘pattern recognition’ experiment where positidentification by MS may not be

feasible or even required.

Encouraged by these initial results, it was decitedanalyse whole synovial fluid
representing a number of arthritic pathologies — @A, CPPD and Gout. Inspection of
Figure 2.8 clearly highlights striking differenclestween each of the four pathologies in
the 0 — 35 minute window. The gout sample has e&eddy different protein profile to
the other three diseases. The OA sample also gsplasique features at retention times
of 20 and 25 minutes. Collection of fractions lade times and analysis by MS may
prove fruitful. However, from 35 minutes on, agarand relatively featureless ‘mass’ is
evident. It is hypothesised that a highly compdexies of proteins are eluting here. In
order to confirm this, a colleague performed a 2BGE analysis of synovial fluid
(Figure 2.9). This revealed that synovial fluid ptasma-like in terms of protein
complexity and established that in order to unebver abundant species, removal of

high abundant protein is necessary.

Following immunodepletion of the most abundant @ireg, all fractions were analysed.
Disappointingly, no peaks were observed in the HRb@matograms. Suspecting a
sensitivity issue, the injection volumes were iased. In addition, changes to the
sample dilution stage were also implemented. Tlaaufacturer's standard operating
procedure recommends a 1:25 dilution of the samyth buffer. Various smaller

dilution factors were investigated. However, thésulted in some of the targeted
proteins being found in the non-bound fraction pdssible explanation for this is that all
the antibody binding sites were occupied so thatetkcess proteins were eluted from the

column with the first wash-through.
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Two possible reasons for this lack of chromatogi@ptiormation were postulated,;

1. The interesting peaks found in Figure 2.8 were wapt on the immunoaffinity
column and that the protein concentration of thieaumd fraction is so low as to
be undetected by both modes of detection. Thisldvaignify insufficient
sensitivity.

2. There was protein adhesion to the head of the@umn.

To test the insufficient sensitivity hypothesissample of the unbound fraction was sent
to Dionex (UK) Ltd. for analysis by HPLC employirggcapillary monolith column and
UV detection. A sample chromatogram may be sedfignre 2.10. There are clearly

peaks evident, thus nullifying the lack of sendiihypothesis.

Another reason for the scarcity of peaks in theoctatograms may be that the C18
column is too hydrophobic and that there is a bupdof proteinaceous matter on the
head of the column. Therefore a élumn was procured and the experiments repeated.
Figure 2.11 displays the chromatograms of the “boand” fractions from four different
OA patients and peaks are evident. ThasGess hydrophobic and exhibits less affinity
for proteins. On close inspection of the four chabograms in Figure 2.11, it can be
seen that patient samples 3 and 4 are remarkabiyasi with some inter-patient
variability within 0-10 minutes and 36-40 minute3here are a number of peaks that
share the same retention times. Other peaks aegulpted e.g. the peak at 56 minutes

in sample 1.

These initial studies we deemed encouraging anchéxé phase of the project was to
dramatically increase the sample cohort and gemexrdarge volume of data on all the
various disease subtypes in order to afford a mgduli comparison that would highlight
both similarities and differences in the patterofigs. The final stage was to identify

particular proteins of interest by mass spectroynetr
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2.3.2 Column Issues

As more SF samples were injected, the backpressutbe HPLC system steadily
increased. Checking through the instrument logeaked that when the,&olumn was
first installed, the back pressure was around 500pfer a number repeated injections
with SF, the backpressure was over 3500psi. Varicolumn cleaning/regenerating
protocols were sought and tried. Back-flushinghwall of these made no impact on
column regeneration. Dowedlt al. *suggested that due to the inherent complexity of
their structures, proteins exhibit very unpredit#ahteractions with the stationary phase
in the column. The primary mode of separation P-HRPLC is due to the partitioning
effect, whereby analytes constantly partition thelwes between the stationary and
mobile phases as they progress down the column.cdByract, proteins stick to the
stationary phase due to hydrophobic interactiortee-greater the number of exposed
hydrophobic residues, the stronger the adhesidhet@olumn. Wangt al.*® compared
C4 and Gg columns for protein separations using the sameehqaateins that were used
in this experiment and concluded that they expegdmprotein loss due to hydrophobic
interactions with the ¢g column. No such loss was found with the @®@lumn. This
study would appear to challenge that assertion wdmmnplex biological samples are
being analysed. It would appear that the separatiointact proteins in a complex
biological matrix such as SF could not be achiebgd RP-HPLC without regular
replacement of expensive columns. This was disappg as there was great potential

for intact protein pattern profiling in SF.

2.3.3 Analysis of intact proteins in SF by Capillay Electrophoresis (CE)

It was then decided to continue this area of refeby CE. SF analysis by CE to date
has been largely being carried by Grimshaw and adkers’>° . These three studies
involved the quantitative analysis of hyaluroniddach SF, a qualitative comparison
between control, OA and RA samples for non-proteaieties e.g. uric acid, and finally
the identification ofu;- acid glycoprotein. These components of intenese positively
identified through a series of spiking experimemtspection of the electropherograms
generated in these studies, show these analytedditst, followed by a large protein

mass. No further work on this broad protein peaksvearried out. The authors
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acknowledged that attaining reproducible migratiomes was extremely difficult during
the electrophoresis of SF samples. They attriputéein adhesion to the capillary wall
as the primary reason for this. In order to misniprotein adhesion, sodium
dodecylsulphate (SDS) was included in a high pHsphate background electrolyte
(BGE) and micellar electro kinetic capillary chrawgraphy (MECC) was employed as
the mode of separation. SDS is a cationic sunfdteat forms micelles, with which the
proteins interact and thus effect a separationwaé¥er, a major drawback with the use of
surfactants and other additives to the BGE is tloaipling to mass spectrometry is not
possible®. The technical difficulties of coupling CE to M& proteome analysis remain
a challengé&* .

As a starting point, Grinshaws’s work was repeated similar electropherograms were
obtained. However as the separation of the pra@ggiomerate was the principal aim of
this project, a new CE method was required. Ashm HPLC experiment, standard
model peptides and proteins were used for methedlolement. Satisfactory resolution
and peak shape were obtained (Figures 2.12 anjl 2.13

Prior to performing the immunodepletion protocoldathen analysing bound and
unbound fractions, SF was subdivided based on mialeweight. Samples were filtered
through a 3kDa filter and both molecular weightegatries were separately analysed.
Figure 2.14 displays the electropherograms for deattion. As can be seen, for the
<3kDa subset, good separation was obtained andpditential for pattern profiling
between pathologies is evident. The >3kDa fractieould require further method

optimization before useful information could beraxted.

However, prior to expending time and resourceshis) it was deemed prudent to assess
the reproducibility of CE in separating biologid¢alids. To date, CE is not regarded as a
routine tool in proteomics research due to the @¢any of proteins to strongly adsorb
onto the capillary wall which caused serious peaikng, low efficiency and poor
reproducibility and recovery®. It is said that in order to make CE as a proieom
techniqgue more acceptable for routine analysisyaowipg the reproducibility in terms of

peak migration time and peak area is still a magsue®’. Capillary blockage with
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proteins, even over short sample sets, is anathé@ation. To determine if any of these
short-comings are likely to become an issue hemgjnavial fluid sample was prepared
and five successive injections were performed. dleetropherograms are displayed in
Figure 2.15. Examination of the electropherogramsws that the migration times are
getting shorter with each successive run. Moreontgmtly though, is that this was a five
injection run. After the third injection the cuntedropped from approximately gA to
zero. Therefore no electrophoretic separation passible. Up until that point, single
injections were performed with relatively simple aebd proteins and peptides. On
turning to complex matrices like SF, it was likehat protein adhesion to the capillary
wall became a significant issue. In a quite dethgtudy of protein attachment onto silica
surfaces, Stut? distinguishes between two classes of proteingiwie termedhard”

and “soft”. Hard proteins, such as cytochrome C and rib@asel A, have a rigid
structure and undergo little or no conformatiorfamge at the capillary interface. On the
contrary, what he termed soft proteins e.g. HSAAB8b and 1gG, are prone to
unfolding once attached to the capillary surfaées the proteins unfold, there are more
positively charged sites available to electro-stdlly attach to the negatively charged
capillary wall. As the number of attachment sitesease, it becomes ever increasingly
more difficult to remove the proteinaceous mattent the capillary inner wall. This
exasperates the problem because the adsorptiamtbéf proteins is influenced by the
proteins already adsorbed onto the capillary w&bon the proteins interact with each

other forming what are termed “protein clustersl amultilayer formations”.

It is interesting to note that all the literatureceuntered in this study employed the use of
model proteins to demonstrate the benefits of wariouffers, wall coatings etc. Indeed,
the two“hard” proteins cited by Stutz, i.e. cytochrome C andnilclease A, were two
of the four model proteins employed in this studihese were used in many different
studies over relatively long time periods with mlverse consequences. However, on the
analysis of SF samples which contain a high cont#ntwhat Stutz termedsoft”
proteins, capillary deterioration occurred aftersmall number of injections were
performed.
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2.4 Conclusions

The aim of this project was to mine the proteomesyrfiovial fluid for potential

biomarkers of OA. This necessitated the targe¢adoral of the 12 most abundant
proteins and analysis of the remaining depletectiba. Biomarker discovery would

be achieved by comparing the intact protein prefdé the various arthritic diseases
and noting interesting differences. ldentificatafrpromising moieties would then be
carried out by MS. The merit to this study woukdtb offset some of the limitations
inherent in traditional proteomic methodologies. @@l electrophoresis and bottom-
up, shotgun proteomics, in terms of lengthy sampleparation times and the

potential to overlook very low abundant, interegtapecies.

The HPLC study displayed real potential in the edightial characterisation of SF.
Notable differences were observed between vari@easde states, and collection and
identification of peaks of interest could be aclkiv Disappointingly though, the
potentially high attrition rate of columns was cpsbhibitive. Investigation into the
use of capillary monolith columns for intact proteanalysis should merit further

investigation.

Interesting separations were also achieved with Giwever reproducibility and
extremely short capillary lifetimes were an issnd aendered this mode of analysis
unattractive. In addition CE-MS is still in itsfamcy and there was little chance in

taking advantage of this technique for this project
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Chapter 3

Isolation and characterisation of microvesicles in
synovial fluid
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3.0 Introduction

3.0.1 Microvesicle nomenclature

A relatively recent and interesting line of reséansto small vesicles s from most cell
types, has contributed to an increase in underistgma signalling and molecular transfer
mechanisms between celfs Cell-to-cell communication is required to enswae
coordinated functionality among different cell tgpavithin the tissue. Modes of
communication include (i) secretion of soluble seee.g. cytokines and hormorfesii)
cell-to-cell interaction via adhesion molecules ethienable ligand-receptor mediated
exchange of surface molecules e.g. the activatfoh cells by antigen-presenting cells
i.e. immunological synapse and (iii) the exchangeboth membrane and cytosolic
components (including organelles) via nanotubufes® In addition to these
communication lines, cells may transfer informatida membrane-bound fragments
which are generically termed microvesicles (MV$)JVs have been known to exist for
quite some time. However, their role in cell-tdka@mmunication was not initially
realised. It was thought that they were simplatimell debris or plasma membrane
turnover® or even artefact§ It was De Broeet al ’ who first suggested that these
plasma membrane fragments result from a specifdpdical process and also, that the
enzyme composition of the vesicle membrane maiathime same ratio as that of the
parent cell.

Subsequently, it was realised that the tenmorovesicledoes not represent one, unique
homogeneous entity. Indeed, the nomenclature enfithdd of membrane-bound small
fragments remains controversial and confused. 3ersauch as microvesicle,
microparticles (MPs), exosomes, ectosomes, shedaisigles and even apoptotic blebs
are often used interchangeably in the literaturetheir review paper, Simpsat al ®
observe that these entities share many similaritieer example, exosomes, apoptotic
blebs and MPs exhibit the same membrane topologyihe cytosolic side of the lipid
bilayer is inside the vesicle while the luminal ff@m of the membrane is exposed with
bound phosphatidylserine. The authors state thiditel case of MPs and MVs, the variety

of isolation schemes employed, and a lack of biotbal and biophysical validation
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protocols leads one to ask if these vesicles reptediscreet entities with specialised
functions or are merely different sizes of the sahneg. Further, the term MVs is often
used to describe different species of vesicle, evhtl other times as a generic term for
MPs and exosomes, thus using the terms interchbtygesadallahet al ° make no
distinction between ectosomes and shedding vesiclebnstoné® cites some examples
of studies which produced conflicting results i thnalysis of vesicles derived from
tumour cells. It was concluded that a lack of infation and a precise definition of
terms may lie at the core of the discrepancy initeeature. The author further adds that
a single cell may produce different populationsve$icles and that most investigators
have harvested these as if they represented aespapulation of identical vesicles.
Cocucci et al ® define a number of terms which may be useful iarifgling all

subsequent discussion in this project, and is grediin Table 3.1.

Micro/Nano Vesicle Terminology
Ectosome: term used to indicate shedding vesicles of neutrophils and
monocytes.

Endosome: small vesicle accumulated within MVBs and discharged upon their
exocytosis.

Enlargesome: a non-secretory exocytic vesicle.

Endosomal sorting complexes required for transport (ESCRETS):
multimolecular systems involved in the sorting of MVB vesicles.

Exosome: a vesicle contained in MVBSs.

Microparticle: term used to define shedding vesicles of platelets and
monocytes.

Microvesicle: term used to indicate exosomes and shedding vesicles together.

Multivesicular bodies (MVBs): intracellular organelles of the endosomal
system that contain exosomes. MVBs can fuse with the plasma membrane,
releasing exosomes from the cell.

Shedding vesicle: a vesicle that buds directly from the plasma membrane into
the extracellular space.

Table 3.1:A list of various micro/nano vesicles and theiridiéibns as proposed by

With a defined vocabulary in place, a more detadgdmination of micro/nano vesicles
will follow. Regardless the vesicle type or itsgim, there are but two distinct processes

of vesicle release from cells. In broad termsdlae;
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1. Vesicles that are derived from the endosomal paghwadich following
subsequent fusion with the plasma membrane, areytosed as exosomé&s.
2. Vesicles that originate by direct budding of th# peasma membran®

3.0.2 Microvesicle variety

A concern in the study of MVs lies in distinguishione vesicle type from another. As
mentioned above, the terminology and vocabularyleyep does not enjoy universal
agreement. Vesicle populations recovered fromeeitlell incubation media or biofluids
are inevitably of mixed origin. Thémt al'? provide a very useful table summarising the

physicochemical characteristics of different typésecreted vesicle. This is shown in
Table 3.2.

Feature Exosomes  Microvesicles Ectosomes Mem_braneExoso_me-Ilke Apop_toplc
Particles  Vesicles Vesicles
Size 50-100nm  100-1,000nm 50-200nm 50-80nm 20-50nm 56+500
Density in 1.04-
1.13-1.19g/mL ND ND 1.1g/mL  1.16-1.28g/mL
Sucrose gm 1.07g/mL g'm gm
Appearance by Iregular shape Bilamellar and Irregular
electron Cup shape and electron- Round Heterogeneous
. round shape
microscopy dense
00,000- e
Sedimentation 100,000g 10,0009 160,000-200,00! 8 ' 175,0009g 10,0009 or
0,000g
100,0009
Enriched in:
SCEic:e(S)trirc;:l;in Enriched in:
Linid P Ce?amii;e Exposes Cholesterol, Do not
P . ' . Phosphatidyl Diacylglycerol ND contain lipid ND
Composition Contains lipid .
serine exposes rafts
rafts; exposes hosphatidylserine
phosphatidyls phosp 4
erine
Tetraspanins
Main protein (e ¢ Integrlns, CRL anq CD133; no .
markers CD9) selectins and proteolytic CD63 TNFRI Histones
Alix CD40 ligand enzymes; no CD63
Tsgl01
Intracellular Internal Plasma Plasma Internal
- compartments Plasma membrane ND
origin membrane membranecompartments
(endosomes)

Table 3.2A summary of the physicochemical properties ofetedrvesicles. Various

differences and similarities are evident. ND=notaitmined. TNFRI=Tumour necrosis
factor receptor 1. Information adapted frdfn
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The author however, cautions that all vesicle map@ns are heterogeneous with
different protocols allowing enrichment of one typeer another. Also, it was stressed
that electron microscopy is only an indication eéile type and should not be employed
to define vesicle types. Cocuatial ® advise that presently the most promising studies
are those based on immunoprecipitation, using aedi#s against antigens exposed at the
vesicle surface. Recently Lee al *° listed differentially expressed markers between
ectosomes and exosomes. A modified list can heiseEable 3.3.

Marker

Function

Ectosome/ Shedding Vesicle

Tissue factor (TF)

Coagulation and angiogenesis

Flotillin-1 Lipid raft molecule

PSGL1 P selectin glycoprotein ligand 1 - cell adhesion
Blintegrin Cell adhesion molecule

IL-1B Cytokine involved in inflammation

MMP2 Matrix metalloproteinase involved in degradation of ECM
MMP9 Matrix metalloproteinase involved in degradation of ECM
EMMPRIN ECM metalloproteinase inducer

ARF6 Remodelling of membrane lipids and actin

MUC1 Mucin associated with pathogen protection

CB1 Cannabinoid G protein coupled receptor

Lineage Markers

CD61; glycophorin A; CD66e; CD14; CD62e
Exosomes

CD9 Tetraspanin - cell surface glycoprotein

CD37 Tetraspanin - cell surface glycoprotein

CD63 Tetraspanin - cell surface glycoprotein

css1l Tetraspanin - cell surface glycoprotein

CD106 Tetraspanin - cell surface glycoprotein

Tspan8 Tetraspanin - cell surface glycoprotein

HSP70 Heat shock protein

HSP90 Heat shock protein

Caveolin-1 Scaffolding protein of lipid rafts

Rab-5a GTPase involves in endocytosis

Rab-5b GTPase involves in endocytosis

PLP Proteolipid protein

Alix Protein involved in late endocytosis

TSAP6 P53 transcriptional target involved in exocytosis
Tsgl01 Protein involved in ubiquitination-dependent endocytosis
MHC Classl/II Immune recognition/regulation

Flotillin-1 Lipid raft molecule

Table 3.3: Molecular markers believed to be associated withogmmes/shedding
vesicles and exosomes
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Recently, Gyorgyet al * published a paper cautioning against interferipecies in the

isolation of MVs. It was claimed that after conmipeasive characterisation of MVs by
electron microscopy, atomic force microscopy, dyitanight scattering and flow

cytometry, protein complexes, especially insoluipenune complexes (IC) overlap in
biophysical properties (size, light scattering aedimentation) with MVs. The effect of
this overlap is that purification and quantificatiof MVs is compromised as both ICs
and free immunoglobulins may co-precipitate in pledlet. This is especially true in the
case where ICs are common, including autoimmuneadess, hematologic disorders,
infections and cancer. They conclude tH&esults obtained without MP-IC

discrimination should be interpreted cautiouslyhisTis also underlined by a previous
work in which RA SF MPs were reported to carry Id@, complement components,
serum amyloid P and C-reactive protein’A study by Mayret al *° on microparticles,

found that immunoglobulins were not surface laleldth the fluorescent tag CyDyes
and suggested that these species might be entrapihéa the vesicles. In light of these
findings it may be important to establish the arigf any immunoglobulins present. Are
they (i) free species within the matrix, (ii) asswed on the microvesicle surface or (iii)

entrapped within the vesicle? Could it be thaythee present in all three locations?

Other potential “contaminants” in any MV-isolatioprotocol are high-density

lipoproteins (HDLs). This is because due to comsillle overlapping density ranges,
HDLs will be potentially present if MV isolation [zased on differential centrifugation or
any variation thereof. From above, exosomes hawerssity range between 1.13-
1.19g/mL, while HDLs fall within the 1.063-1.210d/mange®.

MVs are therefore, an assorted population of mendtound entities that differ in

cellular origin, size and cargo composition and ahed in both physiological and
pathological conditions. Ratajczak and co-workef$ state that MVs are released by
cells upon activation by soluble agonists, by ptgisor chemical stress e.g. oxidative

stress and hypoxia and also by shear stress.

It now follows to describe the biogenesis of theigkes produced by these pathways.
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3.0.3 Microvesicle Biogenesis

3.0.3.1 Exosomes - Microvesicles derived from thegosomal pathway

Exosomes are saucer-shaped vesicles, 30-100nnametér and are bound by a lipid
bilayer*2. In general, these vesicles have a density rgnfgom 1.13g/mL (for B cell
derived) to 1.19g/mL (for intestinal derivet}) They are released into the extracellular
matrix (ECM) upon fusion of multivesicular bodied\(Bs) with the cell surface. MVBs
contain intralumenal vesicles (ILVs) that are relhduring exocytosis. These released
or exocytosed ILVs are then termed exosomes. Te kiaowledge on the assembly
mechanism of exosomes is still not compfeteHowever, what is known for certain is

that exosomes are a product of the endosomal pgthwa

Electrographs displaying the exocytosis of exosomey be seen in Figure 3.1. In
Figure 3.1a the MVBs from the endosomal pathwayrygay ILVs can be seen

approaching the cellular membrane. Following dosof the MVB with the plasma

membrane, The ILVs undergo exocytosis and are seteinto the ECM as exosomes
(Figure 3.1B).
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Figure 3.1: Colloidal gold electron micrographs of maturing slpe reticulocyte
exosomes at two different times. In (A) 18 hourst pncubation with transferrin
receptor mAb. The black arrow indicates the pahtcontact of the MVB with the
plasma membrane. After 36 hours(B) the MVB carghed into the ECM as exosomes.
Picture taken frofh

3.0.3.2 Biogenesis of exosomes

Exosomes originate from the cell surface and tleé is to ferry unneeded, damaged or
dangerous plasma membrane protein cargo - eittemadised from the cell membrane
or through the Golgi network - to the lysosomedestructior’ % or to the cell surface

for release as exosomes. Johnsetral # initially coined the term exosome for vesicles

78



produced by intracellular budding in the endosorhderHardinget al 23 first proposed
a model for the secretion of entrapped vesiclehiwithe endosome at the cell surface.
This model was confirmed by Pat al *. Using immunoelectron microscopy, both
groups studied the fate of an internalised antigf@rin receptor antibody in
reticulocytes. They also provided a chronologgsduence of events culminating in the

release of exosomes at the cell surface. Thisbaaeen in Figure 3.2.

Excsomes
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Vo

%

' i

I =

/0%
il [‘i%) A
F\AB S

M% b Hw@% O ﬁ'/
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Multivesicular endosome

Figure 3.2: The chronological pathway for the formation of exoges as proposed by
Harding?® and Par?*. The pathway followed by internalised anti-tramsh-receptor
antibody is outlined. Invagination or internal kdidg of the late endosome to for a MVB
can be seen before final release to the ECM asoenes. Image taken frofn

An overall schematic representation of the endocpi@thway outlining the fate of

proteins can be seen in Figure 3.3.
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Figure 3.3: A schematic diagram of the endosomal pathway. efrst(in red) are
entrapped inside the endosome. From there twoindg®in routes are possible —
destruction by fusion with a lysosome or exocytesisusion with the plasma membrane
as exosomes. Diagram is taken froin

From Figure 3.3 it may be seen that proteins wraoh delivered to the endosome
become engulfed in vesicles which are generatemtbynal budding or invagination of
the endosomal membrane to form ILVs. This MVB hert destined to fuse with the
lysosome or with the plasma membrane. It is siit known how a decision at the

cellular level is made determining which of the twaotes the MVB embarks upon.

Though the presence of MVBs is now widely acceptieee are still significant gaps in
the understanding of MVB biogenesis, in particuthe budding or invagination
mechanism and the protein cargo selection process

Relating to the sorting of cargo, Katzmaenal %

proposed that protein sorting into
MVBs involves monoubiquitination of endosomal pinge while van Nielet al. ?° in
their study of dendritic cells suggested that aligiquitination may also be a sorting

mechanism for trafficking proteins into MVBs. liaw proposed that oligoubiquitination
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increases the cargo sorting efficiency. Finaliyieo studies® * provide evidence that
proteins need not be ubiquitin labelled for inatusin the MVB.

Hurley et al *? outline four membrane budding models which maypéen labelled A-D

in Figure 3.4.
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c endosomal LEPA pathway r‘% ‘_{
u Pmsi 7T gt
@- D Early/sorting |/- 1"“._,
{"’ . &ndusome y
Pmel17 processing
pathway
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Figure 3.4: Modes of endosomal membrane budding within the Eelur separate
mechanisms are known to exist, labelled A ,B, ClandDiagram taken front

3.0.3.2.1 ESCRT Dependant Membrane Budding
A key promoter for protein inclusion in MVBs is thetero-oligomeric protein complex,

endosomal sorting complex required for transpo8GRT)%". ESCRT-O0, -1, -Il and —II
are believed to recognise ubiquitinated proteirdsamsure their inclusion in MVBs. It is
believed that once the cargo is delivered to trecles the ESCRT complex dissociates
from the membrane and is recycled for further cdrgosport. Interestingly, Simpset

al.  include the ESCRT-I,-Il and -1ll complexes in thist of proteins possessed by
exosomes. This conflicting data again highlightack of consensus within this current
area of research.

The endosomal pathway is believed to begin with presence of the lipid,
phosphatidylinositol 3-phosphate (PI(3)P) plus uliig-labelled species on the surface
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of the early endosome. This may be seen in thewaat labelled B in Figure 3.4. The
PI(3)P plus the ubiquitinated cargo form a docksitg on the endosomal surface for the
ESCRT complexes. The membrane budding processts epmplex and the fine detalil
is still not fully understood. Briefly ESCRT-0, wh contains five ubiquitin-binding
domains, binds to ubiquitinated cargo on the end@scurface®’. This initiates the
recruitment of ESCRT —I, -ll and —Iif* * The ESCRT-I and —Il complexes are
believed to drive the budding process while the ESdI unit cleaves the bud neck and
so completes the formation of the ILV. It is hylpesised that as the ESCRT complexes
are localised at the bud neck, budding proceedsy dvean the cytosol without the
ESCRT complex being included in the ILV. Againistivould appear to conflict with

Simpsoret al.® who found ESCRT moieties engulfed within exosomes.

3.0.3.2.2 Lipid Lysobisphosphatidic Acid (LBPA) Depndant Membrane Budding

Matsuoet al. *°

proposed an alternative invagination model spetifithe late endosomal
pathway. They note that the late endosome contpsoximately 15% LBPA and
declare that this lipid is not present anywhere @tsthe cell. The authors conclude that
LBPA is involved in the trafficking of proteins anlipids through late endosomes.
Furthermore, they proposed that LBPA in conjunctiath the Alix protein in an acid
environment also produces ILVs. Alix is one of theoteins that are part of the
endosomal machinery responsible for sorting pretalong the endocytic/degradative
pathway?’. This model is also ESCRT-dependent. Their stutiave also shown that
the absence of either LBPA or Alix disrupts thedarction of ILVs. This process is

labelled A in Figure 3.4.

3.0.3.2.3 ESCRT and Ubiquitin Independent Membran@&udding

MVBs are also formed within lysosome-related ordjasee.g. melanosomes, without

requiring the ESCRT complex or ubiquitin labellinBaposaet al *® studied the sorting
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of the glycoprotein Pmell7 into ILVs in an ESCRTé@pendent reaction. This can be
seen as pathway C in Figure 3.4.

3.0.3.2.4 Spingomyelinase Dependent Membrane Buddin

Trajkovic et al *" discovered a further ESCRT-independent buddinghamism. Here,
ILVs are produced by the hydrolysis of sphingomyddy shingomyelinase to produce
ceramide. However, it is not clear which properte ceramide favour the budding
mechanism. What is known though, is that exosopneduced by this mechanism are
highly enriched in the tetraspanin CD63. CD63riseaosomal marker (Tables 3.2 and
3.3) and will be used to confirm the presence aisexnes. This mechanism is shown as

pathway D in Figure 3.4.

3.0.3.3 Biogenesis of ectosomes or shedding vesicle

Vesicles released directly from the cell surface &rmed ectosomes or shedding
microvesicles’. Stein and Luzig® first coined the term ‘ectocytosis’ for the releasf
vesicles from the cell membrane, though theseapaticles were first reported by Wolf
et al.in 1967°°. It was noticed that human plasma platelets gieticles that were
small, membrane-coated vesicles. Hence the tplatelet dust” was coined. Further
studies demonstrated that like the cells from whioky were derived, these particles
have a role in clotting and are not inert. Subsetly it was discovered that
microparticles can be released from multiple oghes e.g. macrophages, monocytes, B
and T cells, neutrophils, erythrocytes, endothatells, vascular smooth muscle cells,
epithelial cells and tumour cell [in&%

The cell membrane is composed of a lipid bilayelowever, each of the two leaves is
quite different in terms of lipid composition i.there is lipid heterogeneity. The inner
(cytosolic) membrane contains phosphatidylserin®) (Bnd phosphatidylethanolamine
(PE), while the outer leaf is enriched in phospghdtiholine and sphingomyelin. This
asymmetric lipid composition of the cell membrasenaintained and controlled by three

enzymes — flippase, floppase and scramblasén response to cell stimulation there is a
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sustained increase in €aoncentration in the cytoplasm and this is thougHead to a
breakdown in the asymmetric lipid composition o thuter membran&. A notable
feature of this remodelling is the surface exposwoirgdhe inner PS moiety. This is
followed by MP release into the ECM by a’Gdependent proteolysis of the cellular
membrane. These released vesicles are termed e@ssor shedding vesicles. A
schematic diagram of such vesicles may be seeigurd-3.5. This representation does

not display all the cargo species present in theseles.

Targeting/adhesion

Phosphatidylserine

Cell
stimulati

Tissue factor
and clotting

Nonpeptidic
mediators

Cytoskeleton

Membrane fusion associated
and receptors

3 0.05-1 pm—)

GPI-linked
proteins

Figure 3.5: A schematic representation of an ectosome/sheddisigle released from
the outer membrane of a stimulated cell. Differelasses of protein and lipid effectors
are displayed. Diagram taken froth
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Sadallahet al ° in their recent review, state that although thedsling process is the
same in all cell types, the stimuli inducing thenfiation of ectosomes can differ from

one cell type to another. They go on to list Vesielease triggers for various cells.

3.0.4 Vesicle cargo composition

3.0.4.1 Exosome cargo composition

The membrane and internal composition of MVs depemd(i) the original cell type and
(i) the mechanism of MV release In the case of exosomes, the cargo is believed t
consist of entities found in the cytoplasm andha plasma membrane. They do not
contain proteins belonging to the nucleus, mitochian Golgi or ER*. A review of the
protein composition of exosomes classified by profanction and their location was

provided by Schoregt al. *°. A schematic summary is reproduced in Figure 3.6.
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Figure 3.6: A schematic diagram of an exosome displaying pmot@mposition by
namcié function (imed) and location (i.e. membrane bound or solublelagdam taken
from
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Simpsonet al ® in their recent review provide two tables listipgoteins found in

exosomes. In the first table (reproduced heradaiscussion, as Table 3.4) is a list of

proteins reported to be found all exosomes studied to date, while the second table

provides a list of cell-type specific exosome pide Included in this list are some

biofluids, though synovial fluid is not included.

Protein Category
1 Antigen-presentation

2 Cell Adhesion

3 Cell structure and motility

4 Heat shock proteins & chaperones

5 Metabolic enzymes

6 MVB biogenesis
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Description
HLA class 1 histocompatability antigen

Lactadherin
Thrombospondin-1
Integrins

Claudin-1

Actins
a-Actinin-4
Cofilin-1
Erzin
Moesin
Myosin
Radixin
Tublins

Heat shock cognate 71kDa protein
Heat shock protein hsp90pB
T-complex protein 1

a-Enolase

Fatty acid synthase
Glyceraldehyde-3-phosphate dehydrogenase
Phosphoglycerate kinase 1
Phosphoglycerate mutase 1

Pyruvate kinase isozymes M1/M2

Alix

ESCRT I complex

Tumour susceptibility gene 101 protein
Vacuolar sorting protein 28

Vacuolar sorting-associated protein 37
ESCRT Il complex

Vacuolar sorting-associated protein 25
Vacuolar sorting-associated protein 36
Vacuolar sorting protein SNF8

ESCRT Il complex



7

10

Signaling proteins

Tetraspanins

Transcription and protein
synthesis

Trafficking and membrane fusion
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Charged MVB proteins

14-3-3 Proteins
GTPase Hras

Rho GDP-dissociation inhibitor 1
Rho-related GTP-binding protein RhoC
precurser

Ras-related protein Rap-1b

Ras-related protein Rap-2b

Ras-related protein R-Ras2

Ras GTPase-activating-like protein IQGAP1
Syntenin-1

Transforming protein RhoA

Guanine nucleotide-binding protein (G
proteins)

CD9 antigen

CD63 antigen
CD81 antigen
CD82 antigen

Histones

Ribosomal proteins
Ubiquitin

Elongation factor 1-a 1

Annexins

ADP-ribosylation factor

AP-2 complex subunit a-1

AP-2 complex subunit B-1

Clatherin heavy chain 1

Rab GDP dissociation inhibitor 8
Synaptosomal-associated protein 23
Syntaxin-3

Table 3.4:List of proteins commonly found in all exosomesdistlito date. Adapted from

3.0.4.2 Ectosome/Shedding vesicle cargo composition

Vesicles originating from the plasma membrane arg thought to contain some unique

proteins and like exosomes, their cargo conteméctsf their cellular origin. Figure 3.5



displays the protein and lipid classes that areighbto comprise ectosomal cargo. For
example, B1 integrin is concentrated in the membrane of d&ledsling vesicles
investigated to date, while vesicles shed from ttsnand neutrophils are enriched with
metalloproteinases and other proteolytic enzyPneBhe latter are believed to function in
the digestion of the ECM necessary for the progoésaflammation and caner growth.
Del Condeet al ** discovered that the vesicles shed from platelsts eontain various

integrins necessary for coagulation e.g. the glyaigmns GPIb and GPIlb-llla.

3.0.5 Microvesicle function

It has already been mentioned that cellular vesallgase is one mode of communication
between cells. Figure 3.7 outlines the mechaniswaved in vesicle-mediated cell-to-

cell communication.

a Y . gl Transfer of Epigenatic
mmm reprogramming

Stimulation of *‘h i'_"'\-» mambrane
target cells q\ Fo receptons

s of target cells
i, \ DF]WE nd
e _ y &
EEF H&HQ profeins i Q
| y

mH NF'.

Figure 3.7: Four mechanisms by which microvesicles can intewaith target cells.
Diagram is taken from — MVs act as (a) signaling complexes, (b) receptamsferors,
(c) delivery agents and (d) mediators in the transff genetic information between cells.

Camussiet al > provide detailed examples of each mechanism. ribf, MV function

may influence the activity of target cells in fouays;

(@) Act assignaling complexes by directly stimulating target cells -g.ein

coagulation and clotting factors
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(b) Act asreceptor transferors between cells — e.g. (i) antigen presentation-tells,
(i) promotion of pro-adhesion properties througk transfer of CD41, (iii) removal
of harmful molecules such as Fas or complementlatamplexes and (iv) spreading

infective agents such as HIV type |

(c) Act asdeivery agents of proteins between cells — e.g. apoptosis induacti
molecules such as caspase-1 or the delivery of qulge that contribute to the
destruction of certain infective agents e.g. priolmsaddition, they act as vehicles for
soluble (e.g. IL-B) and insoluble (e.g. membrane antigens, transnmamebreceptors

and transmembrane ligands) proteins.

(d) Act asmediatorsin the transfer or shuttling of genetic informatioetween cells —
e.g. mMRNA from tumour cells to monocytes or microk&&N(regulators of protein

translation)

In the last year Leet al *® stress the importance of intercellular communératia MVs

to processes such as cell polarity, cell diffeagndn (e.g. from reticulocytes to mature
red cells by the removal of transferrin), migratiochemotherapy resistance,
immunoregulation, inflammation, coagulation, angiogsis and cancer metastasis. In

their study of cancer metastasis Hendrixal *°

postulate that MVs provide a platform
for the controlled assembly of multimolecular coexds with a pre—programmed
composition of proteins, lipids and nucleic acid$iese inner vesicle assemblies are then
delivered to the target cell. The terffirojan exosomes”was coined to describe this
phenomenon. Recently, Taylet al “® described the immunosuppressive properties of
exosomes of tumour origin both vivo andin vitro e.g. their ability to mediate apoptosis
of activated cytotoxic T-cells or the impairmentodnocyte differentiation into dendritic

cells.

3.0.5 Species present in biofluids which impact MYield

Certain endogenous species present in the samplameafere with the yield of MVs
isolated and hence impact adversely on the segit¥/low abundant species that may

be present. In the isolation of exosomes fromeufor example, the Tamm-Horsfall
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protein was found to be an effective MV-trappingiif'’. Its polymerisation entraps
urinary exosomes as thus prevents their isolatianng the ultracentrifugation stage.
Therefore, it is necessary to depolymerise thisegmmdefore isolating exosomes and this
was achieved by treatment with dithiothreitol (DTTMore recently, Musantet al*®
improved on this method by employing the milder edgént 3-[3-
clolamidopropyl)dimethylammino]-1propanesulfonicHEPS), which was found not to
affect vesicle morphology or exosomal marker distion.

For isolating exosomes from human plasma, Laetzal *° employed fast protein liquid
chromatography to remove interfering very low-dgnslipoproteins (VLDL) and
intermediate-density lipoproteins before ultracdémgation.

With SF it may be the case that viscous hyaluraecid may entrap MVs. This will be

investigated in this project.

3.0.6 Microvesicle studies in synovial fluid

A search through PubMed vyields surprisingly litttncerning the study of microvesicles
and the relationship to arthritis in synovial fluidfThose studies that were made were
related to inflammation in RA. Boilardt al *° identified platelet microparticles in
synovial fluid from patients with RA and other fasnof inflammatory arthritis. No
microparticles were detected in the synovial floidpatients with OA. The platelets
were pro-inflammatory and elicited cytokine respemfom synovial fibroblasts via II-1.
However, Skrineet al. * also isolated exosomes from patients with RA, trea@rthritis
and OA and this group found that citrullinated pmos (citrullination is a crucial step for
changing a nonimmunogenic protein into an autoimogenic protein) are found iall
synovial fluid exosomes, including OA. They ackhedge that further studies will need
to be undertaken to reveal why the immune systeRAnexclusively recognises these
proteins (fibrin-derived molecules andd§mas autoantigens. They did however; find that

fibronectin and 1gG were recovered only in RA exuoss.
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3.0.7 Project aim

The overarching aim of this project is to charasterthe proteome of MV in
osteoarthritis SF.

The first objective is to establish a MV isolatignotocol for synovial fluid and in
particular to determine if hyaluronic acid entrapgrovesicles in a manner similar to
Tamm-Horsfall in urine or if ICs co-precipitate wiMVs. This has not been established
to date.

With a customised protocol established, isolated WBfe prepared for MS analysis and

the vesicle-associated proteome elucidated.
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3.1 Materials & Methods

3.1.1 Reagents
All reagents were obtained from Sigma Aldrich excgpere noted.

Absolute Ethanol (HPLC Grade), Acetic Acid (reagefB.7%), Acetronitrile (HPLC-
grade), Acrylamide (molecular biology), Alcian BIlu&-GX (electrophoresis),
Ammonium Bicarbonate (anhydrous), Ammonium persalph(APS) (Ultra ~99%)
(98%), B-mercaptoethanol (98%), Calcium Chloride (96%), AB¥$, Coomassie
Brilliant Blur R, Coomassie Brilliant Blue G-250 @ck), Dithiothreitol (DTT)
(molecular biology), EthylenediaminetetraaceticidA¢EDTA) Formic Acid (Fluka),
Glycerol (molecular biology 99%), Glycine (electhmpesis 99%), Hyaluronadase (from
bovine testes), lodoacetamide, Methanol (ThermgcHeér), N-acetylcysteine, Nitric
Acid (5% v/v), Ponceau Stain (electrophoresis),i@odChloride (molecular biology),
Sodium Deoxycholate, Sodium Dodecyl Sulphate (S@P8)ka) (Ultra >99%), Sodium
Formate, Tris(2-carboxyethyl)phosphinehydrochloffd2EP), Tetra-methylethylene-
diamine (TEMED), Tris-HCI, Tris pH 6.8, Tris pH 8.8riton x100; Trypsin (Promega),

Tween-20, Urea

Odyssey blocking buffer and molecular weight stadslavere obtained from LI-COR

Biosciences (Lincoln, New England, USA)

3.1.2 Antibodies
Primary Antibodies: Polyclonal Rabbit Anti-human dSomucoid ¢-1-Acid

Glycoprotein), Polyclonal Rabbit Anti-human Apolpotein A-1, Polyclonal Rabbit
Anti-human a-2-Macroglobulin, Polyclonal Rabbit Anti-human Igkind Polyclonal
Rabbit Anti-human IgG were supplied by Dako (Denkhar

Polyclonal Rabbit Anti-human IgD was supplied bykDgdDenmark).

Polyclonal Rabbit Anti-human Tsgl101 and PolycloRabbit Anti-human CD63 were
supplied by Sigma.
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Secondary Antibodies: Goat anti-Rabbit IRD\@OOCW & 800CW were supplied by
Licor.
Protein A immobilised on agarose CL-4B frddtaphylococcus aureusas purchased

from Sigma.

3.1.3 Equipment
Nitrocellulose, with a membrane pore size of 0.22filtar paper was purchased from

Whatman (Springfield, United Kingdom)

Filter paper purchased from Whatman

Sep-Pakl cartridges were purchased from Waters Corporation.

Odyssey Infrared Laser Scanner (manufactured byDROBiosciences, Lincoln, NE,
USA)

Speed Vac: Model MiVac manufactured by GeneVacf(Buflpswich, UK)
Centrifuges:

Mikro 200R manufactured by Hettich

Avanti®J-26 XP centrifuge (Beckman Coulter, Fullerton, C/SA)

OptimaTM L-90 K preparative ultracentrifuge (BeckmaCoulter, Fullerton,
CA, USA)

3.1.4 Synovial fluid sample preparation
Synovial fluid samples were obtained by informedisemt from patients attending the

Rheumatology Department of the Mater Hospital inbldbu Samples were aspirated
from the patient and placed in plastic sample d¢oata containing 1mM EDTA and

centrifuged at 2500g for 20 minutes to remove catid cellular debris. To reduce the
high viscosity of synovial fluid due to hyaluronacid, each sample was treated with
hyaluronidase from bovine testes (Img/mL 20mM phasp buffer pH 7 ) at 37°C

overnight. The requirement to perform this stepdétailed in the results section.
Samples were then stored in aliquots at -80°C.y Omé freeze/thaw cycle was permitted

per aliquot.
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3.1.5 Microvesicle purification from synovial fluid
A schematic representation of the initial differehtcentrifugation protocol that was

employed is shown in Figure 3.8. Customisatiorthad protocol for MV analysis is

developed in the results section.

Neat Synovial Fluid

v

Centrifuge @ 2,500 for 20min to remove calls & cellular debris

v

Centrifuge @ 18,0009 for 30min

! )

18,0009 18,0009 Pellet
Supernatant

|

Centrifuge @ 200,000g for 2hr

| |

200,000g Supernatant 200,000g Pellet

Figure 3.8: Flow diagram outlining the standard differenti@ntrifugation process for
the isolation of microvesicles from biofluids.

Following the initial centrifugation to remove cetnd cellular debris, samples were then
centrifuged in an Avariti-26 XP centrifuge (Beckman Coulter, Fullerton, Q/SA) at

18,0009 for 30 minutes at room temperature in adiangle rotor (Beckman JA-20,

94



Fullerton, CA) with the brakes applied. The 18@Qsllet was resuspended in 1mL
water and stored at -80°C. Next the 18,000g SHtifra was then subjected to an
ultracentrifugation step by an OptimaTM L-90 K paegtive ultracentrifuge (Beckman
Coulter) at 44,000 rpm for 2 hours at 4°C in a dramgle rotor (Beckman 70Ti,
Beckman) with braking applied. The 200,000g SN wesn stored at -80°C. 1mL of
water was added to the crude 200,000g pellet.

3.1.6 Microvesicle lyses
The resuspended microvesicles were lyased by addity)B-D-glucopyrannoside (final

concentration (1% w/v). Samples were mixed end-enel overnight at 4°C.

3.1.7 Protein assay
To ensure equal protein loading onto the gel, ttedepn concentration of each sample

was carried out using the Bradford assay. A rasfggtandards are made to generate a
standard curve, these include the concentrationsy BOOug/ml BSA. The Bradford
reagent composition was: 100mg Coomassie Brillgloe G-250 in 50ml of 95% (v/v)
ethanol and then mixed with 100ml of 85%(w/v) pHusjc acid®’. The mixture was
diluted to 1litre and allowed to dissolve. The dyehen filtered through Whatman filter

(0.45um) paper and stored at 4°C. Each standard andeavap run in triplicate.

3.1.8 Sample preparation for electrophoresis
To 10Qug protein (based on the Bradford assayul46f x5 sample buffer (10% (w/v)

SDS, 50% (v/v) glycerol, 5% (v/M}- mercaptoethonal and 1M Tris-HCI, pH 6.8) was
added and the final volume made up to@00This yielded 100Qg/20QuL protein. 1Qg
(20uL) of protein was loaded into each lane. To cotepf@otein denaturation, samples
were boiled for 5 minutes. For non reducing cdodg, omitp-mercaptoethonal from

the sample buffer and also the boiling step.
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3.1.9 Gel electrophoresis
Proteins were separated using SDS-PAGE employii@%- gradient resolving gel

(80mm x 50mm x 1mm). Table 3.5 summarises the ositipn of each solution.

Heavy Solution Light Solution
Final Final
Volume Concentration Volume Concentration

30% (w/v) Acrylamide 3mL 18% (w/v) imL 6% (W/V)
1.5M Tris pH 8.8 1.25mL 0.375M 1.25 mL 0.375M
10% (w/v) SDS 0.05mL 0.1% (w/v) 0.05mL 0.1% (w/v)
100% (v/v) Glycerol 0.7mL 20% (VIV) OmL 0% (w/v)
Water OmL 0.7mL
Total 5mL 5mL

Table 3.5:Composition of heavy and light solutions for thealging gel

2.4mL of each solution was added to each chamber.
Polymerisation was achieved by addingi220% (w/v) APS and 3;8- TEMED.
The composition of the stacking gel is shown inl&&h6.

Volume Final .
Concentration
30% (w/v) Acrylamide 0.23mL 3.50%
0.5M Tris pH 6.8 0.5mL 0.125M
10% (w/v) SDS 0.02mL 0.1% (w/v)
Water 1.25mL
Total 2.0mL

Table 3.6:Composition of stacking gel

Polymerisation was achieved by addingid3.0% (w/v) APS and 78 TEMED.
Separation took place by applying 156mA per platelfdhour. The running buffer was
25mM Tris; 192mM glycine; 0.1% (w/v) SDS.

After electrophoresis the gels were either stainéth Coomassie or transferred to a
nitrocellulose membrane for Western Blot (WB) asay
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3.1.10 Colloidal Coomassie Staining
Gels were removed from the plates and placed iximagf solution (40% ethanol, 10%

acetic acid) for 1 hour. Next, the gel was washatt Milli-Q water (6 x Sminutes).
This removes SDS. Incubation in the Coomassia $&811% Coomassie solution (10%
(v/v) H3PQy, 10% (w/v) (NH).SO4, 0.12% (w/v) brilliant blue coomassie G, water to
final volume), 20% (v/v) methandf took place overnight. Excess stain was removed
using 10% (v/v) acetic acid. The gels were therest in water.

Gels were imaged with an Odyssey Infrared LaseniSaa

3.1.11Transfer to nitrocellulose membrane
Transfer to the nitrocellulose membrane was camwigdusing the ‘wet’ transfer method.

Transfer took place in 25mM Tris, 190mM Glycine,%20(v/v) ethanol buffer by
applying 100mA for 1 hour at 4°€. To confirm if protein transfer took place, the
membrane was stained with Ponceau and visuallyeaisd before being de-stained with
PBS. Membranes were blocked overnight at 4°C oo@n temperature for 1 hour with
blocking buffer solution [Odyssey Blocking BuffePBS ( 1 : 1)].

3.1.12 Primary and secondary antibody incubation
Following the membrane blocking stage, the membreae washed with PBST (PBS +

0.1% (v/v) Tween 20). Antibodies were diluted ax phe supplier instructions in
Odyssey blocking buffer/PBST 1:1. Incubation oé ttnembrane took place for 90
minutes at room temperature. Excess antibody ermsved employing a series of 4 x 10
minute washes with PBST. Next, the membrane wasbaed with a secondary
antibody (to the primary antibody) with a fluorestéag (either green 68th or red

700um) in Odyssey blocking buffer/PBST 1:1 for 1 homrthe dark. Finally, washing 4

x 10mins with PBST took place before imaging witk ©dyssey scanner.
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3.1.13 Determination of proteases activity employmzymography with gelatin
substrate

6-18% gradient gels (80mm x 50mm x 0.75mm) wer@gned as before except gelatin
was added to the heavy and light solution to al faoacentration of Img/mL. Gelatin
was dissolved into solution by heating to 50°C~d& minutes.

10ug non-reduced total protein was loaded into eacle land protein separation
performed as above.

Following electrophoresis, gels were placed in®ftillowing solution; 25mM Tris-HCI
pH 7.8 made up in ice-cold water containing 2.5%)(Writon x100. Mixture stirred at
4°C until required. This was to remove the demagueffects of SDS i.e. allow the
proteins to return to their pseudo-native state.

Gels were then incubated in the triton x100 sofufar 40 minutes at 4°C

To activate any proteases present, 50mL 5mM Ca@t added to each gel. Gels were
then incubated in a water bath at 37°C for 24 hours

Stain with 2% (w/v) Coomassie solution followed loystaining with 40% (v/v)

MeOH/10% (v/v) acetic acid solution, until cleamba are noted".

3.1.14 Determination of hyaluronidase (HAase) actity employing zymography with
a hyaluronic acid (HA) substrate

The method developed by Miura efalvas followed except instead of using a 7% (v/v)
acrylamide gel, a 6-18% (v/v) gradient gel was preg as outlined above.

HA was added to the heavy and light solution tmalfgel concentration of 1 a@/mL.

10ug non-reduced total protein was loaded into eacle land protein separation
performed as above.

Following electrophoresis, gels were placed in®ftillowing solution; 25mM Tris-HCI
pH 7.8 made up in ice-cold water containing 2.5%)(Writon x100. Mixture stirred at
4°C until required.

Gels were then incubated in the triton x100 sofufar 40 minutes at 4°C.
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The gels were then incubated in 0.1M sodium fornaaiet 0.15M NaCl at pH 3.5 for 16
hours at 37°C.

In order to prevent artifact formation (i.e. unetd bands due to non-enzymatic
proteins), the gels were incubated with 0.1mg/manpse solution (20mM Tris-HCI, pH
8.0) for 2 hours at 37°C.

Following this, washing with 20% (v/v) ethanol/1084v) acetic acid took place for 20
minutes.

The gels were then stained with 0.5% (w/v) alciarebn 20% (v/v) ethanol/10% (v/v)
acetic acid for 1 hour.

Finally, destaining took place in 20% (v/v) ethdh6o (v/v) acetic acid.

HAase activity was detected a unstained bands wbichespond to the positions of
enzymes which had migrated.

3.1.15 Removal of immunoglobulins employing Proteid affinity chromatography
Column conditioning Place 10mL Protein A beads (IgG binding capasity5mg/mL)

into a syringe. Wash through with 10 column volsnRBS, followed by one column
volume 0.1M glycine/0.15M NaCl solution. Finallyagh again with 10 column volumes
PBS.

Sample Loading:10mL of SF (40-300mg IgG, Table 1.2) were loadedoopre-

conditioned Protein A beads and equilibrated fomfiGutes. Collect flow-through in a

50mL tube on ice.

Elution of unbound fractian Wash column with PBS until no further proteirdistected

in the wash using a nano-drop. Dialyse againsem@aternight and SpeedVac to 10mL.
Elution of bound fraction To the column add 0.1Mglycine/0.15M NaCl, pH 2.3.
Continue to rinse column until no protein is detectusing a nano-drop. Bring to

physiological pH with tris-HCI.  Dialyse againstater overnight and SpeedVac to
10mL.

Carry out the MV-isolation protocol as detailed a0
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3.1.16 Preparation of OA 200,000g CHAPS pellet fanass spectrometry
200ug of reconstituted 200,009 pellet was dried ana tfissolved in 100L of reducing

solution (8M Urea, 5mM tris(2-carboxyethyl)phosphi(TCEP) (reducing agent),
1%(w/v) sodium deoxycholate (detergent that lydd®s), 200mM Tris pH8.8, 0.2mM
EDTA,; final pH > 8.2) for one hour at room temperat Alkylation followed with the
addition of 1@L 420mM iodoacetamide (final concentration 20mMj)xed end-over-
end in the dark for 90 minutes. Alkylation was ncieed by the addition of 20mM N-
acetylcysteine.

Proteins were precipitated as follows. To the @&bsample 60 MeOH, 20QiL
chloroform and 600L water was added. Vortex and centrifuge at 50@ddvwo minutes.
Remove aqueous layer and save. To the organic kEge a further 8Q MeOH.
Centrifuge at 14,0009 for 40 minutes. Remove tReaBd dry the pellet in the SpeedVac
to remove residual organic solvenit Reconstitute in 50. HPLC grade water. Divide

the sample - 28_ for in-gel and 2hL off-gel (shotgun) MS identification apprpach.

3.1.17 Preparation of polyacrylamide gel bands fomass spectrometry
Bands were cut into 1mm from the gel on a glaskegbreviously washed with 5% (v/v)

HNO; to removeresidual proteins and all traces of keratin. Gieles were placed in
PCR-grade eppendorfs previously washed with adeileni The bands were destained
with 0.5mL destaining solution (50% (v/v).8, 5% (v/v) acetic acid) for 2 hours.
Destaining was repeated a second time until thelgels were completely clear.
Reduction and alkylation took place as follows.r Femluction to occur, add g0 10mM
Dithiothreitol (DTT) for 30 minutes at room temptnge. Centrifuge and remove DTT
solution. Alkylation took place with the additiarf 30uL 50mM iodoacetamide in the
dark at room temperature for 30 minutes. Centefagd remove iodoacetamide solution.
Wash the gel slices with 100 100mM (NH;)HCO;for 10 minutes and remove.

The gel slices were then dehydrated in j@0@Gcetonitrile for 5 minutes. This was
repeated a second time. Rehydration with [10A00mM (NH,)HCO; followed.
Further dehydration of the samples took place whith addition of 200L acetonitrile,
followed by a second rehydration with 200100mM (NH;)HCO;, The samples were
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then centrifuged to remove (NHHCOs. A further dehydration step with 200
acetronitrile took place before the gel slices wadtted in the SpeedVac.

The trypsin solution was prepared as followqu@@romega trypsin (Promega, Madison,
WI) was added to 5QQ ice-cold 50mM (NH)HCO; i.e. trypsin concentration =
10ngfiL. This was kept on ice. The gel slices were thewered with 50L of the
trypsin solution and rehydrated on ice for 30 masut Excess trypsin solution was
removed by centrifugation before covering the sliceith 50mM (NH)HCO;.
Incubation then took place overnight at 37°C.

The resulting peptides were extracted wittul3®% (v/v) formic acid for 10 minutes.
Following centrifugation, the supernatant (SN) wamoved and placed into a fresh,
acetonitrile-washed eppendorfs (Protein LoBind jub&xtraction of residual peptides
from the gel slices took place by the addition @il55% formic acid in 50% acetonitrile.
Following centrifugation, the SN was removed aratpd into the same eppendorf as the
first SN. To complete the peptide extraction pssckom the gel slices, the slices were
washed with two cycles of 20 50mM (NH;)HCOs/20uL 5% (v/v) formic acid/5QL
5% (v/v) in 100% acetonitrile. All SNs were poolkedfore reducing to vl and then

reconstitute to 2@ total volume with 1% (v/v) acetic acid.

3.1.18 Preparation of microvesicles for separatiohy HPLC followed by mass
spectrometry

To the second 28 sample, add @ trypsin (i.e. 2ug trypsin/10Qug protein) in 50mM
Tris-HCI, pH 8.0 and 1% (w/v) sodium deoxycholatkiet is compatible with trypsin
activity °® . Incubate overnight at 37°C.

Sodium deoxycholate was removed as follows. Add(86 formic acid to the sample.
Centrifuge at 24,0009 for 15 minutes and save the BResuspend pellet in 25mM Tris
pHB8.8 and acidify with 1% (v/v) formic acid. Repezntrifugation. Pool all the SN
fractions”’.
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3.1.19 Purification of trypsin-digested peptides
Condition SepPak cartridge with 1mL 100% (v/v) Me@owed by 2mL 80% (v/v)

acetonitrile. Equilibrate with 4mL 0.1% formic dci Acidify sample with 90L 10%
(v/v) formic acid to a final pH 2-3. Load acidifiesamples onto the cartridge. Wash
cartridge with 6mL 0.1% (v/v) formic acid. Elutegides into a clean tube with 1mL
0.1% (v/v) formic acid/80% (v/v) acetonitrile. Cazentrate sample by SpeedVac to about

20 uL final volume.

3.1.20 Mass spectrometry using LC—-MS/MS

All mass spectrometry analysis was carried out hey Mational Institute of Cellular
(NICB) Biotechnology with whom a collaboration walstained. The following protocol

was supplied by NICB.

Nano LC-MS/MS analysis was carried out using anmdite 3000 nanoLC system
(Dionex) coupled to a hybrid linear ion trap/Orhfirmass spectrometer (LTQ Orbitrap
XL; Thermo Fisher Scientific). Five microlitres digest were loaded onto a C18 trap
column (C18 PepMap, 3Q0n ID x 5 mm, Sum particle size, 100 A pore size; Dionex)
and desalted for 10 min using a flow rate ofp2%min in 0.1% (v/v) TFA. The trap
column was then switched online with the analyticelumn (PepMap C18, 7%n

ID x 250 mm, 3um particle and 100 A pore size; (Dionex)) and pigsti were eluted
with the following binary gradients of solvent AdaB: 0—25% solvent B in 120 min and
25-50% solvent B in a further 60 min, where solvemonsisted of 2% (v/v) acetonitrile
(ACN) and 0.1% (v/v) formic acid in water and soivd consisted of 80% (v/v) ACN

and 0.08% (v/v) formic acid in water. Column floate was set to 350 nL/min.

Two-dimensional peptide separations in-line usimgUWtimate 3000 nanoLC system
(Dionex) coupled to a hybrid linear ion trap/Orafirmass spectrometer (LTQ Orbitrap
XL; Thermo Fisher Scientific). 20 of digest were loaded onto a BioX-Strong Cation
Exchange (SCX) column . 50Qum i.d. x 15mm p-Precolumn™ Cartridge, Dionex)

for 10 min using a flow rate of 2&/min in 0.1% (v/v) TFA. Sample complexity was

reduced by eluting small fractions of peptides frhra SCX column with salt plugs at
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concentrations of 0, 10, 25, 50, 100, 500, 1000mM\manium formate containing 0.1%
(v/v) TFA. The SCX fractions containing peptidesrav¢hen subjected to reverse phase

separation as described above.

Data were acquired with Xcalibur software, vers?tod.7 (Thermo Fisher Scientific). The
mass spectrometer was operated in data-dependemé @od externally calibrated.
Survey MS scans were acquired in the Orbitrap & 4B60-1800 iz range with the
resolution set to a value of 60,000 atzr400. Lock mass was set at 445.120025 u
(protonated (Si(Ck)20)s). Up to seven of the most intense ions (1+, 2+ Z¥)dper scan
were CID fragmented in the linear ion trap. A dymamxclusion window was applied
within 40 s. All tandem mass spectra were collectsidg a normalised collision energy

of 35%, an isolation window of 3/m and one microscan.

Proteins were identified using BioWorks 3.2 fromefimo Fisher Scientific using the
HUPO criteria with XC scores of 1.8, 2.2, 3.75 $orgle, double and triple charged ions.
A peptide probability score of 0.05 was also us€de database used was Human
UniProt-SwissProt downloaded January 2012. Carbetyyhation of Cysteine was set
as fixed and oxidation of methionine as a variahtaification. Two missed cleavages
were allowed. The mass tolerance for precursor vaes 20ppm and the mass tolerance

for fragment ions was 0.5Da.

3.1.21 Comparison of proteome after three modes ahalysis
Lists of proteins generated by MS were analysedgusin on-line comparison tool -

http://sablab.net/venn.php

3.1.22 Gene ontology classification analysis
The Panther Frotein ANalysis THrough Evolutionary Relationships) Classification

System Wwww.pantherdb.orgwas used to categorise the MV proteome as destifly
58

3.1.23 Transmission Electron Microscopy (TEM)
A sample of an OA 200,000g CHAPS pellet was senTraity College Dublin for

analysis by TEM. The following preparation procexiwas supplied by the technician.
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Instrument: Jeol 2100 TEM system (Joel Ltd., Toklapan)

The system was operated at 100kV to maximise csmtra

Sample preparation: Formavar carbon coated grigar(/Acientific, Stansted, UK) were
floated upside down on drops of solution

1. 50ul drops of sample. (60mins)

2. 3 washes of 0.1M phosphate buffer (3x10mins)

3. Transferred to 3% Gluteraldehyde solution. (3Gni

4. Then 3 washes of 0.1M phosphate buffer (3x10mins

5. The 2% Osmium Tetroxide (30 mins)

6. 1 phospdate buffer wash

7.2 dH20 washes.

8. Uranyl acetate. Drained with filter paper aridwaéd to dry over night.

Images were taken the next day.

104



3.2 Results

3.2.1 Optimisation of microvesicle harvesting protool

3.2.1.1 Assessment of the distribution of proteimiMV harvested at 18,000g and
200,0009g

MVs from 4 patient samples were isolated as in riegerials and methods section
(Figure 3.8).
(bottom panels) can be seen in Figure 3.9. Tursappressing gene 101 (Tsgl101) is a
specific exosomal marker (Table 3.2). It is onefair components of the ESCRT |
machinery and like ESCRT 0, its function is to bited ubiquitinated proteins at the

The Coomassie gels (top paneld)aamibody anti-Tsg101 Western Blots

endosome surfac®’ It is located on the inner surface of the exosome
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Lane 1: MWM

Lane 2: PSA 18,0009 Crude Pellet
Lane 3: PSA 200,000g Crude Pellet
Lane 4: PSA 200,000g Crude SN
Lane 5: OA1 18,0009 Crude Pellet
Lane 6: OA1 200,000g Crude Pellet
Lane 7: OA1 200,000g Crude SN
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Lane 1:
Lane 2:
Lane 3:
Lane 4:
Lane 5:
Lane 6:
Lane 7:

MWM

RA 18,0009 Crude Pellet
RA 200,000g Crude Pellet
RA 200,000g Crude SN
OAZ2 18,000g Crude Pellet
OA2 200,000g Crude Pellet
OA2 200,000g Crude SN

Figure 3.9: Coomassie and corresponding anti- Tsg101 WBsuwrfdatient samples
which were differentially centrifuged in order gblate MVs
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From the coomassie images in Figure 3.9 abovenitoe observed that for any particular
patient sample, there are different protein pastdvatween 18,000g pellet, 200,0009g
pellet and 200,000g SN. A further observationhis temarkable similarity in the band
profile between the two OA samples (Lanes 5, 6 &) also the differences between
these and both PSA (Lanes 1, 2, & 3 left) and Ran@s 1, 2 & 3 right). In addition a
WB of these samples was performed after incubatitim an exosomal marker, Tsg101.
This has a molecular weight ~46kDa. From these WRB=n be seen that there are
exosomes in all three fractions i.e. 18,000 g crpeléets, 200,000g crude pellet and the
200,000g crude SN. In the case of the OA samplesiticular, the exosome yield in the
targeted 200,0009 pellet is poor relative to theptwo fractions. In particular, there is
a strong signal in the 200,000g SN, implying a ld#ssn satisfactory enrichment of
exosomes in the targeted 200,000g pellet. Thexefbomethod needs to be developed to
maximise the exosome harvest in the 200,000g pli@thence increase the sensitivity of

any proteomic study.

3.2.1.2 Establishment of the effect of HAase treatemt on the yield of MVs

The 200,000g SN of each sample from the previoudysivas taken and the following
protocol was applied (Figure 3.10). This is areagton of the initial protocol displayed

in Figure 8.

Neat Synovial Fluid

l

Centrifuge @ 2,500 for 20min to remove calls & cellular debris

l

Centrifuge @ 18|,000§ for 30min

! '
18,000g 18,0009 Pellet
Supernatant

Centrifuge @ 2:)0,0009 for 2hr

¥ ¥
200,000g Pellet 200,000g SN

Hyaluronidase Treatment
|

Centrifuge @ 200,000g for 2hr

200,000g Supernatant 200,000g Pellet *

Figure 3.10: Treatment of the 200,000g crude SN with HAase (#tned in the
materials and methods section) aimed at recoveraglitional MV that may be
entrapped by HA
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From Figure 3.10, the original 200,000g SN wasté@avith HAase followed by a
second ultracentrifugation step at 200,000g. Viakled the HAase 200,000g pellet and
SN. Proteins from the pallet and SN were separale®@DS-PAGE. The Coomassie
stain can be seen in Figure 3.11. Comparing tl®e0P0g pellet lanes in Figures 3.9 and
3.11, it is can be seen that following treatmenthwHAase, there is considerable
enrichment of protein in the 200,000g pellet fracs particularly albumin at ~ 60kDa.
The two OA 200,000g pellet samples (Lanes 4 & 6yehaimilar band patterns.
However, the RA and PSA 200,000g pellets (Lanes @ &ave extra bands at ~40kDa,
80kDa and 90kDa.

1 2 3
=y
b d

Figure 3.11: Coomassie gel of the same samples run in Figuref@l8wing HAase
treatment at 37°C overnight.

250

150 Lane 1: MWM

Lane 2: RA 200,000g Pellet
Lane 3: RA 200,000g SN

=y
-
Lane 4: OA1 200,000g Pellet
Lane 5: OA1 200,000g SN
- e Lane 6: OA2 200,000g Pellet

Lane 7: OA2 200,000g SN
Lane 8: PSA 200,000g SN
Lane 9: PSA 200,000g Pellet

_—

Following this, the HAase 200,000g pellet in tuwgs treated with 1% (w/v) CHAPS
and mixed end-over-end overnight at 4°C as per heset al *® CHAPS is a non-
denaturing zwitterionic detergent and is ideallytesi to disrupt non-specific protein
interactions, while at the same time preservingtgimo conformation®. A third
ultracentrifugation at 200,000g was performed aoith firactions were analysed by SDS-
PAGE. The workflow is shown in Figure 3.12 and tlesulting Coomassie gel is in
Figure 3.13.
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Figure 8
|

v v
Original 200,000g Supernatant Original 200,000g Pellet

}

|

Centrifuge @ 2|00.0009 for 2hr

200,000g Crude SN 200,000g Crude Pellet

Incubate with 1% (w/v) CHAPS
Mix end-over-end overnight at 4°C

Centrifuge @ 2|00,000g for 2hr

200,000g CHAPS Supernatant 200,000g CHAPS Pellet

Figure 3.12: An extension to the workflow outlined in Figure B.dimed at further
enhancing MV recovery by removing those proteias déine loosely associated with the
vesicle surface, by incubating the original crudslgt with 1% (w/v) CHAPS overnight
at 4°C.

2 3 4 5 6 7 8 9 10
250 e TP ™ _ : Lane 1: MWM

S -— . Lane 2: PSA 200,000g Pellet
150 . - . : Lane 3: PSA 200,000g SN

100 Lane 4: OA1 200,000g Pellet

- - Lane 5: OA1 200,000g SN
7 O g o - il Lane 6: RA 200,000g Pellet
! ' | Lane 7: RA 200,000g SN
5 e W - . Lane 8: OA2 200,000g Pellet
- e = ; &
P ' " v

(3]

Lane 9: OA2 200,000g SN

Lane 10: MWM
37

25
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Figure 3.13: Treatment of the previous crude 200,000g pelleh ifo (w/v) CHAPS
solution.

Comparing Figure 3.11 and 3.13, it is shown thatefach sample, there is redistribution
of protein from the pellet to the SN post-CHAPSatreent. For example, albumin at

~63kDa has mainly moved to the SN following CHAPR&tment. Other species are also
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enriched in the SN in Figure 3.13 relative to FegBrll. Species that moved from the
pellet to the SN following CHAPS treatment are aaded with a yellow arrow for one of
patient samples. Examination of the 200,000g pédiattions in Figure 3.13 also
highlights an enrichment of protein following CHAR®atment due to removal of high

abundant, soluble/loosely bound protein into the SN

To better evaluate the protein profiling pre andtpdAase digestion, SDS-PAGE was
performed, comparing CHAPS-treated 200,000g pelges and post-digestion with
HAase for each sample. These were loaded intocadjalanes to aid comparison.
Further, each fraction was incubated with antibedigainst well known exosomal
markers i.e. Actirp and CD63. CDG63 is a tetraspanin protein assatiatth exosomes
(Figure 3.6 and Table 3.3). As it is a membrarcggin, it is an ideal species to act as a
positive control to demonstrate that CHAPS, whelmoving loosely bound proteins from
the vesicle surface, does not remove strongly &seocproteins. Actifp was listed by

61
L

Mathivananet al”" as the third most often found protein in exosoftbetind heat shock

protein 8 and CD63). The result of this study rhayseen in Figure 3.14.

12 34 56 7 8 910 1 234567 8 910

0 gefeR§es
100
75

LR
e

w
}‘.,
)
[
| ¥

Coomassie Stain Anti-CD63
12 3 45 678910

Lane 1: MWM
250 Lane 2: PSA 200,000g CHAPS Pellet before HAase
:_![%8 Lane 3: PSA 200,000g CHAPS Pellet afterHAase
75 Lane 4 : OA1 200,000g CHAPS Pellet beforeHAase

Lane 5: OA1 200,000g CHAPS Pellet afterHAase
Lane 6: RA 200,000g CHAPS Pellet beforeHAase
Lane 7: RA 200,000g CHAPS Pellet afterHAase
Lane 8: OA2 200,000g CHAPS Pellet beforeHAase
Lane 9: OA2 200,000g CHAPS Pellet afterHAase
Lane 10: MWM

50
37

25

Anti-actin 8

Figure 3.14: Treatment of the same samples analysed in Figurgé Before and after
HAase treatment. A Coomassie staining gel (upgfér and two WBs of known exosomal
markers — anti-CD63 (upper right) and anti-acirfflower left) — were prepared.

109



The Coomassie image in Figure 3.13 clearly dematestrthat further treatment of the
crude 200,000g SN with 1% (w/v) CHAPS, followed kanother 200,000g
ultracentrifugation step, resulted in further remxgvof MV. That these “extra” acquired
MVs contain exosomes was shown by performing a Wa&lysis with two well-known
exosomal markers — actfhand CD63. Incubation with CD63 exhibited bandshva
range of molecular weights. This species is kntahe heavily glycosylate?f and the
bands in the 75 -100kDa region are due to a higjre#eof glycosylation by polil-
acetyl lactosamin&.

3.2.1.3 Confirmation of the effectiveness of the H#se/CHAPS steps on MV
recovery

Seven new patient samples were taken and the folipexpanded workflow was applied
(Figure 3.15). This additional step (red box) wdesigned to establish if the 18,0009
fractions merited further study. The crude 18,0p@tet was treated with CHAPS and
centrifuged again at the same speed.

Neat Synovial Fluid

Centrifuge @ 2500 for 20min to remove cellular debr

HAase Treatment

Centrifuge @ 18,0009 for 30min
v I v
18,0009 Pellet 18,0009 SN Lane 2
| |
Redissolve in 1% CHAPS overnight @ 4°C Centrifuge @ 200,000g
| |
Centrifuge @ 18,0009 for 30min v l
| 200,000g Crude  200,000g Crude SN
v ¥ Pellet Lane 7
18,000g CHAPS 18,0009 CHAPS S\ l ane
Pellet
Lane 4 Redissolve in 1% CHAPS overnight @ 4°C
Lane 3
Centrifuge @ 200,000g
v l s
Lane 5 200,000g CHAPS 200,000g CHAPS SN
Pellet Lane 6

Figure 3.15: The workflow employed to establish the repeatgbdftthe previous study
with new patient samples and ascertain if furthealgsis of the 18,000g pellet merits
any further study
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SDS-PAGE Coomassie gels for this study are displayé&igure 3.16.

1 2 3 456 7 8

e

'PSA 133/109

OA 117/121
1 2 345 6 7 8 12 34 5 6 7 8

250
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100
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50
37

25

OA/CPPD
12345 67 8

RA 137

12 34 567 8 Lane 1: MWM

Lane 8: MWM

Lane 2: 18,000g Crude SN
Lane 3: 18,000g CHAPS Pellet
Lane 4: 18,000g CHAPS SN
Lane 5: 200,000g CHAPS Pellet
Lane 6: 200,000g CHAPS SN
Lane 7: 200,000g Crude SN

Figure 3.16 Coomassie gels representing various differentialtiiigation fractions as

shown in the workflow in Figure 3.15, representagyen different patient samples

111



Examination of Lane 3 in each gel confirms thaatmeent of the crude SN (Lane 2) with
CHAPS, followed by a further 18,0009 centrifugatgiap, yields a further enrichment of
protein in the pellet — bands that are not sedmime 2. This is particularly true in the
case of the three OA samples, though the othemluagies also display this enhanced
enrichment. As before, a redistribution of albur@e3kDa) from the pellet (Lane 3) to
the SN (Lane 4) is clearly seen. An interestingenation is the absence of a band
(~150kDa) in the PSA 200,000g CHAPS SN (Lane 6)ithpresent in the other six gels.

Overall there is a noticeable enrichment of solybiatein in the 18,000g (Lane 4) and
200,000g (Lane 6) CHAPS SN, relative to the comwasing crude SN fractions (Lanes 2
and 7) confirming that soluble or loosely-associgieotein was removed from the crude

pellet fraction following CHAPS treatment.

In order to establish the presence of exosome msrisamples representing different
pathologies (OA, RA, PSA and Gout) were analysed\s/employing anti-Tsg101 and
anti-CD63 as known exosomal markers (Table 2). s€heages are shown in Figures
3.17 and 3.18 respectively.
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Lane 1. MWM
%38 Lane 2: OA 18,000g CHAPS Pellet
Lane 3: OA 18,000g CHAPS SN
100 Lane 4: OA 200,000g CHAPS Pellet
75 Lane 5: OA 200,000g CHAPS SN
Lane 6: Gout 18,000g CHAPS Pellet
50 Lane 7: Gout 18,000g CHAPS SN
37 Lane 8: Gout 200,000g CHAPS Pellet
Lane 9: Gout 200,000g CHAPS SN
Lane 10: MWM
25

12 3 4 56 789 10

Lane 1: MWM

728 Lane 2: PSA 18,0009 CHAPS Pellet

100 Lane 3: PSA 18,000g CHAPS SN

75 Lane 4: PSA 200,000g CHAPS Pellet
Lane 5: PSA 200,000g CHAPS SN

50 Lane 6: RA 18,000g CHAPS Pellet
Lane 7: RA18,000g CHAPS SN

37 Lane 8: RA 200,000g CHAPS Pellet
Lane 9: RA 200,000g CHAPS SN

25 Lane 10: MWM

Figure 3.17: Establishing the distribution of exosomes amonfgihtially centrifuged
fractions of four different arthritic pathologieby incubation with the exosomal marker
Tsg101 (18,000¢(Blue) and 200,000¢Red))

123 45 6 78 9 10

Lane 1: MWM

Lane 2: RA 18,000g CHAPS Pellet
Lane 3: RA 18,000g CHAPS SN
Lane 4: RA 200,000g CHAPS Pellet
Lane 5: RA 200,000g CHAPS SN
Lane 6: OA 18,000g CHAPS Pellet
Lane 7: OA 18,000g CHAPS SN
Lane 8: OA 200,000g CHAPS Pellet
Lane 9: OA 200,000g CHAPS SN
Lane 10: MWM

Figure 3.18: Establishing the distribution of exosomes amontguiftially centrifuged
fractions of one OA and one RA patient samplenbybation with the exosomal marker
CD63 (18,000dBlue)and 200,000¢gRed)pellets)
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In Figures 3.17 and 3.18, it is shown that exosoarespresent in each patient sample.
Further, though they are present in 18,000g pdllenes 2 and 6), exosomes are
particularly enriched in pellet 200,000g (Lanesd 8). Finally, as seen in lanes 5 and 9
for both CD63 and Tsgl101, the recovery of exosomese pellet is not complete, as
there are still exosome markers present in the0B0g CHAPS SN. Due to the low
abundance of exosomal markers in the 18,0009 pedletive to the 200,000g pellet, it
was decided, in the interest of time availablgyuosue a study of the latter and leave the

study of the former to future research.

To evaluate the redistribution of soluble protdwifowing CHAPS treatment, a WB was
carried out incubating with anti-albumin. The aare is to confirm the transfer of
albumin from the pellet to the SN following CHAP®&dtment that was previously

discussed in relation to a Coomassie-stained gel.

In addition, in order to establish if there are gmital immuncomplexes present,
incubation with anti-IlgM was carried out. Knowirlgat IgM can exist either as a
pentamer of ~900kDa, or as a monomer, a 6-10% @nadel was prepared (rather than
the usual 6-18% gradient as outlined in the mdtarid methods section of this chapter)

in order to enhance resolution. These are shavgure 3.19.

Inspection of the WB in Figure 3.19 (left) confirtiet post CHAPS treatment, there is
almost a complete relocation of albumin from th®,200g CHAPS pellet (Lanes 4 and
8) to the 200,000g SN (Lanes 5 and 9). Thereillsatbumin present in the pellet

however, and this could be due to either incompleteoval from the vesicle surface or

this protein is also a component of the inner Jesiargo.
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37

Albumin
Lane 1: MWM Lane 1: MWM
Lane 2: PSA 18,000g CHAPS Pellet Lane 2: OA 18,0009 CHAPS Pellet
Lane 3: PSA 18,000g CHAPS SN Lane 3: OA 18,000g CHAPS SN
Lane 4: PSA 200,000g CHAPS Pellet Lane 4: OA 200,000g CHAPS Pellet
Lane 5: PSA 200,000g CHAPS SN Lane 5: OA 200,000g CHAPS SN
Lane 6: RA 18,000g CHAPS Pellet Lane 6: Gout 18,000g CHAPS Pellet
Lane 7: RA 18,000g CHAPS SN Lane 7: Gout 18,000g CHAPS SN
Lane 8: RA 200,000g CHAPS Pellet Lane 8: Gout 200,000g CHAPS Pellet
Lane 9: RA 200,000g CHAPS SN Lane 9: Gout 200,000g CHAPS SN
Lane 10: MWM Lane 10: MWM

Figure 3.19: WB analysis with anti-albumin to confirm transfefr smluble or loosely
associated protein from the pellet to the SN fahgWCHAPS treatment (left). WB image
displaying incubation with anti-lgM aimed at comfiing the possible existence of ICs

(right).

Examination of the WB image on the right in Fig3t@9 (IgM) shows a strong band in
each fraction at ~ 75kDa which could be the murcledilgM. Incubation with anti-IgM
shows that IgM is strongly associated with the Q00g pellet (Lanes 4 & 8) with
relatively little remaining in the 200,000g CHAPSI fLanes 5 & 9). There is also IgM
enriched in both the 18,0009 pellet and 18,000g &itther, the 18,0009 pellet, 18,0009
SN and 200,000g pellet fractions have high moleonkight bands that are absent in the
200,000g SN. The signal for these higher moleoutght species is most intense in the
200,000g pellet. At this point it is only possilbéespeculate that these may be dimers of
IgM present due to incomplete disulphide bond dgav This speculation is based upon
the fact that the more intense high molecular weligimds are approximately double the
weight of mu chain at ~75kDa. The presence of ighl chain was confirmed by MS
analysis. In addition, the immunoglobulin J chai&s also shown to be present by MS.
MS data will be discussed later in this sectionhisTconfirmation that IgM is MV-

associated and the possibility that ICs could besqmt, leads to the hypothesis that
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removal of these species may unearth and enriar t#hs abundant proteins in the MV

proteome.

3.2.1.4 Removal of Immunoglobulins employing Protei A chromatography in order

to maximize MV enrichment by elimination of interference from immunoglobulins

As ICs are likely to be most abundant in RA, a pdgbatient, HAase-treated RA sample
was analysed employing Protein A chromatograph®@s are formed when rheumatoid
factor reacts with the crystallisable fragment ffagment) of IgG. Rheumatoid factor is
one of three subclasses i.e. IgM, IgA and IgG aubodies, with IgM the
predominating species in arthrifid Protein A binds with high affinity to human 1gG
and moderate affinity to IgM, IgA and IgE. It domset bind human IgD. Unbound
proteins were eluted from the column with PBS whillee targeted, bound
immunoglobulins were eluted from the column witiiN. glycine (pH2.3). An SDS-
PAGE gel without CHAPS treatment of the differeliyiacentrifuged fractions was
prepared for (i) whole SKblue) (i) the non-bound (immunoglobulin-free) fraction
(purple)and (iii) the bound, immunoglobulin fractiggreen) This can be seen in Figure
3.20.1

2 3 4 5

Lane 1: MWM
1 Lane 2: Whole SF 18,0009 Pellet
' Lane 3: Whole SF 200,000g Crude Pellet
Lane 4: Whole SF 200,000g Crude SN
Lane 5: Protein A Non -Bound 18,000g Pellet
| Lane 6: Protein A Non -Bound 200,000g Crude Pellet
; Lane 7: Protein A Non -Bound 200,000g Crude SN
' Lane 8: Protein A Bound 18,000g Pellet
Lane 9: Protein A Bound 200,000g Crude Pellet
Lane 10: Protein A Bound 200,000g Crude SM

No CHAPS Treatment

Figure 3.20: Coomassie-stained gel showing the removal of imgiobalins by Protein
A chromatography before CHAPS treatment. To aidutdision, the bands of interest are
represented by asterisks (IgM (yellow), IgG heawgirt (red) and immunoglobulin light
chains (green).
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Lanes 2-4 in Figure 3.20 show the IgM mu chain &), IgG gamma chain (~57kDa)
and 1gG light chain (~25kDa) are present in alethfractions of whole synovial fluid.
There appears to be an enrichment of these spatidse 200,000g pellet (Lane 3)
relative to the other two fractions in Lanes 2 & 4-ollowing Protein A affinity
chromatography, there is a clear redistributionthese immunoglobulins. For example,
there is enrichment of the 75kDa species in baghnibn-bound 18,0009 (Lane 5) and in
the bound 18,0009g (Lane 8) pellets. At the same,tthere is low band intensity for this
molecule in the non-bound 200,000g pellet (yellstedsks Lane 6) relative to that in
whole SF (Lane 3). This same reduction in banenisity also applies to both the 57kDa
and 25kDa moieties (red and green asterisks ragplgt There are however, still bands
present at these molecular weights in the 200,0@09gbound pellet (Lane 6), though
without analysis by WB, it is not possible to shyhese moieties are immunoglobulins
entrapped within or bound to the MV, or else otkpecies that possess the same

molecular weight as the species which were rembydérotein A chromatography.

What is clear though is that in the bound fracti¢bhanes 8, 9, and 10), these bands
intensities are much stronger than those in whdte(lSanes 2, and 4) suggesting a
significant removal of these proteins following fia A affinity chromatography.
Another interesting observation is the large emmieht of what may be IgM in the lower
speed 18,0009 pellet (Lane 8) relative to the 2WMydractions (Lanes 9 & 10). On the
other hand, 1gG is redistributed across all thmaetions in the bound sample, though

slightly more so in the SN (Lane 10).

A study was then carried out to establish the effe€ this immunoglobulin
removal/reduction on further protein enrichmenthia 200,000g pellet following CHAPS
treatment. Pre- and post-CHAPS treated 200,000ttpewere analysed and a

Coomassie stained gel is shown in Figure 3.21
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Lane 1: MWM

Lane 2: Whole SF 200,000g Crude Pellet

Lane 3: Whole SF 200,000g CHAPS Pellet

Lane 4: Whole SF 200,000g CHAPS SN

Lane 5: Protein A NorBound 200,000g Crude Pellet
Lane 6: Protein A NorBound 200,000g CHAPS Pellet
Lane 7: Protein A NonBound 200,000g CHAPS SN
Lane 8: Protein A Bound 200,000g Crude Pellet
Lane 9: Protein A Bound 200,000g CHAPS Pellet
Lane 10: Protein A Bound 200,000g CHAPS SN

Figure 3.21: Coomassie-stained gel illustrating a comparisonwssn crude and
CHAPS-treated 200,0009g pellets for whole SF (la&&g, non-bound (lanes 5-7) and
bound (lanes 8-10) fractions following Protein Aimfy chromatography. Different
immunoglobulin isotypes are indicated with a pinfoa.

It was observed that in all three samples (wholg Bbtein A non-bound & Protein A
bound), there is further enrichment of proteindaling CHAPS treatment i.e. comparing
lanes 2 & 3, lanes 5 & 6 and lanes 8 & 9. Rema¥dbosely associated species with
CHAPS, and loading the same amount of protein siéa@n enrichment of protein in the
200,000g CHAPS pellet. Bands (based on molecuéaghw) for each immunoglobulin
isoform in the bound fractions (Lanes 8, 9 andd®)labeled with a pink arrow. These

can serve as a positive control.
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Lanes 5 and 6 (within the red box) are worth dis;gs These are the 200,000g non-
bound pellets (the targeted proteome), pre- antt@EAPS treatment respectively. As
mentioned, there is considerable enrichment ofgomgiost-CHAPS treatment as seen by
stronger band intensities in Lane 6 relative tod.&n However, as seen here this
enrichment also includes both IgM (yellow asterjsésd 1gG (red and green asterisks).
Knowing that Protein A affinity chromatography tatgd these species, why are these
species still associated with the vesicle proteortiean only be concluded that IgM and
IgG are either entrapped within the MV, stronglyibd to the surface, or both present on
the surface and within the vesicle. An alternagxplanation could be the formation of
immune complexes which may not be dissociated byARSl At this point it is not
possible to definitively say what the case is. ésa8 and 9 within the green box are also
worthy of comment. It is the case that post-CHARGtment (Lane 9) there is a sizable
increase in band intensity in IgM and IgG. With@@itAPS treatment, these species
would have remained associated with the pellet smdprevent enrichment of other
proteins. Therefore, Protein A affinity chromatayginy is an important step in any
sample preparation protocol. Further, removallbtimin following CHAPS treatment
led to an increase in band intensity of the proteithe blue box in Lane 6. On the basis

the molecular weight (~ 60kDa), this may be IgA.

Finally, a WB with anti-Tsg101 of these samples wssformed to establish the

distribution of exosomes across the fractions.sThishown in Figure 3.22.
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Lane 1: MWM

Lane 2: Whole SF 200,000g Crude Pellet

Lane 3: Whole SF 200,000g CHAPS Pellet

Lane 4: Whole SF 200,000g CHAPS SN

Lane 5: Protein A Non-Bound 200,000g Crude Pellet
Lane 6: Protein A Non-Bound 200,000g CHAPS
Pellet

Lane 7: Protein A Non-Bound 200,000g CHAPS SN
Lane 8: Protein A Bound 200,000g Crude Pellet
Lane 9: Protein A Bound 200,000g CHAPS Pellet
Lane 10: Protein A Bound 200,000g CHAPS SN

Anti-Tsg101

Figure 3.22: WB with anti-Tsg101 of all fractions pre- and p&3t#APS treatment.

As noted before, there is an enrichment of the U$gixosomal marker (~46kDa) in the
200,000g CHAPS pellet Lane 3, 6 and 9. Surprigintgjere is also Tsgl01 exosomal
marker present in all three bound fractions (Lan® &nd 10). A hypothesis for this

phenomenon will be offered in the discussion sectio

This concludes the customisation of a MV isolajioatocol for SF. The entire workflow

for this is displayed in Figure 3.23.

120



Neat Synovial Fluid

Centrifuge @ 2,500 for 20min to remove cellular debris

}
Hyaluronadase Treatment

Bound .
—— > Discarded

l Unbound

Centrifuge @ 18,0009 for 30min

|
v }

SN 18,0009 Pellet

l

Centrifuge @ 200,0009 for 2hr
l

\] v
Supernatant Crude 200,000g Pellet

Dissolve in 1% (w/v) CHAPS overnight @ 4°C

Centrifuge @ 200,0009 for 2hr

|
v v

CHAPS Supernatant CHAPS 200,000g Pellet

Figure 3.23: Customised workflow developed for isolating MV fghole synovial fluid.
Additional steps added to the standard differentiahtrifugation method (Figure 3.8)
include treatment with HAase to release potentia@htrapped vesicles, removal of
potential ICs to aid protein enrichment in the targd 200,000g pellet and finally
CHAPS treatment to maximize protein enrichment upho the removal of loosely
associated proteins from the vesicle surface.
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3.2.2 Confirmation of the presence of MV in SF bylectro-microscopy (EM)

Figure 3.24 is a display of MVs isolated from OA Bith increasing magnification.

39148 e 39138 eae
10 s

32300x & 7.0 in 1v=200. 0%V Print Mag: 108000 § 7.0 in
12:56: 51 20/07/2012 Direct Mag: 6000x 22:30: 35 20/07/2012 Direct Mag: 20000
g cMA Trinity College TEM Hode: Imaging oA Trinity College

oaz.ese — 39144, 18
s

s
rint vagi 108000 § 7.0 in w Print Mag  108000x § 7.0 in
12:37: 50 20/07/2012 o - x 12:42: 05 20/07/2012

TEM Mode: Imaging ollege. TEM Mode: Ima

39140,
39143, 018

s & g 432000% 6 7.0 in
Print Mag  135000x G 7.0 in 20/1

12: 20 08 20/07/2012

75 Mode: Imaging

Figure 3.24: Electronmicrographs displaying MVs isolated from QK. The figure
shows different fields with increasing magnificatid®A 6,000x; B,C and D 20,000x; E
25,000x and F 80,000x. In the lower magnificatiavi¥/s are indicated with red arrows.
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From Figure 3.24 it can be seen that MVs of varisimes are associated with SF
following the method developed in Figure 3.23. ndsihe scale under each micrograph
in conjunction with Figure 3.2, the vesicles in AdaB fall within the size range of
exosomes (50-100nm), ectosomes (50-200nm) and @popessels (50-500nm). The
vesicles in micrographs C, D and E on the othedhare certainly outside the exosome
range. The vesicle(s) in D is - relative to exosemvery large. This is most probably a
micro-particle(s). However, F certainly has theneinsions of an exosome. As
mentioned before, vesicles cannot be identifiedh@nbasis on physical parameters, so
attempting to classify them on this basis is pusggculative. They suffice to show that
MVs have been isolated and that the population astntertainly a heterogeneous
assortment. That exosomes are present has albesayverified through WB analysis

with exosomal markers.

To conclude, it has been demonstrated by electovestopy and WB that following the
application of a newly-developed, SF-customised gdation protocol, a heterogeneous
population of vesicle-types was obtained. The naxective is to characterise the

proteome of these vesicles employing mass spectrpifisS).
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3.2.3 Protein characterisation of synovial fluid, Z1IAPS-treated 200,000g MVs,
employing “off-gel” and “in-gel” approaches

Four OA patient samples were pooled and the prelgodeveloped MV-isolation
protocol was employed (Figure 3.23). It was batvthat a pooled sample would be
more representative of the pathology in additioprioning the MV vyield for proteomic
characterization. The 200,000g CHAPS pellet wapared as in Figure 3.23 for MS
analysis by the two methods detailed in the mdteaad methods section in this chapter
and outlined here in Figure 3.25.

200,000g CHAPS Pellet
200ug protein

Reduction/Alkylation

l

Protein Precipitation

l

Dry Pellet

25uL (100ug protein) p. o nstitute 50uL water 25HL (100ug protein)
In-gel digestion | HPLC
{ l
EIectrcl)phoreS|s Trypsin Digestion
Coomassie Stain
l Sodium deoxycholate

. removal
Cut bands and Destain (MS interferant)

1 !

Reduction/Alkylation ]
Peptide Cleanup

Trypsin Digestion

Mass Spectrometry Mass Spectrometry
Figure 3.25: Workflow of sample processing for MS analysis. Thfierent routes are
employed — In-gel digestion (left) and the “shotgapproach (right)

Three modes of analysis were used i.e. 5-hour RECHBCX-RP-HPLC and in-gel
trypsin digestion. The raw data for each of theseles of analysis (arranged in order of
decreasing number of peptide hits), is shown ireadjzes 1, 2 and 3 respectively. An

on-line comparison tool was employed to aid analyi the raw data. The list of

124



accession numbers for each dataset was entered anthparison diagram generated.

This Venn diagram is shown in Figure 3.26.

SCX-RPC
206

OA SHr RPC 1-D Bands
136 192

Lists contain 264 unique elements

Figure 3.26:Venn diagram comparing each protein list that waseyated follow MS
analysis using three different methods — 5-hourerse-phase HPLC(green), SCX-
reverse-phase HPLC(pink) and in-gel digestion ohds generated employing SDS-
PAGE (blue)

Analysis of the data yielded a total of 264 unigueteins associated with the 200,000g
CHAPS-treated pellet.

Table 3.7 list all the proteins identified by MShere is an additional column indicating

which method(s) characterised each protein.
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Reference P (pro) Score Coverage MW Accession Peptide Method

Alpha-2-antiplasmin T8 2016 490 545312 POB6OT 2 1

Complement factor H-related 3.65E- 20.19 790 37298 8 Q02985 2 1

protein 3 13

Histidine-rich glycoprotein 1%:;5 60.23 15.80 59540.9 P04196 6 1

Ig kappa chain V-II region 4.11E-

RPMI 6410 14 20.23 29.30 14697.4 P06310 2 1

Phospholipid transfer protein 3.4(1)25- 30.16 8.50 54704.7 P55058 3 1

Protein S100-A9 4'%25 20.19 26.30 13233.5 P06702 2 1

Aggrecan core protein 4'(33;5 30.18 1.30 250037.6 P16112 3 2

Angiotensinogen 5%:;5 20.20 5.20 53120.6 P01019 2 2
. 3.02E-

Annexin A2 05 20.16 6.20 38579.8 P07355 2 2

Apolipoprotein A-IV LOSE 2021 730 453715 Po6727 2 2

Apolipoprotein D SO0 2015 1160 212618  P05090 2 2

5.72E-

Catalase 07 20.18 4.60 59718.9 P04040 2 2

Chitinase-3-like protein 1 1'%25 20.19 6.30 42598.4 P36222 2 2

Coagulation factor XIIl A LIOE- 5517 370 832147  P00488 2 2

chain 08

Complement Cls 2.716E- 5016 1030 766349  P09871 5 2

subcomponent 08

Coronin-1A 205 2015 690 509939  P31146 2 2

EGF-containing fibulin-like 4.82E-

ECM protein 1 09 50.16 12.20 54604.3 Q12805 5 2

Extracellular matrix protein 1 2.%?%E- 20.15 5.00 60635.4 Q16610 2 2

Fibulin-1 S'Z)%E' 20.14 3.00 77162.4 pP23142 2 2

Fructose-bisphosphate 789 4022 1870 393953  P04075 4 2

aldolase A 08

Hyaluronan-binding protein 2 1'%25 20.14 3.60 62630.5 Q14520 2 2

Ig delta chain C region Z'ggE_ 20.19 6.80 42227.3 P01880 2 2

Ig heavy chain V-II region 4.88E-

ARH-77 10 20.22 17.10 16218.1 P06331 2 2

Ig heavy chain V-Ill region 1.80E-

GAL 06 30.21 17.20 12722.2 P01781 3 2

',\?Igea"y chain V-lll region 7'%%'5' 18.16  19.30 132340  PO1770 2 2

Ig kappa chain V-1 region 7.88E-

Wes 14 28.26 16.70 11600.7 PO1611 3 2

Kallistatin 1.66E- 50.17 13.30 48511.2 P29622 5
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Lactotransferrin

L-lactate dehydrogenase A
chain

Mannose-binding protein C
Plasma serine protease
inhibitor

Polymeric immunoglobulin
receptor

POTE ankyrin domain family
member |

POTE ankyrin domain family
member J

Procollagen C-endopeptidase

enhancer 1

Prolow-density lipoprotein
receptor-related protein 1

Proteasome subunit beta
type-1

Putative annexin A2-like
protein

Putative heat shock 70 kDa
protein 7

Putative macrophage-
stimulating protein MSTP9

Resistin
Serine protease HTRAL
Stromelysin-1

Tenascin

Transforming growth factor-
beta-induced protein ig-h3

Transthyretin
Vimentin

Vitamin D-binding protein

Aconitate hydratase,
mitochondrial 25

ATP synthase subunit beta,
mitochondrial

Beta-enolase

Citrate synthase,
mitochondrial

Collagen alpha-2(l) chain

07
1.09E-
09
1.61E-
06
6.92E-
08
5.28E-
07

1.17E-
06

1.80E-
06

1.80E-
06

5.70E-
11

6.30E-
05

2.39E-
09

3.02E-
05

7.49E-
04

1.09E-
07
4.72E-
09
1.06E-
05
4.59E-
07
7.64E-
07
5.23E-
05
8.33E-
09
4.63E-
07
5.13E-
13
1.55E-
09

3.30E-
13
5.81E-
13
7.30E-
10
5.65E-
05

30.16
20.14
30.21
40.16
30.19
20.24
20.24
40.21
30.15
20.16
20.16
18.12
20.17
20.17
20.14
60.19
20.20
20.14
20.23
20.17
30.21
20.25
70.30
40.25

20.18

40.21
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6.60

6.60

15.30

11.10

5.80

2.00

2.00

13.60

0.70

9.50

6.20

6.00

2.90

24.10

4.80

12.60

1.00

4.10

23.80

5.20

9.10

5.50

21.70

17.30

6.90

4.00

78132.0

36665.4

26127.0

45645.8

83231.7

121204.4

117314.7

47942.0

504274.2

26472.4

38634.8

40219.6

79642.3

11411.5

51254.7

53943.4

240697.7

74634.1

15877.1

53619.2

52929.1

85372.0

56524.7

46902.3

51679.6

129235.8

P02788
P00338
P11226
P05154
P01833
POCG38
POCG39
Q15113
Q07954
P20618
A6NMY6
P48741
Q2TV78
Q9HD89
Q92743
P08254
P24821
Q15582
P02766

P08670
P02774
Q99798
P06576
P13929
075390

P08123



Creatine kinase M-type
Dermcidin
Elongation factor 1-alpha 1

Ferritin light chain

General transcription factor
[IF subunit 1

Glial fibrillary acidic protein

Histone H2B type 1-B

Histone H2B type 1-C/E/F/G/I

Histone H2B type 1-D
Histone H2B type 1-H
Histone H2B type 1-J
Histone H2B type 1-K
Histone H2B type 1-L
Histone H2B type 1-M
Histone H2B type 1-N
Histone H2B type 1-O
Histone H2B type 2-E
Histone H2B type 2-F
Histone H2B type 3-B

Histone H2B type F-S

Ig heavy chain V-I region
HG3

Ig lambda chain V-1 region
HA

Keratin, type Il cytoskeletal 7

Keratin, type Il cytoskeletal
72

Keratin, type Il cytoskeletal 8

Myosin light chain 3

Myosin regulatory light chain
2, ventricular/cardiac muscle
isoform

2.21E-
10
5.80E-
06
8.00E-
10
1.23E-
12
3.13E-
04
3.83E-
09
2.40E-
11
2.40E-
11
2.40E-
11
2.40E-
11
2.40E-
11
2.40E-
11
2.40E-
11
2.40E-
11
2.40E-
11
2.40E-
11
2.40E-
11
2.40E-
11
2.40E-
11
2.40E-
11
5.63E-
07
2.64E-
05
3.83E-
09
3.33E-
05
3.83E-
09
8.86E-
12

1.54E-
08

20.26
20.16
20.25
30.25
20.14
18.20
38.22
38.22
38.22
38.22
38.22
38.22
38.22
38.22
38.22
38.22
38.22
38.22
38.22
38.22
20.22
20.19
18.20
20.16
28.20

30.24

20.22
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8.10

20.00

8.40

22.90

3.30

4.20

11.90

11.90

11.90

11.90

11.90

11.90

11.90

11.90

11.90

11.90

11.90

11.90

11.90

11.90

22.20

18.80

3.80

1.80

5.60

13.80

9.00

43073.9

11276.8

50109.2

20007.1

58205.1

49849.7

13941.6

13897.6

13927.6

13883.5

13895.6

13881.6

13943.6

13980.6

13913.6

13897.6

13911.6

13911.6

13899.5

13935.6

12937.3

11888.9

51354.4

56842.5

53671.2

21917.9

18777.4

P06732
P81605
P68104
P02792
P35269
P14136
P33778
P62807
P58876
Q93079
P06899
060814
Q99880
Q99879
Q99877
P23527
Q16778

Q5QNW6
Q8N257
P57053
P01743
P01700
P08729
Q14CN4
P05787

P08590

P10916



Myosin-1
Myosin-2
Myosin-4
Myosin-6
Myosin-7

Myosin-8

Plasminogen-related protein
B

Proteasome subunit alpha
type-2

Proteasome subunit beta
type-3

Putative elongation factor 1-
alpha-like 3

Tropomyosin alpha-1 chain

Troponin C, slow skeletal and
cardiac muscles

Apolipoprotein B-100

Apolipoprotein E
Carboxypeptidase N catalytic

chain

Carboxypeptidase N subunit
2

Cartilage oligomeric matrix
protein

Collagen alpha-1(VI) chain
Collagen alpha-3(VI) chain
Complement C2

Hemopexin
Inter-alpha-trypsin inhibitor
heavy chain H1
Inter-alpha-trypsin inhibitor
heavy chain H2
Inter-alpha-trypsin inhibitor
heavy chain H4

Myeloperoxidase

Myosin-9

N-acetylmuramoyl-L-alanine
amidase

2.16E-
05
2.16E-
05
2.16E-
05
1.87E-
13
1.55E-
14
2.16E-
05
6.05E-
07
3.68E-
11

1.02E-
09

8.00E-
10
8.62E-
07
3.88E-
09
9.26E-
11
1.93E-
10
8.46E-
08
3.59E-
09
3.13E-
12
1.80E-
10
3.59E-
11
1.04E-
10
1.93E-
12
1.05E-
09

3.78E-
09

6.62E-
08
3.35E-
08
3.34E-
09
1.43E-
09

16.20
18.20
16.20
58.27
60.42
18.20
20.16
20.21

20.25

20.25
20.23
20.22
450.28
60.22
20.25
20.22
70.24
30.25
150.20
80.21

30.22
90.22
80.23
80.21

70.18

30.22

30.21

129

1.40

1.40

1.40

5.00

4.90

1.40

18.80

17.10

15.60

8.40

10.20

18.00

12.20

23.00

11.10

6.20

13.60

4.70

5.40

12.90

11.50

15.10

12.60

10.40

10.50

2.10

8.00

223005.5

222905.1

222931.4

223594.8

222957.8

222623.5

10963.5

25882.3

22933.5

50153.2

32688.7

18390.5

515283.6

36131.8

52253.4

60518.2

82807.7

108462.0

343454.2

83214.4

51643.3

101325.8

106396.8

103293.2

83815.0

226390.6

62178.0

P12882
QOUKX2
Q9Y623
P13533
P12883
P13535
Q02325
P25787

P49720

Q5VTEQ
P09493
P63316
P04114
P02649
P15169
P22792
P49747
P12109
P12111
P06681

P02790
P19827
P19823
Q14624

P05164

P35579

Q96PD5

1&2

1&2

1&2

1&2

1&2

1&2

1&2

1&2

1&2

1&2

1&2

1&2

1&2

1&2

1&2



Plasma kallikrein

Pyruvate kinase isozymes
M1/M2

Thrombospondin-4

Ig kappa chain V-1 region
DEE

Alpha-1-antichymotrypsin
Alpha-1-antitrypsin
Alpha-2-macroglobulin
Alpha-enolase
Apolipoprotein A-I

Beta-2-glycoprotein 1

C4b-binding protein alpha
chain

C4b-binding protein beta
chain

Carboxypeptidase B2
Cartilage acidic protein 1
CD5 antigen-like
Ceruloplasmin

Clusterin

Collagen alpha-2(VI) chain

Complement Clq
subcomponent subunit B

Complement Clq
subcomponent subunit C

Complement C1r
subcomponent

Complement C3
Complement C4-A
Complement C4-B
Complement C5
Complement component C6

Complement component C7

7.34E-
10
3.29E-
06
6.64E-
09
3.55E-
14
6.77E-
14
1.77E-
10
1.00E-
30
5.81E-
13
4.46E-
10
1.16E-
10
1.22E-
14
2.60E-
09
8.61E-
09
1.91E-
11
2.22E-
15
2.00E-
14
1.20E-
12
1.09E-
06
6.12E-
10

6.66E-
15

6.35E-
11
1.00E-
30
5.55E-
16
1.00E-
30
7.77E-
16
1.11E-
14
1.33E-
15

80.20
50.17
60.23
36.31
40.26
40.22
630.29
18.25
50.20
50.26
250.35
30.16
20.22
100.24
110.32
160.28
100.25
50.16
50.32

50.31

70.25
940.41
580.38
580.37
280.25

80.26

160.23
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16.00

11.90

10.70

16.70

13.70

13.20

49.60

10.10

22.10

23.80

50.30

17.10

13.00

19.10

42.90

23.00

18.90

5.10

23.70

25.30

16.20

59.20

39.70

39.70

17.80

13.00

33.90

71322.8

57900.2

105801.8

11653.8

47620.6

46707.1

163187.4

47139.4

30758.9

38272.7

66989.4

28338.5

48393.5

71375.9

38063.0

122127.6

52461.1

108511.9

26704.5

25757.1

80066.8

187029.3

192649.5

192671.6

188185.3

104717.9

93457.3

P03952
P14618
P35443
P01597
P01011
P01009
P01023
P06733
P02647
P02749
P04003
P20851
Q961Y4

QINQ79
043866
P00450
P10909
P12110
P02746

P02747

P0O0736
P01024
POCOL4
POCOL5
P01031
P13671

P10643

10

11

16

10

95

58

58

28

16

1&2

1&2

1&2
12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
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Complement component C8
alpha chain

Complement component C8
beta chain

Complement component C9
Complement factor B

Complement factor H

Complement factor H-related
protein 1

Complement factor H-related
protein 2

Complement factor |
Fibrinogen alpha chain
Fibrinogen beta chain
Fibrinogen gamma chain
Fibronectin

Ficolin-3
Galectin-3-binding protein
Gelsolin

Haptoglobin
Haptoglobin-related protein
Ig alpha-1 chain C region
Ig alpha-2 chain C region
Ig gamma-1 chain C region
Ig gamma-2 chain C region
Ig gamma-3 chain C region

Ig gamma-4 chain C region

Ig heavy chain V-Ill region
BRO
Ig heavy chain V-1l region
VH26
Ig heavy chain V-Ill region
WEA

Ig kappa chain C region
Ig kappa chain V-1 region AG

3.00E-
14

1.98E-
12
1.95E-
14
8.24E-
13
9.99E-
15
2.84E-
10

9.79E-
10
1.44E-
11
1.11E-
15
1.00E-
30
2.11E-
14
4.44E-
15
2.82E-
10
2.98E-
10
1.70E-
11
4.12E-
10
1.10E-
09
5.55E-
15
5.55E-
15
8.44E-
09
1.44E-
08
1.11E-
15
1.44E-
08
2.44E-
14
1.90E-
08
3.03E-
08
1.00E-
30
1.35E-

120.41
110.28
110.27
110.21
420.34
70.25
50.20
60.15
190.31
338.43
240.29
640.34
40.28
50.20
80.23
130.26
60.20
100.27
70.26
50.23
30.17
100.29
30.17
20.33
30.19
38.21

60.33
36.31

131

27.90

25.20

20.00

21.60

46.50

27.60

20.70

15.10

21.80

57.40

59.60

39.20

16.10

16.20

17.50

26.40

25.00

36.80

23.20

18.80

8.90

44.00

8.90

25.00

18.80

36.00

82.10
16.70

65121.0

67003.5

63132.8

85478.6

139004.4

37626.0

30630.6

65706.7

94914.3

56892.2

51478.9

262457.6

32882.0

65289.4

85644.3

45176.6

39004.7

37630.7

36503.0

36083.2

35877.8

41260.4

35917.9

13218.4

12574.2

12248.5

11601.7
11984.9

P07357
P07358
P02748
P00751
P08603
Q03591
P36980
P05156
P02671
P02675
P02679
P02751
075636
Q08380
P06396
P00738
P00739
P01876
P01877
P01857
P01859
P01860
P01861
P01766
P01764
P01763

P01834
P01593

12

11

11

11

42

19

34

24

64

13

10

12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
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Ig kappa chain V-1 region AU
Ig kappa chain V-I region EU
Ig kappa chain V-1 region Gal
Ig kappa chain V-1 region Hau
Ig kappa chain V-1 region Ni
Ig kappa chain V-I region Rei
Ig kappa chain V-I region Roy

Ig kappa chain V-1 region Scw

Ig kappa chain V-1 region
WAT

Ig kappa chain V-1 region
WEA

Ig kappa chain V-IIl region
GOL

Ig kappa chain V-IIl region
HAH

Ig kappa chain V-1l region
HIC

Ig kappa chain V-IIl region
WOL

Ig lambda-1 chain C regions
Ig lambda-2 chain C regions
Ig lambda-3 chain C regions
Ig lambda-6 chain C region

Ig mu chain C region

Ig mu heavy chain disease
protein

Immunoglobulin J chain

Immunoglobulin lambda-like
polypeptide 5

Keratin, type | cytoskeletal 10
Keratin, type | cytoskeletal 14
Keratin, type | cytoskeletal 16

Keratin, type | cytoskeletal 9

Keratin, type Il cytoskeletal 2
epidermal

12
1.35E-
12
2.71E-
12
1.35E-
12
1.35E-
12
1.43E-
07
1.35E-
12
1.35E-
12
1.35E-
12
3.40E-
12
3.40E-
12
1.22E-
11
1.22E-
11
1.22E-
11
2.30E-
12
1.45E-
12
1.45E-
12
1.45E-
12
3.00E-
14
1.67E-
14
1.67E-
14
8.13E-
10
1.29E-
11
4.59E-
11
2.91E-
09
6.33E-
12
1.00E-
30
6.66E-
14

36.31

38.25

36.31

36.31

36.18

36.31

36.31

36.31

26.27

26.27

20.24

30.24

30.24

30.20

40.31

40.31

40.31

30.25

170.36

110.36

40.22

40.25

170.25

110.22

130.29

188.39

190.26

132

16.70

26.90

16.70

16.70

30.40

16.70

16.70

16.70

16.70

16.70

22.90

31.80

31.80

39.40

55.70

55.70

55.70

46.20

38.10

29.40

32.10

32.20

31.30

24.60

34.00

46.20

37.60

11931.8

11780.8

11806.9

11663.7

12238.0

11894.9

11774.8

11756.8

11729.8

11832.8

11823.0

14064.1

14080.1

11738.9

11340.6

11286.6

11230.5

11269.5

49275.6

43030.3

18087.0

23048.6

58791.6

51529.4

51236.3

62026.7

65393.2

P01594

P01598

P01599

P01600

P01613

P01607

P01608

P01609

P80362

P01610

P04206

P18135

P18136

P01623

POCGO04

POCGO05

POCGO06

POCF74

P01871

P04220

P01591

BOA064

P13645

P02533

P0O8779

P35527

P35908

17

11

17

11

13

19

19

12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
12&3
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Keratin, type Il cytoskeletal 5

Keratin, type Il cytoskeletal
6A
Keratin, type Il cytoskeletal
6B
Keratin, type Il cytoskeletal
6C
Keratin, type Il cytoskeletal
75
Keratin, type Il cytoskeletal
79

Neutrophil defensin 1

Neutrophil defensin 3

Pigment epithelium-derived
factor

Plasma protease C1 inhibitor
Plasminogen

Pregnancy zone protein
Protein S100-A8
Proteoglycan 4

Prothrombin

Serotransferrin

Serum albumin

Serum amyloid P-component

Serum
paraoxonase/arylesterase 1

Vitamin K-dependent protein
S

Vitronectin

Complement Clq
subcomponent subunit A
Ig heavy chain V-Ill region
TIL

Ig kappa chain V-1l region
TEW

Ig lambda-7 chain C region
Lysozyme C

Properdin

Keratin, type | cytoskeletal

1.97E-
09
2.67E-
06
1.97E-
09
5.37E-
11
6.33E-
08
6.33E-
08
4.25E-
06
4.25E-
06
7.01E-
12
7.70E-
09
9.99E-
16
9.92E-
10
8.54E-
08
2.50E-
13
1.11E-
16
1.04E-
11
1.00E-
30
4.36E-
10
1.04E-
10
5.57E-
11
7.22E-
15
1.14E-
07
4.12E-
13
4.79E-
10
1.45E-
12
1.29E-
12
6.80E-
06
1.86E-

110.24
20.15
210.24
220.24
70.24
40.24
20.15
20.15
90.22
50.20
280.30
100.23
40.19
90.26
220.27
240.27
430.33
50.22
40.17
80.25
70.28
20.12
20.22
20.27
30.31
40.24

30.24
20.16
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16.80

4.10

36.90

39.90

10.70

7.10

19.10

19.10

21.80

11.60

44.30

8.00

39.80

7.70

53.50

37.00

68.10

23.80

18.90

12.60

15.10

13.10

26.10

32.70

41.50

39.90

8.50
3.90

62340.0

60008.3

60030.3

59988.4

59524.1

57800.2

10194.2

10238.2

46283.4

56119.5

90510.2

163759.1

10827.7

150983.2

69992.2

77013.7

69321.6

25371.1

39706.3

75074.1

54271.2

26000.2

12348.1

12308.2

11295.6

16526.3

51242.0
50536.0

P13647
P02538
P04259
P48668
095678
Q5XKES
P59665
P59666
P36955
P05155
P00747
P20742
P05109
Q92954
P00734
P02787
P02768
P02743
P27169
P07225
P04004
P02745
P01765
P01617
AOMB8Q6
P61626

P27918
Q7Z3Y7

11

21

22

28

10

22

24

43

N W

12&3
12&3
12&3
12&3
12&3
12&3
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12&3
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28

Actin, alpha cardiac muscle 1
Actin, alpha skeletal muscle
Actin, aortic smooth muscle
Actin, cytoplasmic 1

Actin, cytoplasmic 2

Actin, gamma-enteric smooth
muscle

Coagulation factor XI
Hemoglobin subunit alpha

Hemoglobin subunit beta

Hepatocyte growth factor
activator

Histone H4

Ig kappa chain V-1 region
CAR
Ig kappa chain V-I region Lay

Ig kappa chain V-IIl region
CLL

Ig kappa chain V-IIl region
NG9 (Fragment)

Ig kappa chain V-IV region
(Fragment)

Ig kappa chain V-IV region
B17

Ig kappa chain V-1V region Ji

Ig kappa chain V-1V region
Len

Ig kappa chain V-IV region
STH (Fragment)

Ig lambda chain V-l region
LOI

Keratin, type | cytoskeletal 13
Keratin, type | cytoskeletal 15
Keratin, type | cytoskeletal 17
Keratin, type | cytoskeletal 19
Keratin, type | cytoskeletal 20

Keratin, type | cytoskeletal 25

06
1.80E-
06
1.80E-
06
1.11E-
15
1.80E-
06
1.00E-
30
1.11E-
15
1.36E-
09
8.51E-
09
1.39E-
05
8.50E-
08
8.05E-
07
2.71E-
12
2.34E-
06
1.59E-
09
3.05E-
07

8.45E-
08
3.00E-
06
4.86E-
08
1.29E-
09
4.86E-
08
1.55E-
08
4.33E-
08
4.33E-
08
3.56E-
09
1.09E-
05
2.34E-
05
1.86E-
06

40.24

40.24

80.30

40.24

30.36

80.30

40.16

30.26

30.19

30.16

40.19

28.25

18.17

28.18

46.17

30.20

20.17

30.19

50.22

20.19

20.20

40.20

40.20

50.16

20.20

26.16

20.16
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11.10

11.10

23.60

11.20

14.90

23.70

6.90

39.40

21.80

6.00

38.80

16.80

8.30

19.40

41.00

24.80

13.40

22.60

42.10

19.30

21.60

7.40

7.00

10.20

4.50

4.00

4.00

41991.9

42023.9

41981.8

41709.7

41765.8

41849.8

70063.6

15247.9

15988.3

70636.2

11360.4

11696.3

11826.8

14266.2

10722.3

13371.6

14956.5

14623.3

12632.2

12052.9

11927.8

49557.4

49181.1

48076.1

44079.2

48457.0

49287.4

P68032
P68133
P62736
P60709
P63261
P63267
P03951
P69905
P68871
Q04756
P62805
P01596
P01605
P04207
P01621
P06312
P06314
P06313
P01625
P83593
P80748
P13646
P19012
Q04695
P08727
P35900

Q72320
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2&3

2&3

2&3

2&3

2&3

2&3

2&3

2&3

2&3

2&3

2&3
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2&3

2&3

2&3

2&3

2&3
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5.77E-

Keratin, type | cytoskeletal 27 06 20.17 3.90 49791.6 Q723Y8 2
Keratin, type Il cytoskeletal 2 5.98E- 30.19 450 65800 1 Q01546 3
oral 06

. 1.66E-
Keratin, type Il cytoskeletal 3 06 30.16 4.60 64377.6 P12035 3
Keratin, type Il cytoskeletal 4 B'g%E_ 18.19 3.70 57249.9 P19013 2
Macrophage receptor 2.28E-
MARCO 04 20.14 5.20 52625.4 Q9UEWS3 2
Malate dehydrogenase, 6.11E- 3518 1090 354807  P40926 3
mitochondrial 06
Plasma serine protease 528E- 4016 1110 456458  PO5154 4
inhibitor 07
POTE ankyrin domain family 1.37E- 20.23 240 1212856  Q6S8J3 5
member E 11
POTE ankyrin domain family 1.80E- 20.24 200 121366.6 ASA3ED 2
member F 06

Table 3.7: Proteome of a pooled OA patient sample (n=4). Taide is a condensed
summary of appendices 1, 2 and 3. Also includedii(eé right hand column) is an
indication of the method(s) that identified eachtigalar protein — 1=5Hr RP-HPLC,
2=SCX/RP-HPLC, 3=In-gel digestion.

A total of 104 proteins are common to all three hods of analysis. Of these, 17% are
complement-related, while 34% belong to the immioimgjin family. Surprisingly, the

highly abundant proteins albumin aae?-macroglobulin are included in this sub-group.
It was expected that CHAPS treatment would rembeséd soluble species. It may be
that they are members of the vesicle cargo. Howeveery interesting protein, S100-
A8, which will be discussed later, is also commorall three modes of analysis. This

protein was cited as being unique to RA in theditigre.

From Figure 3.26 it is revealed that SCX-RP-HPL@rebterized the highest number of
proteins (206) with in-gel digestion (192) next dimdlly the 5-hour RP-HPLC with 136

proteins.

Examination of Figure 3.26 reveals SCX-RP-HPLC andel digestion yielded almost
equal numbers afinique proteins (47 and 46 respectively), while the 5hB&@-HPLC

uncovered around 10 times less. This also suppwetsrend in the literature towards a
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combination or coupling of orthogonal methodologissa proteomic strate§§; Table
3.4 reveals that all histone (with the exceptiorhistone H4) and myosin subtypes are
exclusively unique to the in-gel trypsin digestimethod. This maybe be due to protein
enrichment in a particular band, while in the methaemploying HPLC shotgun
approach, these proteins may be masked by othee mbundant proteins e.g.

complement C3, fibronectin, alpha-2-macroglobulvhjch are detected simultaneously.

Comparing any two methodologies in Figure 3.26 lgits that all actin associated with
MV proteome, is a result of SCX-RP-HPLC and/or gal” digestion. No actin was
found by employing RP-HPLC only. In addition, tbemmonality between SCX-RP-
HPLC and in-gel digestion (35 proteins — mainly iomaglobulin fragments and skeletal
proteins) is greater than the other two pairs (&0 ). However, it is interesting to note
that the important cartilage ECM protein, cartilagigyomeric matrix protein (COMP),
which is widely cited as a putative OA marker (dscussed later) was not detected by
MS analysis of the gel bands, where as both shaégymoaches identified this protein.
These findings highlight an important point. Tdeatpt a proteomic profiling of any
biofluid, it may be prudent to employ a variety teichniques and assess the list of
proteins generated from each method. Reliancengroae single method may result in

the loss of some potentially useful information.
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Proteins were then classified with an on-line Himimatics tool, known as Panth&t

The goal of Panther is to sub-divide proteins fatnilies and sub-families and therefore,
classify proteins by function. Position-specifimiao acids are used to determine if
certain segments of a protein are conserved (g/@rophobicity), and this leads to

|.65

information on protein function. Thomast al® state that families can overlap so

proteins may be members of multiple families. Rxample, an immunoglobulin
variable region (Ig-V) appears in nine families lehmyosins appear in the largest
number of families. Of the 264 proteins found,vi&€re not recognized by the database.
These are listed in Appendix A. Of these, 82% iammunoglobulin fragments. Two
interesting proteins not classified by Pantherrezat shock protein 70 (HSP70) which is

a known exosome-associated protein (Figure 3.6)danahcidin.
The Panther database classified 214 (264-50) psotgider four headings;

(i) Cellular Components

(i) Protein Molecular Function
(iif) Biological Process

(iv) Protein Class

These complete protein classification lists arepldiged in Appendices B, C, D, & E
respectively.
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3.2.3.1 Cellular Components

Three sub-groups make up this classification arddtare shown in Figure 3.27.

Cellular Components

Protein Complex 16
Intracellular 49
Extracellular Region 20
0 10 20 % 2 0 0

Number of Proteins

Figure 3.27:Panther “Cellular Components” sub-classification.

In addition to an expected intracellular and exdHatar division, a protein complex sub-

L * who

group is present. This is interesting in lighttloé recent work by Gyorggt a
issued a note of caution relating to the preseémmune complexes co-existing with
isolated MVs. Proteins in this group include IggD, IgG and IgM. At this point it is
not possible to state whether these are (i) inftmm of immune complexes or (ii)
vesicle-associated i.e. engulfed or trans-membipexies. Intracellular species are
almost exclusively skeletal and motor proteinsluded in the extracellular region are
some collagen species and COMP. As mentioned alodwtbe 264 proteins found, 50
were not classified by Panther. This means 214ewecognized. However, it is
surprising that only 85 proteins are included irs thub-classification, leaving 129 not

classified by location.
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3.2.3.2 Protein Molecular Function

A complete list of each sub-group is shown in ApgperC.

this list in bar chart form.

Transporter Activity
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Figure 3.28 is a summary of
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Figure 3.28: Panther “Molecular Function” sub-classification o214 uniquely

identified proteins

Three major molecular function sub-groups emergemfrFigure 3.28, i.e. binding,
catalytic activity and structural molecule activityThe binding sub-group includes
antigen binding species such as immunoglobulinsrinbgen, a-2-macroglobulin,

COMP, complement components, cartilage acidic protnd the actin-scavaging
protein, gelsolin. Serine-type peptidases reptesetarge proportion of molecules
classified under catalytic activity e.g. MMP3 amtise protease Htral. Type | and type
Il keratins were particularly represented in thé-gwoup, structural molecule activity.

However, keratin is a well-known MS contaminantttb@ames from skin and dust. Care
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was taken when preparing samples for MS. Onedstielg keratin species that was
found was type | keratin 17 which was referred $o‘exosomal cytokeratin 17" by

Weltonet al.®®

3.2.3.3 Biological Process

A complete list of each sub-group is shown in AgperD and a summary bar-chart is
shown in Figure 3.29.
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Figure 3.29: Panther “Biological Process” sub-classification @fl4 uniquely identified
proteins
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Five proteins were classified as associated withptgsis. Based on the information in
Table 3.2 and a study 1, histones are protein markers of apoptotic bodiesif was
surprising that even though histones (H2B and Hé)pesent in the 200,000g pellet

proteome, Panther did not classify these speciap@gtotic-related.

Some proteins involved in the cell adhesion subgrimelude vitronectin, collagen-
3(VI) chain, collagera-2(VI1) chain, aggrecan core protein 2 (binds avidiyhyaluronic
acid and resists cartilage compression), low-degitipibprotein receptor-related protein 1
intracellular domain -2 Macroglobulin and apolipoprotein E receptorspnother
interesting MV-associated protein in this sub-grasipransforming growth factor-beta-
induced protein ig-h3, which, according to the UntRB database binds to type |, II,
and IV collagens. This adhesion protein is alsaigid to play an important role in cell-
collagen interactions. In cartilage, it may be iwed in endochondral bone formation.
As mentioned above, four classes of immunoglobatm vesicle-associated and it was
hypothesised that they are entrapped within thé&bleesr else associated with the outer
membrane (particularly IgM and Ig8%). This hypothesis may have some merit due to
the presence of IgGFc-binding protein. As pro®ionly binds to the Fc region of the
molecule, IgGFc-binding protein may be already lbtonlgG and may help explain why
this immunoglobulin remains vesicle-associated.edShesicles/ectosomes may be the
likely vesicle-type that has membrane-bound 1gG.

In the cell communication sub-group interestindamfmation-inducing proteins include
the calgranulins, protein S100-A8 and S100-A9. sehwill be discussed later. Also
present are galectin-3-binding protein and CD5gantilike (IgM-associated peptide) -
both involved in macrophage activation - and macage receptor MARCO.
Procollagen C-endopeptidase enhancer 1 is cellsrfeceptor that, according to

UniProtKB, may have a metalloproteinase inhibitacyivity.

The cell cycle, cellular component organisation amtlular process sub-groups are

largely composed of actin, keratin and myaosin.
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Species that are involved in activation of the imegystem form a large proportion of
this sub-classification e.g. immunoglobulins andhponents of the complement cascade.
Components belonging to each of the three complecastade pathways, are included

i.e. classical pathway (C1lqg, C1lr andC1ls), lectithway (mannose binding lectin) and

alternative pathway (complement f

3.2.3.4 Protein Class

Classification of the MV proteome
in Figure 3.30.
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As with the preceding classifications, cytoskelatatl immune system proteins form the
largest subgroups. Proteases and protease inkildte also represented. Transporter
proteins include apolipoproteins, ceruloplasmin #mel transmembrane ion transporter,
ATP synthase suburfit

3.2.4 Selected protein analysis by Western Blot (WB- a confirmatory study

It is important to ascertain the validity of som®teins identified by MS by confirming
their presence by other techniques. In order tdicorthe data obtained by MS, some
proteins were selected for analysis by an ortholgmoae of analysis i.e. incubation with
polyclonal antibodies and detection employing WIBis also important to establish the
presence of proteins that were not detected bybBwhich may be present and masked
by more abundant species. Finally, the absen@e mbtein by MS analysis should be
confirmed by WB.

Exosomal markers e.g. Tsgl01l and CD63, were naictigt by MS in our study.
However, both proteins were detected by WB analfsigures 3.9, 3.17 and 3.22 for
Tsg101) and (Figures 3.14 and 3.18 for CD63). Hulsoes the observation made by
Welton et al ® There, due to a minimum of two peptides requifed positive
identification “cut-off’, these species were notluded as part of the proteome of

exosomes derived from bladder cancer cells, burt phesence was confirmed by WB.

Both IgM and albumin were identified by MS and thgiesence in MVs was confirmed
by WM in Figure 3.19. The exosomal prot@hactin, which was shown to be present in
Figure 3.14, was not identified by MS analysis (iiat six other actin species were
identified).
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Apolipoprotein A-I was found as part of the proteoof OA MVs when analysed by MS.
It presence was confirmed by WB (Figure 3.31, &k&?a)

250 Lane 1: MWM

Lane 2: OA 200K CHAPS Pellet
Lane 3: RA 200K CHAPS Pellet
Lane 4: IA 200K CHAPS Pellet
Lane 5: PSA 200K CHAPS Pellet
Lane 6: Gout 200K CHAPS Pellet

150
100
75

50

37
25

Figure 3.31: WB analysis of the 200,000g CHAPS pellet for fiviéerent patient
pathologies following incubation with anti-apolipapein A-I

Orosomucoid dq;-acid glycoprotein) is one of the most abundantsila proteins,
accounting for about 1% of all plasma proteins @aexpressed in hepatocytes and
secreted into the plasma under stressful conditsueh as tissue injury, infection, and

inflammation °°. It

is known to be involved in three biologicaunttions:

immunomodulatory function, barrier function, andrga function. Therefore, it came as
a surprise that this versatile species was noudwsd in the list of proteins returned
following MS analysis. It was decided to confirta absence by WB analysis. The WB

of the 200,000g CHAPS pellet is displayed in FigBu&2.

144



250

150

100 Lane 1: OA 200,000g CHAPS Pellet
Lane 2: RA 200,000g CHAPS Pellet

75 Lane 3: 1A 200,000g CHAPS Pellet

50 Lane 4: PSA 200,000g CHAPS Pellet
Lane 5: Gout 200,000g CHAPS Pellet

37 Lane 6: MWM

25

Figure 3.32:Incubation of 200,000g CHAPS pellet fractions vatiti-orosomucoid and
detection by WB

In Figure 3.32 it shown that with the exceptiorgofit (Lane 5) and IA (Lane 3), there is
practically no orosomucoid present at 44kDa, théemdar weight of this proteiff. It is

completely absent in the RA sample and a low am@uptesent in the OA sample. This
explains why this species was not detected by Mige peptides for this protein are most
likely masked by the most abundant species whiehpaesent e.g. complement factors,

o-2-macroglobulin, fibronectin etc.

So far, (with the exception of IgM), confirmatordies were carried out on monomeric
proteins. Two further analyses were carried ounhbttude polymeric moieties. These
were the high abundant protei2-macroglobulin (63 peptide hits and 50% coverage)

and the low abundant IgD (2 peptide hits and 6.8%eage).
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o-2-macroglobulin ¢-2-M) is a 720kDa homotetrameric glycoprotein (eaabnomer ~
180kDa) that can cleave into a dimer of dimers unvaey mild denaturating conditions
1. WB analysis under both reducing and non-reducimmglitions was performed. This

is displayed in Figure 3.33.

250
150 250
100 150
100
75
75
50
37 50
37
25
Reducing Conditions Non-Reducing Conditions

Lane 1: MWM

Lane 2: OA 200,000g CHAPS Pellet
Lane 3: RA 200,000g CHAPS Pellet
Lane 4: IA 200,000g CHAPS Pellet
Lane 5: PSA 20000g CHAPS Pellet
Lane 6: Gout 200,000g CHAPS Pellet

Figure 3.33: Incubation of 200,000g CHAPS pellet fractions witt2-macroglobulin
under non-reducing conditions (left) and reducigditions (right)

Under reducing conditions (Figure 3.33, left), freptation took place due to the
reduction of its 13 disulphide bridges. There wassuch fragmentation under non-
reducing conditions (Figure 3.33, right). Hereréh#vas a single band at a molecular
weight > 250kDa and may be the dimer structure@kB®a). The fragmentation may be
explained by proteases activity whereby th&-M monomer molecules were cleaved
along their amino acid backbones. The entire giraademained intact due to the linkage
of the disulphide bridges which held the cleaveayfinents together. However, under
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reducing conditions these disulphide bridges weo&dn and the entire molecular edifice

collapsed and fragmented at the points along thenckhere cleavage occurred.

From appendix 1 (i.e. raw MS data), it can be ghahlgD was identified with SCX-RP-
HPLC only, with two peptide matches and a protemetage of 6.8%. Therefore, to
establish the presence of this antibody, analygiSDS-PAGE under both non-reducing
and reducing conditions was performed followed bB.WI'he WB images are shown in
Figure 3.34.
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100
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50

50 37

37

o5 25

Reducing Conditions Non-Reducing Conditions
Lane 1: MWM Lane 1: OA 200,000g CHAPS Pellet
Lane 2: OA 200,000g CHAPS Pellet Lane 2: RA 200,000g CHAPS Pellet
Lane 3: RA 200,0009 CHAPS Pellet Lane 3: IA 200,000g CHAPS Pellet
Lane 4: IA 200,000g CHAPS Pellet Lane 4: PSA 200,000g CHAPS Pellet
Lane 5: PSA 200,000g CHAPS Pellet Lane 5: Gout 200,000g CHAPS Pellet
Lane 6: Gout 200,000g CHAPS Pellet Lane 6: MWM

Figure 3.34: Incubationof 200,000g CHAPS pellet with anti-lgD under nodueing
condition (left) and under reducing conditions {riy

Under reducing conditions (Figure 3.34, left), gtthe case that IgD is present in the

200,000g CHAPS pellet. Repeating the experimermteumon-reducing conditions
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(Figure 3.34, right) confirmed that the whole IgDofein is present in all five
pathologies. As immunoglobulins were removed us$tngtein A chromatography prior
to differential centrifugation, the likely sourcé @D is either direct binding to the
vesicle membrane or/and engulfed within the vesicldere is an interesting point to
note here. IgD has a molecular weight of 185kBlawever, in this analysis it was noted
that the molecular weight of the entire molecule-250kDa. What could explain this

| ®® studied the properties, measurement and the alinic

discrepancy? Vladutiet a
relevance of IgD and advanced that there are twodmf IgD — membrane-bound and
secreted. They explain that both forms are anétiealy similar; they differ in their
proteolysis by plasmin. Moreover, tbechains of each type possess different molecular
weights, with the membrane-bound species havinggheh weight than the secreted

form. Therefore, it is possible that the spediégD present in MV, is membrane bound.

All these protein-confirmation studies are impottdor definitively establishing the
presence/absence of proteins listed/not listedgorithm-generated MS data. Of course
it is neither possible nor practical to complete exhaustive confirmation study.
However, for proteins identified as potentiallydrgsting, it would be wise to establish

their status employing an orthogonal method e.a@ratysis with antibodies.
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3.2.5 Determination if proteases are associated WiSF MVs employing zymography

Appendix E displays the Panther classification tBiroClass”. Included in this list is the
sub-heading “Proteases”. A zymography experimeag garried out in order to confirm
if there are proteases associated with MVs. Ogheups have already characterized the
protease activity in whole SF™ ’® 77 put to my knowledge no study has been

performed to establish if MVs may harbour proteadéigure 3.35 shows the proteinase
activity of various fractions across four patieathmlogies.

3 8 9 10
Lane 1: IA 18,000g Crude Pellet
Lane 2: 1A 200,000g Crude Pellet
Lane 3: 1A 200,000g CHAPS Pellet
Lane 4: 1A 200,000g Crude SN
Lane 5: IA 200,000g CHAPS SN
Lane 6: PSA 18,0009 Crude Pellet
Lane 7: PSA 200,000g Crude Pellet
Lane 8: PSA 200,000g CHAPS Pellet

Lane 9: PSA 200,000g Crude SN
Lane 10: PSA 200,000g CHAPS SN

Lane 1: OA 18,000 Crude Pellet
Lane 2: OA 200,000g CHAPS Pellet
Lane 3: OA 200,000g Crude SN
Lane 4: OA 200,000g CHAPS SN
Lane 5: RA 200,000g Crude Pellet
Lane 6: RA 200,000g CHAPS Pellet
Lane 7: RA 200,000g Crude SN
Lane 8: RA 200,000g CHAPS SN

Figure 3.35: Proteases activity of various differentially cefuged fractions across four
patient pathologies. The substrate was gelatight.bbands indicate protease activity.
The lanes highlighted in a yellow box are the t&ede200,000g CHAPS pellet for each
pathology.

Protease activity is spread across all fractioris. the OA sample Red there are
differences between the 18,000g and 200,000g CHpd¥8ts with the 18,0009 pellet

(Lane 1) having a wider molecular weight range mftgases. In the RA samplelue

149



there is a striking similarity between the 200,0@@wde and 200,000g CHAPS pellets
(Lanes 5 and 6) — the difference being one of sitgn with the CHAPS pellet having a
lower overall intensity. This may indicate thaesle particular proteases are mainly
membrane associated, which on treatment with CHAR®e to the SN. There is also
further enrichment of proteases in the CHAPS SHitired to the crude SN (lanes 7 and
8). In the IA samplegreen, there is a clear enrichment of protease actiwityhe
200,000g CHAPS pellet (lane 3) and the 200,000g BE/ASN (Lane 5) relative to the
crude fractions (Lanes 2 and 4 respectively). I§ina the PSA patientdurple, there is
clear enrichment of proteases in the 200,000g CHpA&I®t (Lane 8) relative to all the
other fractions. This could be interpreted as rdication that for this sample the
proteases are engulfed with the vesicle or elstrsagly bound to the vesicle membrane

that CHAPS treatment does not remove them.

Of interest though is a comparison between the@W@ CHAPS pellets. These are
highlighted in yellow boxes. The RA sample exlslilie least protease activity, possibly
due to amount of protein loaded. High moleculargie proteases are most strongly
expressed in the PSA sample. Close inspection shioat the RA and IA samples have
similar band patterns, though they differ in initgns The OA sample has a band
(highlighted in a red box) that is either absentrfror more intensely expressed relative

to, the other three pathologies.

3.2.6 Determination of hyaluronidase (HAase) actity employing zymography with
a hyaluronic acid (HA) substrate

As mentioned in the literature review for this @aj(Chapter 1), HA is the component of
synovial fluid that imparts viscosity and gives float fluid an “egg-like” appearance

and consistency. It is known that the size ofHi#Aemolecule decreases while its actual
abundance increases with age and with the onsettlofitic diseases. This decrease in
size is attributed to degradation and is thoughhvolve the action of hyaluronidases or

78
L

free radicals. Girislet al *® explain that HAase-mediated degradation of HA eases

the permeability of connective tissues and decee#ise viscosity of body fluids and is
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also involved in bacterial pathogenesis, the sprafatbxins and venoms, acrosomal
reaction/ovum fertilization, and cancer progressidiranchepairet al '° demonstrated
that (HA) has different biological functions accioigl to its molar mass with short HA
fragments being involved in the inflammation praesswhereas native, full-length HA is
not.

In order to establish if there is endogenous HAas#vity in SF, a zymography
experiment was carried out employing HA as a sabestr As bovine HAase was used in
the sample preparation in order to maximize th&yoé MVs, it is important to establish
that this does not produce “false-positive” banadd that any bands that may be present
are due to HAase endogenous to SF. Therefore,Mimbbvine HAase was used as a
control in this study. Figure 3.36 is a displaytbé images acquired following the
experiment.

The lane enclosed within the blue box is bovine B#eontrol. It can be seen that there
is no HAase activity in this lane. Therefore, thrgginal sample treatment with HAase
does not interfere with the analysis here. Thesaeafor this is a matter of pH.
Originally, newly acquired SF samples were treat@ti bovine HAase at physiological
pHi.e. ~ pH 7. However, in this experiment thésgeere incubated at pH 3.5 as per the
protocol by Miuraet al**.

The lanes enclosed by a yellow box are the targg®q00g CHAPS pellet that contains
exosomes and other MVs. Examination of these teubat there is no HAase activity
(or very little in the case of the PSA patient séjp This suggests that there are no HA
proteases associated with MVs following CHAPS tresatt.
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Lane 1: 1mg/mL Bovine Testes Hyaluronadase (Control) Lane 1: |A 200,000g Crude Pellet

Lane 2: OA 18,0009 Crude Pellet Lane 2: |A 200,000g CHAPS Pellet
Lane 3: OA 200,000g Crude Pellet Lane 3: IA 200,000g Crude SN

Lane 4: OA 200,000g CHAPS Pellet Lane 4: IA 200,000g CHAPS SN
Lane 5: OA 200,000g Crude SN Lane 5: PSA 18,0009 Crude Pellet
Lane 6: OA 200.000g CHAPS SN Lane 6: PSA 200,000g Crude Pellet
Lane 7: RA 200,000g Crude Pellet Lane 7: PSA 200,000g CHAPS Pellet
Lane 8: RA 200,000g CHAPS Pellet Lane 8: PSA 200,000g Crude SN
Lane 9: RA 200,000g Crude SN Lane 9: PSA 200,000g CHAPS SN

Lane 10: RA 200,000CHAPS Pellet

Figure 3.36: HAase activity of various differentially centrited fractions across four
patient pathologies. The substrate was hyalur@uicl. Light bands indicate protease
activity. The lanes highlighted in a yellow box &ne targeted 200,000g CHAPS pellet.
The lane highlighted in blue is the bovine HAasatmd. Boxes are included to aid
discussion.

In the OA andIA samples there is HAase activity in the crude 200g0pellet, which is
completely removed post CHAPS-treatment. The bahdsving this activity reappear in
the CHAPS 200,000g SN (Lane 6 for tbé\ sample and Lane 4 for tHé sample).
Therefore any HA proteases that are present aetylifo be associated with the MV
membrane.

When the SN fractions are examined, it may be famthere is definite HAase activity.
The evidence for this activity is for the most partthe form of clear bands at two
separate molecular weights in the middle of thes.geAlso, close examination of the

imaged also show hints of activity at high molecwaights at the top of the gels.
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3.4 Discussion

Throughout this report the generic term microvesi@lV) was intentionally used in

order to emphasise that a heterogeneous assortrinemtroparticles is more likely to be

present, rather than a homogeneous population agoexes or any other vesicle class.
Table 3.2 suggested that no physical charactergstc centrifugation speed, size and
shape, can be employed in order to secure a horaogsrpopulation of any one vesicle
type. A vesicle “signature species” was deemedttebaid to classification. Exosomes
were never-the-less present in SF as shown by aticub with established exosomal
markers e.g. CD63 and Tsg101. MS analysis founthan exosome-associated protein -
heat shock protein 70 (HSP70) (see Tables 3.3ar34Figure 3.6). Table 3.2 also lists
the main protein markers for each of the otherolediypes while Table 3.8 shows the

top ten proteins found in exosomes.

Founc_i n Method
. MV in
Protein . of
this .
detection
study
1 Heat shock protein 8 No
2 CD63 antigen Yes WB
3 Actin, B Yes WB
4 Glyceraldehyde-3-phosphate dehydrogenase No
5 Enolase 1, a Yes MS
6 Heat shock protein 90, a (cytosolic), class A member 1 No
7 CD9 antigen No
8 CD81 antigen No
9 Tyrosine 3-monooxygenase/tryptophan 5-
monooxygenase activation protein, zeta polypeptide No
10 Pyruvate kinase, muscle Yes MS

Table 3.8: List of the top ten proteins found in most exosomPsata adapted from
Mathivanan et al®®. Included is an indication if any of these speaiere found in the
200,000g CHAPS pellet in this project. Also ine€ldds the method of detection that was
used to characterise any proteins that were founet associated with MVs.

However, some element of uncertainty still remaindébr example, in Table 3.2 the
biological signature of apoptotic bodies is thespreee of histones, which Theey al®
suggested are not present in exosomes. They beliaveuring the exosome purification

step, a slight contamination with apoptotic blelistree top of the sucrose cushion
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occurred. Histone molecules H2B and H4 were faworge present in MVs in the current
study.

A number of members from the apolipoprotein familgre identified following MS
analysis e.g. Apolipoprotein A-l, Apolipoprotein I¥; Apolipoprotein B-100,
Apolipoprotein D, Apolipoprotein E and clusterin gélipoprotein J or SP40SP40
(protects cells against cytolysis by complemen®polipoprotein A-1 (apo A-l) is the
main protein associated with high density lipopirggHDL), in addition to apo C, apo
E, apo D and apo®. HDLs have a density 1.063-1.210gAhhile that of exosomes
lies in the range 1.13-1.19g/mL. Therefore, thesgality HDLs were present in both the
200,000g pellet and the corresponding SN was ezhlidhis was confirmed by western
blot (Figure 3.31), where similar band intensitieshe 200,000g CHAPS pellet of each
pathology were observed. HDLs therefore, repreaanther possible “contaminant” in
any exosome isolation protocol and subsequent ctaisation. The role of

apolipoproteins and HDLs in the immune system belldiscussed later.

In a recent study aimed at isolating exosomes asdsaing the yield purity, Bobred
al.®?, employing electron microscopy and SDS-PAGE/WB\otoded“sucrose gradients
are not resolutive enough to separate vesicles sntlll differences in densities, which
use different intracellular machineries for theiecsetion”. Therefore, definitive MV
classification remains uncertain, and a suggedtogxercise caution when laying claim
to the isolation of a homogeneous population of pasticular MV type, is proposed.
Any isolation protocol based on physical charastes may result in varying s of MV

heterogeneity.

One of the aims of this project was to customipecdocol for isolating MVs from whole

SF. During method development, it was discoverbdt tsample treatment with
hyaluronidase (HAase) was necessary in order tease the MV yield. For example, it
was appreciated that in purifying MVs from urinkeg tTamm-Horsfall protein adversely
affected the vyield of MV recovery, due to polymatisn and subsequent vesicle
entrapment’. Therefore, sample treatment with dithiothre{@TT) was employed as a

critical step in urine vesicle preparation. In ttese of SF, it was hypothesised that
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hyaluronic acid (HA) would influence the MV yieldThis hypothesis was realised on
finding a paper in the literature stating that HAspesses a CD44 recepfdr This is
particularly relevant in light of the fact that akosomes contain CD44 on the surface
membrane as confirmed by the exosome-specific ErtaCa database
(http://exocarta.org/gene_summary?gene_id=960)is ptoject demonstrated HA does
trap MV (Figures 3.11 & 3.14) and so adversely intpan the yield on MV obtained,
which in turn, may affect the proteomic charactgren of such vesicles due to reduced
sensitivity. It was therefore concluded, that tmeent of SF samples with HAase prior to

differential centrifugation, was desirable in ord@maximise vesicle yield.

Another important step towards optimal MV protemriehment, was removal of loosely
associated/soluble proteins or weak protein-proii@ractions with 1% (w/v) CHAPS
followed by a further 200,000g ultracentrifugatistep. It was not established if these
species were “contaminants” or if they had a spedifteraction with the vesicle.
Sodium deoxycholate and SDS are well known detésgenHowever, SDS is
incompatible with down-stream MS analysis. Sodideoxycholate, on the other hand
can be removed by acid precipitation prior to Malgsis. However, this detergent has
been used previously to successfully solubilise brame-bound proteins prior to trypsin
digestion®® ®"'3% Therefore, this would most likely solubilise tmembrane surrounding
MVs. CHAPS, by contrast, was known to be abler&ak protein-protein interactiofi%

8 without being able to disrupt strong protein-pimiateractions, such as those found in
tetraspanin-membrane interactidfis Musanteet al. *® employed 1% (w/v) CHAPS to
remove loosely bound proteins from MVs isolatednfrarine. That soluble/loosely
bound proteins are removed from MVs, was demorestrat Figure 3.13, where there is
a redistribution of protein from the original 2000g pellet to the SN following CHAPS
treatment. Here for example, the bulk of albumiaved from the pellet to the SN,
though both MS and WB analysis indicated that albumas still vesicle-associated
despite CHAPS treatment. This was believed tocatdi that albumin was a constituent
of the inner vesicle cargo, or else strongly asged with the vesicle membrane. The
integrity of the MV was preserved following CHAR®dtment as shown by the presence
of exosomal markers Tsgl01l (Figures 3.17 and 3a22) CD63 (Figure 3.18) in the
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200,000g CHAPS pellet fraction. If the vesicle veasnpromised by CHAPS, then all
the Tsgl01 and CD63 would have been moved to ttresgmonding SN.  However, the
overarching merit of CHAPS treatment was an enrahnof the lower abundant vesicle-

associated proteome that was previously maskedgbyabundant soluble proteins.

To offset any interference of immuncomplexes witiah potentially co-precipitate with
the targeted 200,0009g pellet, immunoglobulin rerhéeak place employing Protein A
affinity chromatography (Figure 3.20). Further tein enhancement was achieved
through the use of Protein A chromatography, foddwoy CHAPS treatment (Figure
3.21). This step not only enhanced the band iitteaof some proteins, but led to the

discovery of bands previously masked by high abohgeoteins.

The customisation of a MV-harvesting protocol fér i@sulted in the workflow displayed
in Figure 3.23.

Mass spectrometry was then employed in order totiiyeproteins associated with the
isolated 200,000g CHAPS pellet.

In this project, MVs isolated from a four-patierdgbed sample was sent for analysis by
MS. A multi-dimensional approach employing threetihods was applied i.e. (i) 5 hour
gradient elution RP-HPLC, (ii) SCX/RP-HPLC and)(8DS-PAGE followed by in-gel
digestion of individual bands. The aim here waglemtify as many proteins as possible.
The first two methods involved trypsinisation inligmn followed by two different
modes of chromatography, while the third approaohsisted of a gel separation
followed by digestion with trypsin. A comparisohthe three methods in terms of the
number of individual proteins returned was made disdlayed in Figure 3.26. There, it
was shown that there are proteins unique to eadityar mode of analysis, proteins
common to any two methods and finally a subset comtuo all three modes. For the 5-
hour gradient elution RP-HPLC, 4% of the proteins anique to that method, while for
SCX/RP-HPLC and the in-gel techniques the percentdginique proteins are 23% and

24% respectively. That there are proteins untgueach method is testament to the fact
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that the method employed will influence the outputterms of proteins identified.
Therefore, for a thorough, comprehensive shotgotepmic study, it may be prudent to
adopt an experimental design that utilises a wfiterthogonal techniques. A study of
the literature makes it clear that there is no “onethod catches all” approach in
proteomics. An example of this is in the simul@neanalysis of soluble and membrane-
bound/transmembrane proteins, with the former Es#sg a high degree of hydrophilic
moieties while the latter are known to be charaser with hydrophobic domains. Of
the proteins unique to the relatively simple 5-hB&-HPLC, none of them (according to
UniProt) are membrane-associated.

Gilmore et al &

reviewed the proteomic toolbox available to theesgcher wishing to
characterise membrane proteins. All methods dsstlisvere based on the principle of

coupling orthogonal techniques, two of which we@X8ERP-HPLC and in-gel digestion.

The bioinformatic tool Panther, was then used &ssify the resulting list of proteins. It

was noted with some surprise that 19% of proteingracterised by MS were not
identified by Panther, while 40% of those that wielentified, could not be classified by
location. From Appendix A it can be seen that Rantalso included the sub-family

“Protein Complex” which was exclusively composedwmbers of the immunoglobulin

family. This came a surprise result in light oétfact that the MV isolation protocol

included an immunoglobulin-removal step i.e. Pmotai chromatography. Further, the
experiment was carried out under non-saturatinglitons, where the binding capacity
of the beads was not exceeded (see Materials atitbiike3.1.15). A sizable proportion
of the total OA MV proteome in this project (Tal8¢7) was composed of members of
the immunoglobulin family i.e. I1gA, IgD, IgG andNg The presence of IgM (Figure

3.19) and IgD (Figure 3.34) was also confirmed bB.WrIherefore a discussion of these
species and their possible role within the targe260,000g CHAPS pellet deserves
attention.

| ¥*was noted. This

In the introduction to this chapter a precautiogear by Gyorgyet a
concerned the possible co-precipitation of immuommexes (ICs) with MV since both

species share many of the same biophysical prepefsize, light scattering and
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sedimentation centrifuge speed). They expressedecn that any MV purification

method will be compromised by the presence of ICs.

A recent post-Gyorgy study carried out by Neilsaral® into plasma microparticles in
systemic lupus erythematosus (SLE) set out withathreof“evaluating the putative role

of MPs in SLE as circulating antigenic targets aadriers of ICs”. It is important to
note that they used the tefmicroparticles” throughout, which they said are shed from
cells constitutively or during activation or durigoptosis. Therefore, analogous with
the current project, there is likely to be a hegereeous host of vesicle types present.
They found that cell-derived MVs carried increasadyos of IgG, IgM and also C1qg and
that IgG containing MVs were associated with autbkedies and compliment
activation. They listed three possible consequerioe this, namely; (i) autoantigen-
presenting MVs may be highly autoimmunogenic,found immunoglobulins invite the
classical complement cascade to occur and (iii) M&Hic ICs to other cells and deposit
them there (they gave an example of trafficking kB@sendothelial cells in kidney
glomeruli). The group also found that patientshvéttive disease had the highest levels
of 1gG, IgM and Cl1qg and concluded that the compilitmgystem is activated by cell
derived MVs carrying ICs in SLE. A possible rotr MVs in off-setting compliment-
associated damage to chondrocytes will be discuased Draegeet al ®° found that on

activation, an influx of extracellular €aby the cell is sensed and interpreted as a danger

signal Theybelieved that the cell responds to this with theniation shedding vesicles

or underwent blebbing. These processes serveetd dpngerous moieties that have

become attached to the membrane.

However, it also needs to be acknowledged that M\idght of Nielson’s work) could be

involved in trafficking ICgo the chondrocytes and off-loading their cargo there

Pisetsky® offers an insightful commentary on the study eatrout by Nielsen. This

editorial point out that while Nielsen did not sifgchow auto-antibodies appear on
vesicles, a correlation with the presence of nucleateins and the presence of
antibodies was observed, suggesting a display oleau autoantigens by MVs arising

during apoptosis. As noted above and in TabletBepresence of histones is indicative
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of apoptotic blebbing and Pisetsky notd$iese considerations put the bleb at centre
stage during the generation of self antigens thatedautoimmunity” In addition to
histone H2B and histone H4, two other nucleus-aatst proteins were found in the
200,000g CHAPS pellet i.e. general transcriptiootda IIF and elongation factorol
(Appendix C). By definition, for these nuclear sigs to be antigenic and form ICs, they
must be accessible to the antibody. Thereforeetipeoteins may also be present on the
surface of MVs and hence acquire a role as auigeard. However, Pisetsky pointed out
that particles/vesicles originating from apoptotiells have undergone membrane
permeability changes and so their membranes aly lik be sufficiently porous to allow
an in-flow of antibodies along with other proteinBherefore immunoglobulins may be a

constituent of the vesicle inner cargo.

In the discussion on immunoglobulins thus far, tmodels for the presence of these
species on/in MVs were outlined i.e. (i) IC fornaation the vesicle surface and (ii) an in-
flux of antibodies into the vesicle through the nbeame. A third possibility exists. The
presence of IgGFc-binding protein in the 200,00B4A€S pellet was confirmed by MS
(Table 3.7). In this model, IgG binds directly ttie receptor leaving the Fab region

exposed to the ECM and bind to a target antigen.

In the results section it was shown that proteiohfomatography is a necessary step for
the removal of soluble and loosely associated inoglabulins leading to a subsequent
enrichment in the MV yield and an increase in tlead intensities of less abundant
proteins. Changes in band intensities were digclias that point. However, this study
culminated in a surprise finding. Following inctiba with anti-Tsg101 (Figure 3.22), it
was seen that exosomes were present in each dbthel fractions (Lanes 8, 9 &10).
How can exosomes bind to protein A (an immunoglimhic-region binding protein)? A
possible answer to this question is found in thevaldiscussion. IgG or IgM possibly
binds to an auto-antigen exposed on the exosonfi@csur In turn, the Fc region of the
antibody becomes bound to the stationary proteinTAis finding expands on the work
of others which was already discussed here. Tlnouwty this discussion it was

highlighted that other research groups discovengd-antigens to be associated with
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MVs such as apoptotic blebs and ectosomes/sheddsigles. The result here suggests
that exosomes (products of the endocytic pathwagsiply present auto-antigens on
their membrane surface and this is why total recovd exosomes in the targeted
unbound fraction was not achieved.

Finally, recent research by Ramirez-Alvaradal °*

into differences in immunoglobulin
light chain species in urinary exosomes Yyieldedesy interesting result. The group
found that particular high molecular weight, SDSistant light-chain species were
present on the surface of exosomes of light chaipl@dosis patients. They suggested
that as only patients suffering from amyloidosissgessed this feature, this would
warrant further investigation as a marker for théghology. In light of this study, it is
also conceivable that these immunoglobulin fragsané also present on the surface of
SF exosomes. As with the above-mentioned resetiretsignificance of this in terms of

arthritic pathologies may be the subject of intengsfuture research.

A search of PubMed for papers relating to synofliagd MVs reveals that there is no
proteomic characterisation study performed on M3@dated from whole SF. A number
of SF proteomic studies appear in the literatuF@ur recent, representative proteomic
studies relating to SF and OA were found. They are

1. Analysis of SF exosomes for citrullinated proteihs

2. Differential profiling of whole SF from RA and OAafients®

3. Differential profiling of whole SF from healthy ai@A patients”

4

. Analysis of articular cartilage vesicles (ACVs)rficmormal and OA cartilag¥

One interesting study into a specific sub-prote@®F MVs was carried out by Skriner
et .al '® in 2006. The subject of this research was tobéista an association of
citrullinated proteins with exosomes among RA, Q#l aeactive arthritis patients. No
control SF was analysed. Citrullination is an eneycatalysed conversion of arginine
residues to citrulline by peptidyl arginine deimsea Previously, Van Venrooij at aF.
argued that citrullination may be a modificatiorattttould create a novel epitope or

uncover a previously “hidden” epitope in a proteifihis modification could thus create
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an auto-antigen and so induce a primary and spenifinune response. Skrineral

extended this work to exosomal analysis of citnated proteins in RA, OA and reactive
arthritis patients. They list a number of proteamsl indicate those that are citrullinated.
This list is shown in Table 3.9.

Protein Citrullination

Fibronectin/lgG immune complex No

,-macroglobulin No
Fibrinogen fragment D Yes
Fibrinogen B-chain precurser Yes
Fibrinogen B-chain Yes
IgG1 y-chain C region No
Unidentified protein Yes
Fibrin -chain N-terminal fragment Yes
Spa (CD5 antigen-like protein) Yes

Table 3.9: A list of proteins generated by Skriner effound in exosomes of OA, RA
and reactive arthritis patients. The authors irade those that were found to be
citrullinated. Though each pathology possessesétspecies, only RA patients produced
auto-antibodies.

The authors found the same proteins present ithede pathologies (one protein was
unidentified). However, auto-antibodies to theisriltinated proteins were present in the
RA cohort only. With the exception of Spa, theasthpecies were soluble proteins.

To the best of my knowledge, this current projedhie only research carried out with the
aim to characterise the proteome of SF MVs. Tloeegfthe characterisation of this sub-
proteome in this project is novel. Other reseandups identified the proteome of whole
SF and some of these will now be discussed and amdpwith proteins found to be
associated with MV. The purpose of this comparisto compare a whole biofluid
proteome with that of a sub-proteome of the saraBiuiil to ascertain if there are species
present in the latter that were absent in the formpessibly due to masking by high
abundant soluble proteins.

Recently, Mateost al %

carried out a differential proteomic study of wea@F from OA
and RA patients. Prior to analysis, the top 20 tnabsindant proteins were removed by

immuno-depletion in order to enrich the lower-abamig potentially more interesting
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proteins and a total of 136 proteins were iderdifieThis was followed by a relative
guantification between OA and RA by spectral caumtanalysis, in order to compile a
list of pathology-specific proteins. The authotsess that“extreme ratios do not
necessarily indicate that a given protein is absanbne of the conditions, only that the
concentration in SF of such proteins is below thetedtion limit of the followed
technique” A summary of these findings is shown in Tabl#03. Also included is a
yes/no indication of whether a specific protein i@snd to be vesicle-associated in the

current project.

The authors listed 18 proteins that were relativalyre abundant in RA. Of these, 12
were not found in the OA pooled sample, while tmaining six were found in both
pathologies, with a higher expression in RA. Hoerelive of the 12 proteins not present
in OA SF were found in the proteome of OA MVs. ¥hacluded: complement C4
gamma chain, pregnancy zone protein, transformmogvtlp factor-beta-induced protein
ig-h3, histone 4 and Protein S100-A8. Four of $keen proteins not found in the OA
MV proteome - azurocidin, neutrophil gelatinaseeagsted lipocalin, neutrophil defensin
2 and leucocyte elastase inhibitor — are accortiinthe authors, of neutrophil origin.
They stated that neutrophil enzymatic activitiesemgosely related to the persistence of
inflammation, cartilage damage and progressionooft jdisease. Though neutrophil
defensin 2 was not found to be associated with Miéstrophil defensin 1 and neutrophil
defensin 3 were. The UniProtKB database citedrd#fie2 as a cleaved species from
defensin 1. Therefore a sub-population of MV foumdhe current study is likely to be

of neuclophilic origin, confirming an associatioh@A with inflammation.
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Presentin OA

Protein Name Uniqueto RA® | . b
microvesicles
Azurocidin Yes No
Complement C4 gamma chain Yes Yes
Apolipoprotein B-48 Yes No
27 kDa interstitial collagenase Yes No
Leucocyte elastase inhibitor Yes No
Pregnancy zone protein Yes Yes
Transforming growth factor-beta-induced protein ig-h3 Yes Yes
Histone H4 Yes Yes
Neutrophil gelatinase-associated lipocalin Yes No
Neutrophil defensin 2 Yes No
Protein S100-A8 Yes Yes
Plastin 2 Yes No
Complement component C8 gamma chain No Yes
Proteoglycan 4 C-terminal part No Yes
Apolipoprotein E No Yes
Stromelysin-1 No Yes
Ficolin-3 No Yes
Complement component C8 gamma chain No Yes
_ Presentin OA
Protein Name Uniqueto OA ¢ . . b
microvesicles
Aggrecan core protein 2 Yes Yes
Cartilage oligomeric matrix protein (COMP) Yes Yes
Complement factor D Yes No
Tetranectin Yes Yes
Inter-alpha-trypsin inhibitor heavy chain H1 No Yes
Gelsolin No Yes
Plasma protease C1 inhibitor No Yes
35kDa inter-alpha-trypsin inhibitor heavy chain H4 No Yes
Alpha-2-antiplasmin No Yes
Cartilage acidic proteinl No Yes
Fibronectin No Yes
Pigment epithelium-derived factor No Yes
Low molecular weight growth-promoting factor No No
Histidine-rich glycoprotein No Yes
Thrombin heavy chain No Yes
Cijitinase-3-like protein 1 No Yes
Alpha-1B-glycoprotein No No

Table 3.10: A list of differentially expressed proteins betweeyolpd OA and RA
samplexompiled by Mateos et .The top table lists differentially expressed piren
RA synovial fluid, while the bottom table displ@yesteins relatively enriched in the OA
pooled sample. Also shown is an indication of wérethese species were found in SF
micro-vesicles

aadapted from Table ¥ b proteome of MV in this studytaken from Table &
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Examination of the four proteins cited by Matesal °% as being unique to OA (lower
half of Table 3.10), shows that three of them dse #ound in the MV sub-proteome i.e.
aggrecan core protein 2, COMP (to be discussedebind tetranectin. Complement
factor D was not found to be vesicle-associatedrthér, low molecular weight growth-
promoting factor and alpha-1B-glycoprotein wereeathsn OA MV. Finally, as was the
case in the current project, the authors soughficegron of their proteomic data by an
orthogonal study employing incubation with antitesliand analysis by WB. They
confirmed that some proteins that were previoublyught to be RA-exclusive, were
actually present in OA samples e.g. 27kDa intéatticollagenase (MMP-1) and
transforming growth factor-beta-induced proteinh®y- This highlights a limitation to
any shotgun strategy, which is the possibility @fsking low abundant peptides by those
from high abundant proteins or proteins that undezgtensive fragmentation. As this
current research study represents a specific sotegme, it follows that proteins
previously deemed absent in whole SF, may actuadlypresent and associated with
MVs. Therefore, experimental design and specifiotgpme targeting will have a
bearing on the final outcome in any proteomic study

The above study by Mateos was a differential proiestudy whose aim was to identify
proteins that differ between OA and RA in whole eyial fluid. Gobezieat al.”® also
performed a differential study in whole SF, onlystistudy examined the proteome
differences between SF from 20 healthy subjects3@nplatients with OA. They reported
135 unique proteins, from which 15 were found touseegulated in the OA patient
cohort, while three down-regulated relative to tlvatrol group. Table 3.11 summarises
this group’s findings. Also included is confirmati whether these proteins were found to
be associated with MV in this project.
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Protein Name

Cystatin A (stefin A)

Aggrecan 1 (Chondroitin sulfate proteoglycan core protein 1)
Dermcidin

Albumin

a1-Microglobulin/bikunin precurser
Fibrinogen, a chain

Fibrinogen, y chain
0,-Macroglobulin

Apolipoprotein E

Apolipoprotein H (3,-glycoprotein )
Complement component 3
Ceruloplasmin

Haptoglobin

Orosomucoid 1 (Alpha-1-acid glycoprotein 1)
Vitamin D binding protein
Complement component 4B
Apolipoprotein A-1

Retinol-binding protein 4

Upregulated/Down-
regulated relative
to control group

Down

Down

Down
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up
Up

Present in OA
MV

No
Yes
Yes
Yes

No
Yes
Yes

Yes
Yes

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes

No

Table 3.11: Eighteen proteins which Gobeize et®hlfound to be significantly
differentially expressed across control and OA gru Also shown is an indication of

whether these same species were found to be piaseAt synovial fluid MVs.

All of these proteins, with the exception of cystaf, al-microglobulin and retinol-

binding protein 4 were found within the MV proteonmethis project.

Cystatin A (a

cysteine protease inhibitor) was found to be doegutated in OA SF relative to the

control group, suggesting that cysteine proteasag play a significant role in OA

pathogenesis. The authors expressed surprisendmd@ that although serine protease

inhibitors were present in both OA and healthy tBEre was not a significant difference

in these species between control and OA samplesineSprotease inhibitors were also

found to be associated with OA synovial fluid MVsthis project. Table 3.12 compares

the serine protease inhibitors found by Gobeziexsig with those found to be associated
with OA MVs (as classified by Panther) in this g They classified eight serine

protease inhibitors in their study of whole synb¥iaid. The authors speculate that the

abundance and large number of these inhibitormsistent with their importance in

joint function. They cite examples of processeshiwi the joint regulated by these
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species, and include, regulation of MMPs, aggresanalasmin, tissue mitogens (initiate
cell division), angiogenesis (growth of new bloo@ssels) activity, inhibition of
inflammatory leukocyte proteases e.g. neutrophélstalse and finally, regulation of
fibroblast mitogen binding to extracellular matr@f the eight protease inhibitors found,
five were found to be associated with MVs in thigdy.

Serine Protease Inhibitors

Microvesicle-associated Whole Synovial Fluid
Alpha-1-antichymotrypsin Alpha-1-antichymotrypsin
Alpha-1-antitrypsin Alpha-1-antitrypsin
Pigment epithelium-derived factor Pigment epithelium-derived factor
Plasma protease C1 inhibitor Plasma protease C1 inhibitor
Pregnancy zone protein Pregnancy zone protein
Alpha-2-antiplasmin Kinninogen
Alpha-2-macroglobulin C1q (with C1s & C1r)
Angiotensin-3 AT I

Inter-alpha-trypsin inhibitor heavy chain H1
Inter-alpha-trypsin inhibitor heavy chain H2
Kallistatin

35 kDa inter-alpha-trypsin inhibitor heavy chain H4
Plasma serine protease inhibitor

Plasmin light chain B

Table 3.12 Comparison of serine protease inhibitors found edssociated with MV
(left column) and those found in whole SF (righuom) by Gobeize et al>. Common
species are displayed in red, while differencesiarelack. Classification of proteins in
microvesicles was achieved by the Panther Classific System.

It was urged by the authors that continued focughencontribution of both classes of
protease inhibitors to OA pathogenesis should naeti The study by Mateos (discussed
above) made no mention of cystatin A. Bearing indhthat they analysed RA and OA
samples i.e. pathologic samples, a tentative ceimmiumay be drawn, that decreasing
levels of cystatin A could be an interesting OArbarker. This would merit further

study.

As stated above, there is a relative paucity oflisgion MVs in synovial fluid in the

literature by comparison with plasma or urine. @meresting study however, was that

ad

carried out by Rosenthat a This research consisted of a proteomic analysis
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articular cartilage vesicles (ACV) isolated fromrmal and OA cartilage. These vesicles
fall into the same size category as exosomes lasaid by the authors to possess a
different cargo composition and function. The poohe was characterised and listed. A
comparison was made between both proteomes i.e.sA@Y1 unique proteins) and
synovial fluid MVs (263 unique proteins). This cpanative analysis is shown in Figure
3.37

MV Proteome ACV Proteome
263 151

Lists contain 362 unique elements

Figure 3.37: A comparative analysis between the proteomic m@m®fibf articular
cartilage vesicles (red) generated by Rosenthal.e¥ and synovial fluid MV generated
in the present study (green). The number of pmeteommon to both sets of data is in
yellow.

Proteins common to both data sets are displayefiable 3.13. In terms of proteins
unique to each particular proteome, 80% (211 pmejeof MV proteins and 66% (99
proteins) of ACV proteins are unique. The totaintwer of proteins associated with SF
MV was 1.7 times that associated with ACVs. Thasvikely due to the fact that MVs
originate from multiple sources i.e. cartilage, pfmocytes, synovium etc., while those
associated with ACVs came from a specific tisseedartilage. It must be borne in mind

throughout the discussion that follows, that thevAGnay be aubsebf SF MVs.
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Proteins common to the proteome of ACVs and OA synovial
fluid MVs

P68032  Actin, alpha cardiac muscle 1
P68133 Actin, alpha skeletal muscle
P62736  Actin, aortic smooth muscle
P60709  Actin, cytoplasmic 1

P63261  Actin, cytoplasmic 2

P63267 Actin, gamma-enteric smooth muscle
P16112  Aggrecan core protein

P01009  Alpha-1-antitrypsin

P01023  Alpha-2-macroglobulin

P06733  Alpha-enolase

PO7355  Annexin A2

P02647  Apolipoprotein A-l

P06727  Apolipoprotein A-IV

P0O5090  Apolipoprotein D

P02649  Apolipoprotein E

P13929  Beta-enolase

P49747  Cartilage oligomeric matrix protein
P10909  Clusterin

P00488  Coagulation factor XIll A chain
P12109  Collagen alpha-1(VI) chain
P12110  Collagen alpha-2(VI) chain
P12111  Collagen alpha-3(VI) chain
P01031  Complement C5

P13671 Complement component C6
P07357  Complement component C8 alpha chain
P68104  Elongation factor 1-alpha 1
P02671  Fibrinogen alpha chain

P02751  Fibronectin

P06396  Gelsolin

060814  Histone H2B type 1-K

P62805  Histone H4

P01876 Igalpha-1 chain C region
P01877 Igalpha-2 chain C region
P01857  Iggamma-1 chain C region
P01859 Iggamma-2 chain C region
P01860 Ig gamma-3 chain C region
P01861 Iggamma-4 chain C region
P01834  Ig kappa chain C region

P01871  Ig mu chain C region

P04220 Ig mu heavy chain disease protein
P04264  Keratin, type Il cytoskeletal 1
P00338  L-actate dehydrogenase A chain
P61626  Lysozyme C

P06702  Protein S100-A9

Q92954  Proteoglycan 4 (Lubricin)
P14618  Pyruvate kinase isozymes M1/M2
Q92743  Serine protease HTRAL

P02743  Serum amyloid P-component
P24821  Tenascin

P35443  Thrombospondin-4

Q15582  Transforming growth factor-beta-induced protein ig-h3
P04004  Vitronectin

Table 3.13 List of proteins common the proteome of ACVs andyvial fluid MVs
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It was expected that some commonality was shargtiédoywo proteomes, which include,
cytoskelatal (e.g. actin, keratin, elongation factbalpha 1), extracellular matrix
(collagen, lubricin, COMP, aggrecan) and cell adivegclusterin) proteins. The author
noted that while inflammatory components probabilginate from SF, chondrocytes are
capable of synthesising components of the classaraplement pathway e.g. C1, C2 and
C4 and concluded théthe presence of complements and immunoglobulif@AnAVCs
warrants further consideration” It may be hypothesised that the other complement
components i.e. C5, C6 and C8 and all the othdarmhatory-related species (Table
3.13) come from SF to the cartilage either as delploteins or possibly packaged in
MVs. Nautaet al °° described the role of MVs in inflammation throuagttivation of the
complement cascade. The recognition unit of tlesital complement pathway, C1q,
binds to MVs released from apoptotic cells. Gasgteal °’ also found Clq on the
surface of ectosomes/shedding vesicles. In tutig, &tivates the complement pathway
by binding to C3 and C4 on the MV surface. Diséeal*® interpreted this as a trigger to
inflammation while Gasseet al®” hypothesised that the binding of Clq to the cell
surface triggers the release of ectosomes, whiely fuggested is important for the
prevention of the compliment cascade on the cellsa, thus inhibiting the development
of autoimmunity. Further, the likely source of $kespecies was the local synovial tissue
cells and the complement cascade was implicatedeinnnate immunologic defence of
the avascular cartilage and also had a role ip#tieo-physiology oboth OA and RA%,

A host of complement components were found to Be@ated with MVs in OA synovial
fluid in the current project. Further discussiom complement components will take

place in relation to COMP (below).

Rosenthakt al.** then listed all those proteins that were foundn({DA ACVs only, (ii)
in normal ACVs only, (iii) up-regulated in OA andhdlly, (iv) down-regulated in OA.
This list is produced in Table 3.14, and as befaregplumn was added indicating if each

protein was found in synovial fluid OA MVs.
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Differentially Expressed ACV Proteome Present in OA MV

OA Only
P02671 Fibrinogen alpha chain Yes
P02649 Apolipoprotein E Yes
P01857 Ilg gamma-1 chain C region Yes
P01031 Complement C5 Yes
P60174 Triosephosphate isomerase No
P01834 Ig kappa chain C region Yes
P21589 5'-nucleotidase No
P00738  Haptoglobin Yes
P06727  Apolipoprotein A-1V Yes

Normal Only

Q9UKUS9  Angiopoietin-related protein 2 No
P68104 Elongation factor 1-alpha 1 Yes
Q14055  Collagen a2(1X) chain No
Q16674  Melanoma-derived growth regulatory protein No
P13611 Versican core protein No
P57053 Histone H2B type F-S Yes

Up-regulated in OA

P02768 Serum albumin Yes
Q15582  Transforming growth factor-beta-induced protein ig-h3 Yes
043854 Intgrin-binding protein No
P02743 Serum amyloid P-component Yes
P04004 Vitronectin Yes
Q92743  Serine protease HTRA1 Yes
P12111 Collagen alpha-3(VI1) chain Yes
P12109  Collagen alpha-1(VI) chain Yes
P12110  Collagen alpha-2(VI) chain Yes

Down-regulated in OA

P10915 Proteoglycan link protein No
Q08431 Lactadherin No
P02458 Collagen al(ll) chain No
P10909 Clusterin Yes
P26038 Moesin No
P21810 Biglycan No
P51888 Prolargin No
075339  Cartilage intermediate-layer protein 1 No
P16112 Aggrecan core protein Yes
015335 Chondroadherin No
Q92954  Proteoglycan 4 (Lubricin) Yes
Q8IUL8 Cartilage intermediate-layer protein 2 No
060687  Sushirepeat-containing protein SRPX2 No
P49747 Cartilage oligomeric matrix protein Yes
P02751 Fibronectin Yes
P35443 Thrombospondin-4 Yes
P35241 Radixin No
015232 Matrilin 3 No
P29992 Guanine nucleotide-binding protein all subunit No
P15311 Ezrin No
P07996 Thrombospondin-1 No
P98160 Perlecan No

Table 3.14:Comparison of the proteome of ACVs derived frormabiand OA cartilage
as performed by Rosenthal et @Also included is whether each protein was foundeto
associated with OA MV.
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In the OA only category, nine proteins were listed as signifigaimcreased in OA
ACVs. Many of these were markers of inflammatioe. ifibrinogen, complement,
immunoglobulins and lipoproteins. Of these nineigties, two were not found in the

MV proteome i.e. Triosephosphate isomerise andiffentidase.

In theNormal only category, six proteins were down-regulated in O#ilea@e relative to
normal cartilage. With the exception of histone &&l elongation factor 1, none of the
remaining four species were found in MVs from OAtigats. One of these was
angiopoietin-related protein which is a memberhed tumour necrosis factor family
and was said to be related to the development phextive tissue and cartilagé
Another interesting protein absent in OA MVs wassiean. Research by Matsumab

al. %

revealed that versican is a large chondroitinfasel proteoglycan of the
extracellular matrix mainly present on the surfateleveloping cartilage. Interestingly,
an inverse relationship exists between levels odigan and aggrecan — as the expression
of one is increased, the other decreases. Neah#rese proteins was present in the
afore-mentioned studies on whole SF. That thesejms are not found in ACVs or SF
MVs lead one to speculate that their expressioneithger arrested or greatly reduced in

OA.

The third category Up-regulated in OA- was comprised of nine proteins. Eight of these
were found to be associated with OA vesicles. diitebinding protein DEL-1 was the
single protein not found in MVs and the authorsnolds role in ACVs and in cartilage is
not known. Transforming growth factor-beta-indugedtein ig-h3 (TGFBIp) was found
to be both ACV- and MV-associated. According taRintKB this protein binds to type
I, Il, and IV collagens and may play an importaolerin cell-collagen interactions. In
cartilage, it may be involved in endochondral bdoemation. This protein was also
listed in Table 3.10 above as being found in RA @y, though the authors later
confirmed its presence in OA by W8, As its name implies, TGFBIp is a result of
transforming growth factor-beta protein (T@Fwhich Rosenthal* believed supports
the idea of the putative role for the latter in OAlowever, Namet al. *® found this

protein to be also induced by Il3land TNFe in fibroblast-like synoviocytes in RA
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patients. It may be that those MVs which contaid€alFBIp isolated in this project
originated from synoviocytes, or may actually be\A&Cthat are present in the SF as
mentioned above or indeed be present in exosonemsesl by activated chondrocytes.
TGFBIp was found to be associated with chondrocglagen interactions®. These

interactions were recently elucidated by Zhangl **

in their study of the pericellular
matrix (PCM) - a thin layer of extracellular matrtkat immediately surrounds the
chondrocyte where chondrocytes and extracellulatrima@xchange signals. They
concluded that TGFBIp islocated pericellularly but its distribution is beynd the
PCM....... The distribution pattern of TGFBIp indicatbsit it is not a restrict PCM
component” This conclusion may be explained by the propmsithat TGFBIp was
now MV and/or ACV cargo and departed the PCM mieneironment. Of interest
though, TGRS itself (a precursor to TGFBIp) was not found toassociated with ACVs
or SF MVs, though this protein has an importanerai cartilage homeosta$id
Interesting questions presented themselves herelation to TGFBIp. Which species
are precursors to this PCM protein that was foun@A MVs? Was it TGH in the
cartilage or cytokines (IL{f1 & TNF-a) from synoviocytes? In MVs isolated from OA
whole SF, it probable that both scenarios werectise. As this protein is involved in
cell-collagen interactions via integrins as theesm|l surface receptots’, it maybe that
activation of chondrocytes may induce TGFBIp endosig followed by trafficking
through the cell via the endosomal pathway, andllfinreleased into the ECM in
exosomes. It could be speculated that this may ecursor stage to subsequent
collagen type VI degradation. Another possibilgythat as TGFBIp can undergo both

105 and hence, these two

covalent and non-covalent interactions with coltaggpe VI
species were present in MVs bound to each othemallfy as mentioned in the
introduction to this chapter, exosomes are alsavknio be antigen-presenting entities. It
is possible that if TGFBIp is associated with exuass it may fulfil this role, especially in
light of the work published by Caat al ' which detailed an immune regulatory role for

this protein through stimulation of macrophage aytiusis.

Zhang's group'®® also noted fragmentation of collagen type VI ie fACM when the

cartilage was treated with IBland TNFe and interestingly, mechanical compression.
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Three collagen type VI fragments (collagef(VI1) chain, collagena2(VI) chain and
collagena3(VI) chain) were also present in ACVs under thadieg “Up-regulated in
OA” in Table 3.14 and the same three fragments \ierad associated with SF MVs in
the current project (Table 3.7). Disruption oflagen type VI in the PCM is believed to
destabilise chondrocyte phenotyp®. This may be very relevant in the early
pathogenesis of OA. Polet al *°® suggested that biomechanical stress may initiate a

disruption of the pericellular matrix through seriprotease HtrA1l.

Serine protease HtrAl (High-Temperature Requirem®&nserine peptidase 1), is a
51.3kDa species that was also found in microvesicléDA synovial fluid in this project
and also up-regulated in OA ACVs by Rosentffal It is known to be associated with a
variety of targets, including extracellular matgroteins such as fibronectin and within
the context of arthritis it was concluded that antiibutes to cartilage catabolism and
degradation’®. Elevated synovial HtrAl levels were detectedlinds obtained from
RA and OA patients, with synovial fibroblasts idéat as a major source of this protein,
and the study confirmed that fibronectin was thejomdarget of this protease.
Interestingly, fibronectin was also detected in novesicles in this project despite the
assertion that this protein is solely associateiti WA exosomal fraction¥. Treatment
of synovial fibroblasts with HtrA1 or HtrAl-geneeat fibronectin fragments, in turn
resulted in the specific induction of MMP1 and MM&&ression, suggesting that HtrAl
contributes to the destruction of extracellular nmathrough both direct and indirect
mechanism&®. It is worth noting that MMP3 (stromelysin-1) wimsind associated with
synovial fluid MV in this project, though MMP1 wa®t. In order to establish the extent
of protease activity in MVs, a zymography experitnems carried out (Figure 3.35)
which demonstrated that gelatinases are assoamatedSF MVs. This is the first study
to identify protease activity in SF MVs. Howevesithout WB analysis it is not possible
to definitively identify these species, though otistudies™® " °have identified
proteases in whole SF. No MMPs were found in ACV8suchiyaet al *** examined
HtrAl expression pattern during bone and cartildgeslopment and in articular cartilage
affected by experimental arthritis. They found tthdtrAl digests other major

components of cartilage, such as aggrecan, dedirmomodulin, and soluble type I
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collagen, and concluded that HtrA1 may promote deggion of cartilage by digesting
cartilage matrix. Examples of matrix proteins fduto be associated with SF MVs
include, fibrinogen, COMP, fibronectin and collaggpe VI. Poluret al *°® found that
pericellular type VI collagen was absent in chorgites expressing HtrAl and that the
expression of HtrAl was associated with the exprvassf discoidin domain receptor 2
(DDR2) in the chondrocytes. The activation of DRRn turn led to binding with its
ligand, namely type Il collagen. They argued titse results indicated that HtrAl may
disrupt the pericellular matrix network, resultingp alteration of chondrocyte

| 2 recently supported this theory and

metabolisms which eventually led to OA. Xua
reminded us that type Il collagen is not presenthi pericellular matrix, so there is
unlikely to be direct contact between chondrocysesl type Il collagen in healthy
cartilage. The group concluded that damage tgéneellular matrix induced by HtrAl
occurs in the early development of OA and this tedaberrant interactions between
chondrocytes and type Il collagen. MVs from the -@@oled patient sample in the
current study, contains three isoforms of collaggpe VI (collagenal(VI) chain,
collagena2(VI) chain and collagem3(VI) chain) along with HtrRA1 and TGFBIp.
Further study of MV isolated from a larger cohdirQA patient samples and control SF
would be required to verify if these species argum to OA MVs. Markers of PCM
destruction in MV could have useful early-stage @iagnostic value. This can be
appreciated as important given that once the ocaflatype Il structure is severely

degraded, the chondrocyte is unable to undertgiairrsteps ™.

As mentioned above, MMP3 (~54kDa) was also foundbd¢oassociated with synovial
fluid microvesicles. Figure 3.35 was the resultaozymography study, which is an
extremely sensitive technique (10pg of a gelatines®y be detected™, and it
demonstrated that a host of gelatinases were gregen MVs and the corresponding
supernatants. The list of proteins generated byildided MMP3. The stromelysins
MMP3 and MMP10, digest ECM components such as gelialV and fibronectirt®®,
with MMP3 having a higher proteolytic efficiencyghier than that of MMP1G*°.
Indeed MMP3 is the most strongly expressed MMP # cartilage, but its expression
decreases in late OX. Though MMP3 is incapable of cleaving collagepetyll (the
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major structural protein in cartilage¥, it does play an important role in cartilage
degradation either by direct cleavage of proteawhgcfrom the cartilage matrix, or
indirectly by activation of other members of the NMamily (namely MMP1, MMP9 &
MMP13). This indirect activation of other membeys the MMP family (notably
MMP9), by MMP3 in OA and RA, was studied by Dreiral **”. They noted that
MMP-9 was secreted as a stable, inactive zymogemNMP9) and was subsequently
proteolytically converted to the active form. Inn@amtly, macrophages extensively
expressed and secreted pro-MMP-9 whereas chonédsofajited to produce this enzyme.
Of interest though, is the fact that MMP3 productwas triggered by chondrocytes from
OA, but not normal joints. This study led the authto conclude thatiarticular
chondrocytes are not innocent bystanders in jois¢ases’ Recognising that MMP3 is
associated with MV cargo, it is interesting to spate that this species may transit from
the chondrocyte to the pro-MMP9 producing cells wiacrovesicles. Somehow
disrupting this vesicle trafficking may go towaridsibiting the activation of destructive
proteases, particularly MMP9 and MMP13. A questirth asking is; why not explore
MMP3 inhibition? In that way MMP1, MMP9 and MMP8ay remain in the inactive,
zymogen form. The literature appears to have mixeds on this. Some studies with
MMP3 and MMP9 knock-out mice demonstrated proteci@gainst cartilage loss and
aggrecan cleavade® ' while others'?® *?*found the converse to be true. It is worth
bearing in mind that these are animal models aatthi®e onset of arthritis was artificially
produced and instant. In humans, OA has a heteengs assortment of causes and
develops over time. Therefore, the development @odression of the disease may be

quite different in humans relative to that in actdlly-induced OA murine models.

Sinz et al **? conducted a 2-DE comparative proteomic study ofosial fluid and
plasma from patients suffering from RA, reactivehatis, and OA, which identified two
spots unique to the SF of RA patients. These vmateobserved in the other two
pathologies or in any of the plasma samples studi®S identified these spots as
calgranulin B (MRP14 or S100-A9) - a 13.2kDa specielhe S100 proteins are also
known as alarmins. The authors concluded thataaildin B is a $ensitive marker for

the molecular characterisation of RA, as it candie¢ected quite easily in SFHowever,
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this project would appears to counter that hypashes this protein (identified as Protein
S100-A9) was found associated with MVs in an OA sBifnple. Calgranulin B is a
calcium-binding protein, which is primarily expresstogether with another calcium-
binding protein, calgranulin A (MRP8 or S100-A8&} by circulating neutrophils and

monocytes. Sinet al %2

acknowledged that they did not identify calgranuh (S100-
A8) in any of the pathologies (including RA) in thetudy, though S100-A8 was found
associated with MVs in an OA patient sample in ghrigect. One of the functions of the
S100-A8/S100-A9 complex is to mediate leukocyteratign and adhesion to vascular
endothelium'®®. A possible explanation for the presence of SA00and S100-A8 in
OA MVs is the fact that this fraction representsighly concentrated sub-proteome. The
difficulty experienced by Sinz to detect these rtiegein other samples may simply be a
matter of low abundance in OA, exasperated bydbethat their study characterised the
proteome of whole synovial fluid. However, the&rsearch did identify calgranulin C
(S100-A12) in RA patients, whereas this species nesdentified to be associated with
OA MVs. Therefore, experimental design and speailfy targeted proteomes are a
factor and an influence on the generated list ofgins. Other studi€$>*?’showed that
S100-A8 and S100-A9 may have a sustained role irtilagee degradation in
inflammatory arthritis. However, while these piotemay have a role in initiating early
cartilage degradation in OA by up-regulating MMR®] aaggrecanases, their reduced
expression in late stages of OA suggested theyotitvave an ongoing role in cartilage
degradation. Therefore, these proteins could bpoitant early OA markers and
suppression of their expression may instigate gipleshalt to the subsequent signalling
cascade that leads to cartilage decay, thus cladovgn one of the many pathways

implicated in this complex disease.

In their very recent review paper, Loeser etd.made a very interesting point. They
advise that as articular cartilage matrix proteare degraded, fragments of these
degraded proteins can feedback and stimulate funmh&trix destruction thus self-
perpetuate the disease. They cited examples otipriagments that can stimulate this
feedback loop. These include fragments of fibrtinecollagen and small leucine-rich

proteoglycans. Fibronectin and collagen fragmergse said to stimulate the production
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of inflammatory cytokines, chemokines and MMPs. hypothesis that was proposed
earlier, in which collagen VI fragments from theripellular matrix may enter the
endosomal pathway and re-enter the EMC in exosanégcome vesicle-associated in
the ECM, may also have some credence here. M\girigrfragmented collagen VI
cargo may be destined for uptake by neutrophilsnacrophages, which results in the
stimulation of an inflammatory response. As filrotin is also associated with OA

MVs, the same hypothesis may apply.

Another protein fragment that can induce an immogichl response is Cartilage
Oligomeric Matrix Protein (COMP/thrombospondin 5from Table 3.14, Rosenthal
listed this species under the headibgwn-regulated in OA. COMP is a 524kDa
pentameric glycoprotein expressed primarily initzge, tendon, ligament and synovium
125 From Figure 1.2 in the introduction chapterwis shown that COMP is an ECM
protein and is known to bind collagens type I, nidalX (fibrillogenesis), as well as

fibronectin and aggrecdr’. DiCesareet al.***

performed a study of COMP metabolism
in cartilage obtained from a cohort of healthy, @#d RA patients and their conclusions
indicated that the degree of COMP fragmentationroréd degenerative processes
occurring in the matrix.

From the analysis of OA SF in this project, it waand that COMP is associated with
MVs. However, further study will be required taieldate the exact structure of this.
Many questions immediately present themselves. thés structure/fragmentation of
COMP found in MVs uniform, or is there heterogeredwagmentation? Is there any
difference in the structure/fragmentation of COMRrd to be associated with MVs and
that found in whole SF? Indeed, why are some feagmassociated with MVs while
other fragments (possibly the major part) are i@ éxo-vesicular milieu? These are
important questions, especially in light of theemsh performed by Gagarima al**?
This group showed for the first time that titarboxyl-terminal half” of COMP played a
critical role in chondrocyte survival. It accongtied this by the induction of members of
the inhibitor of apoptosis (IAP) family of survivaloteins, which were very effective at
blocking the activation of caspase 3, and so efteathibition of apoptosis. Their work

suggested that during the process of cartilagekdoyen, some fragments of COMP sitill
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retain their anti-apoptotic function. They furthgmpothesised that these fragments may
be bioactive; leading to a reduction in the leviehpoptosis in OA cartilage, and finally,
that COMP fragments may also affect tissues a$ sémoved from cartilage. All these
theories lead to a suggestion that MVs could pl&CaP- trafficking role here. This
reverts back to establishing the nature of COMB@ated with MVs and whole SF.

d. '3 recently identified the complement cascade asyafdeor in OA. They

Wanget
stated that cartilage ECM components released kymrsed in OA cartilage may trigger
the complement cascadéglysregulation of gene expression in joint tissuemy
contribute to a local preponderance of complemeffecéors over inhibitors in
osteoarthritis, permitting complement activationpfmceed unchecked”A consequence
of triggering this effect was the formation of memnie attack complex (MAC) on
chondrocytes, which the authors stated either Kilés cells or causes them to produce
matrix-degrading enzymes, inflammatory mediatorsl ather complement effectors.
These species further propagate joint disease. s Winole concept of protein

134 .
l in

fragmentation promoting the complement cascadesitaied by Happoneet a
relation to COMP. Theirs was the first study tondastrate that an extracellular protein
has an active role in inflammatian vivo. They found that COMP fragments can
activate the alternative complement pathway dua threct interaction with properdin,

while simultaneously inhibiting the classical aedtln pathways due to interaction with
Clq (classical pathway) and mannose-binding le@iotin pathway) precursors. A

simplified schematic diagram of the three known ptement cascade pathways is

displayed in Figure 3.38.
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Figure 3.38 A simplified schematic diagram of the three compleincascade pathways.
Diagram taken from Cook et &f°

With the exception of complement factor D, all cdempent components required for
each of the three possible pathways in Figure @r@Buding properdin) were found to be
present inf/on OA MVs. It may be worth considerthg function of COMP and MVs in
relation to the complement cascade. Is it possitde COMP fragments are exposed on
the surface of MVs with the purpose of initiatinrgetcomplement cascade there, rather
than on the surface of chondrocytes and so prengatsustained inflammatory response
at the cartilage?

Hunter et al 3°

performed a longitudinal study on a number of reeskof cartilage
turnover in serum, to ascertain if they could seagepredictors of cartilage loss on
magnetic resonance imaging (MRI). The authors locoled that, with the exception of

COMP, none of the other markers was a statisticgiipificant predictor of cartilage
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loss. They claimed that a single measurementaéased COMP predicted subsequent
cartilage loss, but added that thaséociation was modest’Williams et al **’ predicted

that COMP will be useful as a biomarker of earlget OA and urge serious research
into the behavior of COMP, which may shed lighteamly pathogenic pathways and thus

determining its clinical usefulness as a biomarker.

Having discussed the role of COMP fragmentatiorelation to the complement cascade
and the hypothesis that MVs may have a functioofffsetting continued damage to the
chondrocytes, another family of proteins with taene function (i.e. complement cascade
regulation) was also found to be associated withVSs. These are the apolipoprotein
family. The complement cascade is essentiallyaebial killing mechanism by means
of rupturing the cell wall of the invading pathogelRrom Figure 3.38 it can be seen that
in the final stage of the complement assembly, @@d$to the C5b-C8 unit. C9 then
undergoes polymerisation ultimately forming a ciacypolymer, which then penetrates
the lipid bilayer of the bacteria resulting in cblsis. Hamiltonet al ** studied the
interaction of apoA-l and apoA-Il with the membraaitack complex of complement.
They found that apoproteins interacted with a aitehe C9 polymerised complex which
interferes with the assembly of the MAC and itssaquent ability to penetrate the cell
wall. The authors interpreted this as a meansrdtept cells which were exposed to
complement i.e. apoproteins act as complement ibohgb Finally, they advanced that
identification of the binding site for apoA-I or @-1l on C9 is a potential target for
complement inhibitory agents. In a recent revieapar Norataet al ® discussed the
current thinking around high density lipoproteiddD() in the immune system. This
paper was extremely interesting in terms of releeato the current project. At the
beginning of this discussion it was advised exosoarel HDLs possess similar density
values. Therefore, co-precipitation of HDLs withVBlis a possibility. The author
claimed that HDL particles are enriched in completmpathway and complement
regulatory proteins such as C3, C4a, C4b, C9 amdnéctin. All of these species were
found in OA MVs. Therefore, it is possible thaeth are HDL particles in the 200,000g
CHAPS pellet as apoA-l1 was found to be vesiclecssed (Figure 3.31). It was
hypothesised that HDL could bind these proteinsmmting their clearance and so
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preventing over-activation of the complement system their conclusion the authors
noted that HDLs are a reservoir for a number ofdgically active substances that may
impact the immune system. They expressed a neathfterstanding the role of HDLs
as delivery agents of these biologically active stabces to relevant targets in the

immune system.

As mentioned above, HA is the component of synofliatl that imparts viscosity and
gives the joint fluid an “egg-like” appearance ammhsistency. It is known that the size
of the HA molecule decreases while its actual aband increases with age and with the
onset of arthritic diseases. But what are the sgefihHA fragmentation? This decrease
in size is attributed to degradation and is thoughtivolve the action of hyaluronidases
or free radicals. This project established for fingt time, by employing zymography
with a HA substrate, that there are hyaluronidg$éSase) associated with SF MV.
Figure 3.36 demonstrates HAase activity by twoedéht species. One band is very well
expressed in the middle of the gel, while the oth@resent at a higher molecular weight,
though the latter is less intense than the fornheterestingly, there does not appear to be
HAase activity in the 200,000g pellet post-CHAP&atment. This may be compared
with the same sample pre-CHAPS treatment, suggesitat any HAase species present
are associated with the vesicle surface. Is isiptesto speculate on the identity of these
proteases? Csola al **° identified six genes that code for HAases. TheyHYAL-1,
HYAL-2, HYAL-3, HYAL-4, PH-20/ SPAM 1 and HYALP-1.Hyal-1 is an acid-active
HAase - a single polypeptide chain of 57-kDa (4%kidth approximately 8 kDa of post-
translational glycosylation). Hyal-2 is also amdaactive HAase which is present on the
outer cell membrane. The authors stated thasitunasual substrate specificity, cleaving
high-molecular-weight HA polymers to intermediaigesfragments of approximately 20
kDa. Hyal-3 is believed to be important in sterth gulation, while Hyal-4 is restricted
to placenta and skeletal muscle. PH-20/ SPAM X itesticular HAase which is
important for egg fertilisation by sperm. HYALPwlas termed a pseudogene and the
authors don't list a protein that is expressediy.t It was then suggested that Hyal-2
and Hyal-1 are the major mammalian hyaluronidasesmmatic tissues, and that they act

in concert to degrade high molecular weight HA tetsasaccharide. As mentioned, 20
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kDa HA fragments are generated by Hyal-2 digestiosn acidic environment at the cell

surface.  Bourguignonet al **°

explain that it is the interaction of CD44,
Sodium/hydrogen exchanger 1 and Hyal-2 that cretitesacidic microenvironment
necessary for the catabolism of HA. These fragmene first endocytosed, then
transported intracellularly, and finally further gdsted by Hyal-1. Twop-

exoglycosidases remove sugars from reducing terofiRiA oligomers, and supplement

hyaluronidases in their catabolism of HA. The mssccan be seen in Figure 3.39.

Hyaluronin

Figure 3.39: Schematic diagram outlining the process of HA digasby the concerted
action of two HAases, Hyal-1 and Hyal-2. HA isffidigested into 20kDa fragments at
the cell surface by Hyal-2, followed by endocytésithe lysosome for final digestion to
the tetrasaccharide by Hyal-1. Exoglycosidasesom@many sugars present in the
fragments. Image taken from Csoka et 3.

From the location descriptions of HYAL-3, HYAL-4,H20/SPAM 1 and HYALP
above, it is reasonable to speculate that the tiaads in Figure 3.36 are manifestations
of Hyal-1 and Hyal-2 activity. An alternative hythesis may be that, as Hyal-1 appears
to be located in the lysosome (Figure 3.39), bathds could be due to different Hyal-2
isoforms or indeed be Hyal-2 and a different pre¢eaA positive identification would

only be possible by incubation with the respectiaébodies and analysis by WB.
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At this point it may be instructive to put forthpmtentially interesting hypothesis. In
Figure 3.3 (reproduced here to aid the readerant lee seen that during the endosomal
pathway there comes a point whereby the cell erteositwo alternate pathways — either
target the MVB to the lysosome for cargo destrugtar fuse with the plasma membrane
and shed its load in the form of exosomes. Thatpaf alternate routes is highlighted
with a red box. Theoretically, it may be possifie the endosome carrying the 20kDa
HA fragments to avoid the lysosome pathway, hencedang further digestion by Hyal-

1 to the tetrasaccharide. The MVB may then fudf thie plasma membrane and release

these fragments within exosomes into the ECM milieu
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Figure 3.3: A schematic diagram of the endosomal pathway. efst(in red) are
endocytosed and enter the endosomal pathway wetliotimation of MVBs. At the point
highlighted by a red box, there two destinationtesupossible, — destruction by fusion
with the lysosome or exocytosis via fusion with glesma membrane in the form of
exosomes. Diagram is taken from Fevrier et&l.

This hypothesis may have some merit in light obpary published by Scanzeboal ***

Here it was suggestetthat initial responses to tissue injury may begtyered by
endogenous danger signals - damage-associated ulatguatters (DAMPS also called
alarmins)”. Some examples of DAMPS were cited e.g. HA ahdbfiectin fragments,
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heat-shock proteins and members of the S100/calfynafdiscussed above) family.
These species were said to bind to either toll-ti&eeptors (TLRsS) or the receptor for
advanced glycation endproducts (RAGE). The authdvssed that this process has been
implicated in cartilage catabolism in OA and cowed that DAMP interaction with
TLRs may stimulate the inflammatory response inositm, bone and cartilage in an
attempt to initiate repair.

| **®indicating a host of possible

An appropriate and informative diagram by Loesea
factors involved in the OA process was publishedy vecently. A number of species

that were found to be associated with OA MVs amglied as being associated with OA
in this project are shown in the diagram. Figu#03s an amended copy of this diagram,

highlighting any species that were discussed trecedrrows).
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Figure 3.40: Factors involved in the OA process. Those factbes were discussed
above are indicated with red arrows. A number mit@ins (S100-A8, S100-A9, DAMPS
and complement components released from the synpviean activate articular
chondrocytes though the activation of cell surfemeeptors e.g. TLRs, membrane attack
complex. Pericellular matrix destruction by HtrAldads to the exposure of the DDR2
receptor to its ligand, type Il collagen. Matrixafyments e.g. fibronectin and COMP can
induce an inflammatory response. Transforming dghofactor f stimulate osteophyte
formation. Diagram taken from Loeser et'&f
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3.5 Conclusions
A novel workflow for isolating microvesicles (MV$&om synovial fluid was established.

For optimal recovery of MVs, this necessitated ptr@atment with hyaluronidase (to
avoid vesicle entrapment by hyaluronic acid via B4€ receptor), and protein A
chromatography (to remove interfering immunoglohsii This was followed by a
differential centrifugation process which includegatment with 1% CHAPS (to remove

loosely associated proteins from the vesicle satfac

A four-patient-pooled sample was prepared employfregnewly developed method and
the 200,000g CHAPS pellet was characterised by rapsstrometry employing three
methods (RP-HPLC, SCX-RP-HPLC and in-gel digestioihe generated protein lists
were classified by a bioinformatic tool (Panthe®). number of confirmation studies were
carried out on selected proteins using the wedikrtntechnique, aimed at supporting the
MS data. Proteases activity associated with MVss westablished employing

zymography (including hyaluronidases).

In the discussion section, the intention was totyate plausible explanations for the
presence of a number of interesting proteins bagseda thorough search and
understanding of the literature, rather than a @mspn of the number of proteins
identified with other researchers. This approastdéred a number of possibilities for a
role MVs might mirror the pathophysiological evemsthe genesis and development of
OA. It is hoped that these hypotheses may spdaskdst in this topic and stimulate
further research.
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Chapter 4

Characterisation of differentially expressed
glycoproteins in synovial fluid between the various
arthritic  pathologies employing lectin  affinity
chromatography and mass spectrometry
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4.0 Introduction

4.0.1 Glycobiology

The term glycobiology or glycoscience is generakgerved for the study of sugar
functionality in living organisms. The function cérbohydrates in the context of energy
metabolism in cells, fall outside the scope of wisagenerally termed glycobiology.
Specifically, it is usually defined as the studytioé role of covalently bound sugars to
biomolecules (e.g. proteins and lipids) in the fafrmono-, oligo- or polysaccharidés
These glycosylated moieties are termed glycocombgisgan general, and glycoproteins
and glycolipids in particular. Thus glycobiology the science of glycoconjugatés
Sugar decorated proteins or lipids are referredstglycans. These glycans are hetero-
oligomers and are structurally more diverse thae thomo-polymeric storage

carbohydrates e.g. glycogen and amylase.

4.0.2 Glycan Composition — monosaccharides are tiheilding blocks of
glycosylation

Glycans are mainly composed of hexoses — monosadebawith the general formula
CeH1206. Four of the six carbon atoms in a hexose analcténtres since £C;, C; and

Cs are bonded to four chemically distinct groups. tiexe are four chiral centres, each of
which has two isoforms, there are therefore 16 bexsiereoisomers. The prefixes D-
and L- are used to distinguish between a paireresisomers. For example, D-glucose
and L-glucose are stereoisomers. The D- and lmdadiffer in the orientation of the
—OH group at & The most common monosaccharides found in humaraglgtructures

are shown in Figure 1. Also included are the theger abbreviations for each sugar.
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Figure 4.1:
glycoconjugates

Structure of common monosaccharides found

OH

OH

a-L-fucose (Fuc)

in  maiamal

Epimerisation is the term given to a change in ste¥eochemical configuration of a

single carbon atom in a sugar. From Figure 4.itl¢am be seen that D-glucose and D-

galactose are epimers as are D-glucose and D-maniustitution of the SOH group

of glucose or galactose with an acetylated amimumgryields N-acetyl-D-glucosamine
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and N-acetyl-galactosamine respectively. Fucosstngcturally related to galactose
whereby the €-OH group of Gal is replaced with a —ggroup. G is referred to as the
anomeric carbon and two configurations or anomegskaown by the labela andp.
The a anomer is distinguished by possessing an axial -gBdip on the anomeric
carbon, while in th@ anomer, the —OH group is in the equatorial pasitio
Monosaccharides can react with each other to farpoligo- and polysaccharides. The
bond between any two monosaccharides is referred toglycosidic linkage. Formation
of the glycosidic linkage occurs following a condation reaction between two
monosaccharides with the concomitant eliminatioraofiater molecule. For example,
the formation of lactose - a disaccharide compadeghlactose and glucose — is shown in

Figure 4.2.

OH OH
OH
4
o o}
OH + HO OH
HO
HO 1
on't P OH
Galactose Glucose
v
B 1-4 Glycosidic linkage
OH OH
OH
Non-reducing End o) Reducing End
° o/ OH
HO
on © OH

GalB1-4Glc = Lactose

Figure 4.2: Formation of a glycosidic linkage between galactosed glucose
monosaccharides to form a lactose disaccharide cubde

The synthesis of a di-, oligo- and polysaccharitiesugh glycosidic linkages requires an

input of energy’. In general, glycosyl-transferase catalyses asfem of one
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monosaccharide -in the form of a nucleotide sugarod to another monosaccharide
acceptor molecule. Each transferase is specificafgoarticular glycosidic linkage
between any two specific monosaccharides. Thedhysls of glycosidic bonds also
requires specific enzymes known as glycosidasesch [glycosidase catalyses cleavage

of a specific link between specific sugars.

4.0.3 Major classes of glycoconjugates

In broad terms, there are two main groups of glgopugates: those attached to lipids
(glycolipids) and those attached to proteins (gbyoteins). The analysis of glycolipids
is beyond the scope of this project and so wileree no further attention. Glycoproteins
are generally sub-divided into two classEdinked andO-linked glycans. Th& andO
refer to the species of atom on the amino acidivesof the protein, to which the glycan
is attached. Thus aN-linked glycan is covalently bonded to a nitroge¢ana in the
amino acid side chain, while for @linked glycan the bonding site is to an amino acid
oxygen atom. The synthesis of b&thandO-linked species is initiated in the lumen of
the endoplasmic reticulum (ER) and further procgssehe Golgi apparatus of the cell.
Ultimately, many types of glycoprotein are foundthé extracellular surface of the
plasma membrane or secreted into biological flladsl the extracellular matrix that

surround cells.

4.0.3.1 N-linked glycosylation

In this class of glycoprotein, the carbohydrataudtires are attached to the amide
nitrogen atom of an asparagine (Asn) side chaioreMpecifically, a specific amino acid
sequence is generally required fxglycosylation. These sequences are usually either
Asn-Xaa-Seror —Asn-Xaa-Thrwhere Xaa is any amino acid residue except proline
animal cells the monosaccharide attached to therésidue is almost always N-acetyl-
D-glucosamine (GIcNAc).N-linked glycan synthesis is believed to be divid&o three

stages: (1) formation of a dolichol (Dol) lipid-ked precursor oligosaccharide in the
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cytosol of the ER; (2) complete transfer of thisskg¢charide core oligosaccharide unit to
a nascent, unfolded polypeptide in the lumen of ER;, and (3) processing the
transferred oligosaccharide i.e. trimming somehef original sugars and completion of

terminal glycosylation in the Golgi body. An ovkrschematic diagram depicting the

entireN-glycosylation biosynthesis process is shown in Fagu3.

Synthesis of lipid-linked precursor Glycan transfer Trimming and processing

Further trimming Terminal glycosylation

Figure 4.3 Sequence of stages leading to the biosynthesisliok&d glycans. Synthesis
begins in the cytosol surface of the ER. Followandlip across the ER membrane,
individual monosaccharides are attached one aneeti Transfer of the sugar structure
to the nascent protein takes place by means of é&alytig reaction with
oligosaccharyltransferase. The entire edifice theansfers to the Golgi body, where
further trimming and processing takes place. Dagrtaken from Helenius et l.

Biosynthesis of the precursor dolichol-linked obgocharide is achieved by the
sequential addition of monosaccharides catalyseddegific glycosidases. The final
precursor has a total of two GICNAc residues, mmannose residues (Man) and three
glucose residues (Glc) i.e. Dol-(GIcNAdMan)(Glc)s. The structure of complete

precursor can be seen in Figure 4.4.
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. N-acetylglucosamine . Mannose . Glucose

Figure 4.4: The dolichol- oligosaccharide core structure. Téiters in red indicate the
order of addition of the monosaccharide ufiits

The entire core glycan sequence is then transfeoréite newly-formed polypeptide as it
emerges from the ribosome in the cytosol of the HRis is achieved through use of the
enzyme, oligosaccharyltransferase and it is thiyme that recognises the —Asn-Xaa-
Ser/Thr- sequence. The next stage is the remdvéheo glucose residues. This is
important for the protein folding stage. The pseciletail as to how this comes about is
not yet clear; i.e. whether all three glucose residues are remi@t once and then one
put back later or, just two are removed initialymains uncertain. However, one glucose
residue is required for the next step — the attaiinof the molecular chaperone,
calnexin. Calnexin is a lectin that is crucial faiding the folding of the linear
polypeptide in the cytosol of the E.

Glycans are usually classed as having high mannosaplex, hybrid or truncated
structures. The degree of heterogeneity is not detgrmined by the individual sugar
residues, but by the number of antenna and/or pdlyseamine extensions. Glycans can
be bi-, tri-, tetra- or more rarely, penta-antegnarFigure 4.5 displays the various
structures thal-glycans may adapt.
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Complex

Antenna Biantennary
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Antenna Triantennary

Tetraantennary

.N-acetylglucosamine

.Mannose

Hybrid
OGaIactose

Figure 4.5: The various structure types possible in N-linkgatgsylation.

Polylactoseamine extensions are composed of nundfer(GaBl-4GIcNAdL-),
disaccharide units within one of the antenna. Buyletion of the GICNAc residue
directly attached to the Asn residue or on therarde is another modification possibility
3. Despite the structural composition of each amerall N-linked glycans may be
capped with an N-acetylneuraminic acid- galactd&su@c-Gal) disaccharide. The sialic
acid, NeuAc residue is eithe2-3 ora2-6 to the galactose. A summary of the various

potential modifications that can occur are showRigure 4.6.
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Antennal Fucosylation
+

Core Fucosylation

+

Bisecting GIcNAc (non-elongated GIcNAc branch)

Sialylation ~*

+

Antennal Extension (polyLacNac)

.N—acetylglucosamine AFucose GMannose OGaIactose .Sialic Acid

Figure 4.6: A summary of the various potential modificatiorst tR-glycans may adopt
which leads to heterogeneities in structure and position

4.0.3.2 O-linked glycosylation

O-linked glycans are synthesised following an ihita@ttachment of a GalNAc
monosaccharide to either a Ser or Thr amino acidue. The point of attachment to the
Ser/Thr amino acid is the oxygen atom in the sid@rc Following attachment of the
GalNAc residue to Ser/Thr, a Bal3 attachment to the GalNac forms what is termed a
core-10O-linked glycan. This is either disialyated to cdetp the core-1 structure or
further extended to produce a cor®2dinked glycan. Core-1 and -2 structures may be

seen in Figure 4.7.
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O—&Serﬂ hr
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| FSer/Thr :.>I:F8er/Thr
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| |—SenThr Ser/Thr
& ®
o Disialyated Core 2
Disialyated Core 1
" Ser/Thr

Core 2 with polylactosamine extension

DN—acetylgalactosamine OGaIactose . N-acetylglucosamine . Sialic Acid

Figure 4.7:Core 1 and 2 structures attached to Ser and The slthins through a
GalNAc sugar residue.

Unlike N-glycosylation, there is no preformed core struettivat is formed before the
final glycan structure is established. Furti@sglycosylation is prominent in regions
containing high levels of proline and alanine. uwther difference betwee®@- andN-
linked glycosylation is thatO-linked glycans are considered post-translational
modifications that take place in the Golgi appasatu

There are two groups of glycoproteins in partictifeat are dominated by a large nhumber
of O-linked sugars. These are mucins and proteoglycaémsnucins, sialylation of the
core 1 structures imparts regions of negative ahargthe glycans. This charge in turn
has the capacity to bind large amounts of waterchvim turn, aids retention of water for
cells lying close to the outside environment. didifion to water retention, mucins serve

as lubrication and help protect the organism framasion by microorganisms. Finally,
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cross linking between the glycans through di-sphonds allows for the formation of

gels.

Proteoglycans also have the ability to bind wabet,their primary function is to provide
structure rather than lubrication. Another notaliference between mucins and
proteoglycans is that th@-linked glycans on mucins are small, whereas tlattsehed to
proteoglycans may contain approximately 100 resideach. These long structures
possess an underlying repeating disaccharide ndiage known as glycosaminoglycans
(GAGs). Examples of these GAGs are hyaluronic,adiendroitin sulphate, dermatan
sulphate, heparin sulphate and keratin sulphatgreétan is one the major proteoglycans
of cartilage. Here, chondroitin sulphateGslinked to a polypeptide filament, while
keratin sulphate i\-linked ®. These in turn are linked in their hundreds toeatral

filament of hyaluronic acid.

It is generally acknowledged that understanding dtmacture-function relationship for
glycans is much more difficult than for any othéass of biopolymer'. This is a

consequence of the high degree of heterogeneitygtiieosylation can entail by virtue
of, for example, potential multiple branching, aetsity of linkages, fucosylation of the

89 There are

outer arm and various types and differing exteft®ninal sialylation’
more than 30 sialic acid structural types that nhaye significance in recognition
processes”. Though proteins possess a range of biologicksre.g. signalling,
transportation, enzymatic, channelling etc., tls#iucture-function relationship is better
understood. Each protein is generally synthesigettanslation of an mRNA template
and the subsequent function results from the prenmture of the three-dimensional
structure after folding. By contrast, for glycassambly, monosaccharides are attached
one-at-a-time through a series of individual enzymaeactions, without a template
mechanism. This permits the possibility of a hageneous glycan composition. For
example, analysis of DSRA (a thrombolytic agent present in vampire batseaéed
around thirty glycoforms present at a siniinked site’®. Another example of a high
degree of heterogeneity can be found in IYG This molecule is one of the least
glycosylated in our system (2.8% sugar coverage),y@t a single glycosylation site was

found to possess 36 different glycoforms. Thougltan structures are not encoded
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directly in the DNA sequences, they are encodedrantly by the transcription and
translation of genes that generate glycolsyltramstes®. These enzymes control the
synthesis of the glycans that attach to the protéimperiments with knockout mice in
which certain glycolsyltransferases are eliminatkghw that although the individual cell
remains viable, complete elimination of any of thesazymes is fatal to the organism as a

whole.

4.0.4 Lectins

Lectins are defined a®proteins or glycoproteins of nonimmune origin dexd from
plants, animals, or microorganisms that have spatyf for terminal or subterminal
carbohydrate residues*?. Another feature of lectins is that they have exwyme
activity. They are multivalent as two or more subending sites are required for cross-
linking or agglutination of cells to occit. The nominal or preferred sugar specificity of
lectins is ascertained by the simple monosacchatiugt inhibits their effect. However,
that said, lectin-binding inhibition by a simple nasaccharide is an over-simplification
and binding involves three monosaccharides wittaiqular three dimensional spatial
arrangement. Hydrophobic and electrostatic interas also aid binding.

Lectins isolated from plants and animals are usedhie study of glycans® *°.
Sometimes more than one lectin with different higdspecificities may be obtained from
a single source and these are termed isolectinsamples of isolectins used in this
project include MAL | and MAL Il which are isolatdtbm Maackia amurensiseeds.

L ¥ and Gremenieet al °

Mislovicova et a published a two-part joint review on
“Lectinomics” and in particular the relevance of plant lectindiomedicine. In these
extensive and comprehensive reviews, there aredaldtailing a large number of studies
relating to protein glycosylation changes, the ipalar lectins used in the screening
process, the diseases concerned and finally theatieof analysis employed. Figure 4.8

summarises the applications that lectins have faonfdomedical diagnostics.
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Figure 4.8: A schematic diagram displaying the many applicagioh lectins in clinical
diagnostics. Diagram taken from Mislovicova et'al.

4.0.5 The role of glycans

Glycans have a variety of roles and functions, caraiple to the multiple and diverse role
of proteins. Glycoproteins are found on the swfatour entire cellular network, in the
extracellular matrix (ECM) and in various biofluitls Also, the cell surfaces of bacterial

and viral pathogens are decorated with glycocon@sja A summary of the functions
of glycans can be seen in Figure 4.9.
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Figure 4.9: A schematic summary of the biological functionglptans

The composition of the bacterial cell wall is araewle of a structural role attributed to
carbohydrates. The cell wall is composed of a oraotecular network called
peptidoglycan which imparts a rigidity not found @ukaryotes. This consists of a
repeating N-acetylglucosamine/N-acetlymuramic dibadde unit linked in rows of 10
to 65 sugars to form a polysaccharide. Adjacemysaccharides are attached to each
other by polypeptide bridges. In mammals, bonkgiatein (BSP) is an example of a
glycoprotein which functions as a structural entfty BSP has a mass of 65 — 75,000Da,
half of which is attributed to carbohydrate attaets. It accumulates in areas of bone,
dentin and cartilage and is also considered veppitant as a cell adhesion molecule and

is also known to be involved in mineralising tissue
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As monosaccharides are polar entities, attachnfestgars to a protein can modify its
properties e.g. solubility and stability. Modiftens in solubility, for example, may
occur due to differences in the number monosaadtamits which possess polar —OH,
sulphate and sialic acid groups, each to a vargiegyee. Other protein modifications
that occur due to glycosylation include alteredlifog, secretion, targeting and greater
resistance to protease lysfs Heleniuset al ° state that when glycosylation is inhibited,
the most commonly observed effects is the generatianisfolded aggregated proteins
that fail to attain a functional state. It wasetthat the dependence of correct folding on
glycosylation ranges from proteins that are conmsbyetlependent on glycosylation,
through partial dependence to no dependence afhthugh a protein conformation may
exhibit no dependence on any patrticular individeceabohydrate structure, multiple site
modifications can compromise folding. An examplé enhanced stability was
demonstrated by studies of thesheet core in the PMP-C protease inhibffor Here, a
single fucose residue attached to threonine attippshine (Thr-9), imparted greater
stability to the entire structure relative to thebdlity of the glycan after the fucose was
removed. Protection from protein degradation wesonstrated in another study by

21
.=

Rajuet a This study proved that glycosylation of the tajissable fragment (Fc)

domain in 1gG offered resistance to proteolysish®yenzyme, papain.

In order for glycans to mediate as trafficking, esibn or signalling entities, the sugar
epitope must selectively bind with sugar recepterg. lectins, collectins, adhesion
molecules and anti-carbohydrate antibodfés Cells of the immune system that
participate in inflammatory responses (i.e. T-gelteeutrophils, macrophages and
endothelial cells) are also known to synthesiseapyoteins that play a key role in the
attachment of endothelial cells to L-selectin dgrihe attachment of lymphocyté$§
Here, glycosylation-dependent cell adhesion mokecul(GlyCAM 1), a mucin-like,
sialylated and sulphated endothelial glycoproteiats as an adhesive ligand for L-
selectin by presenting one or mabddinked carbohydrates to the lectin domain of this
cell surface selectin which is present on the serfaf leukocytes. This process aids the
“rolling” effect of leucocytes (e.g. neutrophilsjoag the epithelial cells prior to entry

into the tissue. Mammalian lectins are known talige control of the immune system
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through recognition of cell surface glycoprotefiis For example, in the innate immune
system, lectins such as the macrophage mannosptoae¢a mannose binding lectin),
bind to microbial carbohydrates. The ability o thuman body to convert high mannose
N-glycans to complel-glycans is thought to offer protection against-setognition by
the innate immune system and so prevent inflammatiw autoimmune diseaSe®

Some glycoproteins on the cell surface act as tecefor cytokines, growth factors or
apoptosis factors. Indeed, glycosylation is ofigequirement for the expression of these
receptors’®. In this study it was found that the presencenaf large,N-linked glycans
bound to Fas (a cell surface receptor involvechaihduction of apoptosis) is required
before the attachment of Fas-ligand can take place.

4.0.6 Glycosylation in various diseases includingtaritic pathologies

It is now believed that glycans are directly invadvin almost every biological process
and play a significant part in most human dised5e3he multifunctional importance of
glycoconjugates range from developmental biologynune response (both innate and
adaptive), homing of pathogens to their host tissaell division processes, cancer cells’
ability to ‘camouflage’ in order to avoid detectiday the immune system, injury and
inflammation and prion diseases

Boneset al. ® discovered alterations in the glycosylation ofrfbighly abundant serum
glycoproteins (IgG, haptoglobin, transferrin, addha 1-acid glycoprotein) which they
claim may offer potential as biomarkers for stomawmdncer. Alterations in the
glycosylation of these four proteins isolated frtra pathologically staged cancer serum
using either UPLC-fluoresence or two-dimensionacebphoresis were investigated as
possible markers for stomach cancer progressiorey Tbbserved an increase in
sialylation on haptoglobin, transferrin, and alghacid glycoprotein in the cancerous
state. Increased levels of core fucosylated bieraey glycans and decreased levels of
monogalactosylated core fucosylated biantennargagly were present on IgG with

increasing disease progression.
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Studies have been carried out on the lectin derivech Helix pomatica(HPA) in
relation to cancer metastasizes. HPA recognisasrtal GalNAc and to a lesser extent
GlIcNAc and Gal residues. Brooksal.?® proposed that HPA recognises a glycoprotein
that is associated with metastasis (to auxiliampdit nodes and elsewhere) and poor
prognosis in breast cancer. 80% of breast carstamsed strongly for the binding of
HPA and 20% were completely negative. The poditigained cancers tend to be
aggressive and undergo metastasis to other siteseadh the negative cases tend not to
spread and have a much more favourable progndsisy conclude that HPA binding to
paraffin sections of primary tumour could aid ditfit treatment decisions by providing
an additional assessment of staging and likely-temgn patient prognosis. This study
was further developed more recently by Welineleal *. Here the authors state that the
aberrant glycosylation modification on protein ftion remains unknown. The major
HPA binding proteins in serum were found to be Ig&bmplement factor C3, von
Willebrand factor (VWF), alpha-2-macroglobulin atgM. However, the study also
found that blood group phenotypes can have a miagpact on any conclusions when
analysing HPA lectin binding.

Smith et al 3! studied the glycosylation ofi-1-acid glycoprotein (a 41kDa plasma
glycoprotein of hepatic origin) in the sera andayal fluid of a rheumatoid arthritis
patient employing the lectin concanavilin A (Corgfjinity chromatography. The study
indicated that there maybe localised productiorndi-acid glycoprotein in the joint
based on glycosylation differences between seruinsginovial fluid. It was found that
serum a-1-acid glycoprotein was largely composed of futaiyg tri- and tetra-
antennary oligosaccharide chains while synovialdflaontained mainly bi-antennary
chains that were fucosylated to a less extent. y ©igo noted that this glycosylation
heterogeneity also resulted in a differenceifi-acid glycoprotein function - serum but
not synovial fluida-1-acid glycoprotein was able to inhibit bindingttee cell adhesion
molecule through expression of antigen sialyl LeMis

Sialylation and fucosylation of synovial and plastilaronectins in relation to the
progression and activity of rheumatoid arthritis Heeen studied by Przybyst al. %
employing lectin-ELISA. They established threetidig phases in the disease namely,

early, established and late. The study showedsyrabvial fibronectin sialylation and
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fucosylation was significantly increased in patientth established and late-phase RA,
relative to those with early-phase RA. Howeverlyfasion showed a slight decrease in
the late-phase group relative to the establishedmr Fucosylation remained at almost
the same level in the late group relative to thaldished group. It was noted that the
expression ofi1-6-linked fucose was found to correlate to disemdevity. It is worth
pointing out that there was no control group in gtady of synovial fluid. The
glycosylation of fibronectin in plasma on the othend displayed different dynamic
alterations. In the early RA group the reactivity the lectins with fibronectin was
similar to that of a control group. Fucosylatiardasialylation increased significantly in
the established group. Surprisingly, the reagtiint the late RA group decreased to a
level similar to that of the normal group. Thehaars concluded that lower expressions
of terminal sugars in synovial fibronectin were nhgi associated with the early
degenerative processes of RA and that the highpression of terminal sugars in
fibronectin could be associated with repair andpgateon processes. Kratet al
#screened the terminal monosaccharides of synawratinoglobulins IgA, IgG and IgM
for the early detection of RA employing lectin-immablotting. In these studies the
relative amounts of terminal monosaccharides insymovial fluid of two RA groups
(early and late) were compared to a control plasample by means of lectin-
immunoblotting employing seven lectins. Their tesshowed differences between early
and advanced RA stages in the terminal sugar profilsynovial 1IgG and IgA, but not
IgM. A galactose-deficient glycotype with exposBthNAc appeared exclusively in the
IgG 33.1kDa fragment of the early RA sample. Howewe the intact form of both
immunoglobulins, this glycotype was present in bgithups, although to a greater extent
in the late RA group. Sialyl and fucosyl moietadsintact IgG and IgA were notably

lower in the early RA group relative to the latewp.

It is acknowledged that, although the study of ghg&and glycomics is not as advanced
as proteomics and genomics in terms of understgriaimlogic processes, advances are
being made over recent years to close this gap.codplete understanding of the

causation of any disease will depend on the eltioiaof all post-translational
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modifications, but most especially glycosylatiomigh is the most abundant and most

heterogeneous modification.

4.0.8 Aim of Project

From the introduction above, it may be apprecidted glycoconjugates are extremely
important in all aspects of our system. Over & tiadll known proteins are glycosylated
34.

With the development of experimental techniques,arglown-regulation of a particular
glycoconjugate and/or changes to the glycan streictind/or changes in the activity
levels of enzymes which are responsible for pddicglycan synthesis, have been

studied and correlated to disease.

The objective of this study is to characteriseadéhtially expressed glycoproteins in OA
relative to other joint pathologies. This will Behieved in three stages:

1. Screen SF samples from patients diagnosed witkrdiit arthritic pathologies
employing a panel of lectins. Determine which ilestexhibit differential
glycosylation patterns and select these for furtiedy.

2. Perform lectin affinity chromatography (LAC) emping the most promising
lectins. The bound fractions will then be analyggdgel electrophoresis and
differentially expressed bands noted.

3. Bands of interest will be excised and characteriseMS.

4. With the identity of the glycoprotein(s) now knowhmay be possible to obtain
antibodies and then assess the up- or down-reguleafithis species in various

pathologies.
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4.1 Materials & Methods

4.1.0 Reagents
Absolute Ethanol (reagent, >99.5%), Acetic Acidafient, >99.7%), Acrylamide (for

molecular biology, >99%), Ammonium Sulphate (for leowular biology, >99.0%),
Ammonium persulphate (APS) ((for molecular biolog®8%), B-mercaptoethanol ((for
molecular biology, >98%), Bovine Serum Albumin (BS@yophilised powder, >96%),
Calcium Chloride (anhydrous, >96%), Coomassie iBntl Blue G-250,

Ethylenediaminetetraacetic Acid (EDTA) (BioUltraphydrous,>99%), Glycerol (for
molecular biology, >99%), Glycine (for electrophgsise >99%), HEPES (99.5%),
Manganese Chloride (reagent, >98%), Methanol (LCAMt8a) , a-methyl mannoside,
Phosphoric Acid (Bioreagent, 85%), Ponceau Staodit®n Chloride (for molecular
biology, >98%), Sodium Dodecyl Sulphate (SDS) (foolecular biology, >98.5%),
Tetramethylethylenediamine (TEMED) (BioReagent, 99%is-HCI, Tris pH 6.8, Tris

pH 8.8, Tween-20 were obtained from Sigma-Aldrichland)

All biotinylated lectins and Agarodeens culinarisAgglutinin (LCA) were obtained from
Vector Laboratories (Peterborough, UK) and aredish Table 4.1.
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Lectin

Common Abbreviation

Preferred Sugar Specificiy

Sambucus nigra SNA NeuNA®m2-6Gal; GalNAc 1, 3

Maackia amurensis | MAL | NeuNAca2-3Gal; Gapl-4GIcNAc 1, 3

Maackia amurensis Il MAL Il NeuNAca2-3Gal 1, 3

Lens culinaris LCA Fuan1-6GIcNAc; a-Man; a-Gle2, 3

Pisum sativum PSA Fuai1-6GIcNAc; a-Man2, 3

Ulex europaeus | UEA-I Fuon1l-2LacNAc; a-Fucl, 3

Ricinus communis RCA120 B-Gal 2

Phaseolus vulgaris PHA(L) 3 or 4-antennary complex typ8

Phaseolus vulgaris PHA(E) 2 or 3-antennary complex typ@

Canavalia ensiforms ConA a-Man; a-Glc2,3

Triticum vulgaris WGA Terminal N-acetylglucosamine or chitobiose; NeuNA
Triticum vulgaris succinylated WGA Terminal N-acetylglucosamine or dhiibse 2

Arachis hypogea PNA GaB1-3GalNAc 3

Artocarpus integrifolia Jacalin Gdb1-3GalNAc-Thr/Ser also mono- or disialyted formstaststructure 2
Griffonia simplicifolia GSlI a-GalNAc 2

Dolichos biflorus DBA a-GalNAc2, 3

Glycine max SBA Terminal a- of3-linked GalNA; Gal3

Sophora japonica SJA B-GalNAc; B-Gal 2

Sugar Abbreviations

Fuc L-Fucose

Gal D-Galactose

GalNAc N-Acetylgalactosamine

Glc D-Glucose

GIcNAC N-Acetylglucosamine

Man Mannose

NeuAc N-Acetylneuraminic acid (sialic acid)
Other Abbreviations

Thr Threonine

Ser Serine

Table 4.1: A list of plant lectins employed in the screenifiggynovial fluid of patients
with a variety of arthritic diseases. Also inclade the binding specificity for each lectin
which were obtained from 1. Kratz et &2. Mislovicova et al** 3. Kumada et af’

Odyssey blocking buffer and molecular weight stadslavere obtained from LI-COR
Biosciences (Lincoln, New England, USA)
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4.1.1 Equipment
Solid-phase extraction columns obtained from Waters

Nitrocellulose, with a membrane pore size of 0.22fitar paper and filter paper were
purchased from Whatman (Springfield, United Kingdom

Odyssey Infrared Laser Scanner (manufactured b @R Biosciences, Lincoln, NE,
USA)

Electrophoretic chamber, Western blot transfer dieamand power supply by BioRad
(UK).

Stuart mini see-saw rocker (Staffordshire,UK)

Invitrogen iBlot dry gel transfer apparatus andittogen iBlot gel transfer stacks,

nitrocellulose (regular) were purchased from Irogen (Dublin, Ireland)

4.1.2 Synovial fluid sample preparation
As in section 3.1.4

4.1.3 Protein assay
As in section 3.1.7

4.1.4 Sample preparation for electrophoresis
As in section 3.1.8

4.1.5 Gel electrophoresis
As in section 3.1.9

The lectin screening study was carried out using 20% commercial pre-cast gels
(Imm) with a HEPES buffer (12.1g Tris, 23.8g HEPE®g SDS to 1L final volume, pH
8.0).
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4.1.6 Coomassie Staining
As in section 3.1.10

4.1.7 Transfer to nitrocellulose membrane
As in section 3.1.11

The lectin screening study was carried out emptpye dry gel transfer method.

4.1.8 Lectin Incubation
Following the membrane blocking stage, the membvea® washed with PBST (PBS +

0.1% (v/v) Tween 20). Lectins were diluted 1:2,0000dyssey blocking buffer/PBST
1:1. Incubation of the membrane with the lectimkioplace for 1 hour at room
temperature. Excess lectin was removed employiegri@s of 6 x 5mins washes with
PBST. Next, the membrane was incubated in strepta(l:10,000) in PBST for 1 hour
in the dark. Finally, washing 6 x 5mins with PB®Dk place before imaging with the
Odyssey scanner.

4.1.9 Lectin affinity chromatography
500uL of Lens culinarisAgglutinin (LCA) agarose beads were added to tispatable

column. The column was conditioned by washing v@8mL buffer (10mM HEPES,
pH7.5, 0.15M NaCl, 0.1mM G4 0.01mM Mrf*) as per the manufacturer’s instructions.
Dilute 50QuL SF to 1mL with buffer and add to beads. Mix ewer-end overnight. The
non-bound fraction was eluted and the column wasVittda further 10mL buffer. The
bound (targeted) proteins were removed with Ocbkhethyl mannoside + 1mM EDTA)
as per the manufacturer's datasheet. Removal wiforl buffer was performed by
dialysis against water. The bound fraction wasditinder vacuum and @20x1 reducing
sample buffer was added. Electrophoresis wasechmut followed by Coomassie

staining.

4.1.10 Mass spectrometry using LC-MS/MS

All mass spectrometry analysis was carried out ey Mational Institute of Cellular
(NICB) Biotechnology with whom collaboration wastaimed. The following protocol
was supplied by NICB.
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Nano LC-MS/MS analysis was carried out using anmdite 3000 nanoLC system
(Dionex) coupled to a hybrid linear ion trap/Orbfrmass spectrometer (LTQ Orbitrap
XL; Thermo Fisher Scientific). Five microlitres dfgest were loaded onto a C18 trap
column (C18 PepMap, 30t ID x 5mm, mum particle size, 100 A pore size; Dionex)
and desalted for 10 min using a flow rate ofi2%nin in 0.1% (v/v) TFA. The trap
column was then switched online with the analyticalumn (PepMap C18, @kl

ID x 250 mm, gm particle and 100 A pore size; (Dionex)) and pistiwere eluted with
the following binary gradients of solvent A and ®:25% solvent B in 120 min and 25—
50% solvent B in a further 60 min, where solventdnsisted of 2% (v/v) acetonitrile
(ACN) and 0.1% (v/v) formic acid in water and salvd consisted of 80% (v/v) ACN

and 0.08% (v/v) formic acid in water. Column floate was set to 350nL/min.

Data were acquired with Xcalibur software, verstod.7 (Thermo Fisher Scientific). The
mass spectrometer was operated in data-dependemé @ad externally calibrated.
Survey MS scans were acquired in the Orbitrap & 480-1800 iz range with the
resolution set to a value of 60,000 atzrd00. Lock mass was set at 445.120025 u
(protonated (Si(Ck)20)s). Up to seven of the most intense ions (1+, 2+ Z&rdper scan
were CID fragmented in the linear ion trap. A dymamxclusion window was applied
within 40 s. All tandem mass spectra were collectsidg normalised collision energy of

35%, an isolation window of 3/m and one microscan.

Proteins were identified using BioWorks 3.2 fromefino Fisher Scientific using the
HUPO criteria with XC scores of 1.8, 2.2, 3.75 $orgle, double and triple charged ions.
A peptide probability score of 0.05 was also usEde database used was Human
UniProt-SwissProt downloaded January 2012. Carbexlyyhation of Cysteine was set
as fixed and oxidation of methionine as a variabtaification. Two missed cleavages
were allowed. The mass tolerance for precursor vees 20ppm and the mass tolerance

for fragment ions was 0.5Da.
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4.2 Results

4.2.1 Patient sample screening with a panel of plafectins
Samples taken from a number of patients suffergraesenting a variety of arthritic

diseases were screened with a number of biotird/lptant lectins. As this is a pilot
study and OA is the most prevalent form of arthréand the pathology of interest in this
project, four separate patient samples were arilygele one pooled (four different
patients) samples from each of the other arthdiseases were compared. All lectins
employed were shown seen in Table 4.1. Also iredudch the table is the binding
specificity for each lectin. The choice of thesetins was made based on availability,
specificity for a broad range of sugars and glytaigyn types i.eN-linked andO-linked
species, complex versus non-complex (Figure 4.4d)) farally to establish differences
between the same sugars in different binding amamegts e.g. three different fucose-
binding lectins were included (LCA, PSA and UEABEcause fucose possesses different

binding options (Table 4.1).

4.2.2 Profiling of SF proteome

Employing the Bradford protein assayufj0of protein were loaded into each lane. The

gel was then stained in colloidal Coomassie satubieernight (Figure 4.10).

Lane 1 MWM

Lane 2 OA

Lane 3 OA

Lane 4 OA

Lane 5 OA

Lane 6 PSA

Lane 7 Inflammatory Arthritis
Lane 8 OA/CPPD

Lane 9 Gout

Lane 10 MWM

Figure 4.10 Coomassie stained gel of various patient samples
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In terms of band patterns there is practically ifeeitnce between the five pathology
types and within the same type i.e. OA. No impadrtzaked-eye differences in terms of
band intensities were apparent so a qualitativeereitial study by lectin blot was
undertaken with these well balanced (in terms aftggn amount) samples. It was

hypothesised that there may be glycosylation cratigd are disease-specific

4.2.3 SF sample screening with a panel of lectins

The panel of lectins displayed in Table 1.1 werentlused to probe for differentially
expressed glycoproteins in the same SF samples Egure 4.10. Western blot images
of each lectin are displayed in Figures 4.11- 4aldhg with details of the nominal
binding specificity for each lectin. The groupiog lectins in each figure was made

based on similar sugar-binding specificities.
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Lectin Common Abbreviation Preferred Sugar Specificity

Sambucus nigra SNA NeuNAca2-6Gal; GalNAc
Maackia amurensis | MAL | NeuNAca2-3Gal; Gdi1-4GIcNAc
Maackia amurensis Il MAL Il NeuNAca2-3Gal

1 2 3 456 7 89 10

1 2 3 4 5 6

R 44 1 =

SO - o ———

Lane 1 MWM Lane 6 PSA

Lane 2 OA Lane 7 Inflammatory Arthritis
Lane 3 OA Lane 8 OA/CPPD

Lane 4 OA Lane 9 Gout

Lane 5 OA Lane 10 MWM

Figure 4.11:WB images of whole SF samples incubated with saalit-binding lectins
SNA, MAL 1 and MAL 2.

These three lectins are mainly sialic acid-bindingteins though SNA and MAL differ
in terms of the sialic acid-galactose stereochemidtach OA sample (Lanes 2-5 in each
blot) possesses the same band pattern, thouglatmgesin Lane 3 in the SNA blot has
higher intensity bands in the 100-200kDa ranger €azh lectin, there is an increase in
the intensity of the ~90kDa band in the PSA, IA ajulit samples (Lanes 6, 7 & 9)
relative to the OA samples. SNA exhibits more idledefined bands and coverage over
a broader molecular weight range than the MAL fgmguggesting NeuNAc2-6Gal
bonding is more prevalent than NeuNAc2-3Gal bondiRtAL 1 and MAL 2 are similar

in terms of bands present, though the band inieasif the former are increased relative
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to the latter suggesting that a NeuNAc2-F3adGIcNAc binding site may afford

stronger affinity for the lectin than that withotlte GIcNAc monosaccharide. This
supports the statement about three monosacchandad sites made in section 4.0.4.
Inter-patient differences with any one specifictier@re of intensity rather than bands
unique to any particular disease type, possiblyesting differences in protein amount

or degree of glycosylation.

Lectin Common Abbreviation Preferred Sugar Specificity
Lens culinaris LCA Fua1-6GIcNAc-Asn;a-Man; a-Glc
Pisum sativum PSA Fua1-6GIcNAc; a-Man
Ulex europaeus | UEA-I Fua1-2LacNAc;a-Fuc

1 2 3 4 5 6

7 89 10

PSA UEA-I
Lane 1 MWM Lane 5 OA
Lane 2 OA Lane 6 PSA Lane 9 Gout
Lane 3 OA Lane 7 Inflammatory Arthritis  Lane 10 MWM
Lane 4 OA Lane 8 OA/CPPD

Figure 4.12:WB images of whole SF samples incubated with A, PSA and UEA.

LCA, PSA and UEA-1 share commonality in that théydbfucose, with LCA and PSA
specific forN-linked glycans, while UEA-1 binds ©-linked glycans®. From Table 4.1
above, it can be seen that LCA and PSA are rembyrlaimilar in terms of binding
specificity (fucose and mannose) with LCA havingdiéidnal affinity for a-Glc.

However, though the fucose-binding capabilities baith are identical in terms of
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monosaccharide-binding orientation, LCA possessefegential binding to core fucose
(i.e. fucose attached to GIcNAc, which in turn teaehed to the asparagine amino acid
residue) while PSA binds fucose without this loaaé#l restriction. UEA-I on the other
hand binds to Fucl-2LacNAc rather than Fad-6GIcNAc and this lectin is fucose-

specific.

PSA and UEA did not display any glycosylation chesg- either in terms of band
differences or intensity differences- between disefypes. Both also exhibited bands
within the same molecular weight range, with thergjest bands down to 50kDa. When
the two blots are compared there is identical banth the 50-75kDa region. However,
in the 75-100kDa region, rather more interestirftecences were manifest. The OA and
OA/CPPD samples (Lanes 2-5 inclusive and Lane 8)i@entical in terms of band
patterns. However, extra banding is found in tB& Pinflammatory arthritis (IA) and
gout samples when incubated with LCA. PSA and #&hefeature an extra band at ~
90kDa, while gout also had this band in additionatoinique band at ~80kDa. With
reference to Table 4.1, additional affinity by LG#&r a-glucose may account for this
observation. Alternatively, the case may be tihat lbcation-specific fucose-binding
character of LCA may account for this. It may battLCA interacts with the asparagine
amino acid residue or indeed another amino acitherprotein chain. Brookst al *°
deemed this possible by stating that when the bgdite of the lectin combines with the
sugar, it does so in a particular spatial arrangenaed “sometimes even part of the
protein or lipid to which the oligosaccharide isathed” UEA-1 did not exhibit any
inter-patient differences, suggesting that theee rav fucosylation differences between
patient pathologies in an®-linked glycoproteins that may be present in whadte 3n
light of this analysis LCA was considered a gooddidate lectin for further study. The
additional bands in PSA, IA and gout relative to @ this lectin may be due to
additional glycoprotein species or else changeshe glycosylation decoration of a
commonly expressed glycoprotein present in eachopagy. It is not possible at this
stage to speculate on the nature of these bands.th8y glycoproteins specific to PSA,
IA and gout, or are they ubiquitous glycoproteirtsch are absent in OA? An enlarged
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image of the LCA WB can be seen in Figure 4.13 wiififierentially expressed bands
highlighted.

MWM OA OA OA OA PSA 1A OA/CPPD Gout MWM

250
150

100
75

50

37

25

Figure 4.13: Enlarged image of WB showing whole SF from patievith different
arthritic pathologies incubated with the lectin LCAThis is the same image that was
shown in Figure 4.11. Differentially expressed @sare highlighted with an arrow.

PHA-E and PHA-L bind to complex or branched glyctrs terminate with a galactose
residue. RCA-120 also binds to terminal galacgigeans. The WB analysis for these
lectins is shown in Figure 4.14
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Lectin Common Abbreviation Preferred Sugar Specificiy

Ricinus communis RCA120 B-Gal
Phaseolus vulgaris PHA(L) 3 or 4-antennary complex type
Phaseolus vulgaris PHA(E) 2 or 3-antennary complex type

1 23 4 5 6 7 & 10

250

150

100

75

50

37

25

20
Lane 1 MWM Lane 5 OA
Lane 2 OA Lane 6 PSA Lane 9 Gout
Lane 3 OA Lane 7 Inflammatory Arthritis Lane 10 MWM
Lane 4 OA Lane 8 OA/CPPD

Figure 4.14:WB images of whole SF samples incubated with telrgelactose-binding
lectins RCA-120, PHA(L) and PHA(E).

Close examination of Figure 4.14 reveals a vergrnis¢ band in the IA sample (Lane 7)
at ~50kDa in both blots. This band is presentlirthe other pathologies, though the
intensity is somewhat less intense. Thereforelyaag species with this molecular
weight possesses a higher degree of complex gliatasy in IA relative to the other

arthritic pathologies.
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With the galactose-binding lectin RCA120 there are differential glycosylation
differences, though the OA patient sample in lareppears to exhibit overall reduced

glycosylation relative to the other OA patients.

Lectin Common Abbreviation Preferred Sugar Specificity
Canavalia ensiforms ConA -Man; -Glc
Triticum vulgaris WGA Terminal N-acetylglucosamine or chitobiose; NéaN
Triticum vulgaris succinylated WGA  Terminal N-acetylglucosamine otahiose

1 2 3 4 5 6 7 89 10

250
150
100
75
50
37
25
20
WGA SWGA
Lane 1 MWM Lane 5 OA
Lane 2 OA Lane 6 PSA Lane 9 Gout
Lane 3 OA Lane 7 Inflammatory Arthritis Lane 10 MWM
Lane 4 OA Lane 8 OA/CPPD

Figure 4.15:WB images of whole SF samples incubated with tim$ConA, WGA and
succinylated WGA.

As the WB image of WGA in Figure 4.15 displayed ighhbackground noise, no
glycosylation differences between the various &rthpathologies could be ascertained.
This background noise was consistently found t@leature with this particular lectin
over repeated experiments. Succinylated WGA enatiner hand did not exhibit this
limitation. Succinylation is a protein post-traatgbnal modification in which a —CO-

(CH,),-CO- group is attached to the amino acid, lysifidie charge on lysine changes
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from +1 to -1 and this is believed to change thacstire and function of the protein,
possibly because of an alteration in electrosiateractions. The differences in the 50-
75kDa molecular range for lanes 2, 3 and 4 were\rsd to be artifacts associated with
the experiment. Therefore, it was concluded thterégnces in terminal GIcNAc or
chitobiose (a dimer of31-4 linked GIcNAc units) were not a feature thatuldo
distinguish disease types. On the other hand Cov&s deemed interesting as
glycosylation differences were evident between gpditipathologies. What is also
noteworthy is that ConA and LCA share sugar-bindipgcificities (Table 4.1). In order
to aid discussion the ConA WB is enlarged and disgd in Figure 4.16.

MWM OA OA OA OA PSA IA OA/ Gou MWM
CPPD

250
150

100
75

50

37

25

20

CONA

Figure 4.16: Enlarged image of WB showing whole SF from patievith different
arthritic pathologies incubated with the lectin Gan This is the same image that was
shown in Figure 4.14. Differentially expressed @sare highlighted by arrows.
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As with LCA ConA exhibited interesting differencdsetween OA and the other
pathologies i.e. PSA, IA and gout. In particultvere were double bands present in the
latter that are absent in OA and these are higiddylwith coloured arrows (pink and
blue) in the figure. At this point it is not polsld to ascertain if these are differences due
to extra glycoproteins or differences in glycosigatof the same glycoprotein or even
differences in amount of each protein. An extradb& 80kDa) in the gout sample was
evident in both Figure 4.13 (yellow arrow) and Fmyuw.16 (yellow arrow). The
commonality between LCA and ConA is that both @S lectins bind ta-mannose and
a-glucose monosaccharides. It was therefore cordltidat there may be a glycoprotein
at ~ 80kDa that is unique to gout, though onlyrgda patient cohort could establish this
claim. The differences in glycosylation revealgdUCA and ConA were not the same
however. In LCA differences were found to occuthe 75-100kDa range, while those
found in ConA were manifest in the 50-75kDa intérvdherefore, these highlighted
bands could not be the same species. As ment@n@ek, it is not possible to establish
the nature of these bands, i.e. whether they reptekfferent glycans or the same protein
with different glycosylation attachments. Anothmint worthy of note concerns the
OA/CPPD sample (Lane 8). As indicated with theskdwrow in Figure 4.16, this patient
possess the same glycosylation difference as P&MAnt gout, and is absent in OA.
This may be an inflammatory-related species attedbuo CPPD where the build up of

calcium crystals in the joint may have triggeredrdlammatory response.

PNA and jacalin both specifically bind @-glycans®’. The WBs following incubation
with these lectins is displayed as Figure 4.17.e HNA and jacalin glycosylation
patterns are very similar especially in the higheoolar weight region, where the signal
appeared as a smear. A possible source of thgeartalecular weight species might be
proteoglycans (polymers consisting of repeatingatibaride units). As mentioned in the
introduction to this chapter, chondroitin sulphé&eglycosaminoglycan) i©-linked to
aggrecan and constitutes a major component inlageti. This species may bind to
PNA and jacalin and so account for the speciesctigteat a molecular weight >250kDa.
The fact that the band appeared as a smear couletdmunted for by polymers of

different lengths bound to the lectins. With jacahere is a differentially expressed
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glycoprotein at ~90kDa in the PSA, IA and gout sk®sphat is not represented in the
OA patients. In addition, these bands are notgmtesn the PNA WB and may be
explained by the fact that these species may becapmped with sialic acid. From Table
4.1, it is known that jacalin also recognises dicsicid residue, while PNA does not.
Examination of the SNA blot in Figure 4.10 revealband at approximately 90kDa. As
before, it was noticed that the OA patient sampltane 5 is very different in the jacalin
blot relative to that of PNA. This difference waleady encountered with ConA and
RCA120 and it was established that none of thessetlectins share the same binding
specificities. The fact that this occurred in #ame patient sample with three different
lectins, analysed on three different days, leadstorsuspect that this feature is not one

of incorrect sample loading and is instead a genteature of the SF from this particular

individual.
Lectin Common Abbreviation Preferred Sugar Specificity
Arachis hypogea PNA GaPB1-3GalNAc
Artocarpus integrifolia Jacalin Ge1-3GalNAc-Thr/Ser; also mono- or disialyted fornfighis structure

1 23 4 5 6 7 8 9

25 %g
15 10
10 7
7 5
5 3
3
2
2 2
2
PNA JAC
Lane 1 Lane 5 OA Lane 9 Gout
MWM Lane 6 PSA Lane 10
Lane 2 OA Lane 7 Inflammatory

Lane 3 OA Arthritis

Figure 4.17:WB images of whole SF samples incubated with dtm$PN and, Jacalin.

Incubation with the mainly GalNAc-binding lectinsSG DBA, SBA and SJA (Figure
4.18), did not highlight glycosylation changes betw patient samples. However, with
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SBA there was a clear difference in the intensitiesome bands e.g. at ~ 200kDa there
were increased band intensities for one OA pafiesnte 4), the OA/CPPD patient (Lane
8) and the gout sample (Lane 9).

Lectin Common Abbreviation Preferred Sugar Specificity
Griffonia simplicifolia GSI -GalNAc
Dolichos biflorus DBA -GalNAc
Glycine max SBA Terminal - orp-linked GalNAc; Gal
Sophora japonica SJA B-GalNAc; B-Gal

1 2 4 7 1
1 2 3 4 5 6 7 & 10 ,, > 6 ® 10
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37
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: . 20
SJA Lane 1 MWM Lane 5 OA

Lane 6 PSA
Lane 2 OA
Lane 3 OA Lane 7 Inflammatory Arthritis SBA Lane 9 Gout

Lane 4 OA Lane 8 OA/CPPD Lane 10 MWM

Figure 4.18:WB images of whole SF samples incubated with thdAabinding lectins
GSI, DBA, SJA and SBA.

Of the 18 lectins employed in the screening procdsge (LCA, ConA and jaclin)
featured potentially interesting glycosylation diftnces between OA and other arthritic
pathologies (PSA, IA and gout) i.e. bands presenthat latter that are absent in the

former. It may be the case that these specificagiyoteins are indicative of a specific
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pathology, as in for example, the band highlighted/ellow in gout (Figures 4.13 &
4.16). This is absent in all other pathologiesiother hypothesis is that the other “extra”
bands in PSA, IA and gout are endogenous to SFateutiown-regulated in OA or the

glycosylation is significantly altered in OA.

It was then decided to explore this hypothesishirtby employing lectin-affinity
chromatography to further elucidate any glycan gesan— either in terms of protein

changes and/or glycosylation changes — with a r@wrt of patient samples using LCA.

As mentioned previously and indicated in Table £QA and ConA are very similar in
terms of their sugar-binding specificities. Bothda-Man anda-Glc. ConA binds non-
specifically to glucose and mannoSe LCA however, also has a preferred specificity
for a Fu1-6GIcNAc motif at the core oligosaccharide (Figdré), and the presence of

this feature markedly enhances the affinity of taetin.

Sobiesiak® studied the glycosylation of human serum transfesith LCA and ConA
and concluded that both can be used as diagnastis of the acute phase response,
although variants produced using LCA were much namearent. Ferens-Sieczkowska

et al ¥

studied fucosylation in SF and found that the densf fucosylated epitopes
differs significantly in particular glycoproteinsAs LCA has a binding specificity for
core fucosylation in addition to mannose and glacaswas believed that employing
lectin-affinity chromatography experiment with LGA the stationary phase could be
interesting. As mentioned in section 4.0.7 abdwegsylation of fibronectin was found
to be related to RA disease activity, while incezh$ucosylation of IgG heavy chains

distinguished between acute and remission phagesafile chronic arthritié”.
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4.2.4 Analysis of whole SF employing lectin-affinit chromatography with LCA as

the stationary phase

Lectin-affinity chromatography was carried out asglioed in 4.1.9 and a Coomassie
stained gel was prepared for each fraction (whdte @bound and bound). This is

shown in Figure 4.19.
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37
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Lane 1: MWM Lane 1: MWM
Lane 2: IA Whole SF Lane 2:0A Unbound Fra_ction

A Lane 3: IA Unbound Fraction B Lane 3: OA Bound Fraction _
Lane 4: IA Bound Fraction Lane 4: Gout Unbound Fraction
Lane 5: PSA Whole SF Lane 5: Gout Bound Fraction
Lane 6: PSA Unbound Fraction Lane 6: RA Whole SF
Lane 7: PSA Bound Fraction Lane 7: RA Unbound Fraction
Lane 8: LCA Control Lane 8: RA Bound Fraction
Lane 9: MWM Lane 9: MWM

Figure 4.19: Coomassie-stained gel of all fractions followingctie affinity
chromatography with LCA lectin. The targeted botiradttions are highlighted with a
yellow box. The blue line is serves as a referédnc@d a comparison between the two
gels A and B.

Gel A (Lane 8) is a LCA positive control to enstimat none of the bands in the samples
are due to the lectin itself. LCA is a 49kDa pmoteomposed of four subunits — two ~
17kDa and two ~ 8kD&. That the samples were dissolved in sample beffetaining

under reducing conditions and then boiled ensuhed the lectin dissociated into its
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component subunits. From Figure 4.18, it may kB dbat there are no bands due to
LCA. As LCA is composed of four subunits (two ofkDa and two of 8kDa), under
reducing conditions these subunits would have dxite bottom of the gel. The lanes
highlighted with a yellow box are the targeted, LGdund fractions i.e. those
glycoproteins that bind to LCA. Comparing the bduinactions in the Coomassie-
stained gels in Figure 4.19 with the WB of LCA img#ire 4.13, it may be expected that
both should reveal identical banding patterns. &lmv, this is not the case. This is
readily explained by consideration of the condgiamder which each experiment was

performed.

The initial lectin screening process was carrietl under reducing conditions i.e. the
glycoproteins were treated wiflrmercaptoethanol and boiled prior to incubationhwit
the lectins. By contrast in the lectin affinityromatography study, all glycoproteins
were in their native condition when captured by sketionary LCA. This is important
(as already outlined in the introduction to thigpter) considering lectin binding depends
on the stereochemistry of the glycan-binding regi®ample conditions (i.e. reducing
versus non-reducing) greatly influence the confdiomal structure of proteins and
therefore the lectin binding region environment. urtker, in lectin affinity
chromatography, divalent cations (Cand Mrf") were required to ensure successful
lectin-glycan binding. It was not possible to eaypthese cations in the lectin screening
process as incubation with the phosphate buffeddvasult in the formation of insoluble
phosphate salts which precipitate on the surfact@fmembrane during incubation of
the lectin. This increases the background noideoth channels (emission wavelengths
A=700nm and\=800nm). Also, the commonly used tris buffer conbt be used either
as this would render image acquisition with the €y scanner difficult due to high

background noise.

A band in the OA sample (Gel B, Lane 3) was foumchave a band that was either
absent from or at a slightly higher molecular weigdative to the other pathologies and
this is indicated in Figure 4.18 with a red asterigor example, this band is completely
absent in the gout sample (Gel B, Lane 5) and &igher molecular weight than

comparable bands in 1A, PSA and RA. This is dertrated by using a reference visual
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aid (blue line). It may be the case that this gyeoprotein unique to OA, or a species
common to each pathology but possessing a diffeggm@osylation signature in OA.
Indeed, the perceived difference may not exiswas not possible to speculate which is

the case without further investigation.

The corresponding whole SF and unbound fractioms feach of the pathologies do not
seem to exhibit notable differences. Other studli¢ke literature (see introduction) have
already characterized the proteome of whole SFtlamckfore, it is outside the scope of

this project to explore these fractions any further

The band marked with a red asterisk was excisedharacterisation by MS. In addition,
bands on the blue line from the other patient samplvere also cut out for
characterisation and comparison. As the gout sardm not possess a band at this

molecular weigh, no band from this sample was &®ri¥IS analysis.

A full list of proteins identified for each band assplayed in Appendix F. The list was
studied and a screening process was adopted im twdeemove unlikely redundant
candidates. For example, all contaminating kergpiacies (possibly due to skin, hair
etc.) were removed, all non-glycosylated proteirsrevremoved (e.g. albumin) and
finally as the excised band is ~150kDa, all spel@ss than 80kDa were ignored. This

modified list of proteins is given in Table 4.2.
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Inflammatory Arthritis

Reference P (pro) Score Coverage MW Accession Peptide (Hits)
Scan(s) P (pep) XC DeltaCn Sp RSp lons
Alpha-2-macroglobulin ~ 1.00E-30 1148.35  67.60 163187.4 308153640 115
Ceruloplasmin 7.77E-15 350.33 38.30 122127.6 116117 35
Attractin 1.48E-12 150.25 12.50 158431.7 13431311 15
Fibronectin 4.17E-12 140.23 8.30 262457.6 300669710 14
Pregnancy zone protein  3.34E-12 150.28 6.70 163759.1 281185515 15
Lactotransferrin 4.79E-09 30.21 5.40 78132.0 85700158 3
Complement factor H 3.98E-07 30.18 2.80 139004.4 158517847 3
Complement C4-B 2.27E-10 30.23 2.10 192671.6 81175167 3
Complement C4-A 2.27E-10 30.23 2.10 192649.5 81175238 3
Apolipoprotein B-100 6.06E-06 20.14 0.50 515283.6 300669605 2

Psoriatic Arthritis (PSA)

Reference P (pro) Score Coverage MW Accession Peptide
Scan(s) P (pep) XC DeltaCn Sp RSp lons
Alpha-2-macroglobulin ~ 4.44E-16 1648.36  79.00 163187.4 308153640 165
Ceruloplasmin 9.99E-15 310.38 43.50 122127.6 116117 31
Attractin 1.11E-15 230.31 17.70 158431.7 13431311 23
Pregnancy zone protein  1.48E-12 220.29 13.00 163759.1 281185515 22
Fibronectin 5.53E-13 160.26 9.30 262457.6 300669710 16
Hornerin 3.54E-09 30.21 5.20 282225.7 45476906 3
Complement factor H 3.24E-05 30.15 3.10 139004.4 158517847 3
Apolipoprotein B-100 5.32E-09 30.19 0.80 515283.6 300669605 3

Osteoarthritis

Reference P (pro) Score Coverage MW Accession Peptide
Scan(s) P (pep) XC DeltaCn Sp RSp lons
Alpha-2-macroglobulin 1.00E-30 1408.36  72.90 163187.4 308153640 141
Ceruloplasmin 8.88E-15 170.35 25.60 122127.6 116117 17
Attractin 3.79E-11 230.27 18.00 158431.7 13431311 23
Pregnancy zone protein  5.01E-12 190.27 10.70 163759.1 281185515 19
Fibronectin 3.17E-11 80.27 4.70 262457.6 300669710 8

Rheumatoid Arthritis

Reference P (pro) Sf Score  Coverage MW Accession
Scan(s) P (pep) Sf XC DeltaCn Sp RSp
Alpha-2-macroglobulin ~ 1.00E-30 119.01 1338.36 72.60 163187.4 308153640
Ceruloplasmin 4.44E-16 38.42 420.38 47.50 122127.6 116117
Fibronectin 2.22E-16 57.13 622.34 36.80 262457.6 300669710

Pregnancy zone protein 2.11E-14 27.16 300.31 22.50 163759.1 281185515
Complement factor H 5.21E-10 10.59 120.27 13.00 139004.4 158517847

Attractin 3.77E-07 10.75 130.26 11.30 158431.7 13431311
Fibrinogen alpha chain ~ 4.14E-06 1.78 20.18 2.90 94914.3 1706799
Apolipoprotein B-100 4.75E-11 2.32 30.24 0.80 515283.6 300669605

Table 4.2: Modified list of proteins identified following esen of ~150kDa band from

SDS-PAGE gel in Figure 4.18. The bands were tdkam the bound fraction after

analysis of whole SF by lectin affinity chromatqgng employing LCA lectin. This list is
a subset of that given in Appendix 9 following eesning process to remove unlikely
candidates.

239



From Table 4.2 it can be seen that, on the badistalf protein coverage and the number
of peptide hits, a strong degree of confidence rhayhad in identifying alpha-2-
macroglobulin ¢-2-M) as the major species present in all the baxdssed at ~150kDa.
It was therefore decided to pursue a study of tlgeogylation of this protein with a
larger cohort of patient samples. Incubation witithbantia-2-M and LCA, and then
measuring the intensity of for each species atGkDa, would yield a ratio of intensities.
These ratios would then be compared in order tertso if there are changes in the
protein moiety or the sugar attachments. Othe&niilly interesting species present are
ceruloplasmin, attractin and pregnancy zone protdimiProt describe the latter as a
relative to a-2-M and indeed the functionality description givéar both species is
identical. Knowing its known role as a proteinasi@bitor and a regulator of cytokine
and growth factor activities (by binding and intiig these signaling molecules from
interacting with their cell-surface receptof§)a-2-M offered an interesting line of study.
Confirmation as to whether there is a change irptbéein entity and/or the glycosylation
decoration (these changes may be manifest by chammgenolecular weight) of the
protein was the aim of the next phase of the erpent. For this, a larger cohort of
patient samples was gathered and analysed by S[EE=RAnder reducing conditions)
followed by incubation with LCAXe800nm) and ant+-2-M (Aem700nm). The samples
set consisted of; 8 OA samples, 5 RA samples; 8dples; 2 CPPD samples; 4 PSA
samples and finally 2 Gout samples. The band sitiematio (LCA: antia-2-M) was
calculated for each sample using the Odyssey scanflge result of this study can be

seen in Figure 4.20.
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LCA a-2-M Ratio
(Red) (Green) LCA:a-2-M
Lane 1 MWM

Lane 2 OA 23.08 50.63 0.46
Lane 3 OA 51.15 196.77 0.26
Lane 4 OA 25.68 57.85 0.44
Lane 5 OA 38.42  150.63 0.26
Lane 6 OA 22.09 53.38 0.41
Lane 7 OA 14.96 41.07 0.36
Lane 8 OA 16.05 57.98 0.28
Lane 9 OA 30.61 46.10 0.66

Lane 10 MWM

a-2-M and LCA

LCA

LCA a-2-M Ratio
(Red) (Green) LCA:a-2-M
Lane 1 MWM

Lane 2 RA 7 11.07 0.63
Lane 3 RA 5.63 11.75 0.48
Lane 4 RA 13.16 27.14 0.48
Lane 5 RA 18.97 30.51 0.62
Lane 6 RA 10.18 18.84 0.54
Lane 7 1A 15.4 28.64 0.54
Lane 8 1A 13.89 30.34 0.46

Lane 9 CPPD 10.11 22.17 0.46
Lane 10 CPPD 5.06 11.41 0.44

a-2-M and LCA B

LCA
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LCA a-2-M  Ratio
(Red) (Green) LCA: a-2-M

Lanel MWM

Lane2 PSA 36.62 59.99 0.61
Lane3 PSA 28.29 61.38 0.46
Lane4 PSA 19.12 41.01 0.47
Lane5 PSA 20.04 35.85 0.56
Lane 6 Gout 6.12 3.42 1.79
Lane 7 Gout 6.13 6.52 0.94

a-2-M and LCA C

a-2-M LCA

Figure 4.20: WB image setsA( B, and C) of various arthritic patient pathologies
incubated with antia-2-Macroglobulin #¢,800) and LCA lectinAem700). Also included
is the image which displays both channels simutiasly. Regions in which both red
and green channels overlap, show up as yellowabfetshowing the band intensities of
monomerica-2-M in both the red and green channels is displlayth each image set.
The final column is ratio of LCA intensity &62-M intensity.

Comparison of the whole synovial fluid WB image fdZA in Figure 4.13 with those in
Figure 4.20 highlights remarkable difference inrterof band patterns. Though there are
differences in terms of individual patients, thenpipal reason for this phenomenon
could be due to differences in methodology. In ihidial lectin screening process,
electrophoresis was performed using commercialcpst-gradient gels with a HEPES
buffer, while in the study performed in Figure 4.2f)ectrophoresis was carried out

employing home-made gradient gels with a tris-glgcibuffer system. A further
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difference between the two studies concerned théenod protein transfer from gel to
membrane. In the lectin screening experiment thig”“method was adopted while in the
study of a-2-M the “wet” method was used. An important distion between these
modes of transfer concerned the amount of heatrgete With the “dry” method the
amount of heat was appreciable while with the “wethod transfer took place under
ice. It may be appreciated by comparing the WB tihe latter method generated much
more information and better resolved bands tharfdtveer. Thus the choice of method

employed, greatly influences the experimental tesul

The mean and standard deviation LGA-M intensity ratios representing each of the

pathologies were calculated and a histogram wasdugex. This is shown in Figure 4.21.

Alpha-2-Macrogloulbin Glycosylation
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Figure 4.21: Histogram displaying the mean and standard dewaidd LCAa-2-M
intensity ratios obtained from the raw data in Figu4.20.

Figure 4.21 suggests that there some slight diftre in the LCAa-2-M intensity ratios
between the various arthritic pathologies with thrger cohort of samples. The peak for
gout may be somewhat misleading as it is basewvorpatient samples with a very large
standard deviation. OA (n=8) has a slightly lowagio relative to the other pathologies.
However, a larger sample size for each of the pagfes would be required in order to

acquire meaningful statistical information and dade a valid inference.
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4.2.5 The analysis of the glycosylation @f-2-M in SF MV

However, at this point it was decided to engage fiarther study ofi-2-M glycosylation,
only this time in relation to MVs. That continugderest in this protein was maintained,
is in part due to a publicatidfithat was found citing-2-M as a substrate for ADAMTS-
4 and ADAMTS-5 (putative OA markers) and thereblilditing their activity. Mass
spectrometry foundr-2-M to be associated with MV and this was confidmzy WB
(Figure 3.33). The current work is aimed at essablg if any differences exists between
soluble a-2-M and vesicle-associateat2-M in terms of glycosylation and/or protein
band patterns. The approach taken was to analydéferentially centrifuged fractions
of several patient samples with LCA and ant?-M, and ascertain if any notable
differences are evident. The WB images of theepdihctions (i.e. 18,000g crude and
200,000g CHAPS) are displayed in Figure 4.22, wtile SN fraction (i.e. 200,000g
crude and 200,000g CHAPS) are shown in Figure 4.23.
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: MWM

: OA 18,000g Crude Pellet

: RA 18,0009 Crude Pellet

: 1A 18,000g Crude Pellet

: PSA 18,000g Crude Pellet

: Gout 18,000g Crude Pellet

: OA 200,000g CHAPS Pellet

: RA 200,000g CHAPS Pellet

: 1A 200,000g CHAPS Pellet
Lane 10: PSA 200,000g CHAPS Pellet
Lane 11: Gout 200,000g CHAPS Pellet

LCA Lectin + 50
Anti-a-2-M 37
25

20

1 2 3 4 5 6 7 8 9 10 1

LCA Lectin Anti- a-2-macroglobulin

Figure 4.22: WB images of thepellet fractions resulting from the differential
centrifugation process developed to isolate MV f@if Incubation with LCA lectin was
carried out in the Aen800nm (lower left), incubation with ant+2-M was in the
Aem”00Nnm (lower right). The upper blot is a compoumdge of both LCA and anti-2-

M. The orangelyellow bands are where there is @erlap of both images. The bands
enclosed within the coloured boxes are discussids a
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Lane 1. MWM

Lane 2: OA 200,000g Crude SN
Lane 3: RA 200,000g Crude SN
Lane 4: 1A 200,000g Crude SN
Lane 5: PSA 200,000g Crude SN
Lane 6: Gout 18,000g Crude SN
Lane 7: OA 200,000g CHAPS SN
Lane 8: RA 200,000g CHAPS SN
Lane 9: 1A 200,000g CHAPS SN
Lane 10: PSA 200,000g CHAPS SN
Lane 11: Gout 200,000g CHAPS SN

75
LCA Lectin +5q
Anti-a-2-M 3,
25
20

1 2 3 456 78 91 11 1 23 4 5 6 7 8 910 11

LCA Lectin Anti-a-2-macroglobulin

Figure 4.23: WB images of th&N fractions resulting from the differential centrfation
process developed to isolate MV from SF. Incubatidh LCA lectin was carried out in
the AenB00nm (lower left), incubation with ant-2-M was in theAe,,7/00nm (lower
right). The upper blot is a compound image of bbatbA and antie-2-M. The
orange/yellow bands are where there is an overlapath images. The bands enclosed
within the coloured boxes are discussion aids.

In Figure 4.22 there is a striking difference ire thand patterns between the 18,0009
crude and 200,000g CHAPS pellets. Relative tol®$800g pellet (Lanes 2-6), there is
extensive fragmentation af-2-M in the 200,000g pellets (Lanes 7-11) of altiguat
samples (red channel). All samples in both 18,088g 200,000g pellets indicate that
the monomeric form ofi-2-M is present at ~ 180kDa (highlighted with aarbox).
Hypothetical reasons for this fragmentation unitughe 200,000g CHAPS pellet will be

explored in the discussion section.

This same fragmentation af-2-M is mirrored in the SN fractions (Figure 4.28d

channel). Here it may be seen that the 200,000\R3H SN possesses the same
fragmentation as the 200,000g CHAPS pellet, wihilg feature is absent in the 200,000g
crude SN. In light of the discussion in the presichapter, this is not a surprise. There,
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a discussion was had concerning the likelihood ofsMemaining in the 200,000g
CHAPS SN i.e. a 100% recovery of MVs in the pédifattion does not occur. But why
is fragmentation o&i-2-M not evident in the crude SN (Figure 4.23,700nm, Lanes 2-
6) bearing in mind that both the crude and CHARStions are analysed under reducing
conditions? Here it needs to be appreciated tiaictude SN represents the entire SF
proteome minus the isolated MV proteome, whereasC#HHAPS SN is a combination of
proteins from any entrapped MVs plus proteins resdoley CHAPS from the 200,000g
CHAPS pellet surface. Comparing Figures 4.22 a8 with Figure 4.19 it can be seen
that the crude SN is an almost whole SF proteorher@as the CHAPS SN represents a
unique sub-proteome i.e. the band profile betwéencrude SN and whole SF is very
similar. Thus this study uncovered for the firgiheé that the nature ot-2-M
fragmentation in the 200,000g CHAPS pellet is aratiaristic feature not evident in
whole SF and may indicate that other proteins mdnbé such alterations. This would

warrant further study in the future.

In addition toa-2-M fragmentation, there are also noted differente glycoproteins

between various fractions. For example, both @ @0g CHAPS pellets and CHAPS
SN lack the strong band intensities that are ptesethe 18,000g pellet and 200,000g
crude SN at ~23kDa (enclosed in a red box in boglure 4.22 and 4.23\.,800nm).

There are also differences between pathologiesirwitie same fraction. The bands
enclosed in the blue boxes at ~37kDa (Lanes 8,® 14)) in each figure are more
strongly represented in RA, IA and PSA, than in @Ayout. This may be a difference in

glycosylation rather than a protein difference.

As noted, the study that was performed on the Mi-mwteome revealed interesting
differences that were masked in the analysis oflevB&. It may be the case that future
screening of MVs rather than whole SF with the sd®dectins that were used in this

project would be interesting and worthwhile.
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4.3 Discussion

The role which protein glycosylation plays in thentan body was previously discussed
in the introduction and a summary is outlined ingyfe 4.9. There, diverse
functionalities were mentioned e.g. modificatioms protein solubility and stability,
alterations in protein folding, mediators for taigg and receptor recognition, resistance

to protein lysis and prevention to inflammation autoimmune disease.

A panel of plant lectins with a diverse range ajauspecificities was employed to probe

any glycan differences between OA and other aithpéthologies. It was hypothesised

that differentially expressed bands would signifg presence/absence of glycans and/or
changes to glycosylation between disease statestink that exhibited disease marker

potential would then be used in lectin-affinity ehratography to further aid in

characterising potentially interesting glycoprogein

Sialic acid-binding lectins i.e. SNA, MAL | and MAL (Figure 4.11) yielded interesting
intensity differences between OA and the otheratisestates. Previously, Przybgsal

32 used the same three lectins to probe fibronentiorder to classify the different stages
of RA (early, middle or late-stage) and concludeat the degree of sialylation increased
with disease duration. Though RA was not one efghthologies explored in this stage
of the project, there is stronger band intensity3kDa for SNA and MAL | in IA, PSA

and gout relative to OA.

The same author also found that the expressiaried-linked fucose in fibronectin was
found to be related to disease activity. Agaimge¢hlectins were used in fucosylation
analysis by the authors of which only one (UEA) wammon to the three lectins in this
project (which were LCA, PSA and UEA-1, Figure 4.19f the three fucose-specific
lectins used, LCA was found to show the most irstigmg band differences between
disease types (Figure 4.13). However, the choiteanditions under which the

experiment was performed greatly influenced theltedn Figure 4.13 the entire glycan
population was denaturated prior to lectin inculrativhile in Figure 4.20 the converse

was the case where all glycoproteins were in thative conformation at the time of
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lectin binding. Alterations in the binding site mebelieved to be the primary reason for

the marked differences in band profiles in denatuviersus non-denaturing conditions.

ConA and jacalin also featured differential bandtgras between patient pathologies.
However, due to additional affinity for core fucas®ed encouraged by other studies in the
literature®* 3% %% LCA was the candidate lectin for further anadysimploying lectin-

affinity chromatography.

Following lectin affinity chromatography it was fodi that one band, at a molecular
weight just above 150kDa, was unique to OA. Oftahologies had bands in the same
region, but at a lower molecular weight. It wapbthesised that this was either a glycan
unique to OA or else a protein(s) that is commoalt@athologies, though possessing a
different glycosylation signature in OA. MS anasysndentified a number potential
candidates this band and based on the number ¢ifipdpts, the protein coverage and
the closeness of the molecular weight to the momenferm of a-2-M, this was the

protein that received priority for further study.

A larger cohort of patient samples was obtained thedvhole SF of each was analysed
by SDS-PAGE followed by incubation with both aat2-M and LCA lectin. However,
when the ratio of the intensity of the lectin t@ timtensity ofa-2-M was compared for
each sample, no significant difference presenteelfitbetween different patient
pathologies. Gout and OA appeared to exhibit f@diht ratio, but a larger patient cohort
would be required to confirm this result before thimg definitive can be hypothesised.
It was recognised that this study was on a pasiantple set oivhole SF, and not on an
LCA-separated sub-set. However, the principal afnthis particular study was to be
able to establish biomarker differences in whole &tér having first identified that
marker using more extensive methodologies. The logxcal step would have been to
repeat the lectin-affinity experiment with thisdar cohort of samples, but a potentially
more interesting side-study af-2-M presented itself following a further literagur

research into this protein.
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0-2-M is a 720kDa homotetrameric species and ishivd most abundant glycoprotein
in human plasm&®. The tetramer structure itself is composed of 8#6kDa disulphide-
linked homodimers. This protein has eifhlinked glycosylation sites and 13 disulphide
bridges (11 of which are intra-chain and two arerithain) to form the final tertiary

4545 From the UniProt database2-M is able to inhibit all four classes of

structure
proteinases (serine, aspartic, cysteine and MMREs linique “trapping” mechanism.
Eacha-2-M monomer possesses a “bait region” (a shogtatrof amino acids beginning
at Pré® and ending at TA™)** and it is this region which is susceptible to pobytic
cleavage. When cleaved by an enzyme?-M undergoes a conformational change
which “traps” the proteinase. This resulting chamga-2-M morphology, results in the
inhibition of protease activity through the preventof substrate access by means of
steric hindrance. It may be possible tha?2-M itself may become a substrate for the
entrapped enzyme. As proteases were confirmeeé @sbociated with MVs by MS and
zymography (chapter 3), this theory is a distiresgbility. This would offer a plausible
explanation for the observed fragmentation espgaiallight of a recent paper by Paiva
et al ** who found that covalently-linked proteinases te Hait region convertetthe
native or electrophoretically slow &M into the electrophoretically fast form or F-
a2M”. The terms “fast” and “slow” may relate to théateve sizes ofn-2-M fragments

or indeed any induced changes in charge. Extefisigenentation ofi-2-M experienced

in the 200,000g CHAPS pellet suggested the activimien of this inhibitor was en route

to some as yet, unknown destination.

A very interesting study by Tortoreliet al *® into cleavage ofi-2-M by ADAMTS-4
and ADAMTS-5 found that these species cleav®2-M at a specific and unique amino
acid residue in the bait region i.e. ¥f8t Moreover, they found that this cleavage
produces a 98kDaa-2-M fragment plus “higher molecular weight fragments
representing an SDS-stable complex betwa@AM and ADAMTS-4” Figures 4.22 and
4.23 clearly show intense bands in the 100kDa refgiothe 200,000g CHAPS pellet and
SN for each patient sample. This was also founihénantiei-2-M WB under reducing
conditions in Figure 3.33 in the previous chaptBands in this regions are absent in the
18,0009 pellet and 200,000g crude SN. This rdealis to the hypothesis that cleaved
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0-2-M residues are solely vesicle associated. Eurtthe authors identifiedi-2-M
fragments containing the N-termifflGRGHAR and C-terminal YESDVR° generated
by cleavage of the-2-M subunit by both ADAMTS species, as potentiarkers of
aggrecanase activity, which in turn by means ofegmn degradation, reduces the ability
of cartilage to resist compressive forces. Théa@ustregret that they were unable to find
these neoepitopes in OA synovial fluid and theyctade, “That we were unable to
detect thea-2-M:ADAMTS-4/-5 complex in OA synovial fluid susfgethe complex is
rapidly cleared through the vascular and lymph egst. It is well known that
conformational change otr-2-M leads to exposure of recognition sites thatdbi
receptors such as lipoprotein receptor-related pmoton a variety of cells, including
macrophages, resulting in clearance”The afore-mentioned receptor, also known as
alpha-2-macroglobulin receptor (UniProt), was ofithe species characterized by MS in
the OA 200,000g CHAPS pellet (Table 3.7, Q0795ahe of the functionalities listed by
the UniProt database for this receptor is the ale@ of activated-2-M. Based on the
results of the current project displayed in Figu4e22 and 4.23 and above discussion,
also in light of the above quotation by Tortorasiaal **, there is sufficient evidence to
hypothesise that proteinase-activated-M, is associated with MVs and ferried thus out

of the joint cavity.

An earlier study by Wet al *’ focused on the effects of oxidation @2-M in terms of
proteinase-inhibitory function. They concludedttba2-M from RA SF is significantly
more oxidized than that in OA SF, hence the proporof a-2-M capable of inhibiting
proteases is reduced in RA relative to OA. Howgetteey did state that the degree of
oxidation correlates with the number of bands in,\&&d it was concluded that oxidation
correlates witha-2-M susceptibility to proteolytic degradation. @lping this criterion to
the current study was the case that the 1A, PSAganitl 200,000g CHAPS pellet samples
exhibited greater fragmentation (Figure 4.22,/00nm) than OA and RA suggesting
that the former samples have been subject to aegrelegree ofa-2-M oxidation.
Comparing Figure 4.22 of this thesis with Figuren 3Vu’'s paper revealed that there are
many bands in common. This evidence indirectlyliegpthat an oxidation event could

be the origin of the fragmentation detected by WAnhother interesting insight offered
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by the group concerned the associationoe2-M with the regulation of the pro-
inflammatory cytokine, TNFx. Here it was found that increased oxidationoe®?-M
resulted in increased binding to TNFFand the authors attributed this phenomenon to the
fact that oxidisedn-2-M has impaired tissue clearance through theadijrenentioned
lipoprotein receptor-related protein. Consequertikidiseda-2-M may remain in the
inflammatory fluid for a great period of time and mhibit TNF-a . Thus, it may be
possible MVs bearing activated2-M via the lipoprotein receptor-related protetould

in principle, aid in trafficking harmful TNE out of the joint. Finally, the authors
recognised an apparent contradiction in their tesuThey ask how proteinases are able
to function given that some proteinase inhibitootivaty is present in all of the SF
samples that they studied. They offer three péssidlutions to this question;

1. Concentrations of oxidants and proteinases may arge fall transiently. During
“each oxidative burst” the amount of these species released overwhelms th
protective effects ofi-2-M. The result is inflammation which in turn neases the
vascular permeability allowing a replenishmentwidtionala-2-M which completes
the inactivation of proteinases.

2. Large proteinases with molecular weights > 90kDd bsine-specific proteinases
that cannot be inhibited ly-2-M are released into SF to mediat@-M proteolysis.

3. Proteinases and oxidants are releasedseguestered pocketssuch thata-2-M

localized within these pockets is for the most paitlised and proteolysed.

The authors hypothesised that the first explanatiased on their results, was the more
likely. Not surprisingly, the third option is tlome that fits with the result obtained in this
project. Again, Figures 4.22 and 4.23 indicatet theoteolyseda-2-M is strongly
associated with MVs, th&sequestered pocketsfeferred to by Wiet al *.  Another
protein that was identified by MS in the previousmpter was myeloperoxidase. This
protein produces hypochlorous acid (HOCI) whicla igowerful protein oxidizing agent
8 and may lead t@m-2-M oxidation which in turn leads to greater symitslity to
proteases activity. From the previous chapter gais#s were found to be vesicle-

associated by MS and zymography. It may be th@aton of a-2-M by HOCI is
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indirectly responsible for the fragmentation in MV reality, the possibility of all three

proposals being the case exists.

A very interesting link between the previous chapfethis thesis and the current chapter
is a study carried out by Luaet al *°. The link to the previous chapter lies in thetfac
that they found that ADAMTS-7 and -12 were indu@exm the cartilage and synovium
of arthritic patients, which then bound to and @elgd COMP. The molecular mass of
the COMP fragments produced by either ADAMTS-7 1i? were stated to be similar to
those observed in OA patients. The connecticdhéresent chapter is their conclusion
that both ADAMTS-7 and ADAMTS-12 were able to cleaw2-M, giving rise to 180-
and 105-kDa cleavage products, respectively. Furtbee, they found thati-2-M
inhibited both ADAMTS-7- and ADAMTS-12-mediated C®Mdegradation in a
concentration (or dose)-dependent manner. Figh&and 4.23 clearly show bands at
these molecular weights in the 200,000g CHAPS t=ll&he authors stated tifat-2-M
represents the first endogenous inhibitor of ADANMT&d ADAMTS-12"
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4.4 Conclusion

The initial aim of this study was to ascertainhiéte were differences in glycosylation
and/or glycoprotein moieties in whole SF betwedfed#nt arthritic patient pathologies,
employing a panel of 18 available plant lectins.woT lectins (LCA and ConA)
highlighted some potentially interesting differesdeetween OA and the other diseases.
LCA was selected for use in the employment of imoaffinity chromatography. A
band that appeared to be unique to OA was chaisstieby MS and a number of
candidate proteins were identified. Based on prot®verage and the number of
peptides identified, alpha-2-macroglobulia-Z-M) was pursued for further study. A
slightly larger cohort of patient samples was soeekein order to establish if there was a
change in glycosylation af-2-M or that thex-2-M itself manifestly changed. This pilot
experiment indicated that there maybe a slightedese in the glycosylation of2-M in
OA and an increase in this proteins glycosylation gout, relative to the other
pathologies. Only with a much larger sample setmfreach disease-type, can this

preliminary finding be ascertained.

However,a-2-M became the object of further study - this timé&1Vs. It was found that
0-2-M (under reducing conditions) present in vesiadésplayed extensive fragmentation
relative to that in whole SF. A hypothesis forstbhenomenon was suggested, whereby
MVs may be carriers of activated-2-M i.e. a-2-M that trapped proteinases, thus

rendering them inactive.

Wu et al *’ stated that oxidised-2-M has decreased ability to entrap proteases and
hypochlorite is a potenti-2-M maodifier in vivo. Further, hypochlorite oxidation is
evident in RA but not OA. A recent study by Katinal *° also noted that hypochlorite
significantly reduced the anti-proteolytic potehtvh a-2-M. Their study examined the

role of nitrite as an anti-oxidant by removing hgplorite.

In the next chapter it is proposed to establishtifte is present in MV.
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Chapter 5

Determination of the presence of nitrite in synoviafluid
microvesicles
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5.0 Introduction

5.0.1 Nitric Oxide

Prior to the 1980’s Nitric Oxide (NO) was believéd be a free radical gas that
contributed to atmospheric pollutioch In 1980 however, Furchgott and Zawadzki
published their landmark paper in Natdrdescribing the endothelium-derived relaxing
factor (EDRF) which is released by the endothelupuon stimulation with acetylcholine.
In 1987 Ignarro and co-workersdiscovered that the identity of this EDRF was awtf
NO. A year later Furchgott and Ignarro were awdrdiee Nobel Prizefor their
discoveries concerning nitric oxide as a signallingplecule in the cardiovascular
system’. The synthesis of NO by vascular endothelium spoasible for the vasodilation
essential for the regulation of blood pressureodaly, NO is known to act as a mediator
and a signalling molecule in both physiological gradhophysiological processes in the
body. The critical functions of NO in the humandioinclude (i) its role as a
neurotransmitter in the central nervous systemitgiimediating roles in mechanisms that
regulate various gastrointestinal, respiratory geditourinary tract functions, (iii) the
control of platelet aggregation, (iv) regulationaafrdiac contractility and finally (v) its

production in large quantities during host defeace immunologic reactiorts.
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5.0.2 Biosynthesis of NO

NO is synthesised by a family of enzymes termedcriixide synthases (NOS) which use
the amino acid L-Arginine as a substrateThere are three forms of NOS known to exist
— neuronal (nNNOS, NOS-P) inducible (iNOS, NOS-IIf and endothelial (eNOS, NOS-
) *. Generally speaking nNOS and eNOS are thougbietoonstitutively expressed
and expression depends on the concentration atelbglar free calcium and calmodulin.
These enzymes produce picomolar to nanomolar ctratiems of NO for short periods

of time —“NO puffs” &,

By contrast, iINOS is expressed in response tokayes e.g.
interleukin B (lI-1p), tumour necrosis factar-(TNF-a), lipopolysaccharide (LPS) gr
interferon (IFNy). It is produced by some cell types e.g. macrgpha neutrophils,
hepatocytes, smooth muscle cells and importanttytlie various arthritic diseases,
chondrocytes. The INOS isoform can generate higjuantities of NO (micromolar
quantities) for a greater amount of time (up tch@2rsin vitro) . While the overall NO

synthesis pathway is quite complex and the endtrean be simplified to:

NOS
Arginine + O, - Citrulline + NO

A schematic diagram outlining NO production from 8l@nd L-arginine can be seen in
Figure 5.1°. The overall active NOS enzyme is a tetramer awag of a NOS dimer
and two molecules of calmodulin. In addition, antner of cofactors are required for
enzyme activation in order to effect NO productierflavin mononucleotide (FMN),
flavin adenine dinucleotide (FAD), tetra hydrobiegn (BH;) and haem (Fe). The BH
cofactor is bound to the C-terminal reductase doraaid is known to be critical for the
overall dimerisation of INOS. Indeed, in BHeficient cells the iINOS is in a monomeric

11
L

form and is proven to be inactive Ellis et al! state that as much as 90% of circulating

NO; is derived from the L-arginine : NO pathway.
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Figure 5.1: Schematic diagram outlining the production of NOd agitrulline from
arginine and Q by means of a catalytic reaction with the Nitrigi@ Synthase (NOS)
enzyme. Diagram taken from Vuolteenaho et al.

All three isoforms of NOS require calmodulin as @actor in order to facilitate the
essential flow of electrons from the reductase domta the oxygenase domain.
However, in the eNOS and nNOS constitutive isofgrraalmodulin binding and
activation is modulated by changes in {a By contrast, in the iNOS isoform the
calmodulin is so tightly bound that even at low {gathe enzyme is active. Therefore,
once the iINOS isoform is expressed, it can contiougynthesise NO until the substrate

and or cofactors are depletd
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5.0.3 Biochemical reactions of NO

From the discussion above it recognised that N@ ast a signalling and mediator
molecule in the human body e.g. in the cardiovascs)ystem (maintains blood pressure),
immune system and neurotransmission. The biolbgicivity of NO is dependant on
the micro-environmental conditions (e.g. pH andgety levels) at the site of production
and also the quantity of NO produced. Concomiyatile quantity produced depends on
the particular NOS isomer involved in the synthe© levels also determine whether a
regulatory or proinflammatory/destructive role isguced".

NO is a free radical with a half life in the ordersecond$. It has a high affinity for and
readily reacts with heme iron, sulfhdryl or thiotogps, superoxide anion,Q and
molecular oxygen. The decomposition products of iING@he presence of oxygen are
NO, and NQ@Q'. The conversion of NO to NQs given by:

AN® O, +2H,0 > 4 NO, +4H" ........ ()

However in blood, N@ is oxidised to N@ by the presence of oxyhaemoglobin. The

overall reaction is:

4HbO, + 4NOy + 4H" > 4Hb' + 4NOs + O, + 2H,0 M.......... (ii)

The biochemical effects of NO are in part goverbgdhe concentration of NO in the
micro-vicinity. At low concentrations (< Qus) *°, the biological action of NO said to
be direct i.e. NO itself mediates with various seec These interactions account for the
normal regulatory effects of NO in the body. Ex&mspof these effects include
interactions with metals, metalloproteins and fr@dical scavenging. Some examples of
interactions with metals and metalloproteins inelthding of NO to the heme group of
soluble guanylyl cyclise (involved in the relaxatiof smooth muscle’f, cytochrome P-
450 and cyclooxygenase (COX). Direct scavenginfyed radicals include superoxide,
O, (forming peroxynitrite, ONOQ, hydroxyl radicals (forming nitrous acid, HNCand
lipid peroxides (which prevent lipid peroxidatioh)
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At higher concentrations of NO (> @), the biological effects are said to be indirect.
Instead, the effects of NO are mediated throughtireanitrogen species (RN$) One

such RNS is formed by the auto oxidation of NO

2NO ©© 2Ny ...cvvev. ., 0
NG NO - NyOs oo, (ii)

Dinitrogen trioxide is produced which is readilydnglysed to NG and NO. The
nitrosonium ion NO interacts with cysteine and tyrosine residues rotgins and so
changes the activity of the protéth. Some consequences of this include modificatfon
several transcription factors, kinases involvedignaling cascades, ion channels and the
activation of matrix metalloproteinases (MMP$)

When NO and @ (produced by mitochondria, macrophages and graptds) are
present in equal amounts, ONO® produced. This is a highly reactive oxidant an
nitrating agent. When produced in excess, it leenhdentified as a major factor of
cellular toxicity . In particular ONOOis known to cause the mis-pairing and
separating of DNA strands, oxidation and nitratidrproteins®’, oxidation of lipids, the
inhibition of mitochondrial respiratioftt and finally cellular death and apopto$is At
neutral pH ONOO rapidly decomposes to peroxynitrous acid (ONOOHRis is an
unstable molecule and rapidly decomposes ta N@oth ONOO and HONOOH are

strong oxidizing agents and produce NO
ONOO +2H" + € & NO, (aq) + HO........ (iv)

Therefore it can be seen that N@nd NQ" are also metabolites of ONQO

265



5.0.4 NO synthesis: an alternative pathway

However the L-arginine/NOS pathway is not the gmdéhway leading to the production
of NO. An alternative theory for NO synthesis wasently published® . In hypoxic
conditions, NO is produced by the reduction of NOIt was hypothesised that the
reduction of N@Q may serve to prevent a drop in NO when oxygenl$et@l and
production from NOS becomes insufficient. The auttmerefore concluded that NGs
not merely an oxygenised product of NO, but alse &aignificant biological role. In
short, NQ' is not a metabolic end product of NOS activity; bwst also be considered
as a precursor of NO production under hypoxic coos. In their recent review paper
Vitturi et al?® acknowledged that the recent interest in,Ngology stems from the
realisation that the generation of NO from N@duction can occutunder conditions
that span a range of oxygen tensions and pH obdeoxer the pathophysiological
spectrum”. Ford ?* concurred and stated that the nitrite ion hasivederenewed
attention and that much of mammalian biology ofhbdlO and N@ involves heme
proteins.  Feelish™® however, cautions thatwithout understanding the relative
contribution of local versus systemic factors, kimgvwhat the concentration of
nitrite/nitrate is in synovial fluid or blood is dimited value” He believed this was
relevant to the study of OA as oxygen availabiiitythe joint is somewhat intermittent
and usually significantly lower than other tissuds. addition, during inflammation the
concentration of @is further reduced. However it is interestinghtiie that in the same
year as Feelisch's paper, Vuolteenataal. ° stated thatincreased concentrations of
nitrite in synovial fluid from OA patients indicakecal NO production in the joint”. It
would appear then that the clinical importance @,;Nevels in the joint remains to be
elucidated.

5.0.5 The role of NO in the destruction of articulacartilage

It has been shown by a number of groups that INOSpressed by the chondrocyte and
that the chondrocyte is the major source of NOhim joint* ® 2> 2° Other sources of

INOS are the synovium and infiltrating inflammatogells e.g. neutrophils and
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macrophages. Vuolteenakoal.® list a number of cytokines and other factors whifch
unregulated, promote the synthesis of INOS by tlendrocyte and by extension, the up-
regulation of NO. These include II-1, TNE-II-17, IFN-y, bacterial LPS, fibronectin
fragment (FN-f), shear stress, endothelin-1 (E®&id finally, leptin in synergy with II-1
or IFN-y. A brief summary of the effects of excessive NOduiction on cartilage may

be seen in Figure 5.2.
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Figure 5.2: Summary of the effects of excess NO on cartilageei®A joint.

As noted in the introduction, OA is a complex, mitdceted and highly heterogeneous
pathological condition. Therefore, it is not susigel that NO production, its metabolites
and their potential effects on cartilage, are tbk <ontributors to the onset of OA.
Rather, it may be one of many causes for this desea indeed it may have little to
contribute to the initial triggering of OA. Fedii& stated that we still do not know how
NO functions, whether it i§riend or foe”, or even ifin vitro studies mirror thén vivo

hypoxic metabolism of the joint. He finally condks“Thus, the question as to whether
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NO is of benefit or detriment in OA remains opeiMore recently, Jedlickovad’
proposed a renewed interest in plasma levels of B®a marker of endothelial function
in relation to ageing. It was noted by the autiat there are conflicting reports on NO
levels with increasing age with some authors repgrtiecreasing levels with increasing
age, while others have reported the converse. Foremarks that although NOwas
once thought to be physiologically deleterious lmntdbuting to amine nitrosation,
recent research suggests that endogenous N&y play a role in vasodilation under
hypoxic conditions and in organ protection duringidents of ischemia. Indeed, Hines
et al?® proclaimed that therapeutic uses of NO or,N#De currently underway in several
different laboratories to treat a variety of ischendlisorders.

5.0.6 Nitric Oxide in Microvesicles

Vitturi et al.?® studied the biochemical schemes for NO produddiah their findings led
them to ask the question - how could NO signalletvity escape savaging by ferrous
heme? A number of hypothesis were explored, onewhich is the possible
compartmentalisation of NOreduction away from excess ferrous heme. In pddic
the authors argue the production ob(y in equation (ii) above, might under
physiological conditions; require special spatmdlisation conditions in red blood cells.
Relatively little is known about how nitriteductase proteins and their ability to reduce
NO, to NO are regulated by availability of cofactorsdasubstrates, the level of
expression, post translational modification, odutat/tissue localization. In a separate
study ?® it was found that sub-cellular compartmentalizatiaf distinct NQ™ reducing
activities have been reported in the liver. Figbrg depicts a summary of the current
perspectives on the regulation and function of,N& a mediator of NO signaling.
Though this represents NQuptake into the cell, from the viewpoint of thioject, what

is interesting about this figure is the ability RO, to traverse bi-lipid membranes,
whether by facilitated transport or passive diffusi Either of these transport modes may
offer a route for N@ intoMVs.
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Figure 5.3: Schematic diagram outlining current perspectiveghenregulation and role
of nitrite as a mediator of NO signaling. Thb&ie boxes show known and potential
mechanisms for nitrite transport and reduction t0.NThered boxes summarise known
and potential targets for NO and other RNS. Diagriaken from Vitturi et af?

5.0.7 Aim of project

Due to the relatively recent resurge of intereghanbiology of N@, and in particular, its
probable role as a precursor to the formation of M@ aim of this project is to ascertain
if this anion is present in microvesicles which mafyer a “safe” environment for
reduction of N@Q to NO and subsequent delivery to a specific tartpets avoiding NO
scavenging. As outlined above, the detection ob NOwhole synovial fluid has been
studied before, but no literature has been diseapertaining to the presence of Ni@
microvesicles. This is important especially in fighi Vitturi's > comment,“The major
challenges remain theoretical in trying to ratioiz&d NO formation and bioactivity in the

presence of ferrous heme it is gNGstill biologically and therapeutically

important, which could simply reflect the fact tlaativation of NO-dependant signaling

pathways requires relatively low concentrationgto$ mediator” It is envisioned that
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should NQ' prove to be present in MVs, it will be present grywlow concentrations.
Therefore a very sensitive and selective methadktdction will be required. In order to
investigate if NQ is present inside MVs, it will be necessary toubtite the vesicle
membrane. From a study of five different detergefarneret al *° found p-

octlyglucopyranoside (OG) to be the most effectwel efficient membrane-dissolving

agent. Therefore this is the detergent of chaxceHis project.

5.0.8 Methodologies for measurement of nitrite in ielogical matrices

The most commonly employed method for the analgsiNO, is the Griess methot.
This is a colorimetric method based on a two-stgzalisation reaction in which
acidified NQ’ produces a nitrosating agent which in turn reagte sulfanilic acid to
produce the diazonium ion. The second step irasisay is the coupling of the diazonium
ion to N-(1-naphthyl)ethylene to form a chromopha@ato derivative. One mole of NO
yields one mole of the azo dye. This method islugdte extensively in the literature.
Though the Griess method is quick and simple, #sdbave limitations in terms of
sensitivity when used to analyse biological sampléss said that measuring Nbelow
the uM threshold is not possible with this assay>> Therefore, other methods have
been developed to overcome this limitation.

Jobgenet al ** offer a very lucid and detailed critique of vasotiPLC modes of
detection employed for the analysis of NO From their paper it can be seen that
fluorescence detection is an extremely sensitivéhate with detection limits in the pM
range. However, NOcannot be directly detected by fluorescence. \ievation with

an appropriate reagent that yields a stable fleerds compound is required.
Fortunately, such a derivatising reagent is avhdland involves a one step reaction
between N@ and 2,3-diaminonaphthalene (DAN) to yield 2,3-rtaptriazole (NAT).
The reaction is carried out in acidic conditionsl gmoceeds to completion as seen in
Figure 5.4.
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Figure 5.4: The reaction of nitrite with 2,3-diaminonapthale(®@AN) to form the
fluorescent adduct 2,3-napthotraizole (NAT). Tleaction takes place under acidic
conditions.

The NAT product was found to be stable for 24 hd@rsThe author also found that at an
emission wavelength of 415nm and an excitation Vemggh of 375nm, the NAT
product-complex exhibits relatively high fluorescernintensity while the DAN reactant
does not. This reaction offers high specificity RO, .

Therefore, analysis by HPLC employing fluorescedegection will be used to detect

NO; in synovial fluid microvesicles.
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5.1 Materials and Methods

5.1.1 Reagents and Materials

HPLC grade methanol (MeOH) was purchased from Sigldach.

Phosphate buffer salts, NgPO,.H,O (>99%) and N#HPO,.7H,O (98-102%) were
purchased from Sigma.

Phosphoric Acid (>85%) was obtained from Sigma.

NaNG; (99.99%) purchased from Sigma was used to pregpanelard solutions.
Amicon Ultra — 0.5mL, 3000MWCO centrifugal filtewgere obtained from Millipore.
2,3-diaminonapthalene (DAN) was purchased from Sigm

B-octlyglucopyranoside (OG) was purchased from Sigma

5.1.2 Miscellaneous equipment

A Hettich Mikro120 centrifuge was used for the inmoaffinity protocol.
A Gilson GV Lab vortex mixer was used mix sampld atandard solutions.

A Mettler pH meter was used for mobile phase pratoamn

5.1.3 HPLC Instrumentation

A Waters HPLC modular system was used and compas#te following:
1) 600E Powerline multisolvent delivery systemhadOQL heads

2) 600E system controller

3) 717plus autosampler

4) 486 UV absorbance detector

5) 474 Fluorescence detector.

The instrument was controlled by Empower software.
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5.1.4 HPLC Conditions

Mobile phase consisted of 15mM phosphate buff&5% MeOH, pH7.5

Excitation wavelength: 375nm

Emission wavelength: 415nm

Injection volume: 20L

Flow rate: ImL/minute

Column: Waters ACE 5 C18 250x4.6mm

All mobile phases were vacumn filtered through QMXilters and then sonicated in a

water bath for 5 minutes before pumping throughstystem.

5.1.5 Sample preparation

Whole SF was diluted by a factor of five with Mi@ water.

For the isolation of MVs, please refer the methuat tvas developed in chapter 3 (Figure
3.23)

MVs were burst by adding with 1% (w/#}octlyglucopyranoside (OG) and mixing end-
over-end overnight at 4°C

The lyased vesicles were passed through a “3kDaf€utentrifugal filter as per the
manufacturer’s instructions in order to remove @ird and lipids which would interfere
with the fluorescence derivitisatidh *2in addition to fouling the column.

5.1.6 Preparation of Standards

A 2mM (69mg/L) NQ’ stock solution was prepared from the sodium s&hiom this a
2uM working standard was prepared. Using this waglstandard a series of standards
were prepared by serial dilution — OnM, 31.25nM,5621, 125nM, 250nM, 500nM,
1000nM.
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5.1.7 Reaction of N@ with DAN to yield NAT

A modified version of the method developed byetial *? was employed (details in the
Discussion section).

20QuL of standard/ultrafiltered sample was incubatedaaim temperature with 20
1ug/mL DAN followed by the addition of 1A of 2.8M NaOH. 2QL of this solution
was directly injected onto the HPLC column.
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5.2 Results

5.2.1 Establishment of linearity range and generatin of a calibration curve

The method employed was that developed bygtlal 3

except a final concentration of
0.1ug/mL DAN was used instead ofi§/mL due to high blank values (see discussion). A
series of nitrite standards were run - OnM, 31.2568&15nM, 125nM, 250nM, 500nM,
1000nM. Linearity was excellent up to 250nM. Begdhat concentration, the linearity
suffered adversely. This was possibly due to tAd&lDeagent being completely used up.
Therefore, all standard curves were prepared i©DBBOnM range. Three injections for
each standard were carried out and the mean andiasthdeviation were calculated. An

example of a calibration curve may be seen in Eidgus.

Nitrite Calibration Curve
y = 3190.4x + 38176

900000 - R2 = 0.9966

800000 -|

700000 -

600000 -|
®
9 500000 -
< *
&
S 400000 -
o

300000 -|

200000 -

100000 -

0 '; T T T T T 1
0 50 100 150 200 250 300
[Nitrite] (nM)

Figure 5.5 A typical calibration curve generated from stand NG,” (0-250nM). Three
injections per standard were carried out and theameand standard deviation were
plotted. Also included is the’Ralue. The chromatography conditions were: Mobile
phase: 15mM phosphate buffer in 55% MeOH, pH7.5itBton wavelength: 375nm;
Emission wavelength: 415nm; Injection volumeuzl20Flow rate: 1mL/minute; Column:
Waters ACE 5 C18 250x4.6mm
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5.2.2 Establishment if the Microcon ultracentrifugéion filters are a source of NG

Prior to performing a HPLC experiment on any bimfjuit is important to remove
proteins and other high molecular weight species$ thay interfere with the analysis or
as discovered in chapter 2, irreversibly bind te #tationary phase. Initially, a C18
Waters Sep-Pak filter was selected as the meansnove proteins etc. However the
formic acid present, which acts as an ion-pairieggent in order to increase the
hydrophobicity of the proteins, interfered with thebsequent fluorescent derivitisation
of NO,.

Therefore these unwanted species were removed asingtra-filtration device with a
3kDa molecular weight “cut-off”. However, centrife filters are known to be a source
of nitrite. This is due to the possible presentazide which may be added to preserve
the cellulose or other filter matrix’. Smith et al ** performed a study on ten
commercially available filters from a number of méacturers. One of the filters studied
was the 3kDa cut-off filter that was used in thiperiment. They pre-washed the filter
three times prior to analysis and found that th&{Nwas 0.7+ 0.1uM. Li et al.* also
found that some filters may contain nitrite andidrate and therefore the filters should
be washed four times with distilled water prioruse. A filter study was therefore
performed in order to establish NQevels, and determine the amount of washing
required. Chromatograms from this study are digaan Figure 5.6. After the fourth
wash, further washing did not reduce [Nelow ~15nM. Therefore, all filter devices

were washed four times before sample filtration.
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Figure 5.6: Chromatograms resulting from a series of conseeutashes through a
Microcon ultracentrifugation device. The unreactBdorescent DAN and the NAT
complex (i.e. N®) are indicated. The chromatography conditions evéviobile phase:
15mM phosphate buffer in 55% MeOH, pH7.5; Excitaticavelength: 375nm; Emission
wavelength: 415nm; Injection volume: 20 Flow rate: 1mL/minute; Column: Waters
ACE 5 C18 250x4.6mm
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5.2.3 Establishment if-octlyglucopyranoside (OG) releases further N@ from the
filtration device

As 1% (w/v) OG is used to lyase the MVs, it wasrded this would be an appropriate
blank. Therefore, following four washes with MiQ water, a 1% (w/v) OG solution
was filtered and the eluate was analysed emplothegestablished method with three

injections. A chromatogram is shown in Figure 5.7.
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Figure 5.7: Chromatogram of 1% (w/v) OG which is used as arcbmiank. Unreacted
fluorescent DAN, and the NAT complex (i.e.,)N@re indicated. The chromatography
conditions were: Mobile phase: 15mM phosphate buffe 55% MeOH, pH7.5;
Excitation wavelength: 375nm; Emission wavelength5nm; Injection volume: 24;
Flow rate: 1mL/minute; Column: Waters ACE 5 C18:266mm

As the water only blank contained 15nM N@nd the OG blank value was 19nM NO
it was concluded that OG does not contribute ttherrrelease of NOfrom the filtration

devices.
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5.2.4 Determination of [NQ] in whole synovial fluid

One OA and one RA synovial fluid sample were taldtuted by a factor of five with
Milli-Q water and filtered to remove proteinaceausaterial. Dilution was necessary to
ensure nitrite concentrations would fall within tlealibration curve. Following
fluorescence derivitisation, the samples were a@ealyby HPLC. Chromatograms from

both patient samples are shown in Figure 5.8.
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Figure 5.8: Chromatogram of one OA and one RA whole synoviadpsa diluted in
water by a factor of five. Unreacted fluorescentNDAand the NAT complex (i.e. NP
are indicated. The chromatography conditions weviabile phase: 15mM phosphate
buffer in 55% MeOH, pH7.5; Excitation wavelengtiZ58m; Emission wavelength:
415nm; Injection volume: 240; Flow rate: 1mL/minute; Column: Waters ACE 5 C18

250x4.6mm
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From Figure 5.8 it can be seen that [N@ the diluted OA sample is 54nM, while that
in the RA sample is 144nM. This means that §§ld whole synovial fluid for the OA
and RA patient sample is 270nM and 720nm respdygtivEhese concentrations are
similar to those found in the literature (~ 100-86M Y. The nitrite concentration in

the RA sample is three times that of the OA sample.

5.2.5 Determination of [NGQ] in 200,000g CHAPS Pellet
Reconstituted 200,000g CHAPS pellets from one Od @me RA samples were treated

with 1% (w/v) OG and mixed end-over-end overnight4&C. Following filtration,
derivitisation with DAN took place, and each samplas analysed by HPLC.

Chromatograms for this analysis are shown in Figude
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ooooo NAT Complex

.
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RA 200,000g CHAPS Pellet: [NO,] 174nM

Figure 5.9: Chromatogram of one OA and one RA 200,00g CHAPIStpeUnreacted
fluorescent DAN, and the NAT complex (i.e.,)N@re indicated. The chromatography
conditions were: Mobile phase: 15mM phosphate buffe 55% MeOH, pH7.5;
Excitation wavelength: 375nm; Emission wavelengthnm; Injection volume: 24;
Flow rate: ImL/minute; Column: Waters ACE 5 C18266mm
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Analysis of the 200,000g CHAPS pellets clearly destmates that Nis present in both
OA and RA microvesicles at concentrations of 225 174nM respectively.

Finally, the crude 200,000g supernatant samplesegoonding to the CHAPS pellets
above, were also analysed, and yielded nitrite @otnations of 95nM for OA and 259nM
for RA. It was noted that the level of N@ higher in the MV fraction than in the SN
fraction for the OA sample while the converse igtin the case of RA. However, this is
not offered as a hypothesis. Clearly, a large dobiopatient samples would need to be
analysed before making any quantitative claimstirgato the distribution of N©
between the pellet and the SN. However, the aisalgsl accomplish the original
gualitative aim of the study by establishing tha®,Nis associated with SF MVs
following vesicle solubilisation with OG.

281



5.3 Discussion

As outlined in the introduction to this chapterteirest in the role that NO plays in the
body has received considerable attention (Edglioted some fQublications in the last
two decades). Previously believed to be a met@bali NO activity, NQ is now
appreciated as a source of NO under hypoxic camdit’. However, given its short half
life in the presence of heme proteins, many studiere undertaken to ascertain how the
reduction of N@ to NO might be realised before being scavenged diehproteins.
Also from the introduction, the hypothesis that8¥s could harbour N@ and thus act
as possible NO-producing sites was ventured. Towre novel study was undertaken to

establish this possibility.

It was believed that the concentration of nitr[té@,]) in MV would be very low and so

a sensitive method of analysis would thereforedrrad. A literature search established
that a HPLC method based on fluorescence deteatiered the greatest sensitivity. One
such method was developed byettial ** However, it was found in this project that the
blank (water) yielded a high NOconcentration. It was established that the Millg
micron filtration device (employed to remove pratidue to the fluorescence quenching
effect they exert) was the source of this exogemds. Therefore, prior washing with
water was necessary to bring the blank value wistticeptable levels. However, when
applied to the analysis of the 200,000g pellet,tfagnitude of this black value became
unacceptable i.e. the [NDin the sample was less than three times the,[N® the
blank. Further washing with water was ineffectiae,was washing with 0.1M NaOH (as

recommended by the supplier). A publication by @hiaet al °

also employed Li's
method, except a final concentration of {@MmL DAN was used instead ofu§/mL.
This was found to be successful in significantigueing the blank value to 15nM (Figure
5.6). A linear range of 0-250nM NQwas established with°R0.9966. Concentrations
greater than 250nM, adversely affected tAe&ue, most likely due to total consumption

of the DAN fluorescent agent at higher concentregio

The detergent employed to rupture the MV membraveess 1% (w/v) OG, and therefore

this was the blank used. This did not contribotéutther NG from the filtration device
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(Figure 5.7) after washing with Milli-Q water. Or@A and one RA sample were
analysed and the [N was measured in the whole SF (Figure 5.7) and20@000g
pellet (Figure 5.8) of each. As only one patiearnple was analysed representing each
pathology, it was not possible to infer a meanihgfgpothesis based on the quantitative
data obtained. However, the aim of this study wasstablish the presence of N
MVs. This was achieved and it was confirmed th@Ns present in MVs. Advancing a
hypothesis concerning the implication of this oe tither hand may ignite interest to
further study.

Studies by Feeliskt al > ?? have established that the presence of N@der hypoxic
conditions lead to NO formation. This is partiaglfgpertinent in the joint environment
where hypoxic conditions exist. Under these caod, the formation of NO by
reduction of NQ may be a more realistic model than the formatibN®© by the classic
INOS pathway, (Figure 5.1) where @as seen to be a critical co-factor in this meliabo
pathway. A caveat to this suggestion was recogdriseFord®* and Vitturiet al ** and
related to the conundrum; how can NO be producaa fO,” and survive being rapidly
scavenged by ferrous heme? Various schemes wareafby the authors, but each
encountered objections on kinetic grounds. Onethvecasions in their publication

123

Vitturi et al “° alluded a protective micro-environmefffompartmentalization of nitrite

reduction away from excess ferrous heme is onenpalestrategy by which the kinetic
barriers discussed above are bypassed”...... "..undeysphogical conditions might
require special spatial localization conditions...’and “Emerging data are shedding
some insights...For example, subcellular compartniieation of distinct nitrite-
reducing activities have been reported in the liveHowever, there was no suggestion
that MVs may offer this micro-environment. Two tas support this proposition that
MVs are plausible NO-producing sites. The firstisesult of this current study which
established that NOis associated with MVs and the second is thatti®la mode of

entry for NQ into the vesicle (Figure 5.3).

The discussion thus far has centred on the teaeiN@,” which is present in SF MVs is a
precursor to the formation of NO. However, thevese may be true i.e. NO initially

present in vesicles may have undergone oxidatiowQg. In light of the discussion thus
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far, the presence of hemoglobin would ensure tHsom the MS data in chapter 3,
hemoglobin subunits alpha and beta were found tcagsmciated with MVs. This
possibility depends on the oxygen tension is therodiocality i.e. the presence of
deoxygenated versus oxygenated hemogldbin In deoxygenated conditions the
reduction of N@ to NO is favoured, while in an oxygenated envirenin oxidation of

NO to NG and finally to NQ' is the case. That NOwas found in MVs and these
vesicles in turn were in a hypoxic setting, any bglobin present was likely to be
deoxygenated. Therefore, how is oxidation of NON©, achieved? Another protein
species that was identified by MS was ceruloplasnShivaet al *’ termed this protein

“a NO oxidase and nitrite synthaseCeruloplasmin is a 132 kDa protein containing si

copper centre® and the redox reaction proceeds as follows;

Cu?+ Cut H,O H+

A N, H*

NO — NO* » HNO, —— H"+NO;
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5.4 Conclusion

This study established for the first time that NiS present in MVs. It was not possible
to determine the type of vesicle that harbour #mngn, but some potentially interesting
speculations have been proposed that may accouuéstions that were raised in the
literature. In particular, it may be that MVs affioa sub-cellular microenvironment that
is compatible to the chemistry of NO and/or NOPotentially fruitful future work could
establish if there are unique protein nitrosylatreactions taking place inside vesicles
that may not occur in the cytoplasm of the celliothe ECM. The hypothesis that
different vesicle types may possess unique bioctamsites is plausible and future study
into MVs is needed. A potentially useful startipgint may be directed towards the
isolation of homogeneous vesicle types. In thay wavould be easier to classify and
establish the true purpose of MVs in the body.
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